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UNITED STATES

PateEnT OFFICE.

RICHARD H. MATHER, OF WINDSOR, CONNECTICUT.

MULTIPLEX ELECTRIC-ARC LAMP.

CUIZCIFICATION forming part of Letters Patent Mo, 306,764, dated October 21, 1884.

Application filed August 30, 1883, (No model.)

To all whotn it may concern:

Be it known that I, RICHARD H. MATHER,
a citizen of the United States, residing in the
town of Windsor,county of Hartford, and State
of Connecticut, have invented certain new and

~useful Improvements in Eleetric-Are Lamps,

of which the following is a full, clear, and ex-
act description, whereby a person skilled in
the art to which it appertains can make and
use the same, reference being had tothe accom-
panying drawings.

My invention relates to that class of electric-
arc lamps in which two or more sets of car-
bons are combined to operate successively and
afford a continuous light, regardless of the
consumption of the ecarbons and without any
manual interference.

The object of my invention is to so construct,
arrange, and connect a series of single lamps
as to make a duplex or multiplex lamp, which
will burn until the several sets of carbons are

. successively consumed, and in particular to
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accomplish this object by means of a compound
antomatic switch, whose contact-points are the
carbons of the lamp., ‘

It is proper to observe that my invention
18 not limited in its application to any specific
form of lamp. I shall deseribe it, however,
in the form shown in the drawings. as applied
toan electric lamp and regulator thereof hav-
ing a carbon-holder with a rod or tube which
slides through a friction-cluteh, such clutch
being operated by a differential magnet or its
eguivalent, to move such carbon rod or holder,
and thas to separate the carbons and produce
the voltaic-arc light.

The distinctive principle of my invention is
conceived to lie in the construction and use of
one or more supplementary coils of insnlated
conducting-wire, adapted to re-enforce the ac-
tion of the primary coil of the feed-magnet,
together with appropriate connections so ar-
ranged that the electriec current shall auto-
matically control and operate in succession the
several members.of an electric-are lamp con-
sisting of several members. :

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

I proceed to point out the best mode in

which I have contemplated applying the prin-
ciple.

In the accompanying drawings, Figure 1 is
a. vertical section of a duplex lamp embodying
my invention as applied to an electric lamp
of two members, and Fig. 2 is an isometrical
view of a triplex lamp embodying my inven-
tion.

InTig. 1, A and B are two singleelectrie-are
lamps supported in a suitable frame. " These
lampsare ofany ordinary construction,are pro-
vided each with an automatic feeding mechan-
ism ofthe 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
generator separates at any convenient point
into two branches, aand 5. Thebrancha pro-
ceeds to the magnetinlamp A, iswound about
the core thereof, and constitutes the large wire
coil or main helix ¢. After being so wound
about said core intheusual manner, the branch
wire ¢, on leaving said magnet, passes, as
shown at d, to lamp B, and there is wound
about the core of the electro:magnet of lamp
B, as a supplementary coil ¢, adapted to re-en-
forece the electro magnetic action of the pri-
mary coil i, hereinafter mentioned. The sup-
plementary coil eshould be wound to a slightly
greater efficiency—say ten per cent. greater—
than is the said primary coil k. After pass-
ing 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 is electrically connected -therewith.

- The branch wire b proceeds from P to the mag-

net of lamp B, is wound about the core there-
of, and constitutes the said primary coil or

mainhelixzinlampB. Afterso passingasuit-

able number of times about the core of the
magnet in thelamp B, whereit 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. Itistobeunderstoodthatthe sup-
plementary helix e is deeper and more power-
ful than either of the coils % or ¢, and that %
and ¢ are practically equal to each other. A
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2 306,764

large wirelrom the other poleol the generator
separates abt any convenient point N into two
branches, ¢’ and ', whichare respectively con-
nected with the remaining earbons % and 7.

Over the coil ¢ in lamp A is wound a fine
wire, i 0 n, forming the fine-wire coil 0. One
end of this wire is connected with the carbon
¢, and the other end of the same is connected
with earbon #, whereby a simple differential
maguet is formed in the lamp A. In like
manner afine wirewoundover the coils & and
r, and connected byihe wires p and ¢ with the
carbons jand/{, constitutestheshunt-coilr, and
creates a differential magnet in lamp B.

It is to be understood lei the coil ¢ is wound
to a greater strength and efliciency than the
coil ».

In that class of lamps which, instead of a
differential magnet, cont‘unsahnc wiremagnet
and a coarse-wire magnet pulling in opposwe
directions the suoplemenhu‘v coil is to be
wound on the same core with the main coil.

The coils 7, e, and » may be arranged in any
order; but T pxelu to arrange them in the or-
der namul beginning at the core. Thesame
is true concerning 1110 coils ¢ and o.

Sueh being Llw construction of my dupl ex
lamp, the mode of its operation is as follows:
The connections being made as above du
seribed, and the car bons of each set separately
beingi in contac t,and the generator heing active,
the electuc car Lent from I follows the Dranch
wires ¢ and b through both lamps as follows,
viz: That portion 01 the eurrent WhthIOH()\\S
the branch « Ppasses through the helix ¢, the
connecting-wire d, the supplcmentary helix e,
the onnecbuw \\]re/ the carbons g and &, and
the branch o to N and the generator. That
portionof the current which iollows the branch
b passes through the main helix 7, the connect-
ing-wire 4, thc carbons j and/, and the branch
v 10 N and the generator. A small fractional
part, how over, ofthe current through P, a, ¢
dye, fy gl and N as it passes n'om ¢ to lv 15
411\'(>1ted thr ough the helixo and the fine wire
m and », and inlike manner a small fractional
part—Iforinstance, one per cent. of the eurrent
through P, b, &, 4, §, I, ¢, and N—-as it passes
between fhc 0 arbons g and tis diverted through
the fine wire p and gand the helix o Suoh is
the course pursued by the electric current the
instant the above conditions are fulfilled. The
effect of the passage of the electric current
from I to N in the courses described is first
visible in lamp B, -where, on aceount of the

fact that the coils 7 and e together in lamp B
arc of greater efficiency Lh.m is the single Le-
lix e'in lamp A, the liffer in lamp B moves
first and the &ubons J and 1 separate from

rach other, w hereby the current which passed
between j and lis diverted and made to pass
through lamp A.  When the earbouns 7 and 1
separ ate, the current through the main ¢oil
L is interrupted; but at Lhe same time the
whole current ]b now passing through the
main coil e and the snpplementary Coil e,

s0 thal the current which previously was puss-
ing throughthe main coil/ now passes throngh
the supplementary coil e, together with the
current which was at first passing through the

said coil e, so that the ctlective magnetism of

the magnet in lamp Bis practically constant,
whether the carbons 7 and [ are in contact or
not. Thereasouwhy the arcisnotestablished
ab j I when the carbon jis first raised through
the efficiency of coilseandh lies inthefact that
by the raising of the earbon jthe current P o2

iq /b N is \1101[ cirenited throngh P aed ey

gk a N. The increased effect \\]\10]1 18 pro-
dueed in the magnet oflamp A by the separa-
tion of the carbons j and /, in the manner de-
seribed, raises the lifter and rod in lamp A,
and sep(uates the carbons g and I, so thas tl e
voltaic-arc light then appears in lamp A.
This light continues until the feed in lnmp A
is arrested by means of thestop onthe carbon
rod in lamp A, and as the carbons in lamp A
are gradually consumed while the feed has
been arrested, the voltaic are befween ¢ and /
lengthens, and aninereasing current is passed

through the shunt-coils o and »r by the way of

the fine wires m » and ¢ p. As the curvent
through the shunt-eoils increases, the shunt-
coil » overcomes and neutralizes the effect
the supplementary eoil ¢, and so allows the
lamyy 13 to feed till its carbons 5 and [ meet in
electrical conmection. 7The whole current
which passed through the carbons ¢ and % at
once passes through the lamp B, the light in
A goes
the helix 2 causes the e arbons j and 7 to sepa-
rate, so that the voltaic-are light is produced
between them. Itisto be understoodthat the
electrie current through the shunt-coils is
never interrupted in either member of this
duplex Jamp while the latter is in operation.

In order 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, it is necessary
to inecrease, modify, arrange, and connect the
elements, as shown in the drawings, Fig. 2,
and as hucimfter explained.

In Fig. 2, A, B3, aud C are the magnets which
sever: tlly opemte the feed mechanism of the
three mewbers of sach lamp, respectively., A,
the magnet of the first member in the series,
is construeted in the sume way as is the mag-
net above described in the member A of my
daplexlamp hiereinbefore described.  Also, 13,
the magnet of the second member of my tri-
plex lamp, is constructed in the same way as
isthe magnet, above described, of the member
B of my duplex lamp aforesaid. The magnet
C of the third member of my triplex lamp is
similar to the magnet I3; but, instead of be-
ing wound with a primary coil, a supplement-
ary coil, and a shunt-coil merely, C has a pri-
mary coil, ¢, a first supplementary coil, #*, and
a second supplementary coil, 5, besides the
fine-wire shunt-coil s”.

The four coils ¢, o, 5, and " in magnet ¢
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_coils or hehceb represented in Fig.
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may be arranged in any order; but I prefer
them wound in the order named, beginning
ab the core. The first supplementary coil »*
should be of aboub ten per cent. greater effi-
cieney than the primary coil ¢; and the sec-
ond supplementary coil, 5, should in like man-
ner be of somewhat greater efficicucy than %
but all the primary coils 1, ¥, and ¢ should
be of equal efficacy. The first supplementary
coils, 3 and J%, should also be equal. All the
2 are ot
coarse wire, excepting the coils s, ¥, .111(1 s”,
which are of fine wire, and are connected as
shunts to their respective carbons in the nsual
manner of differential magnets.

In my triplex lamp a large wire, P, Fig. 2,
connected with one pole of the generator, di-
vides into three branches, ¢, b, and ¢, and a
corresponding large wire, N, {from the other
pole of theé generator separates into three
branches, «, ¥, and ¢, which ave electrically
connected with the three lower carbouns of the
triplex lamp—one branch with each carbou.
The remaining conunections in this lamp will
be readily understood from the operation of
this Jamp, as hereinafter explained, from the
drawings, Fig. 2, and from the foregoing de-
scription of like connections in my duplex
lamp.

Such being the construction of my triplex
lamp, the mode of its operation is as follows:
When the carrent is not passing through the
Iamp, the positive and negative earbons of
cach set or member are in actral contact, but
when a current is passed through the lamp,
the connections having been made as indica-
ted, the electric current from P, Tig. 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, dl)d thence tollo\\s the connecting-wire
2 to maguet I3, where it passes through the
supplementary helix 3; then it follows the
connecting-wire4 to magnet C, where it passes
through the second supplementary helix, 5;
thence it follows the connecting-wire 6 to the
upper carbon Dj; thence through the lower
carbon I, and thence by the branch wire «
to the large wire N and the generator. In
like manner that portion of the current which
follows the branch b passes through the helix
0" in magnet B, thence follows the connect-
ing-wire J® to magnet C, where it passes
through the helix 0, whence it follows the
connecting - wire ' to the upper carbon T,
and thence goes Dy the way of the lower car-
bon G and the Dbranch wire " to the main
wire N and the generator. In like manner
that portion of the current which follows the
branch ¢ passes through the helix ¢ in magnet
C, thence follows the connecting-wire ¢ from
magmnet Cto the upper carbon H, and thence
passes by the way of the carbons-H and I and
the branch wire ¢ and the wire N to the gen-
erator. A small fractional part, hox\e\/er of

the current throughP? ¢ 123456 D B o N—
say one per cent. of that ourrent—m passing
from D to B is diverted through the shunt-
coil s and the fine wire { and w. Inlikeman-
ner a small percentage of the current through
POy Yy F G N in passing flOHl FtoG

is diverted through the shunt-coil ' by the

way of fine'wires, (not showninthe drawings,)
and in a similar manner a small percentage of
the current from H to I is diverted bhrough
the shunt-coil 5. Such is thecourse pursued
by theelectric current when thelatter is passed
through my triplex lamp. The effect of the
passage of such current from P to N in the
conrses described is first visible in connection
with magnet C. Since the magnetism pro-
duced in C by means of the helices 5, 0, and ¢
is greater than that produced in A or B by
meauns of the coarse-wire coils in those mag-
nets, respectively, the lifter which is actuated
by magnet C moves first, and the carbons II
and I are separated from each other, whereby
the current which at first passed from H to I
is now diverted and made to pass through the
magnets A and B. When the carbons Hand
I separate, the current thirough the main coil ¢
isinterrupted, but at the same time the whole
current is now passing through the main coils
1 and b’ and the supplementary coils 3, b°, and
5, so that the current which was before pass-
ing through the main coil ¢ now passes through
the supplementary coils b* and 5, together w 1th
the current which was at first passing through
the coils 4" and 5; hence the effective magnet-
ism in C is- practically constant, whether the
carbons H and I are in contactornot. Upon
the interruption of the current between H and
I in the mauner stated the remaining magnets
A and B are.in practically the same predica-
meut,are connected in thesame w ay, and being,
as 'Lhox e stated, constructed in the same way,

are'caused to operatein the same way, uponthe
same principles, and subjeet to thesame expla-
nation, and are productive of the same effects
in this my triplex lamp as are the correspond-
ing magnets of the members A and B in my
duplexlamp,hereinbefore described. Inshort,
the magnets A and B then become the mag-
nets of a duplexlamp of the type hereinbefore
described; and when,in the operation of such
duplex lamp containing the magnets A and B,

the ecarbons D and I are consumed and sepa-
rated then the magnets B and C become in
turn the magnets oi a duplex lamp of thesame
type and opemte in the same .way to produce
the electric light first between J# and G and
then between H and 1.

From the foregoing it is obvious that in my
improved lamp the carbons constitute the con-
tact-points in a compound antomatic switeh,
governing aud co-ordinating the action of the
several members of the Lmlp in the manner
described.

The principles of myinvention, which have:
¥ ples,

now been shown in their application to a du-
plex and to a triplex lamp, may be applied to
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o 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-

coils be omitted from any lamps which arein
other respeets constructed as above especified,

sueh lamps, if nob connected in a series, still
operate satisfactorily, and may he made s0 to
operate even in a series.

T elaim the following as my invention:

1. In an clectric-are lamp containing two
or more wmembers or scts of carbons, a differ-
ential magnet wound in the ordinary manuer,
n e Umbuntlon with a differential magnet
wound with a primary coil, a shunt-coil, “and
a supplementary coil, eachi of said mdnnus
having a variable magnetic efficiency {hﬂpend
ent upon the namber and clectro-magnetic
energy of such of the said coils as are br ounht
into operation for the time being, substan-
tially as deseribed, and operating as set forth,
for the purpose specified.

2. Inan electric-are lamp, two or move pairs
or sets of carbons and a series consisting of a
corresponding numbeyr of differential electro-
maguets, the first of such magnets being wound
with a primary coil and a shunt-coil, and the
second of such magnets being wound with a
primary coil, a shunt-coil, and a sapplement-
ary coil, said maguets being connected with
cach other, as delineated, and each of said
magnets having a variable magnetic effect de-
1)endent upon the number and clectro-mag-
netic energy of such of the said coils as are
cnergized for the time being, in combination
with an equal number of intermediate feed
mechanisms actnated by said magnets.

3. In an clectric-are lamp containing two or
more members or sets of carboens, a series con-
sisting of a eorresponding nmnber of differen-
tial magnets in combination, the first of said
m(mnets being wound with a primary coil and
a shunt coil, the second of said magnets being
wound w 1th a primary coil, a shunt- coil, fmd
one supplementary coil, the {hivd of said m‘m-
nets being wound with 2 primary coil,a shunt
coil, and L\\ o supplementary coils, and so on,
as descubed, all of said magnets being 1nter
connected in the manner show n, and ‘each of
said magnets having a variable magnetic ef-
fect depwdent upon the number and electro-
wagnetic energy of suel of the coils thereof
as may be traversed for the time being by the
eleetrie current, substantially as and for the
Turpose specified. '

4. Inanelectric-arc lamp containing Lwo or
more members or sets of carbons,a compound
differential electro-magnet wound with a pri-
mary coil, a differential coil, and oue or more
independeht supplementary coils, said mag-
net having a variable magnetic effect depend
ent upon the number and the variable elec-
tro - magnetic energy of such of the eoils
thereof as may, for the time being, be trav-
ersed by the electric current operating such

306,764

lamyp, substantially as and for the
shown,

5. In an eleetric-are lamp containing two or
more pairs or sets of carbons,a series consist-
ing of a corresponding number of differentinl
electro- magnets, the first magnet in said series
being w ound with aprimary “eoil and a slinnt-
coil, the second magnet in said series being
wound with a primary coil, a shunt-coil, and
a supplementary coil, and the (hird mdr'nu
in said series being wound with o primary
coil, a shunt- LOI],dlld two independent supple-
mentam coils, and so on, as described, said
magnets being connected with each other, as
show n, and cach of said m agnets having a va-
riable magnetic cffect depundent upon the
number and rarviable electro-magnetic energy
of such of the coils thereof as may, for the
time being, be traversed by the electrice cur-
1em

- Inau electric-are lamyp containing two or
more pairs or sets of carbous, a carbon rod or
holder and an electro-magnet wound differ-
entially with two or more 1ndqmndont coils,
in combination with intermediate feed mech-
anism actnated thereby, whereby said carbons
may be made to a])plo(l(‘h recede, or stay apart,
according to the number and variable electro-
magnoblc efficiency of such of the sald eoils
as may, for the time being, be traversed 1»3
the electric current, \ul»sm,ntlally as shown,
and operating as dcscnbe(l for the purpose
spemhed

In an electric-are lamp containing two
or mow pairs or sets of car bons,‘lsexms con-
sisting of a corvesponding number of differen-
tial electroanaguefs, the first magnetb in said
series being wound with a primary coil and a
differential or shunt coil, the second wagnet
in said series Deing \\olmd with a primary

purpose

‘coil, a differential coll, and a supplewentary

coil, the third magnet in said series hun”
W ouud with a primary coil, a differential coil,
and two supplementary coﬂ%, and so on, as
deseribed, in combination with an equal num-
ber of spring-armatures actuated by said mag-
nets similarly or dissimilarly, according to tlm
course pursued by the electric eurrent in pass-
ing through said magnets, substantially as and
for the purpose spauhcd
3. An electric-are lamp containing two or
movre pairs or sets of carbons whose fvul mech-

anisms are actuated by a series consisting of

a corresponding number of differential Ll{,[‘
tro-magnets, the first magnet in said series
being wound with a shunt-coil and o differ-
ential coil, and the last magnet in said series
being wound with o shunt-coil and two or
more differential ecoils, in which lawmp each
such set of carbons constitutes a pair of the
only contact-points in a compound automatic
switch regulabing such lamp and co-ordinat-
ing the functions thereof.

9 In an electric-are lamp containing two or
more pfms or sets of carbons whose feed mech-
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anisms are actuated by a scries consisting of

a corresponding number of differential elec-
tro-magnets, the first magnet in said series be-
ing wound with a shunt-coil and one differen-
tial eoil, and the last magnet in said series
being wound with a shunt-coil and with two

or more differential coils, a compound auto- |

matic switech whose contact-points severally
coincide with the points of said carbons.
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In testimony whereol I have hercunto seb
my name in the presence of two subseribing
witnesses.

RICHARD H. MATHER.
Witnesses:

Rarrg H. PARK,
CHARLES E. HUBBARD.
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