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ELECTRIC-ARC LAMP.

SPECIFICATION forming part of Letters Patent No. 573,464, dated December 22, 1896.

Application filed June 13, 1894,

To all whom it may concerv.

Beitknown that I, EpwArD PowrLL Hop-
KINS, a British subject, residing in New York
city, in the county and State of New York,
have invented a certain new and useful Im-
provement in Electrie-Are Lamps, of which
the following is a specification.

The object I have in view is to produce &
small, compact, and light focusing electric-
arc lamp, especially adapted for lantern pro-
jections, photography, and like purposes,
which will give an absolutely steady light,
can be used in any position, and the light of
which may be increased or decreased at will
without changing the regulation of the lamp
itself, enabling the projection of dissolving
effects with a stereopticon and adapting the
lamp for stage-lighting and similar purposes.
The regulation of my lamp is dependent upon
a peculiar action of the electric are hereinaf-
ter described, first observed by me or at-least
first utilized by me for this purpose.

My invention consists in the severaldevices
and combinations more fully hereinafter ex-
plained, and pointed out by the claims.

In the accompanying drawings, forming a
part hereof, Figure 1 is a side view of the
lamp with the side plates of its inclosing case
removed. Fig. 21is a similar view from the
otherside of thelamp, thelight-shield being in
section. Tig.3isa side view of thelampona
smaller scale with the side plate of the inclos-
ing case in position. Iig. 4 is a top view of
the lamp on the same scale as Fig. 3. TItig. 5
is a vertical section through the parts mount-
ed on the main shaft of the driving-clockwork
with the other wheels of the train in-eleva-
tion. Fig. 6 is a vertical section on the line
6 6inFig. 5. Figs. 7and 8aresections show-
ingthe method of insulating the carbon-hold-
ers from their supports, and Fig. 9 is a dia-
gram illustrating the circuit connections of
the lamp.

The operative partsof thelamp are inclosed
within or mounted upon a quadrangular box
A of metal composed of a quadrangular frame
and two side plates secured thereto by screws.
For projection purposes, for which the lamp
is especially designed, the box A is adjustably
mounted upon a U-shaped stand B. For this
purpose to the rear of the box A is secured, by
a substantial foot, a split clamping-sleeve «,

Serial No. 514,372, (o model)-

having on opposite sides of the split lugs o/,
through which passes a serew D for operating
the clamp by means of a suitable thumb-
piece. The clamping-sleeve « slides upon a
tube ¢, which is mounted on a post d, rising
from the stand B. The upper end of the tube
¢ is screw-threaded and receives a screw ¢,
which bears against the upper end of the post
d. These parts give a vertical adjustment to
the lamp, the clamp a being for the purpose
of giving a proximate and quick vertical ad-
justment by moving the c¢lamp up and down
on the rod d, while the screw ¢’ enables an
exact adjustment to be secured. The lamp,
being carried by the tube ¢, turns freely upon
the post d to obtain a lateral adjustment,
which lateral adjustment is produced by a
serew e, passing through a post e, vising from
one side of the U-shaped stand and bearing
against one side plate of the box, while from
the other side of the U-shaped stand rises a
leaf-spring ¢*, which presses inwardly against
the face-plate on that side of the box. By
turning the screw e forward the box is pushed
sidewise against the pressure of the spring,
while by turning the screw backward the
spring causes the box to follow the screw.
The carbons in my lamp are fed together
positively, without regard to the position of
the lamp, by a spring-motor having a fixed
position and operated by a clock-spring hav-
ing considerable initial tension. The elock-
movement is carried by two plates C C', which
are inclosed within the box and supported
fromitstop. Theclock-movementcomprises
a main shaft D, which projects beyond the
plate C and has a squared end, on which is
mounted a winding-wheel E,located outside of
the box and having a hub extending through
the face-plate C of the box for engaging with
the main shaft. Upon this'main shaft is se-
cured the inner end of the driving-spring F,
the outer end of this spring being attached
to the stationary stud f. Upon the otherend
of the shaft D, on opposite sides of the plate
C', are secured two pinions G &', engaging
with racks H H' for feeding the carbons. The
pinion G, which feeds the positive carbon, is
larger than the pinion &', which feeds the
negative carbon, the difference in size being
proportional to the difference in the burning
rate of the positive and negative carbons, .
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€., 1.66 to 1. This proportion is secured by
making the pinion G one with twenty teeth
and the pinion (¥ one with twelve teeth. The
pinions G G being fixed to the shaft D, the
turning of that shaflt by the winding-wheel I
towind up the spring will also turn the pin-
lons G G'and will move the racksITIIin the
dircetion of separating the carben-holders.
The reverse movement of the shaft D, under
the cffect of the spring I, will move the racks
ILIT" in the divection of feeding the carbons
together.

To retard the feeding movement, the shaft
D is eonneeted by wheels and pinions with
an escapement ¢, which is operated as the
shaft D is turned by the unwinding of the
spring If, but is not operated by the reverse
movement of the shaft. Toaccomplish this,
there is mounted loosely on the shaft D a
gear-wheel ¢', engaging with a pinion on the
shaft g% which shaft is provided with a gear-
wheel engaging with a pinion on the shaft ¢°,
which latter shaft carries the scape-whecl.
A ratehet-wheel 7, fixed to the shaft D, is en-
gaged Dby a spring-pawl 7/, carried by the
gear-wheel g, The pawl and ratehet permit
the turning of the shaft D to wind up the
spring I and move the racks IT 11’ for sepa-
rating the carbon-holders without operating
the escapement. The rack-bar ITissupport-
ed at its ends by guide-collars 7 ¢/, sliding on
a round rod I, which extends from the Dhot-
tom of the box through and above the top of
the box.  The collar < engages with the rod 1
within the box and the collar ¢’ with the up-
per portion of the rod I above the box. The
positive-carbon holder J is connected by an
L-shaped arm j with the collar ¢/, the parts
beinginsulated, preferably withmica,asillus-
trated in Fig. 7. The rack-bar II is guided
not only by the rod I, but also by the open-
ing through the top of the hox A, with which
it makes an accurate fit. The rack IU, by
means of which the negative carbon is fed,
passes through and accurately fits a hole in
the top of the box A. At its upper end it is
rigidly connected Ly a cross-piece % with a
vertical slide 2/, which is guided upon the
face of a supporting-plate I, mounted upon
studs and thimbles secured to the front of the
box A, but separated therefrom by an air-
space.

The slide &' carries at its lower end the
negative-carbon holder 1., which is mounted

from the armature u of the series-wound
striking-magnet M and insulated therefrom,
as illustrated in I'ig. 8. This magnet is pref-
crably one having a winding only upon one
leg of the magnet, and having the armature
m pivoted upon the other leg of the magnet
by means of a picee n of spring-brass, the
play of the armature being regulated by a
serew 21/, which passes through a slot in ihe
armature and enters the other pole-piece, the
head of the serew limiting the-backward
movement of the armature.

To regulate and control the feeding move-’

ment of the carbons, there is provided within
the box an electromagnet N, having a high-
resistance winding whose armature o is piv-
oted upon one leg of the magnet and-is re-
tracted by a spring o', whose tension is ad-
Justed by a spring 9 engaging with a screw

), projecting through the rear of the hox
FAG o @2

and having a milled head outside of the hox
for turning it. The forward movement of
the armature o is regulated by a serew o
passing through the armature and striking
the pole of the magnet, while the retraction
of the armature is limited by a stop % so-
cured by a serew to the plate ¢, The arma-
ture o carries a catch-arm ¢, which engages,
when the armature is retracted, with the tail
¢ of the escapement-verge g, arvesting the
movement of the eseapement and locking the
train.  When the armature o is altracted by
the magnet N, the escapement is released
and the train of wheels is run by the spring
I feeding the carbons together. Upon the
plate T is mounted the light-shield O, sepa-
rated therefrom by an alr-space and provided
with a forwardly-projecting tubular shicld,
which is slotted at the top and at the hottom
to permit the movement of the carbon and
carbon-holders. Within the shicld O and
projecting horizontally forward from its back
plate below thecenterof the shicld, and hience
below the ave, is an iron or steel plate P,
which is cut out so as to partially encivele
the negative carbon, which plate performs
the double function of intercepting the pas-
sage of light downwardly through the slotted
bottom of the shield and, by the magnetizing
clfect of the clectric current, draws the ave
inwardly and prevents it from flaming up on
the face of the positive carbon. It also pre-
vents the rising eurrent of air from blowing
directly on the are.

IFlexible cords Q and R extend from the
binding-posts S and T through the top and
front of the box, and ave connected with the
positive and negative carbon holders for con-
veying the electric current to them and
through the coils of the striking-magnet M.
The magnet N is located in another cireuit
between the binding-posts 8 and I, which
circuit ineludes, preferably, an additional re-
sistance U, which may, however, be omitted
it the magnet N is made large cnongh and

) twound with a sufficient length of wire to give
upon an L-shaped projection I, depending |

the amount of resistance required to prevent
an excessive flow of current through the mag-
net-coils and a consequent bhurning ount of
such coils.

In general the operation of my lamp is ef-
fected Dby the initial scparation of the car-
bons by the series magnet M (which separa-
tion causes the formation or striking of the
are) and by the subsequent fecding of the
arbons fogether by the shunt-magnet N.
The negative-carbon holder projects some-
what beyond the positive-carbon holder, so
that the axis of the negative carbon is sonie-
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what in advance of that of the positive car-
bon. The effect of this is to cause the for-
mation of the crater of the arc in an oblique
position on the forward side of the positive
carbon and facing to the front, so that the
light will be largely projected forward, and
this effect is aided by arranging the car-
bons in an ineclined position, as illustrated.
The negative-carbon holder, being mounted
upon a pivot, is moved by the striking-mag-
net in an are of a circle, and the point of the
negative carbon is therefore moved laterally
and downwardly away from the positive car-
bon, foliowing the lateral course which the
are takes in passing from one carbon to the
other. The front of the lamp is effectively
protected from the heat of the are, first, by
the light-shield O, and, second, by the front
plate IX. - Since both of the racks enter the
movement-box at the top and pass through
openings which they fit closely, that box is
made largely dustproof, and is also made
more convenient for the mounting of the
lamp.

Many advantages arise from the details of
construction of my lamp, which it is not nee-
essary to call attention to in detail.

The prineiple of regulation of my electric-
arc lamp is based upon the fact observed by
me from numerous experiments that the
quantity of current or amperes flowing
through the arc may be varied between quite
wide limits without varying substantially the
difference of potential at the are itself—q. e.,
that the difference of potential at the arc is
independent of the quantity of current, or
substantially so. If the areacted like an or-
dinary resistance, the voltage would have to
be increased in direet proportion to the am-

peres, according to Ohm’s law, and if a dif-

ference of potential of forty-five volts was re-
quired to produce a flow of ten amperes, to
increase the current to twenty amperes would
require ninety volts, assuming that the re-
sistance remained the same. The apparent
resistance, however, I have found does not
remain the same, but decreases with the in-
creased current flow, and in some cases I have
found that by increasing the current the dif-
ference of potential at the carbons is actually
lessened. The phenomenon is explained, I
think, on the theory thatwith a small current
a greater percentage of the heat produced at
the arc is conducted away Dby the carbons
themselves than with a larger current, thus
permitéing with thelarger current the forma-
tion of a proportionately larger amount of
the conducting carbon vapor which exists in
the are.

In operating my lamp it is preferably con-
nected with a constant-potential eircuit 1 2
through an adjustable resistance W, as illus-
tratedin Fig. 9. Assuming the voltage of the

circuit 1 2 to be one hundred and twenty volts
and the magnet N to be adjusted to maintain
approximately forty-five volts at the are, I
have found that by adjusting the resistance

W the current passing through the are can
be increased or decreased without changing
the difference of potential at the arc itself or
requiring any adjustment of the regulating-
magnet N. The amount of current flowing
through the lamp I have found to be almost
exactly that which would be produced under
Ohm’s law by dividing the voltage found by
deducting the constant voltage of the arc
from the entire voltage by the number of
ohms of the resistance W at the time in cir-
cuit. In otherwords, if the magnet N is ad-
justed to maintain an arc of forty-five volts,
and considering the voltage of the cireuit 1 2
to be one hundred and twenty volts, the dif-
ference befween the two voltages will be sev-
enty-five volts and the current flowing
through the arc will be equal in amperes to
seventy-five volts divided by the number of
ohms of the resistance W which are in cirecuit.

In Fig. 9 I have given the resistance in
ohms of the several sections of the resistance
W above that resistance in the figure, and
below the resistance the number of amperes
are marked at the several contact-points.
Thus if the arm of the rheostat is thrown to
the first contact at the left of the resistance
there will be three ohms in circuit and the
current willbe twenty-fiveamperes. If moved
one point to the right, the resistance of W in
the circuit will be 3.4 ohms and the current
flowing through the are will be twenty-two
amperes, and so on. The effect of varying
the current in the lamp is to vary the length
of the arc, a shorter arc being produced for a
smaller current; and this is an exceedingly
desirable feature of my lamp, since it enables
the brilliancy of the light to be varied for the
production of dissolving effects for the stere-
opticon and for stage-lighting and like pur-
poses by simply adjusting the resistance V.

What I claim is—

1. Inanarc-lamp, the combination with the
carbon-holders, of a spring clock-train, hav-
ing an initial tension and mounted in a frame
having a fixed position, said clock-train act-
ing to positively feed the carbons together, a
regulating-electromagnet for controlling the
feeding movement, located in a constantly-
closed shunt-cireuitaround the arcand block-
ing the clock-movement in the retracted po-
sition of its armature, and an electromagnet
located in series with the arc and acting to
separate the carbons to form the arc inde-
pendently of the feeding mechanism, whereby
varying quantities of current may be passed
through the lamp without affecting the regu-
lation thereof, substantially as set forth.

2. In afocusing arc-lamp, the combination
with the carbon-holders, of a spring clock-
train, having an initial tension and mounted
in a frame having a fixed position, said clock-
train being connected with the two carbon-
holders and acting to feed such carbon-hold-
ers positively together with a proper relative
rate of movement, aregulating-electromagnet
for controlling the feeding movement, located
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in a constantly-closed shunt-circuit around
the are and bloeking the clock-movement in
the retracted position of its armature, and an
clectromagnet located in series with the are
and acting to separate the carbons to form
the are independently of the feeding mech-
anism, whereby varying quantities of current
may be passed through the lamp without af-
feeting the regulation tliereof, substantially
as set forth.

3. Inanare-lamp, the combination with the
two carbon-holders and operating-racks, of
pinions of different sizes engaging said racks
and fixed to the same shaft, a driving-spring
having an initial tension conneected with said
shaft, an escapement-train connected with
said shaft through apawland ratehet so asto
retard the shaft when driven by the spring
and acting to feed thé carbons together, and
an electromagnet located in a shunt around
the are, the armature of said magnet locking
the escapement in its vetracted position,
whereby varying quantities of currentmay be
passcd throughthe lamp without affecting the
regulation thereof, substantially as set forth.

4. Inanarc-lamp, the combination with the
two carbon-holders and operating-racks, of
pinions of differentsizes engaging said racks
and fixed to the same shaft, a driving-spring
having an initial tension connected with said
shaft, an escapement-train connected with
said shaft through a pawl and ratchet so as to
retard the shaft when driven by the spring
and acting to feed the carbons together, an
electromagnet located in a shunt around the
are, the armature of said magnet locking the
escapement in its retracted position, and a
striking-magnet in series with the are, where-
by varying quantities of current may be
passed through the lamp without aifecting the
regulation thereof, substantially asset forth.

5. Inanare-lamp, the combination with the
positive-carbon holder having a sliding move-
ment, of the negative-carbon holder arranged
in advance of the positive-carbon holder so as
to produce the crater of the arc on the front
side of the positive carbon, a pivoted support
upon which the negative-carbon holder is
mounted, and a magnet in series with the arc
moving said support on its pivot for striking
the are, the point of the negative carbon be-
ing thereby moved in anarc of a circle later-
ally away from the positive carbon, substan-
tially as set forth.

6. In an are-lamp, the combination of the
positive and negative carbon holders, and a
feeding mechanism feeding them together at
a rate proportional tothe burning rate of the
carbons, a slide carried by the front of the
lamp-case upon which the negative-carbon
holder is movably mounted, and a striking-
magnet also carrvied by said slide for moving
the negative-carbon holder independent of
the slide, substantially as set forth.

7. In afocusing arc-lamp, the combination
with the positive and negative carbons and
the slotted light-shield O, of the plate 1° pro-
jecting forward from the back plate of the
light-shield above its lowerslots and partially
eneireling the negative carbon, substantially
as set forth.

8. Inanave-lamp, the combination with the
movement-case A and the carbon-holders, of
the light-shield O and front plate I¥ for pro-
tecting the movement from the heatof the are
by means of the two air-spaces located respec-
tively between the moevement-case and the
plate IT, and between said plateand the light-
shield O, substantially as set forth.

9. Inanare-lamp,the combination with the
case A and the feeding-motorand controlling-
magnet inclosed thereby, of the racks 1, 1
passing through the top of the case, carbon-
holdersJ, L, connected with said racks, guide-
rod I, and guide-plate I, substantially asset
forth.

10. In an arc-lamp, the combination with
the case A inclosing and supporting the mech-
anism of the lamp, of the tubular clamp o,
tube ¢, screw ¢’ and post d for supporting the
lamp and providing for its vertical adjust-
ment, substantially as set forth.

11. In an arc-lamp, the combination with
the case Ainclosing and supporting the mech-
anism of the lamp and mounted upon a ver-
tically - adjustable pivoted support, of the
screw e and spring e* for adjusting the lamp
laterally, substantially as set forth.

In testimony that I claim the foregoing ns
my invention I havesigned my name, in pres-
once of two witnesses, this 5th day of June,
1394,

EDWARD POWELL JIOPKINS.
Witnesses:

D. McFARLAN MOORE,
Prrer . Popk.
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