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UNITED STATES

PaTENT OFFICE.

FRIEDRICH VON HEFNER-ALTENECK, OF BERLIN, GERMANY, ASSIGNOR TO
CHARLES WILLIAM SIEMENS, OF WESTMINSTER, ENGLAND.

ELECTRIC LAMP.

SPECIFICATION forming part of Letters Patent No. 243,341, dated June 21, 1881.
Application filed September 16, 1870. Patented in England December 4, 1878,

To all whom it may concern : |
- Be it known that I, FRIEDRICH VON HEF-
NER-ALTENECK, of Berlin, in the German Em-
pire, have invented an Improvementin Electric
3 Lawps; and Idohereby declare that the follow-
ing desecription, taken in counection with the
accompanying drawings, hereinafter referred
to, forms a full and exact specification of the
same, wherein I have set forth the nature and

1o principles of my said improvement, by which
my invention may be distinguished from others
of a similar class, together with such parts as
I claimand desiretosecure by Letters Patent—
that is to say:

1 This invention relates mainly to a method
of regulating electriclamps by the counteract-
ing forces of two coils of different resistance,
through which the electric current is made to
pass, and which actuate the carbon - poles in

20 such a manner that when by a too near ap-
proach of the carbon-poles the current pass-
ing through the lamp becomes too strong the
coil of least resistance causes the carbons to
separate, while when by a too great separa-

25 tion of the carbons the current 1s reduced the
coil of greater resistance is brought into ac-
tion, so as to bring the carbons together again.
For this purpose the electric conductor, 1n
some part of 1ts course to or from or in the

3o lamp, divides into two branches, the one lead-

- ing through the coil of a solenoid or electro-
magnet of high resistance directly back to the
external circuit, and the other through a coil
of low resistance indirectly back to the ex-

3¢ ternal circuit through the carbons and arc of
the lamp. The cores of the two solenoids or
the armatures of  the two electro-magnets are
connected to either or both of the carbon-
holders in such a manner that when the one

40 solenoid orelectro-magnet—mnamely,that hav-
ing the coil of high resistance—is excited the
movement of its core or armature causes the

~carbons to approach toward each other, and
when the other solenoid or electro-magnet—

45 namely, that having the coil of low resist-

ance—Iis excited the carbons are caused to re-
cede from one another, and thus when both
are excited the carbons are caused to take a
position dependent on the relation of the two

co counteracting forces operating upon them, | ivelyin the sockets @ and , and provided with 1co

—

| which position, by suitable adjustments,can be

determined, so as to produce the desired illu-
minating voltaic are. In the working of the
lamp, should the carbons approach too nearly
to each other, then, the resistance of the arc be-
tween them being diminished, less of the elec-
tricity passes through the coil of high resist-
ance and more passes through the coil of low
resistance, exciting more vigorously the sole-
noid or electro-magnet that causes the separa-
tion of the carbons. If, on the other hand,the
carbons should be too far apart, the resistance
of the voltaic are being greater, less electricity
passes through the coil of low resistance and
more passes through the coil of high resistance,
exciting more vigorously the solenoid or electro-
magnet that causes the approach of the car-
bons. As, notwithstanding considerable va-
riations in the quantity of electricity supplied
to the circuit or drawn from it, the relation be-
tween the forces developed by the two coilsre-
mains practically constant, this method of regu-
lation secures great uniformity in the 1ilumi-
nating power of each lamp, and allows of the
introduction of a variable number of lamps in-
to one circuit without rendering cach of these
Jamps subject to the fluetuations of others of
the set. Moreover, the lamps thus introduced
into the circuit may be made of varied illumi-
nating power by connecting them to the circuit
either directly in series or in parallel branches.

In lamps regulated as above deseribed the
feed of the carbons as they are consumed may
be effected in the manner hereinafter set torth,
or in any other known manner. The two colls
may be wound on separate bobbins, each,when
wound as a solenoid, having its own movable
core, or, when wound on a stationary core form-
ing an electro- magnet, having 1ts own arma-
ture. Thewholecurrent may bepassedthrough
the coil of low resistance, the conductor there-
from dividing into two branches, the one
through the carbons and arc and the other
through the highly-resisting coil.

In the drawings, Iigure 1 shows diagram-
matically one arrangemeunt of electric lamp
with regulating apparatus according to this
invention.

¢ and & indicate the carbons, held respect-
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any known means of feeding as they are con-
sumed. The one socket, ¢, is attached to one
arm, ¢/, of a lever pn"oted at d, and having

1t 0pp031te arm, ¢, connected to a plece of non-
magnetic matellal uniting a pair of iron cores,
s s'. The core s is free to play up and down

within a solenoid, R, the coil of which is of’
large wire, offering small resistance, and forms .

part of the lamp-circuit. The core s’ 1s iree to
play up and down within a solenoid, T, having
a coil of smaller wire, offering greater resist-
ance than the coil of R. The coil of T 1s In a
circuit external to the lamp-—that 18 to say,
joining the conductors Li L/ without including
the carbons. When the solenoid Ik, being ex-
cited, draws in its core s the points of the car-
bons are separated. When, on the other hand,
the solenoid T draws in its core s’ the carbons
are caused to approach each other. As the
relative force of the two solenoids depends
upon the quantity of electricity passing re-
spectively through these coils, and as this de-
pends upon the relative resistance of their re-
spective circuits, the circuit of the one consist-
ing of the coil T and its connections to the
main cureuit, and the cireuif of the other con-
sisting of the coll I}, the carbons, and the are
between them, that portion of the latter which
consists of the are being dependent on the dis-
tance of the carbons apart, this distance will
become adjusted antomatieally by the action
of the two solenoids, so as practically to main-
tain constant action of the lamp. If, for ex-
ample, the carbons should be too near, 2 larger
proportion of the electric current passing
through the coil R than through tbe coil 't
will cause superior attraction of the core 8,
separating the carbons,and thereby increasing

the resistance of the are between them, and |
so lessening the quantity of electric current |

that passes through them. If, on the other
hand, the carbons should be too far apart, then
the coll Iy, being less excited than the coil T,
will exert less attractive force on its core s,
permitting the other core, 8/, to be drawn into
its coil, and thus causing an approach of the
carbons, which will lessen the resistance of the
arc between them, and so permit the passage
of a larger proportion of the current through
them. 'Thus, theregulation of the lamp being
dependent only on the resistance of its voltaic
arc and independent of the strength of current,
the action of any one lamp in a circunit will not
aftect that of other lamps in the same circuif,
and. consequently a number of such lamps can
by means of this invention be effectunally
worked 1n one and the same eircuit.

In Iike manner as above described, instead
of employing two solenoid coils with cores at-
tracted into them in opposite directions, two
electro-magnets acting in opposite directions
on an armature may be arranged as shown dia-
grammatically in If1g, 2.

R and T are two electro-magnets. The coil
of R, of small resistance, is in the lamp-eirenit.

il

| lever-arm c.

cuit external to the lamp. DBoth electro-mag-
nets act on an armature, ¢, at one end of a le-
ver, the other end of which carries one of the

carbon-holders. The distance of the carbon
points will obviously be automatically adjust-
ed as above described with reference to the

arrangement indicated in Ifig, 1

Thearrangement of the twosolenoidsorelec-
tro-magnets and of their mechanical connec-
tions to the carbons may be varied 1n many
ways—as, for example, in the manner shown
diagrammadtically in If1g. 3, in which the two
solenoids I? and T are arranged side by side,
with their corvés acting at opposite ends of a
lever.

Instead of dividing the conductor into two
branches before 1ef1,ch1nn the two coils, 1t may
be branched after p&ssiu o the coil of low re-
sistance, as indicated in Fig. 4. ILlere the ar-
rangement of the two solenoids R and T, with
their cores connected to the carbon-lever, 1s
similar to that deseribed with reference to kg,
1; but the whole current passes through the car-
bous and are, and a portion branches through
the coil T of the higher resistance. When
lamps are arranged as above described, with
two solenoids or electro-magnets having coils
of different resistance operating in opposite
direetions on cores or armatures connected to
the carbons, so as to effect their automatie ad-
justment,anumber of such lampscan be placed
in one circuit and can be worked with various
degrees of power, according to the manner 1n
which they are connected thereto, whether in
series or in parallel branches, as illustrated
diagrammatically at Fig. 5. In this diagram
the lamps « b ¢ would receive the full power of
the current, the lamps 1 and 2 would receive
each about one- half, and the lamps 3, 4, and 5
would receive each about one-third of the full
power.

I'ig. 6 is a vertical section of a lamp with a
pair of regulating-solenoids, operating as de-
sceribed with reference to Ifig. 1, in combina-
tion with an arrangement for feeding the up-
per carbon, to be presently described. In this
construction, R is the one solenoid, having 1ts
coll of low resistance in the lamp-cireuit sur-
rounding the core s, which 18 connected to the
The other solenoid, T, having 1ts
coll of higher resistance in a cireuit exfernal
to the lamp, surrounds the core s/, which is con-
nected by a piece of non-magnetic material to
the core s. T'he lever ¢ i1s pivoted at d on the
fixed framing of the lamp, and carries on its
arm ¢’ the slide and rack for the upper carbon
by means of the disengaging-gear, to be pres-
ently described, which permitsthe carbon-slide
to descend a little to allow for waste, when the
automatic adjustment effected by the action
of the solenoids brings the disengaging-gear
down to a fixed stop.

Fig. 7 shows amode of applying to a known
construction of lamp the arrangement of the
two solenoids R and T, hwmn their cores s

- The 0011 of I, of nreater resistance, 1s in a cir- | and s’ connected to OppOSItG arms of a lever,
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as illustrated in Fig. 3, the lever ¢, worked by | consequently stopped, thus arresting the de-

these cores, being in the lamp shown in Ifig. |

7 made to operate on the gearing connected to
the carbon-slides. -

The arrangement for feeding the upper car-
bon of the lamp shown at IFig. 6 is as follows:
A stem, A, is pivoted to one end of a lever, ¢,
turning on a fixed fulcrum at ¢’, and pivoted
at its other end to the core s of the electro-
magnet. To the stem A are pivoted, first, a
pendulum, p, with escapement-teeth, and, sec-
ondly, an escapement-wheel, . The carbon-
slide S is toothed at its edge, as arack, engag-
ing with a pinion on the axis of the wheel 7,
which serves to connect it with the stem in the
manner shown in the enlarged view at If1g. S,
the stem A being carried by the lever ¢¢/. The
wheel  has teeth, working the escapement of
a small pendalum, p. So long as the stem A
is above its lowest position this penduolum 1s
prevented from moving by its tail m being
caught in the notch of a lever-arm, 2, which 1s
pivoted on A. When, however, owing to the
consumption of the carbons, the stem A has
descended to its lowest position, then the arm
z, catching on a fixed stud, v, 18 raised so as to
clear the tail m out of the noteh, leaving the
pendulum free to swing. The slide S then de-
scends, causing the wheel # to turn in the di-
rection of the arrow, swinging the pendulum,
which controls its movement, and this contin-
ues till the stem A, being again raised by the
action of the core s under the influence of an
increased current, the pendulum-tail m is again
caught in the notch of z, and the wheel 7 18

scent of the carbon-slide. The wheel 7 1s pro-
vided with a pawl, w, to prevent it from turn-
ing backward. The movements of the coress
s’ may be damped by means of a plunger, K,
working in a cylinder. ~

Having thus deseribed the nature of my in-
vention and in what manner the same is to be
performed, 1 claim—

1. In an electric lamp, in combination with
the carbon-holders, two solenoids or electro-
magnets, one of which has a coil of low resist-
ance, forming a part of the lamp-circuit, and
the other has a coil of higher resistance, form-
ing a part of a by-pass circuit, by the ditferen-
tial action of which the carbons are adjusted.

2. The combination of the regulating-stem

A, carrying the carbon-slideof an electric lamp,

with the levers ¢ ¢/, cores s and s/, and solenoid-
coils Rand T, substantially as herein described.

3. The combination of the regulating-stem
A with the-carbon-slide S, having rack-teeth
cearing with a pinion on the axis of the escape-

-ment-wheel r, the pendulum p, having a tail,

m, engaging with a notch in the arm 2, and the
fixed stud v, constructed and operating sub-
stantially as herein described.

- In testimony whereof I have signed my name
to this specification, in the presence of two sub-
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seribing witnesses, this 26th day of July, 1879. 65

I'RD. VON HEFNER-ALTENECK.

Witnesses:
BErTHOLD RoOI,
EDWARD IP. MACLEAN.
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