C. P, STEINMETZ,
ELECTRIC LIGHTING,
APPLIOATION FILED APR.21, 1600, RENEWED JULY 23, 1006,

942,472 Patented Dec. 7, 1909.
E?

AL

N6 [TEN® (e

Fig e e, M
= R S ; % R .
I | _—
11 9‘\\'
EIL:
k1 /

i 5‘
© Tl
. .

N7

e W —

CharlesP Steinmetz,,

bywyg&?@




10

. of the temperature,

UNITED STATES PATENT

OFFICE.

CHARLES # STEINMETZ OF SCHENECTADY, ‘NEW YORK, ASSIGNOR TC GENEBAL

.:7"

ELECTRIC COMPANY, A CORPORATION OF NEW YORK

ELECTRIC LIGHTING.

942,472,

Specification of Letters Patent.

Patented Deec. 7, 1909.

Application filed April 21, 1900, Serial o. 13,718, Renewed July 28, 1906, Serial He. 427,401,

To all whom &t may concern:

Be it known that I, Cmarizs P. SreIN-
METzZ, a citizen ot the United States, resid-
ing at Schenectady, county of Schenectady,
State of New York, have invented certain
new and useful Improvemenis in Electric
Lighting, of which the following is a speci-
fication. '

In a certain prior application for Letters
Patent, Serial Number 7265, filed March 5,
1900, I have called attention to the fact that
the light from an electric arc, excluding that
portion of the light coming direct from the
crater, is practically speaking, independent
and dependent princi-

_ pally on the nature of the conducting vapor
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which forms the arc stream, as if the par-
ticles .of the electrode carried into the arc
stream were set into sympathetic vibration
by the passage of current therethrough ; and

T have called attention to the fact that the
efficiency of the arc lamp can be

greatly in-
creased by using as-electrodes, or-at least by
i ‘one electrode, a substance which

using as C
vaporizes at a comparatively low temper-

" ature, whereby the temperature of the arc

stream, and therefore the radiation losses,
may be greatly reduced, and more light may
be ‘obtained by the expenditure of a given
amount of electrical energy. I have Tully
cet forth in the said prior application the
fact that the substance forming the arc
stream must necessarily be such as to furnish
conducting . vapors, and that mercury is,
among other substances, particularly well
adapted for this purpose; since it volatilizes
at low temperature, and furnishes, when

used in the manner above described, a light

of very considerable intensity, though the
color of that light is not suitable for general
application by reason of the marked ab-
sence of the longer light waves correspond-
ing to the yellow, orange and red. In the
said prior application I disclosed and claimed
broadly a method of modifying the color of

" the arc from a terminal possessing the char-
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“acteristics above set forth, by the addition to

the arc stream of copducting vapors which,
when exposed to the action of the current
flowing through the arc stream, would give

- forth the light rays necessary either to com-

plete the spectrum, or to modify it in such
a manner as to cause any desired color to,
predominate. Further, I have shown, in the

said ' application, that the mereury arc,
owing to the poisonous nature of the fumes,
and owing to its instability, must be more or
less protected and must therefore be sur-
rounded more or less completely by a glass or

other transparent or translucent envelop,

and that this envelop is attacked by the ac-
tion of the various  color-modifying sub-
stances, and should therefore be artificially
protected. - .Such. protection is’ broadly
claimed in my above-mentioned application,
and in that application there is described
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and claimed the method of protection, which -

consists of neutralizing . the chemical ac-
tivity of the color-modifying substances, as
by causing them to exist in the are in the
ionized state,
the addition of iodin or iodid of mercury, or
better, by introducing the color-modifying
substances in the state or condition of salts
of one of the halogen group, preferably
jodin. I find that the use of the halogens 1s
of special value when the arc exists in &
completely closed vessel in which they may
be protected from the moisture of the atmos-
phere, but when the arc exists in a vessel
which is not perfectly aic
better to malke use of the alternative method
which -forms the subject of the present in-
vention, as the halogen salts tend to absorb
moisture, which interferes with their action
and renders it irregular. :

My present method utilizes the broad
principle of introducing the color modify-

ing substances, and of protecting them, and |,

further utilizes the principle of introducing
the substances to the arc in the ionized state,
but differs from the specific embodiment
more particularly set forth in the said ap-
plication in that it protects the inclosure,
not by absolutely preventing chemical action

which may be accomplished by -

tight, I find it:
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upon it, but by regulating the nature of such -

chemical action in such a manner as to pre-
vent the transparency or translucency of
the inclosure from being destroyed.. This I
may accomplish by introducing the color-
modifying substances in the form of salts
of silica acids, and particularly in the form
of meta-silicates, such for example, as the
meta-silica of lithium, SiO,Li,. 'The action
of these silica salts is to dissociate in the
temperature of the are, whereupon the lith-
jum, if lithium be used, is free to produce

| the color, while the silici¢ radical is also
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free to attack the glaés, the -cliemical activ- ‘

ity of the radicals being mors or less neu-
tralized, esch by the other owing to the fact
that they exist in the ionized, state, never-
theless, an exchange of bases takes place be-
tween the silicates and the hard glass used
as an envelop, and there is continual chem-
ical action on the inmer surface of the en-
velop, 2 compesition and decompositien of
‘the glass, & tearing down at one place and

2 building tp at another. But the various’

silica salts thus formed on the inner surface

of the tubs are iransparent,or at least trans-

* lucent, and the only effect is to give to the
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" descent iamps.

inside of the tube a frosted appearance, simi-
lar to that of the well-known frosted incan-
This action does not cut
down the light to any serious extent, par-
ticularly in view of the very high efficiency
of the lamp, and only serves to cause the
tube to present the appearance of a solid
source of uniform and agreeably-diffused
light. ‘

limited to silicates and to glass tubes, but
that my invention includes generzally the
idea of modifying the color by intreducing
color-modifying substances in the state of
salts ‘of one of the general class of acids, as
for example glass-forming acids, which
form, or are capable of forming, the en-
velop in which. the light-giving substance
is contained. Other acids of this class are
for instance boric acid ete.

In the drawing attached to this specifica-
tion, Figure 1 is a general view of a lamp
constructed in accordance with my present
invention, and Fig. 2 is a diagram of cir-
cuits, while Fig. 3 is a view of a very simple
form of lamp also embodying my invention.

Referring more particularly to Fig. 1, it
will be seen that current enters by the ter-

.minal E? and thence passes to a regulating

device L. As this particular lamp is in-
tended for alternating current, this regu-
lating device may well take the form of a

reactive coil with a nearly closed magnetic

circuit, such as is ordinarily employed in
alternating arvc lamps. The usual taps or
connections may be provided for regulating
the amount of this reactance in circuit.
From this reactive coil, current passes by
‘the wire M’ to the mercury electrode D7,
and thence through the arc in the tube B’
to the upper terminal D? which is prefer-
ably formed of iron or aluminum. ' From

. this terminal it passes by the collecting
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65 with meta-silicates, as above fully explained.

spring N’ through the wire M? to the solen-
o0id coils N3, N+ and thence to the terminal
Re, Tt will be seen that these ave the ordi-
nary connections of an arc lamp te be oper-
ated in multiple arc on a single-phase alter-
nating cirenit. The terminal D? is formed,
in the lamp illustrated, of mercury covered

It is quite clear that 1 ain not necéssarily‘

~densing chamber P2

042,873

. Ta describe the structure.more in detail,

it may be said that the support N° is screwed

to a cap N and that from this cap depend

a ‘plurality of rods N% N, fastened at their
lower ends by screws:as shown, or otherwise,
to the lower plate of the lamp N® These
rods also carry, by the clips N°, N° the
reéactive coil L. : s

. A U-shaped core O of laminated iron is
fastened to thelower-plate N% and the solen-
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oids M3, N*, above referred to, are mounted -

respectively on the limbs of this core, and
ave go conuected that they have a tendency
o polarize in the same irection the mag-
fetic circuit formed by the core. A repul-
sion device ', which may .consist of a solid
casting of copper, aluminum, or other- suit-
able 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 02, 0% two
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only of which—areghown in the drawing,

which work through "suitable openings.in-
the upper flange N of the spools of the
solenoid cores N?, N* The upper flange is

‘expanded for this purpose, while the lower

flange is of smaller diameter. The upper
electrede D3 is fastened to the repulsion de-
vice O/, and is so adjusted that the weight

-of the parts is sufficient, when no current 1%

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 D2
Z is a dash-pot, serving to steady the'
lamp and to prevent “ pumping ”.
It will be seen that the screw-ring P’ is
attached to the lower plate of the lamp, and
that into this ring is screwed the glass con-
A suitable washer P?,
of felt or asbestos, is interposed between this
condensing chamber and the lower plate.
A second screw-ring is fastened to the lower
plate of the lamp by the screw-clamp P?,
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and into this ring is screwed the tube B, -

with a second washer of felt or asbestos P".
Considerable clearance is allowed between,
the electrode and the edge of the opening,

110,

in order to make it possible for the vapors -

to pass to the condensing chamber.

In order to carry current to the lower ter-
minal of the lamp, and also in order to pro-
vide for the return to the lower terminal of
the mercury vapors which may escape into
the chamber P2, I ‘provide a glass tube P7,
which is connected by asbestos washers P*
with an extension from the chamber P2, and
in a similar way is connected with an ex-
tension from the lower end of the tube B’.
Through -this tube I pass the wire M’;
which at its lower portion is covered with
an enamel insulation in order to protect it

‘from the mercury vapors. 1 further prefer

to coil this wire into a heating coil M?, and
to uncover the insulation only at the ex-

tremity M?% whereby current will pass
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heating coil M® and will tend
to muuntain the mercury at D* at a suf-
ficiently high temperature. :
The operation of this lamp ig as follows:
The ourrent enters at the terminal K’ and
passes through the self-induction coil M, in
tlie path above described, through the heat-
ing coil M? to the mercury electrode D2 If
we suppose the lamp to be just starting into
ction, it is clear that the weight of the re-
‘pulsion device O’ will have compressed the
spring O%, so that the electrode D® will bein
contact with the mercury D2 Currept witl
thereforé pass through the solencids N2, N*,
and out to the terminal E° These golenoids
will set up lines of force in the core O,and
by virtue of the action set forth in a patent
o Flihu Thomson, No. 363,186, the repul-
sion device: O will tend to rise; carrying
with ib the electrode D*  The lamp will,
therefore, burn until the arc is broken by
oo great lengthening. This will not oceur
if the e oy Is at a sufficiently high tem-
peratare, but if it"does oceur the electrode
el fall »nd the action will be repeated.
This be repéated several times, but
fnally the mercury will be heated to 2 sufli-
ciently high temperature, and the electrode
D¢ will rise to the position shown in the
- drawing., The length of the resultant ave
will obviously be reguiated by the design of
the solenoids W3, ¥, the design of the react-
ange coil, the voltage of the circuit, the di-’
ameter of the tube B’, ete. An Increase in
of the arc will weaken the
ren the repulsive action, and
o be shortened. The tendency
nt current in the branch
5, as in most commercial are
s position the tube B will be

through the
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Grifiiant glow of light, and the
tight will be vegulated by intro-
‘ous substances above men-
Hloned in the portion D% The vapors will
tend to escape from the tube B/, but they
ave collected in the condensing chamber P
and pass back through the tube P7. I find
it much better to pass the condensed sub-
sinnce back outside the tube B’ than to al-
low it to triekle down the sides of this tube.

By variously regulating and adjusting the
amount. of colog, modifying substances in-
troduced, and the character of said sub-
stances, and by mixing with the said sub-
stances some neutral diluting substance, 28
for cxample fiworid of calciuni, T am able
to produce any color or shade of light which,
1 may desire, from pure white to a brilliant’
red, blue, green, etc. Tor example, if 1 de-"
sire to produce a white tight ¥ add mixtures
of the meta-silicates of potassium or lithium
ard sodium, and when I find that the amount
ot these substances introduced into the arc
is so great as to lmpart to the light too
much red or yellow, 1 may reduce this tend-
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_above set forth.

‘metals, and though

s

ency by the addition of caleium fluorid, as
Whatever the color-form-
ing substances may be, they are carried into
the arc, and though they may be dissociated,
the acid radicals protect the glass from the
the acid radicals them-
selves may attack the glass, nevertheless, the
glass is completely protécted by the fact that
The salts formed on the inside of the glass
are transparent or. translucent, and- as: the

~qiantity of available bases is hmited, there

is always left enough free acid radicals to
neutralize the metals. A whodification of
the lamp suitable for use with direct current
is shown in iy prior application referred
to. The connections ghould be so adjusted
that the mercury electrode
ing to become hotter, where there exists any
tendency to a difference of temperature, or
with direct current, bub even ‘with this pro-
vision the upper pari of the tube may rise
above the boiling point of merecury. This
is another reason for preferring the silicate
1o the jodids with this type of lamp, as the
silicates work better at a higher tempera-
ture than they do at a very low temperature.

Tt is important in non-exhausted lamps to
provide soice device for equalizing the pres-
sure, but it is best not fo allow mercury
fumes to escape from the lamp. I am able
to accomplish these objects by the tube T,
which js inserted in an opening in the lower
plate N® and registers with 2 round oF
crescent-shaped opening in the washer P¥,
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
to escape from or to reénter the chamber P*,
but the mercury vapors, which arve very
heavy, will not vise fo the top, but will be
condensed on the sides and will trickle back
toc the condenmsing chamber, and thence
through the tube P7 to the lower elec-
trode D% - :

The lamp shown in Fig. 3is of that class
in which the arc exists between mercury or
equivalent electrodes covered with silica
salfs, in a ravefied atmosphere of air, or pref-
erably hydrogen, argon or helium, at say 1
mm. pressure. The are is tormed by expos-
ing the lamp to hi h voltage, and the action
will be readily understood by what has pre-
coded. Such lamps are well adapted to con-
stant current circuits. ‘ :

What T claim ‘as new and desire to secur
by Letters Patent of the Dnited States, is,

1. The method of modifying the color of
the light from i
transparent or translucent envelop, which
consists in introducing into the are a color-
modifying substance in the condition of a
salt of one of the general class of acids form-

ing, or capable of forming, the envelop.

5 The method which consists in causing

is the one tend--
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an arc existing within a
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sympathetic light-giving oscillations in a
transparent or tl anslucent envelop, and con-
tinuously associating and dissoclating the
‘inner wall of the envelop without destroy-
ing its translucency.

5. The method which consists in causmg
sympathetic light-giving oscillations of con-
ducting. vapors in a transparent or {rans-
Incent envelop, and continuously associating:
and dissociating the inner wall of the en-
velop without destroying its translucency.

4. The method of protecting a transparent
or translucent substance in the presence of
active chemicals, which consists in intro-
ducing said chemicals as salts of acids form-
ing with the materials of the transparent
substance a tmnsparent of translucent sub-
stmce

. The method of preducing light which
consusts in generating an electric arc in a
glass inclosure, and introducing to the arc
metallic salts of sﬂma acid radicals.

6. The method of generating. light from
electric. energy, which consists in creating
an electric arc in a glass inclosure between
substances one of which, at least, vaporizes
at low temperature, and introducing color-
modifying metals as salts of glass-forming
acids.

7. The combination in an arc lamp, of an-
envelop, a color modifying substance which
may attack the envelop without destroying
its translucency, and electrodes in said en-
velop.

242,472

- 8. In an arc lamp protected by a light
tmnamlttmg envelop, a mercury electrode
covered with a color-modifying substance
existing as a salb
united with the envelop will form a trans-
parent or translucent product. '

9. In 2 mercury arc lamp, a glass inclosure
for the arc, and color- m(,dlfymo means con-
sisting of a metallic meta- silicate salt:

10. Ina mercury arc lamp, a glass inclosure
for the arc, and a color- mod1fymg ‘means
consisting of one or more meta- s1hc‘1tes of
alkaline metals.

11. In a mercury arc lamp, a glass inclo-
sure for the arc, and a color-modifying
means consisting of meta- silicate of alkaline
metal mixed with a diluent substance.

12. In a mercury arc lamp, a glass inclo-
sure for the- are,
means consisting of meta-silicate of alkaline
metal mized with a calcium fluorid.

18. In a mercury arc lamp, a hermetically
sealed glass inclosure for the are, electrodes
one at least of which is liquid, and a color-

and a color-modifying,
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of an acid which when .
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modifying substance.in said inclosure which .

may attack said inclosure without destroy- s

ing its translucency. .
In witness whereof I have hereunto set
my hand this 18th day of April; 1900.

CHARLES P. STEINMETZ.

Witnesses:
Bexsamiy B. Huyowr,
Arex F. MacoownaLlp.



