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To all whom it may concern: |
3¢ 1t known that 1, RIcHARD H. MATHER,

- o citizen of the United States, residing in the

i

town of Windsor,county of Hartford, and State
of Connecticut, have invented certain new and

uselul Improvements in Electrie-Are Lamps,

- of which the following is a full, clear, and ex-
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things which are

act description, whereby a person skilled in
the art to which 16 appertains can make and
use the same, reference bcmn had tothe 2ccom-
pfmymf‘r drawi 1ngs. |

Myinvention 1elates to that class of electric-
arc lamps In which two or more sets of car-
bons are combined to operate successively and
regardless of the
consumption of the C‘IlDOHS and without any
manual interference.

The object of my invention is to so construet,
arrange, and connect a series of single lamps
as to make a duplex or multiplex lamp, which
will burn until the several sets of carbous are
sucecessively consumed, and in particular to
accomplish this object by meansof a compound
antomatic switch, whose contact-points are the
carbons of the lamp., |

-1t 1s proper {o observe that my invention
13 not Iimited in 1ts application to any specific
form of lamp. I shall deseribe it, however,
in the form shown in the drawings. as appl1ed

toan electric lamp and 1oguhtor thereof hav-

ing a carbon-holder with a rod or tube which
slidea through a friction-cluteh, such clateh
being operated by a differential magnet or its
cjuivalent, to movesuch carbon rod or holder,

aud thus to separate the carbons and produce
the voltale-are light.

The distinctive. principle of my invention is

concelved to lie in the construction and use of
one or more supplementary coils of insulated
conducting-wire, adapted to re-enforce the ac-

tion of Lhe primary coil of the feed-magnet,

together with appropriate connections so ar-
mnned that the electrie current shall auto-
m‘itiefﬂly control and operate in suceession the
several members.of an electric-arc lamp con-
sisting of several members. |

So far as concerns this case, I disclaim all
claimed in my application
No. 113,578, for a patent for 1mprovement in
electric-arc lamps, filed December 5 , 1883.

I proceed to point out the best mode in |

- ¢o1l or main helix e.

TOIFICATION forming part of Letters Patent Mo, 306,764, dated October 21 1884,
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which I have contemplated applying the prin-
ciple.

In the accompanying drawings, Figure 1 is
a vertical section of a duplex famp embodymg
Iy invention as applied to an electric lamp
of two members, and Fig. 2 is an isometrical
view of a tuple\ hmp embodymn my inven-
tion.
Inlhig. 1, A and Bare two single electric-are
lamps supported in a suitable frame. " These
lampsare ofany ordinary construction,are pro-
vided each with an automatic feeding mechan-
1Ismofthe kind above mentioned, and indicated
in the drawings, and are peculiar in their con-
struction only as hereinafter mentioned. A
large wire, P, connected with either poleof the
ﬂeuel*at01‘ Sep‘ll ates at any convenient point
Into two branches, aand 4. Thebrancha pro-
ceeds to the magnetinlamp A, iIswound about
the core thereof, and constitutes the large wire
After being so wound
about said core inthe usual manner, the branch
wire «, on leaving sald magnet, passes, as
shown at d, to hmp B, and Lhele 15 wound
about the core of the electro: magnet of lamp
B, as a supplementary coil e, ¢ Qd"‘tpted to re-en-
force the electro magnetic action of the pri-
mary coll 2, hereinafter mentioned. The sup-
plementary coil eshould be woundto a slightly
greater efficiency—say ten per cent. greater—
than is the said primary coil k. After pass-
1ng a suitable number of times about the core
of the magnet in lamp B, where it constitutes
the helix e, as described, the said branch wire
a leaves the magnet of lamp B and passes by

the line and wire f to upper carbon ¢.in lamp
A, and 1s electrically connected -therewith.
-T'he branch wire d proceeds from I? to the mag-

net of lamp I3, 1s wound about the core there-
of, and constitutes the said primary coil or

main elixvin lamp B. Afterso passingasuit-

able number of times about the core of the
magnet 1n thelamp B, where 1t constitutes the
helix A, before mentioned, the branch wire b
on leaving the magnet last mentioned, passes
by the line and wire ¢ to upper carbon j in
lamp B, and forms an electrical connection
therewith. TItistobeunderstood thatthe sup-
plementary helix e 1s deeper and more power-
ful than either of the coils & or ¢, and that %
and ¢ are praetically equal to each other. A
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large wirelrom the other poleol the generator
s¢parates at any convenient point N into two
branches, ¢’ and ', which are respectively con-
nected with the remaining carbons £ and 7.
Over the coll ¢ in lamp A is wound a finc
wire, m o », forming the fine-wire eoil 0. One
end of this wire is connected with the carbon
¢, and the other end of the same 18 connected
with carbon 7, whereby a simple differential
magnet 18 formed 1n the lamp A, In like
nanner afine wirewoundover the coils & and
r, and connected by the wires » and ¢ with tho
carbons jand/, constitutestheshunt-coil s, and
creafes a differential magnet in lamp B.
Tt is to be understood that the coil e is wound
to a greater strength and efficiency than the
coil ».

In that class of lamps which, instead ol a

differential magnet, contai nhqhm wircmagnet
and a coarse- 1111(, magnet pulling in 0]}1}05113(3
directions the s :}1)101110111111‘;}5' coll 18 to be
wound on the same core with the main eoil.

The coils 4, ¢, and » may be arranged in any
order; but I pmlu to arrange them in the or-
der uamul beginning at the core. Thesame
18 true concerning 1]1{3 coils ¢ and o.

Such being the construction of my (hlplex
Iamyp, the mod{, of 1ts operation is ag follows:
The connections being made as above d{;—
scribed, and the car bons of cach set separately
heingin contac t,and the generator being active,
the eleutuc current 1 om I follows the branch
n lamps as follows,
viz: ‘Uhat portion of the current whiceh follows
the branch « passes through the helix ¢, the
connecting-wire d, the 5upplunentary helix e,
the olmecmm mm/ the carbons g and I, and
the braneh o to N and the generator. That
portion of the current which Iollows the branch
b passes through the main helix 7, the connect-
ing-wire 4, 111(, carbons j and/, and the branecl
b’ m N and the oenerator. JL mall fractional
part, how ever, o[’the current through P, ¢, c,
dy e, 1, g,k d, and N as 1t passes s from { to 13
4111:{111{%1 thr ough the helix o and the fine wire
moand n, and inlike manner a small fractional
part—rIor m&hnw One per cent, of the current
through P, 0, 4, 4, 7, {, ¥/, and N—-as it passes
befween fh(, c 1113011& Y .Lm([ (1s diverted through
the fine wire p and ¢gand the helix ». Stch i 18
the course pursued by the electrie carrent the
instant the above conditions are fulfilled. The
cffect ol the passage of the electric current
from I> to N 1n the courses described is firss
visible in lamyp I,-where, on account of the

{fact that the coils /& and ¢ t{)“CUIGI i lamp B
arc ol greater efficiency than is the single he-
lix ¢ in lamp A, the lifter in lamp I3 moves
first and the carbons J and 1 separate from
ach other, whereby the current which passed
between 9 and (18 diverted and made to pass
through l{.me A, When the carbons 7 and
ﬁcpdmte the current through the main coil
i 18 Interrupted; but at Lhe same time the
whole current Ib now passing through tho
m‘un coll ¢ and the supplementary coﬂ

'y
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so Lhal Lthe current which previously was puss-
g throughthe main coil /i now passesthrough
the faul":plt,,nluitfu y coil e, together with the
current which was at first passing througeh the
sa1d coil ¢, so that the ¢t
the magnet 1n lamp B is practically constant,
whether the carbons 4 and ¢ are in contact or
not. Thereasouwhythe arcisnotestablished
at j ¢ when the carbon jis first raised throngh
the efficiency of collseandh liesinthe fact that
b\, the raising of the carbon j the currvent 1204

i o f?) N is short-civenited thr ongh Pacdey

gL a N. The increased effect which 18 Pro-
duced in the magnet of lamp A by the separa-
tion of the carbons j and /, in the mauner de-
scribed, raises the lifter and rod in lamp A,
andl Sech ates the carbons g and £, so that the

voltaic-are light then appears in lamp A.

This light eonlmue% until the feed in lamp A
is arrested by means of thestop onthe carbon
rod in lamp 2 JL and as the carbons in lamp A
are gradually consumed while {he feed has
Leen arvested, the voltaice are befween ¢ and /&
lengthens, and aninereasing current is passed

through the shunt-coils o and s vy the way of

che fine wires m # and ¢ p.  As the current
through the shunt-coils increases, the shunt-
coll r overcomes and neutralizes the offect
the supplementary coil ¢, and so allows the
lawp B to feed till its carbons 7 and ¢ meet in
electrical connection.  The whole cuarrent
which passed through the carbons ¢ and L at
once passes through the lamp B, the light in

A goes out, and Hu_, mnereased envrent Hmm gl

lu, helix 2 canses the carbons j and 7 to sepa-
rate, so that the voltaic-are light is produced
between them. Tt isto be understood that th
glectric current through the shunt-coils is
never interrupted in either member of this
duplex Iamp while the latter

Inorder to apply to a lamp of three mem-
bers or elements the principles of my inven-
tion, which have already been shown in their
application to a duplex lamp, 1t 1s necessary
to 1nerease, modily, arrange, and connect the
elements, ag shown in the drawings, Fig, 2.
and as huLimﬂ;er explained.

In Fig. 2, A, B, aud € are the magnets which
SEVer: LHV c}pemte the feed mechanism of the
three membersof such lamp, respeectively. A,
the magnet of the first moember In the series,
13 constructed 1n the same way as is the mag-
net above deseribed in the member A of my
duplexlamp hereinbefore deseribed.  Also, 13,
the magnet of the second member of my tri-
plex lamp, 18 constructed in the same way as
18 the magnet, above described, of the member
B of my duplex lamp aforesaid.  The magnet
C ol the third member of my triplex lamp is
similar to the magnet B; but, instead of be-
ing wound with a primary coil, a supplement-
ary coll, and a shunt-coil merely, € has a pri-
mary cotl, ¢, a lirst Su])p'lenlultm y coll, &°, and
& second supplenmnhu} col1l, 5, bLSlﬂﬂb the
ine-wire shunt-coil §”

The four coils ¢, ZJ,

, and &7

1m magnet €

‘ective magnetisim of

of

18 1n operation,
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may be arranged. in any order; but I prefer
them wound in the order lnmed beginning
at the core. The first supplementary coil &
should be of about ten per cent. greater effi-
ciency than the -primary coil ¢; m?.d the sec-
ond supplementary coil, 5, should in like man-
ner be of somewhat gr eater efficiency than b’;
but all the primary Ccoils 1, ¥, and ¢ should
be of equal efficacy. The ﬁr&t supplementary
coils, 3 and 0", should also be equal. All the
2 are Ot
coarse wire exceptmn the coils s, 5, .:md s
which are oi ine wire, and are counected .:lh
shunts to theiv 1"eSpectn'e carbons in the usual
manner of differential magnets.

In my triplex lamp a ]&10(, wire, I, Iig. 2,
connected with one pole of the ﬂu]elator di-
vides into three branches, «, Zr:, and c, and 2
corresponding large wire, N, from- the other
pole of the generator separates into three
branches, «', &', and ¢, which arve electrically
connected with the three lower carbons of the
triplex lamp—oune branch with each carbou.
The remaining connections in this lamp will

be readily anderstood from the operation of

this lamp, as hereinafter explained, from the
drawings, Fig. 2, and from the foregoing de-
&LI‘lleOD of hlm connections in my duple\
lamp.

such being the const-ruct-ion of my triplex
lamp, the mode of its operation is as follows:

~ When the carrent is not passing thirough the
lamp, the positive and negative carbons of

cach set or member are in actunal econtact, buf
when & current is passed through the lamp
the connections having been ma,de as mdica-
ted, the electric cuneut from P2, I'ig. 2, follows
the branch wires «, b, and ¢ through the three
members of the lamp, as follows, viz: That
portion of the current which follows the

branch « passes through the helix 1 in mag-

net A, and thence to]lons the connecting-wire
2 to magnet I3, where 1t passes through the
supplementary helix $; then it ibllows the
connecting-wire 4 to magnet C, where it passes
through the second supplementary helix, 5;
thence 1t follows the connecting-wire 6 to the
upper carbon D; thence through the lower
carbon L, aud thence by the branch wire ¢
to the large wire N and the generator. In
Jike manner that portion of the current which
follows the branch b passes through the helix
0" in magnet B, thence follows the connect-
ng-wire 0° to magnet C, where it passes
through the helix {°, whence it follows the
connecting - wire ' to the upper carbon T,
and thence goes by the way of the lower car-
bon G and the Dbranch wire 5" to the main
wire N and the generator: In like manner
that portion of the current which follows the
branch ¢ passes through the helixe in magnet
C, thence {ollows the connecting-wire ¢ from
nnﬂnei C to the upper carbon M, and thence
passes by the w ay of the carbons H and I and

65 the branch wire ¢’ and the wire N to the gen-

erator.

the current through PP ¢ 123456 D fD a N——-
say one per cent. of that current——-m passing
from D to K is diverted through the shunt-
coil s and the fine wire ¢ and v. Inlike man-

ner a small percentage ot the current through
POy vy T G N in passing flOl]l I to G

is diverted through the shunt-coil s by the

way of fine wires, _(not showninthedrawings, )

and 1n a similar manner a small percentage of

the current from H to Iis diverted through
the shunt-coil §”. Such is thecourse pursued

by theelectriccurrent when thelatter ispassed

through my triplex lamp. The effect of the
passage ol such currvent from P to N in the
courses described 1s first visible 1n connection
with magnet C. Since the magnetism pro-
duced in C by means of the helices b, 0°, and ¢
1s greater than that produoced in A or B by
means of the coarse-wire coils in those mag-

nets, respectively, the lifter which 1s actuated
by magnet C moves first, and the carbons H
and I are separated from each other, whereby
the current which at first passed from I to I
is now diverted and made to pass through the
magnets A and B. When the carbons H and
I separate, the carrent through the main coil ¢
1S iuterrupted, but at the same time the whole
current i1s now passing through the main coils
1 and )" and the supplementary coils 3, »*, and
D, so that the carrent which was before pass-
1ng through the main coil ¢ now “passes through
the supplementary coils b° and 5, together w 1th
the current which was at first passmﬂ' through
the coils & and 5; hence the effective magnet-

1sm in C 1Is- pmctlcalh constant, whether the
carbons H and T are in contact or not. Upon
the interruption of the current between H and
I 1n the manner stated the remaining magnets
A and B are in practically the same predica-
meut,are conneeted in thesame w ay, and being,
a5 ahove stated, constructed in the same way,

arecaused to operatein the same way, upon the
came principles, and subject to thesame expla-
nation, and are productive of the same effects

in this my triplex lamp as are the correspond-

1ng magnets of the members A and B in my
duplexlamyp,bereinbefore described. Inshort,
the magnets A and I3 then become the maﬂ-
nets of a duplexlamp of thetype herembefor
lescribed; and when,in the operation of such
duplex ]*"me conmininﬂ the magnets A and B,
the carbons D and I are consumed and Sep‘l-
rated then the magnets B and C become in

turn the magnets 01 a duplex lamp of thesame

type and 0[)61.:110 in the same.way to produce
the electric light first between If and G and
then between H and 1.

From the foregoing it is obvious tlut 1 my
improved lamp the car'bons constitute the con-
tact-points in a compound automatic switeh,
governing aud co-ordinating the action of the
several members of the Lmlp In the manner

~deseribed. .
The prmclples of myinvention, which ]]EWG'

now been shown in their apphcatmn to a du-

A small fraectional part, how ever, of | plex and to a triplex lamp, may be applied to
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@ multiplex lamp of any desired number of

members more than three by simple extension
and addition without the introduction of any
new principle. If allthefine wires and shunt-

colls be omitted from any lamps which arein
other respeets constracted as above ¢ specified,

such lamps, if not counected in a series, still
operate satisfactorily, and may be made so to
operate even in a series.

I claam the following as my invention:

1. In an clectric-are lamp containing two
Or 1more members or sets ol carbons, a Ll.lit[_.b
cntial magnet wound 1n the ordinary manuner,
¢ Umbuntmn with a differential 111.:1ﬂneb
woumd with a primary coil, a shunt-coil, “and
a supplementary coil, cach of said man nets
having a variable nmﬂnebm citiciency {h‘*pm 1d-

ent upon the number and clectro: -magnelic

energy of such of the said coils as are br ounht
mto operation for the time being, substan-
tially as described, and operating as set forth,
for the purpose specified.

2. Inanelectric-arc lamp, two or move pairs
o1 sets of carbons and a series consisting of a
corresponding number of differential eloctro-
magnets, the first ot such magnoets being wound
with a primary coil and a shunt-coil, and the
second ol such magnets being wound with a
primary coil, a shunt-coil, and a sapplement-
ATy coil, said magnets beine connected with

caclh othu, 1S (ldme&ted, and each of said
magnets having a variable magnetic effect de-
1>eudent upon the number ‘111{1 electro-mag-
netic energy of such of the said coils as are
cnergized for the time being, in combination
ulth an equal number of intermediate feed
mechanisms actuated by said magnets.

In an cleetric-are lamp containing two or |

nmore members or sets of carbons, aseries cou-
sisting of a corresponding number of differen-
tial magnets in combination, the first of said
e mnet:‘n being wound with N primary coil and
3 &hunt coil, the second of said magnets being
wound 'ﬂlth a primary coil, a shunt- ¢o1l, ‘1.11(1
one supplementary coil, the {(hird of said mm—
nets being wound with 2 primary coil,a &hunt

coll, and m 0 supplementary coils, and so on,

as described, all of said magnets being inter-

connected in the manner show n, and each of
said magnets having o variable magnetic ef-
fect depu]dt&nt upon the number and electro-
magnetic energy of such of the coils thereof
as may be traversed for the time being by the

electric current, substantially as and I(JI the

. urpose speciiied.

4. Inanelectric-arc lamp containing two or
more members or sets of carbons,a compound
differential electro-magnet wound with a pri-
mary coil, a differential coll, and one or more
independeht supplementary coils, said mag-
net having a variable magnetic effect depend
ent upon the number and the variable elee-
tro - magnetic energy of such of the coils
thereof as may, for the time being, be trav-

ersed by the electric current oper dflﬂﬂ, such |

a4 Sup:
- 1n o said series being wound with o

306,764

famp, substantially as and for the
showa.

o, Inan eleetric-are lawmp containing two or
more palrs or sets of carbons,a sevies consist-
ing of a corresponding number of differential
clectro-magnets, the first magnet in said series
being w ound with a primary “eoil and a shunt-

CO1l, the 5emnd }1‘1%110% ]11 5:11(1 :‘:.uw l)L*i]l*:_f'
wound

PR OSe

Jlementfuy {,ml, aud ih(,; Lliml I wnu-
primarvy
coil, a shunt- {,m],aud two independent supple-
mentau colly, and so0 on, as described, said
magnets buz]ﬂ connected with cach other, as
show n, and cach of said maguets having a va-
riable magnetic effect depmdeub tupon the
number and ariable electro-magnetic cnergy
of such of the coils thereof as may, for the
time being, be traversed by the electrie ear-
rent.

6. Inan electric-are lamp containing two or
more pairs or sets of carbons, a carbon rodl or

~]

T

S0

holder and an electro - magnet wound differ-

entlally with two or more 111{1@11{*11{101% colls,
in combination with intermediate feed mech-
anism actuated thereby
may be made toappr Gfleh recede, or stay apart,

according to the number and variable electro-

nmnneblﬁ, efficiency of such of the said eoils

as may, lor the time being, be traversed by
the electric curvent, substantially as shown,
and operating as {le.smlbml for the purpose
specified.

L Inan electric-are lamp contal ning two
Or more palrs or sets of carbons,n series con-
sisting of a corresponding number of differen-
tial electro-magnets, the first magnet in said
series being wound with a primary coil and a
differential or shunt coil, the second rnmagnet
in sald series being w ound with a primary

co1l, a differential 5011, and a supplementary

coil, the third magnet in said series heing
wound with a primary coil, a differentinl uui
and two supplementary 0011%, and 8o on, m
deseribed, in combination with an equal num-
ber of spr inﬂ‘ armatures actuated by said mag-
nets bunllmly or dissimilarly, according to tlw
course pursued by the electric current in pass-
ing through said magnets, sabstantially as and
for the PUrpose &,pu,,lhui

5. An electric-arc lamp containing two or
more palrs or sets of carbons whose fuul mech-

anlsms are actuated by a series consisting of

a corresponding number of differentinl wlm’*
tro-magnets, the first magnet in said series
being wound with a shunt-coil and n differ-
ential coil, and the last magnet in said series
being wound with a shunt-coil and two or
more differential coils, in which lawmp each
such set of carbons constitutes a pair of the
only contact-points in a compound automatic
switch regulating such lamp and co-ordinat-
Ing the functions thereof.

9 In an electric-arc lamyp containing two or
nmore pfms or sets of carbons whose feed mech-

, Whereby said carbons
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anisms are acbuated by a series consisting of | In testimony whereol I have hercunto set 1o
a corresponding number of differential elee- | my name in the presence of two subscribing
tro-magnets, the first magnet in said series be- | witnesses. | |
ing wound with a shunt-coil and one differen- | | |
5 tial coil, and the last magnet in said series | - RICHARD H. MATHER.
being wound with a shunt-coil and with two | .
or more differenfial coils, a compound auto- ;.  Witnesses:
matic switeh whose contact-points severally | RAarrHa H. PARK,
coincide with the points of said carbons. i CHARLES E. IIUBBARD.
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