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UNITED STATES

PATENT OFFICE.

‘HENRY IH. CUTLER, OF WALTHAM, MASSACHUSETTS.

.'

ELECTRIC-ARC LAMP.

:PECIFIOATION forming part of Tetters Patent No. 482 435, dated September 13, 1892.
 Application filed June 25, 1891, Serml No. 397,493, - (No model.)

To all whom it may concerm:

Be it known that I, Hr
Waltham, county of Mlddlesex State of Mas-
sachusetts, have invented an Imp1 ovement in

- Electric Lamps, of which the following de-

seription, in connection with the accompany-
ing drawings, is a spectfication, like letters on
the dmwmﬂ's representing like parts.

My mventlon is embodied in the feeding
mechanism of an electric-arc lamp adapted to
beusedeither with a currentof constant poten-
tial, such as employed when the l&mp 1S op-
era,ted in a shunt between the main supply-
wires in the alternating-current system, or to
be operated with constant current, such as 1s
commonly used When arc lamps are placed 111
series.

The feeding mechanism for'mmn the sub-
ject of this invention comprises a Feed-actu-
ator connected with the carbon, by which the

latter is fed positively, as required, the motive

power of said actuator being derived from the
current by which the light is produced, buv
not being dependent upon the resistance of
the are. 'T'he operation of the said actuator
is controlled by a regulator, which is respon-
sive to changes of condition of the arc and
causes the feed-actuator to be operated to
feed the carbons toward one another when the
arc lengthens by burning away the carbons,
but prevents such feed from operating when
the arc is of normal length. The actuator is
so connected with the carbon to be fed that at
the beginning of the operation of the lamp,
when the carbons are in contact, it will make
a movement by which the carbons are sepa-
rated and the arc drawn; but in the subse-
quent normal operation of the lamp the feed-
actunator does not separate or tend to separate
the carbons, but merely causes them to be
moved together in proportion as their points
separate by the consumption of the earbon.
As herein shown, the actuator is a thermo-
static device, its operation depending upon
the expansion and contraction of a con-
duetor produced by the heating effect of the
current and the cooling of the conductor
when the current is removed f{rom it, and, as
shown in this instance, the tunermostatic de-
vice is merely a wire which operates by di-
rect linear expansion, such movement being

Fsmftll amount, and in order to prevent too
iNRY H. CUTLER, of |

rapid movements the changes of condition of

‘said thermostat are from a 0011(:111;1011 in which

it carries the whole current to a condition in
which it earries a portion of the current, al-
though 1t 1s obvious that if it is desired the
entire current might be removed when it is

desired to operate the actuator in one direc-
tion and the entire current applied when it

18 desired to operate it in the other direc-
tion. The regulator is also shown in this
1nstance as a thermostatic device included in
circuit with the are, this construction being
desirable when the lamp operates with con-
stant potential, so that the current is di-

‘minished In proportion as the arc lengthens.

1The regulator-thermostat is also a wire oper-

‘ating by direct linearexpansion and contrac-

tion, it being always included in eircenit with
the are, so tha,t as the are lengthens the wire
recelves less current, becomes cooler, and con-
sequently contracts, and when the carbons ap-
proach, so that the arc offers less resistance,
the said wire receives more current and ex-
pands. "T'he expansion and contraction of
the regulator-thermostat is employed to op-
erate a switch whieh controls the currentsup-
plied to the actuating-thermostat, the mechan-
ism being such ‘rh:-:Lt when the reﬂulator con-
tracts, owing to the lengthening of the are,it
causes a por tmn of the current to be IE‘[IIOVGd
from the actuator, thus causing a contraction
of the a(,ttmtmﬂ‘-the{ mostaft, in “Which the part
connected mth and moved b) the actuating
thermostat moves in the direction to brmﬂ*
the carbons nearer together, such movement
being gradunal, so that no Sudden changes in
the are are pmduced.
The mechanism between the actuator and
carbon is as follows: The actuating-thermo-
stat wire connects with a lever very close to
its fulerum, said lever being provided with 2,

spring that tends to pull it tightly against

the wire, and consequently moves the lever
Inone dweetlon asthe wire O‘{I)Eblhlb and yields

to permit movement of the leverin the other

direction when the wire contracts. The said
lever is provided with a device that engages
with the carbon rod or some part cor_mected
directly with 1t during its movement in one
direction, but not in the other. As shown in

very powerful, although of @0111[),;1mtwely | this mstanc,e the engaging device is a pawl
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or {riction-dog, and it engages with a wheel
which has either a roughened surface or very
fine ratchet-teeth to co-operate with the said
pawl, and is connected with a winding-drum,
to which is fastened and on which is wound
a flexible support connected with the carbon,
so that as the said wheel and drum are per-
mitted to move in one direction the flexible
support 1s pald out and the carbon permitted
to descend by gravity. Such descent of the
carbon is produced by the movement of the
pawl-engaginglever whilein engagement with

thewheel,and normally when theleveris mov-

ing in the opposite direction the pawl is disen-
gaged from the wheel, whichisat thistime pre-
vented from turning by a retaining-pawl that
operates upon it or upon another wheel simi-
larly connected with the same winding-drum.
The regulator, besides operating the switch

that controls the current, also mechanically

operates the two pawls,causing the retaining-
pawl to be disengaged, while the lever-pawl
is engaged and moving downward to permit
the descent of the carbon, and causing the re-
taining-pawl to be engaged and the lever-pawl
disengaged while the lever is moving upward
preparatory to again engage with the wheel,
80 as to cause the carbon to feed again, such
upward movement of the feed-lever taking

place while the arc 1s of normal length and

the carbons are burning, and thus tending to
increase its length,

The device by which the regulator engages
with the pawls is so constructed that when
the arc offers substantially no resistance, as

when the lamp 1s beginning to operate, it af-

fectsthe lever-pawlinthe opposite way to that
n which it is affected during the normal op-
eralion, 1n that at this time the lever-pawl is
in engagement with the wheel during the up-
ward movement of the lever,and thus causes
the are to be drawn.

Instead of the thermostatic devices em-
ployed to actuate the feed and to regulate the
operation of the actuator electro-magnetic de-
vices might be used for either one or both
without changing the essential relations and
mode of operation of the two devices, and for
series lamps an electro-magnetic device in a
shunt-circuit around the arc will commonly
be employed as the regulator.

Figure 1 is a front elevation of the feed
mechanism and a portion of the framework
and carbons of an arc lamp with the parts in
one of the positions assumed during the nor-
mal operation, the front frame-plates being
removed; Fig.2,a plan view thereof with the
upper frame-plate removed; Fig. 3, a side ele-
vation of the feed mechanism in the position
assumed before the arce is drawn, with front
frame-plates removed; and Figs. 4 and 5, de-
tails showing portions of the working parts
in different positions assumed in the operation
of the lamp, as will be explained.

As shown in PFigs. 1 to 4, the invention is
embodied in a lamp intended for use in an

|
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which the terminals of a lamp are at practi-
cally-constant potential.

The feed mechanism i1s supported between
cross-bars a ¢® of insulating material, the
lowerone of which constitutes the upper mem-
ber of the lamp-frame, which comprises the
side tubesb b*and lower cross-bar b3, in which
the lower carbon C? is supported in the usual
manner, the upper carbon C being, as shown
in this instance, connected with a eross-head
b*, which slides vertically on the side tubes b
b% and is connected bya flexible cord or band
¢ with a drum c¢° the rotary movement of
which thus controls the vertical movement of
the said upper carbon C. The rotary move-
ment of the drum c? and consequently the
feed movement of the carbon C, is controlled
by an actuator comprising a lever d, pivoted
at d? in metallic upright plates «® at, (see
Fig. 2,) extending from one to the other of
the frame-pieces a a* and acted upon by a
spring d°, which tends to move the said lever
in one direction—as, in this instance, up-
ward-—said lever being moved inthe opposite
direction by the actuator proper, shown in
this instance as thermostatic in character,
being a wire e,extending a sufficient distance
through the interior of the tube {? and made
fast at its lower end in said tube, the said
wire being connected at its upper end with a
stirrup e, that engages the said lever d near
its fulerum. Thus expansion of the wire e,

| which takes place when it is heated by a

strong current passing through it, permits

“the lever d to move upward under the strain

of the spring d? and the contraction of said
wire due to its cooling when said current or
a portion thereof is removed from it causes
the said lever to be moved downward, the
contraction of the wire overcoming the strain
of the spring d~.

The application of the current to the ther-
mostatic actuator e is governed by a regula-
tor (shown in Fig. 1 as also thermostatic in
its action) comprising a wire f,fastened atits
lower end in the tube O and connectel at its
upper end with a stirrup f% engaging a lever
g, fulcrumed at ¢* in the frame-pieces o af,
Fig. 2, connecting the cross-bars «¢ «® and
acted upon by a spring ¢% which moves the
lever upward in proportion as the wire f ex-

| pands and permits it to be moved downward

as the said wire contracts.

Before describing the mechanism by which
the regulator f and its lever g control the cur-
rent which affords the motive power for the
actuator ¢ and its lever d and the mechanism
by which the said lever d operates the feed
of the carbon, the electric connections will be
described and the said operative mechanism
described in connection with the movements
that the actuator and regulator are caused to
make. |

The currententers at the usual supporting-
hook /i, passes thence by a conductor 2 to the
side post b, and down the same to the lower

alternating current or under conditions in i end of the wire f, and thence back through
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the said wire, which is electrically connected
at its upper end by a flexible conductor 3 (a
copper ribbon) with the metallic framework
a*, in which the metallicdrum ¢* works. The
current thence passes through the flexible
support ¢, which is also a conductor, being,
for example, a thin ribbon of copper, to the
upper carbon C, and thence through the arc
or directly to the lower carbon C4 and by a
conductor 4 to the side post 6° and wire e,
which is connected by a flexible conductor
with the other supporting - hook 7* of the
lamp, thus completing the circuit through the
carbons and are.
far described the whole current is at all
times passed through the actuator-wire e,
which is connected by a flexible conductor o,
with the other supporting-hook /* of the
lamp, thus completing the eircuit through the
carbons and arc. With the connectionsthus
far desecribed the whole current is at all
times passed through the actuator-wire e,
which would be subjected to only such varia-
tions in current as would be produced by va-
riations in resistance at the are; buf, as be-
fore stated, such variations are not not relied
upon to operate the wire ¢, butitissubjected
tolarger variations under control of the wire 7,
which isitself operated only by the variations
in current produced by the varying resistance
of the are. The variationsinthe wire emight
be produced by wholly cutting it out of circuit,
so that it would receive no current at times
when it was cuat out, and would receive the
wholecurrentat othertimes,thusmaking very
large changes of condition, which might be
employed to do considerable mechanical work.
As shown in this instance, instead of being
wholly cut out of circuit when it 18 desired to
cause it to contract, a shunt is closed around
said wire ¢, said shunt consisting of another
wire ¢! which may be of any desired condue-
tivity relative to that of the wire ¢, according
to the change in current required to operate
the wire e, the said wire ¢', for example, be-
ing of equal conduectivity, so that the wire ¢
receives the whole or a half of the current, ac-
cording as the shunt containing the wire "
is open or closed. The said shunt inciudes a
circait-closer, one member ~© of which is in
the form of alever pivoted upon a bracket &Y,
but insulated from the other operative parts
thus far described, and the other member of
which is a projection /i% carried by the regu-
lator-lever ¢. T'he said members & k° are con-
nected by wires 6 and 7, respectively, with
the wire e and the hook /% so that when the
members ave in contact the current from the
lower carbon and post 0° will divide between
the wires ¢ and ¢! in passing to the hook 77,
so thatthe wire e will receive only a fraction ot
the current, which will be one-half if the wiers
e and e are of equal conductivity; but when
the members k& k?are separated and the shunt
is open the wire e will receive the whole cur-
rent. Thusthere will be a definite change in

With the connectionsthus j

as the shunt is open or closed, which change
will be substantially uniform at all times In
the operation of the lamp and will produce a
substantial expansion or contraction of the
wire, according as the whole or a fraction of
the current traverses it, and there will thus
be produced upward and downward move-
ments of the lever d, according as the shunt
is opened or closed by movements of the le-
ver ¢. This upward and downward move-
ment of the lever ¢ 1s caused to produce cor-
responding feed movements of the carbon
through the intervention of a pawlm, pivoted
at m? upon an insulating-piece d*, fixed upon
the free end of the lever d, and the said pawl
m, co-operating with a wheel n, connected
with the drum ¢? by which the carbon is low-
ered, the said wheel n having a roughened
or toothed surface for engagement with the
pawl m. |
A second pawl p, co-operating with the
wheel noranothersimilar wheel n° connected
with the drum, operates to prevent rotary
movenent of the drum and downward move-
ment of the carbon when said pawl p is en-
caged with the wheel. These pawls operate
in the normal feed of the lamp as follows:
The retaining-pawlp is engaged and prevents
feed while the pawl-carrier d is moving up-
ward,at which time the pawlm is disengaged
from its wheel, and consequently no move-
ment of the wheel is produced, these opera-
tions occurring while the are is about normal
length, but increasing by the burning away
of the carbons. Then the pawlm is engaged
with the wheel and the pawl p disengaged,
and the pawl-carrierd iscaused to move down-
ward by the contraction of the wire a, resalt-
ing from the closing of the shunt for said
wire, so that the wheel 1s permitted to turn
and the carbon lowered by the downward
movement of the pawl-carrier or feed-leverd,
instead of being permittedtoslip and feed by
gravitation, as 1s the case in most feed de-
vices. It is mnecessary, therefore, that the
regulator should cause such operation of the
pawls and pawl-carrier to take place—that is,
while the are is of normallength and tending
to increase by the burning of the carbon it
must cause or permit the pawl pto be engaged
to prevent descent of the upper carbon, it
musthold the shunt open, so that the wire will
expand and the lever ¢ move upward, and it
must cause the pawlm to be disengaged dur-
ing this upward movement, so thatit will not
turn the wheel in the direction to raise the
upper carbon and lengthen the are by draw-
ing the carbons apart. Then when the arc
lengthens by consumption of the carbon, so
a8 to require the feed to take place, the regu-
lating-lever g must cause the shuant to be
closed, so as to produce contraction of the
wire ¢ and downward movement of the pawl-
carrier, it must cause the pawl n to be en-
gaced with the wheel, 8o as to permit the
wheel toaccompanyit in this downward move-

the current received by the wire e, according { ment, and thus feed the carbon, and it musft
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cause the pawl p to be disengaged, so as to per- |

~mi1b such movement of the drum and carbon
under control of the pawl m and pawl-carrier
d. The engagement of pawl m is governed

5 by a lever r, pivoted at 7 and provided with
a weight 7° or an equivalent tending to turn
1t toward the lever g. The said pawl-conirol-

ling lever r has a cam-surface 7%, that engages |

with a projection g*on thelever g,so that the
1o position of thelever ris controlled by the po-
sition of the lever g. The lower part of said
surface * is about concentrie with the ful-
crum of the lever g, so that the movement of
the pin ¢* along this part of the surface 7
15 does not change the position of the lever 7,
which is provided with another surface 79,
that engages with a projection m?3on the pawl
m, the two surfaces r* and 7’ being so shaped
that while the projection ¢*is on the lower
20 concentric part of the surface 7* the surface
> does not bear upon the projection m? and
thus permiis the pawlm to be in engagement
with the wheel n. The lever » is provided
with a projecting part % at the upper end of
25 the concentric partof the surface 7, and when
the projection ¢* comes against the projection
r°1t turnsthe leverson its pivot, so as to force
the surface #° against the projection 72 which
throws the pawl m out of engagement with
30 the wheel 1, as shown in Fig. 4. Thus the
lever g can swing on its fulerum fromn about
the position shown in Fig. 3 to that shown in
K'ig. 1 without changing the position of the
pawl-controller 7, which then stands in such
35 position that the lever d can make its com-
plete movement about its fulerum with the
pawl m 1n engagement with the wheel n; but
when the lever g moves far enough to bring
the projection g* onto the part+®of the pawl-
4o controiler, as shown in Fig. 4, it causes the
pawl m to be thrown out of engagement with
the wheel n whatever may be the position of
the lever d. The same projection ¢* that
governs the pawl-controller,or, if preferred,
45 another projection on the lever ¢, also con-
trols the pawl p, which has a long projection
p* about concentric with the path of move-
mentof the projectiong*of thelever g, whichin
the movement from the position shown in Fig.
3 tonearly the positionshownin Fig.1holdsthe
pawlp outof engagement with the wheel n% as
clearly shown in Kig. 3. Just about at the

moment when the projection ¢* begins to act

upon the projecting part % of the pawl-con-
troller 7, s0 as to move the same in the direc-
tion to disengage the pawlm from the wheel n,
as shown in Fig. 4, it passes off from the arm p?
of the pawl » and permits the latter to come
into engagement with the wheel #? so that as
the projection ¢g* moves up or down from the
position shown in Ifig. 1 it throws the pawls
m and p alternately out of engagement.
These parts should be so construected that
the one pawl will come into engagement just
before the other disengages, so that the
wheels n n* will always be under control of

55
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the parts in the position shown in Fig. 1 both
pawls are engaged and a slight upward
movement of the projection ¢* will throw the
pawl m out of engagement, leaving the pawl

| p in engagement, while a slight downward

movement will throw the pawl p out of en-
gagement and leave the pawl m in engage-
ment. The member /£ of the shunt-ecireuit
closer in the shunt for the actuating-wire e,
before mentioned, is pivoted in the end of the
bracket £ and is acted upon by a light
spring 4° which tends to hold the said arm %
brojecting toward the path of movement of
the said projection k*on the lever ¢, but per-
mits the arm % to yield as the said yielding
projection moves pastitin either direction, the
sald projection and arm making electrical

contact as the projection passes. -

T'he operation is as follows: When no cur-
rent 18 flowing, the parts are in the position
shown in IFig. 3, the wires f and ¢ being con-
tracted and holding thelevers ¢ and d in their
lowest position. In this position the pawl p
1s disengaged from the wheel #? and the pawl
m 18 also disengaged from the wheel n, which
may be done by a slight rise at the lower end
of the surface 7! or by a similar rise in the
lower part of the surface 75 or by the stop m?,
as shown in Ifig. 8. The wheels 7 n® are both
left free and the carbon Cdescends by gravity
until it rests in contact with the earbon C2
The shunt for the actuator isthen open at &2,
as clearly shown in Fig. 3. When the cur-
rent is turned on, it will meet no are resist-
ance and will flow through both wires 7 and
¢, causing the same to expand quickly. The
wire f will commonly be more delicate than
the wire ¢, and will respond first to the cur-
rent, causing the lever g to move up quickly,
and asthearcis not yet drawn said wire 7 will
recelve more current than under normal con-
ditions of operation of the lamp, and will rise
above the position at which it normally stands
to about the position shown in Fig. 5, having
passed wholly above the projecting part ¢
of the pawl-carrier, and standing opposite a
recessed portion 7" above the said projecting
portion, and thus permitting the pawl-con-
troller to return toward the position that per-
mits the engagement of the pawl m with the
wheel n. The retaining-pawl p will in this
movement have come into engagement with
the wheel 7% so as to prevent any downward
movement of the feed. After thelever ¢ has
made its upward movement, as thus desecribed,
under the expansion of the wire 7 or while it
1s still moving the lever d will begin its up-
ward movement under the expansion of the
more-slowly-acting wire e, and as the pawl m
will be in engagement during the said up-
ward movement of the lever ¢ the wheel 2
will be turned in the direction to raise the
upper carbon, and thus draw the arc. In or-
der to prevent too great upward movement of
the carbon before the proper equilibrium is
established, a stop is provided for the lever d,

one or the other of the pawls—that is, with | shown as consisting of a number of shoulders
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, on the pawl-controller r, that co-operate
with a pivoted projection ° on the arm * of
the lever d. The lever d will thus be ar-
rested after a short upward movement sufli-
cient to establish the are, and the wire e may
continue to expand, as its connection with the
lever d is such that the expansion of the wire
does not positively move the lever upward,
but merely permits it to be moved by the
spring «°. The stop ¥* is engaged with one or
the other of the shoulders 7, according to the
position that the lever g and pawl-controller
r are in at the time when the lever « rises to
its uppermost position. If thelevergisvery
high it will permit the stop to engage one of
its higher shoulders and thuseffect the draw-
ing of a longer arc than takes place if the le-
ver ¢ stops in a somewhat lower position.
The drawing of the are and its subsequent
lengthening as the carbons burn diminishes
the current in the wire f, which will thus con-
tract somewhat and draw the lever g toward
the position shown in FKig. 1, which is about
the position in which the said lever should
stand for an arc of normal length, and when
the parts come to this position the normal
feed of the lamp will take place, the carbons
being brought together in proportion as they
are consumed, as follows: The establishment
of the are by the upward movement of the le-
ver d causes a rather sudden diminution in
the current of the wire f, which will contract
and draw the lever ¢ down from the position
shown in Fig. 5 through the position shown
in ¥ig. 4 and toward the position shown
in Fig. 1, and the gradual lengthening of the
arc by consumption of the carbons will cause
a very slow movement downward, by which
it will pass below the position shown in Ifig.
1, first permitting the pawl » to come in en-
cagement with the wheel n while the lever d
is still in the lifted position shown in Ifig. 4
or 5, then causing the pawl p to be disen-
oaged from the wheel 7%, so that the carbon
is now supported by the pawl m, and not by
the pawl n, and finally the lever g will move
far enough down to close the circuit at & k*
of the shunt for the actuating-wire, thus re-
moving the current from thesaid wire, which
will contract and draw the lever d downward
from the position shown in IFig. 5 toward that
shown in Fig. 1, lowering the upper carbon
and feeding the same. YWhen such feed of
the carbon is sufficient to bring the are back
to normal length or a trifle less, the wire f

receives more current, again causing the le- |

ver g torise, this movementopening the shunt,
as shown in Fig. 1, and thus causing more
current to pass through the wire e, the latter
to expand, and the lever d to rise; but by the
time that the lever d begins to rise under the
effect of the increased current in the wire 2
the projection ¢* has arrived on the part:® of
the pawl-controller and moved the same suf-
ficiently to throw the pawl m out of engage-
ment with the wheel n, so that the said pawl

L

wheel, which is held from running in the
other direction by the pawl p, which, as be-
fore stated, is brought into engagement just
before the pawl m isdisengaged. Thusin the
normal operation of the lamp the lever ¢ vi-
brates slowly a short distance above and be-
low the position shown in IMig. 1, and the le-
ver d also has a vibratory movement, which 18
controlled by and dependent upon the move-
ment of the lever ¢, and although the feed 1s
intermittent in operation, the feed move-

‘ments are very slow and gradual, and a very

steady arcis malintained.

- While the devices herein shown as respon-
sive to changes in current are thermostatic
in their nature, depending upon the heating
effect of the current, it obviously 18 not es-
sential to the operative relations of these
parts that they should be thermostatic in
their nature.

Any device responsive to slight changes in
current might be substituted for the wire f
and would be equivalent therefor, it being
necessary only that such deviees should pro-
duce a movement of the controlling device ¢
in onedirection upon anincreasein the length
of the arc and in the other direction upon a
decrease in the length of the arc and that
such movements should control the applica-
tion of a motor-current to the actuator, which
also may be any device responsive to such
motor-current and capable of producing the
required movements of the lever d or equiva-
lent part co-operating with the carbon to be
fed.

The thermostatic devices shown are respon-
sive to alternate currents, and thus consti-
tute a desirable form of instrument to be used
when the lamp is operated by alternating

| currents, while being equally effective for di-

rect currents.
When, as is the case with series lamps, the
circuitis supplied with substantially-constant

current, the part’sensitive to the c¢hange in

the are is, as is well known, included in a
shunt around the are, so that the current di-
vides between the arc and the said control-
ling-shunt, which commonly controls the feed
direct. |
It is obvious that the present invention is
applicable to lamps operated in this manner,
and persons familiar with the construction
and mode of operation of the lamp will un-
derstand readily how to connect the control-
ling and actuating device in circuit and how
to constructsuch controlling and actuating de-
vice for proper operaiion in series arc lamps.
I claim—- |
1. The combination of the carbons of an
electric-arc lamp with a feed-actuator and a
circuit-controller governing the application ot
current thereto and a thermal feed-regulator
responsive to changes in length of the are
and operating the said circuit-controller for
the feed-actuator, substantially as descrioed.
2. The combination of the feed-pawl and

m moves upward without turning the feed- | its actuating-pawl carrier with a pawl-con-
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troller governing the engagement of the said |

pawl anG a regulator responsive to change
in length of the arc co-operating with the said
pawl-controller, substantially as and for the

purpose deseribed.

3. The combination, with the carbons of an
arc lamp, of a feed-actnator comprising a ther-
mostatic device connected in circuit and re-
sponsive to the heat produced by the current
therein, a circuit-controller governing the ap-
plication of current to the said thermostatic
actuator, and a regulator responsive to
changes in length of arc operating the said
circuit-controller, substantially as desecribed.

4. The combination, with the carbons of an
electric-are lamp, of the feed-actuator whose
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motive power is the current supplied to the
lamp and a regulator comprising a thermo-
static instrument also operated by the cur-
rent supplied to the lamp and responsive to
changes in current produced by changes in
length of the are, said regulator governing
the application of motive current to the actu-
ator, substantially as and for the purpose de-
seribed. - -

In testimony whereof I have signed my
name to this specification in the presence of
two subscribing witnesses. |

HENRY H. CUTLER.

Witnesses:

FREDERICK C. GOODWIN,
(EO0. CUTTER.
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