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UNITED STATES

PATENT OFFICE.

WILLIAM J. KELLY, OF BOSTON, MASSACHUSETTS:

ARC-LIGHT REGULATOR.

"SPECIFICATION _forming p&i‘t of Letters Patent No. 616,111, dated December 20, 1898,
Application filed January 29, 1896, Renewed June 1,1898. Serial No, 682,307, (No model.)

Ap—

To all whom it may concern: |
Be itknown that I, WILLIAM J. JNELLY, re-
siding in Boston, cotnty of Suffolk, and State

of Massachusetts, have invented an Improve- !

ment in Are-Light Regulators, of which the
following description, in connection with the
accompanying drawings, is a. specification,
like letters and figures on the drawings repre-
senting like parts. -

This invention has forits object to provide
a regulator for automatic or self-feeding elec-

tric-are lamps, and particularly arc-lamps of
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that class known as ‘‘automatic focusing”™
lamps, whereby the light emitted by the lamp

may be gradnally changed or reduced from

a full licht to a minimum light, and vice
versa, which renders the focusing-lamp espe-

cially valuable in theaters and like places for

producing scenic and other light effects.
Prior to this invention I am aware that

‘incandescent electric lamps have been con-
trolled or regulated so as to change the can-

dle-power of the lamp from a maximum to a
minimum light, and viee versa, which result
is effected byinterposing in the circuit of the
incandescent lamp a gradual and progres-

‘sively-inereasing resistance; but priorto my

present invention T am not aware that a reg-
ulator has been made which is ecapable ot
producing the same results with an arc-lamp,
and a regulator made upon the principle of
an incandescent-lamp regulator cannot effect
the desired results with an arc-lamp, owing
to the fact that the arc formed between the
carbon pencils or electrodes is of variable
size, and therefore is of variable resistance.

By a long-continued series of experiments
I have obtained a regulator for self-feeding
or automatie focusing arce-lamps with which
I am enabled to reduce the candle-power of
the said lamp from its maximum to its mini-
mun light, and vice versa, without causing
the lamp to flicker or jump, which action
would be detrimental for scenic purposes and
might spoil the whole effect of the scene, the

changes in the candle-power of the lamp be-
ing gradual and substantially imperceptible
and the lamp remaining lighted at all times.
‘As a result of the long-continued series of

experiments referred to I have discovered

that an automatic are-lamp,and especially an |

| automatic focusing arc-lamp, may be regt-

lated from full candle-power or maximum
light to a dull-red or minimum light by grad-
nally interposing in the circuit of the lamp a

series of resistances which vary substantially.

in accordance with the size or resistance of
the arec—that is to say, the resistance inter-
posed in the circuit when the lamp is burn-
ing at full candle-power may be a series of
oradually-increasing resistances interposed
step by step, which reduces the candle-power
to less than full light, and the next resistance

or series of resistances interposed is less than

the prior resistances, so that the arc is held
stationary, or it may be slightly increased,
so as to form a new starting-point from which
reduction takes place by interposing addi-
tional resistance. In other words, the re-
duction in the candle-power is effected by a
series of inecreasing and diminishing resist-
ances, corresponding to a series of pulling-
down and building-up steps. _
Electric ecircuits as now commonly con-

nected with theaters nsually carry a current.

of about forty amperes, and the focusing
arc-lamps as now commonly constructed and
known to me operate at full candle-power
with twenty amperes, and therefore the cur-
rent of forty amperes is reduced to approxi-
mately twenty amperes by a suitable resist-
ance,which for the purpose of this invention
I will designate as the ¢“fixed” resistance, in
order to distinguish it from the resistance
forming the basis of thisinvention and which
I prefer to designate as the “‘ variable” resist-
ance. |
These and other features of this invention
will be pointed out in the claims at the end
of this specification. |
~ Figure 1 is a top or plan view of one form
of arc-regulator embodying this invention;
Fig. 2, a front elevation of the regulatorshown

- in Fig. 1, some of the resistance-coils being

omitted: Fig. 3, a sectional detail to be re-
ferred to; and Fig. 4 a sectional view of &

regulator,which may be supposed to be a de-
veloped view of the coils and contact-pieces
or terminal steps shown in Fig. 1, but ar-
| ranged in a straight line to enable the inven-
tion to be more easily explained.

In the present instance I have shown the
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arc-light regulator in portable form, so that
1t may be easily transported from one place
to another.

1he arc-light regulator shown in Figs. 1
and 2 1s provided with a supporting-frame,
which may and preferably will he made as
herein shown, and consists of the plates or
slabs « o' a*, preferably of slate or other suit-
able Insulating material, which are tied to-
gether by suitable rods «® ¢, located at the
corners of the said plates, as herein shown,
the rods @’, as represented in I'ig. 2, having
their ends reduced in diameter and inserted
through suitable holes in the plates ¢ ¢', the
sald rods having screwed upon their lower
ends suitable nuts ¢f, and the rvods a! having
in their opposite ends threaded sockets, into
which extend the threaded upper ends of the
rods ¢’ and retaining-bolts ¢’ but instead of
the particular form and construction of frame-
work herein shown I may use any other de-
sired or suitable form of construction.

The plates a ¢’ in the present instance sup-
port a fixed resistance, shown as a coil ¢
of wire wound about a post or block «° of
slate or other suitable insulating material,

and a variable resistance consisting, as here-

In shown, of a series or plurality of coils @,
of a character as will be hereinafter more
fully described, and which may vary in num-
ber according to the degree of fineness of the
arc regulation desired or required.

In the present instance the variable resist-
ance is represented in Fig. 4 as composed of
twenty-five coils, numbered from 1 to 25, and
each coil, as herein shown, is composed of
two legs or is made U-shaped and passed
through suitable slots or openings in the
plates a «'.

Each coil «' in practice is connected in se-
ries to its next adjacent coil, and for sake of
simplifying the drawings the coils are repre-
sented as one continuous wire; but in prac-
tice each coil is preferably separate in order
to obtain the desired resistance for each coil;
but the said coils are soldered or otherwise
electrically connected to have the effect of a
continuous wire. The fixed-resistance coil
¢’ has one end connected to the coil No. 1,
and 1ts other end is connected by the wire ¢
to & binding-postor line-terminal a3, suitably
secured to the plate ¢®* and having connected
to 1t one line or circuit wire a!*. The resist-
ance-coil ¢® has its other end connected with
the first leg of the coil No. 1 and with a con-
tact-piece or terminal O by the wire O. The
variable-resistance coils 1 to 25, inclusive,
are connected in similar manner to contact-
pieces or terminals 0’ to 0%, inclusive, by
wires marked 1* to 25%, inclusive, as clearly
shown in Iig. 4. These contact-pieces are
supported upon the top plate ¢® and are pref-
erably arranged in the are of a ecircle, as
clearly shown in Fig. 1, each of the contact-
pleces, as herein shown, having a stem or rod
50, which is extended down through a suit-
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able hole in the top plate ¢* and is fastened
by means of a clamping-nut 51, the wire con-
nection being effected, as represented in IFigs.
3 and 4, by means of a nut 52. Each of the
contact-pleces or terminals O’ to 0%, inclusive,
constitutes what I prefer to designate as a
““step” of the regulator, and the said contact-
pieces have coOperating with them one end of
a movable member of the regulator or circuit-
controller, which member in the present in-
stance 1s shown as a U-shaped metal piece (0,
(see Figs. 2 and 3,) provided with extended
ends 61 62, the end (1 cobperating with the
contact-pieces or terminals 6 0', &e., and the
other end 62 codperating with a segmental
plate 63, secured to the plate «¢® as herein
shown, by means of studs or posts 64, ex-
tended down through suitable holes in the
plate ¢® and secured thereto by nuts 65. In
Fig. 4 I have represented the plate 63 as pro-
vided with three posts (4. The segmental
plate 63 is connected by the wire 65 to the
binding-post 60, to which the opposite line-
wire 67 is connected. The movable contact,
member 60 of the circuit-controller in the
present instance is represented as carried by
an arm 70, provided with Iugs or ears 71 72,
between which the movable member 060 is
clamped by meansof nuts 74 75 on a threaded
rod 76; butinstead of this particular manner
of securing the movable member G0 to the
arm 70 I may employ any other desired or
suittable construction. The arm 70 is repre-
sented 1n the present instance as secured to
a pivot-pin 78, extended through a sleeve 79,
inserted through a hole in the plate «? the
sald sleeve being clamped to the plate by
means of a threaded ring or nut S0, and the

- pivot-pin 78 being clamped to the sleeve by

means of a nut 31, a washer 82 being inter-
posed between the said nuts.

The pivot-pin 78 may be provided with a
suitable handle or thumb-piece 83 for con-
venience in turning the arm 70. In the nor-
mal position of the arm 70 its movable meni-
ber 60 is withdrawn from engagement with
the contact-pieces or terminals connected to
the resistances, in which position the lamp
may be supposed to be cat out of circuit.
When the fixed resistance «®is interposed in
the are-cireuit, it will be understood, as above
described, that the current flowing through
the circuit is very considerably reduced—for
instance, from forty to twenty amperes. The
circuit with the fixed resistance mayv be traced
as follows in Figs. 1 and 4: from one line-
wire, as ¢, which may be regarded as the
positive line-wire, to the binding-post !
thence by wire ¢’ through the fixed resistance
«’, wire O, to the contact-piece U, thence by
the movable member 60 to the terminal seg-
ment 63, thenee by the wire 65 and binding-
post 60 to the line-wire 67. When the mov-

able contact member 60 is in engagement with
the contact or terminal b, the fixed resistance
¢’ is included in the circuit, as above de-
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supposed to be operating at its maximum
candle-power or full light.

In order to produce scenic effects, it 13 de-
sirable that the light should be decreased
from fulllight toa dull-red or minimum light,
or to such a dull light as will, in the case ot
an arc-lamp, be equivalent to substantially
no light, yet leaving the lamp in the cireuit
and burning. To accomplish this resulf, 1
make use of a variable resistance consisting
of a plurality of resistances, preferably in
the form of coils, as herein shown, and in

~ the present instance twenty-five in number.
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These coils are each of a different resistance,
and by practical demonstration I have ascer-

‘tained that a suitable resistance to first in-

terpose in the circuit is .127 of an ohm, 8o
that for the purpose of this invention the coil
No. 1 of the variable resistance may be sup-
posed to represent .127 of an ohm. Coil No.
2 is a resistance equal to .056 of an ohm, SO

that when the contact member 60 is brought

into engagement with the terminal or con-
tact-piece 0? the total amount of variable re-
sistance is equal to .183 of an ohm. This in-
crease of resistance in the line-circuit reduces
the candle-power of the focusing arc-lamp
from full light; but the reduction is so slight
as to be practically imperceptible, and a still
further reduction is effected when the con-
tact member 60 is brought into engagement

with the terminal or contact 0% 8o as to in-

35

in addition to the fixed resistance.

4.0

clude the coil No. 3 of the variable resistance,
which coil is equal to.040 of an ohm, making
a total of .223 of an ohm now in the circuit
1t will
be understood that when the coil No. 3ot the
variable resistance is brought into circuit
with the lamp a less amount of resistance 1s
added than when the contact member 60 1s

" moved from the contact-piece or terminal O’

to the contact member or terminal piece b

" In other words, the second step correspond-

s0

ing to the contact-piece b* adds to the line a
resistance of .056 of an ohm, while the third
stepaddstotheline alessresistance—nam ely,
040 of an ohm. When the contact member 60
is brought to the fourth step, or into engage-
ment with the contact-piece b, the coil No. 41s
added to the cireuit, which coil represents a
resistance equal to .071 of an ohm, and when
brought into contact with the terminal b° the

 eoil No. 5is added to the circuit, which equals

55

60

- brought into contact with the terminal ™ the |

.087 of an ohm, and on the continued move-
ment to the terminal 0% the coil 6 is brought
into cirvenit, representing a resistance of 045
of anohm. Theseventhstepof theresistance,
represented by the engagement of the mov-
able member 60 with the contact or terminal
b7, interposes the coil 7, representing.063 ot an

ohm, and when brought into contact with the

terminal b® the coil 8 is added, representing
.075 of an ohm, and when brought into en-
cagement with the terminal 0° the coil Y Is
added, representing .034 of an ohm, and when

coil 10 is added, representing .119 of an ohmn.
The remaining coils 11 to 25, inclusive, rep-
resent, respectively,the following resistances,
namely: the coil 11, 097 of an ohm; coil 12,
975 of an ohm coil13, .115of an ohmj coil 14,
931 of an ohm: coil 15, .161 of an ohm; coil
16, .272 of an ohm; coil 17, .303 of an ohm;
coil 18, .878 of an ohm; coil 19, 1.631 ohms;
coil 20, .355 of an ohm; coil 21, .854 of an
ohm: coil 22, .485 of an ohm; coll 23, .807
of an ohm: coil 24, .530 of an ohm, and coil
95, 1.828 ohms. It will be understood that
as the cireuit-controlling member 60 is moved
step by step from the position shown in full
lines, Ifig. 1, around into contact with the ter-
minal b¥ the resistance represented by each
successive coil 1 to 25, inclusive, is added to
the fixed resistance ¢f. For instance, when
the contact member 60isin engagement with
the terminal 15,.381 of an ohm is added to
the fixed resistance, and when the said con-
tact member is in engagement with the ter-
minal b1°the added variable resistance is .714,
and when brought into contact with the ter-
minal bY a total of 4.732 ohms is added to the
fixed resistance, &e. It will be seen that as
the contact movable member 60 is brought
from the full-light position in contact with
the terminal b around into successive engage-
ment with the terminals 0’ to 0%, inclusive, a
oradual increase of resistance is interposed
n the line-circuit, but that this resistance 1s
not a progressive increase of the same amount
for each step, but, on the other hand, the 11-
dividual steps add a predetermined amount

of resistance, which may vary from the amount

of resistance controlled by the immediate ad-
jacent steps—as, for instance, the step b* adds
056 of an ohm, while the step 0° adds only
.040 of an ohm, and its next adjacent step 0
adds .071 of an ohm, and the step 0° adds a
further increase of .087 of an ohm, while the

step b® adds a decreased resistance of 048 of

an ohm, which increases again on 0* to .065
and on b8 to .075 and decreases on 0’ to .034,
immediately again increasing to .113, then
decreases to .097, &e., according to the scale.
This variation in the amount of resistance
controlled by each individual step of theregu-
lator is rendered necessary from the fact that
the resistance of the arc between the carbon
pencils or electrodes is a variable one, and
the scale or schedule herein given is the re-
sult of practical demonstration. ‘The theory
or principle upon which the action of this
regulator is based is that when an increased
resistance is added—as, for instance, between
the steps 1 and 2 of .056 of an ohm-—the cur-
rent flowing through the lamp is weakened,
so that the carbons feed toward each other
an imperceptible amount, yet sufficient to
slightly diminish the length of the arc, and
consequently decrease the resistance due 1o

the arc, which diminution is substantially off-

set by the resistance interposed by the regu-
lator, and the current flowing through the
magnet-coil controlling the feed of the car-
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bons 1s maintained of such a strength as to
keep the said magnet active or sufficiently
strong to prevent its separating action upon
the carbons being overcome by gravity, and
this theory is evidently correct from the fact
that if a substantially equal amount of re-
sistance—namely, .056 of an ohm—should be
added by turning the movable contact mem-
ber 60 into engagement with the step b° the
strength of the coil would be diminished and
the carbons would immediately fall toward
cach other so rapidly that on the addition of
a few more steps—say three—the carbons
would meet and the lamp would be suddenly
extinguished, owing, as I believe, to the fact
that the successive interpositions of the same
or a greater amount of resistance by the regu-
lator would diminish the strength of the cur-
rent more than would be offset by the decrease
in the size of the are, and the current flowing
through the magnet would not be sufficient
to maintain the carbons separated, so as to
keep the arc alive. Therefore instead of add-
ing an equal or substantially equal amount
of resistance on the next step—namely, with
the contact member 60 in engagement with
the step or terminal b%—a less amount is
added, which diminishes the current imper-
ceptibly, yet not sufficiently to materially af-
fect the feed of the carbons, and leaves the
magnet 1n such condition as to be substan-
tlally unaffected by the interposition on the
next step of a higher resistance—namely,
.071—but to be sufficiently affected to feed
the carbons slightly. Inotherwords, the arc-
regulatorhereinshown consists, essentially,of
a variable resistance composed of separate or
independent resistances of varying amounts.

In the present instance 1 have given one
scale suitable for a regulatorto be used in con-
junction with a line-wire carrying originally
forty orapproximately forty amperes: but Ido
not desire to limit my invention to the partic-
ular schedule herein shown, as this schedule
may vary under different conditions, that is,
according to whether the circuit carries a
greater or a less amount of current, and also
according to other conditions of the cireuit,
suchastheresistance of thelamp,&e. ; but the
principle herein explained remains the same
n any case—that is,in the present instance I
have selected .127 of an ohm as a starting-
point for the first step and then have added
056 for the second step, .040 for the third
step, &c.; but instead of starting with .127 of
an ohm as the first step T may select any de-
sired resistance and add to it, in substan-
tially the amounts designated for the varions
steps, additional resistances, so that the total
amount of resistance interposed in the cir-
cuit under such conditions would vary from
the total amount herein given. It will be no-

ticed that each of the last few steps of the
regulator-—namely,from 0" to b¥—adds a sub-
stantially large amount of resistance as the
carbon pencils approach in close proximity
to cach other; but, if desived, the amount of |

the resistance added by each of these steps
may be made smaller and the number of steps
correspondingly increased.

In the present instance I have shown the
arc-regulator as embodied in a portable form,
with the fixed resistance carried by the sup-
porting-frame; but I donot desire tolimit my
invention in this respect, as in some places—
for instance, in theaters—it may be found
desirable to place the fixed resistance in a
separate frame from the variable resistance;
but when so constructed the fixed resistance
will be coupled orelectrically connected with
the variable resistance after the manner here-
in shown.

Ifrom the above deseription it will be seen
that the gist of thisinvention and that which
enables the automatic arc focusing-lamp to
be brought from full or maximum light down
to a dull-red or minimum light without flick-
ering, jumping of the carbons, and with an
imperceptible graduation of the light, and
vice versa, resides in the variable resistance,
the coils or steps of which vary from each
other after the manner above described.

In practice I have provided the regulator
with an additional contact-piece , which is
blank or disconnected from the line-circuit
and with which the movable contact member
may be engaged whenever it should be de-
sired to completely cut out the are-lamp.
1'his contaect-piece d is in close proximity to
the contact-piece or terminal 0%, so that the
lamp may go from a dull red to total darkness
and may be brought from total darkness grad-
ually up to full light. I may prefer to ar-
range the contact-steps or terminals b to 0¥,
inclusive, in the are of a cirele, as shown in
I'ig. 1, and to employ in conjunction there-
with a rotatable contact member, such as 60;
but I do not desire to limit my invention in
this respect, as the contact-steps or terminals
may be otherwise arranged—as, forinstance,
in a straight line, as represented in Fig. 4—
and the movable contact member may De
moved over the said contact-steps or termi-

‘nals in a straight line.

I claim—

1. In a regulator for automatic are-lights,
the combination with a variable resistance
composed of a series of resistances,increasing
and diminishing irregularly as described, to
enable the arc-lamp to be regulated without
Interfering with its funections, and a cireuit-
controller codoperating with the said variable
resistances, substantially as deseribed.

z. In a regulator for automatic arc-lights,
the combination with a supporting-frame pro-
vided with a series or plurality of contacts or
terminals, of a series of resistances connected
in circuit with each other and to the said con-
tacts or terminals, the resistance connected
to some contacts being less than that con-
nected to other contacts on opposite sides of
them, and a circuit-controller coiperating
with said contacts or terminals, substantially
as deseribed. -
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3. In a regulator for antomatic arc-lights,
the combination with a supporting-frame pro-
vided with a series of contacts or terminals,
a movable circuit-controllercodperating with
said contaects or terminals, aseriesof variable
increasing and diminishing resistances con-
nected to the said contacts or terminals and

‘controlled by the movable circuit-controller

and a fixed resistance carried by the said
frame and connected to one of the said con-

tacts or terminals but not under the control

of the movable cirecuit -controller, substan-
tially as and for the purpose specified.

4. Tn a regulator for auntomatic arc-lights,
the combination with a plurality or series of
contacts or terminals, and a codperating mov-
able circuit-controller, of a plurality of re-
sistances connected to the said contacts or

terminals and of varying resistances, lower
or diminishing resistances being connected |

|

 to contacts or terminals intermediate of con-

tacts or terminals to which higher or increas-
ing resistances are connected, substantially
as and for the purpose specified.

5. A regulator forautomatic arc-lights pro-
vided with a resistance consisting of a plu-
rality of variable increasing and diminishing
resistances connected in sequence to effect
the regulation of the arc-light from fulllight
to substantially no light and vice versa with-
outinterfering with the functions of the lamp

in its regulation, substantially as deseribed.

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

WILLIAM J. KELLY.

Witnesses:
Jas. H. CHURCHILL,
J. MURPHY.
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