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2o all whom it may conceriv:

Be it known that I, HaAroLD P. BROWN, a
citizen of the United States, residing in Chi-
cago, in the county of Cook and State of Illinois,
have invented a newand useful Improvement
in Systems for Operating Incandescent Lamps,
of which the following is a specification.

Heretofore incandescent lamps have ordi-
narily been operated in parallel from a quantity
current; but this method reqnires very large
and expensive conductors, and the current can
even then be carried only a very limited .dis-
tance. Incandescent lamps have heretofore,
however, also been operated by ahigh-tension
current,which of course can be carried long
distances by comparatively small and inex-
pensive conductors, the lamps beingarranged
in multiple—that is to say, the lampsbeingin
parallel prearranged groups—while the sepa-
rate groupsthemselvesarein ‘‘series.” -Under
this latter system, whenever any one or more
of the lamps in each group is not in use, its
resistance must be replaced by suitable devices,
as otherwise the remaining lamps in use in
each group wounld receive more than their
proper share of the current and be speedily
destroyed. Asmuch electric energy is there-
fore required to operate one lamp in each
grcup as to operate them all, and this system
is conseqanently not well adapted to.lighting
economieally from a single main circuit a
number of dwelling:housesand other buildings
in a city wherein all the lamps are not gener-
ally required to be in use at once.

I overcome this difficulty or objection—and
herein myinvention primarily consists—by ar-
ranging all the lamps in automatically-adjust-
able groups, so that, whatevernumber of lamps
may happen to be in use at one time, they will
always be automatically divided into such
number of groups as their number will form,
thegroupsthemselves being arranged inseries,
and the fraction of a group, if any, being left
over at the end near thereturn-terminal of the
main-wire circuit. The resistance of the re-
maining Jamps in such fractional group is
compensated for by means of a shunt-circunit
having an automatically-variable resistance to
correspond. to the number of lamps in such
fractional group, or by means of a group of
resistance-coils,one ormore of which are putin

parallel with thelampsof the fractional group,
as may be required. Assomeof thelampsare
extinguished or additional ones lighted the
groups are instantly and antomatically rear-
ranged. The lamps are all arranged in the
usnal manner on cross-wires extending Dbe-
tween the two parallel legs or conductors of
the main circuit. Iach time the number of
the groups in the series changes by the light-
ing or extinguishment of some of the lamps
the connection of the return-terminal leading
to the generator shifts from one of the two
legs or conductors between which the lamps
are arranged to the other—thatistosay, when
there is an odd number of groups, counting
the fractional group, if any, the return-ter-
minal is connected to one of the two parallel
conductors, and when there is an even num-
ber of groups in the series it is connected to
the other parallel conductor. By thus shift-
ing the terminal from one parallel conductor
to the other as an additional group is added
or taken away the current is forced to pass
through all the groups in series.

In the accompanying drawings, which form
a part of this specification, and in which sim-
ilar letters of reference indicate like parts,
Figurel is a diagram view of an arrangement
of cireuits partially embodying my invention
and showing the lamps arranged in multiple
arc or parallel groups between the two legs or
conductors of the main-wire c¢ircuit, the solen-
oid and switeh for shifting the return-terminal
of the main circuit to one leg or other of the
parallel conductor, and the variable resistance
to compensate for the remaining lamps of a
fractional group. In this figure, for sake
of clearness, the device for shifting the lamps
from one group to another, the motor for
operating the same, and also the switch and
its operating-solenoid for breaking connection
in one leg or the other of the parallel con-
ductor between the separate groups, are omit-
ted. Fig. 21is a diagram view showing the

device and its motor for shifting the lamps
from one group to another, the relay or con-
troiling - magnet for putting said motor in
operation, and the switch and its operating-
solenoid forautomatically grouping the lamps
‘or breaking connection in one leg or the other
of the parallel conductor, so as to divide the
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lamps on each side of the break into different
groups. This figure also shows the arrange-
ment of circuits and connections of these dif-
ferent parts or devices with the two legs of
the conductor, between which the lamps are
arranged. Fig. 3 is a side clevation of the
device for shifting Jamps from one group to
another, said device consisting, as shown, of
two semicirenlar insuiated disks in each leg
of the parallel conductor, with which the
lamps are connected by suitable brushes or
contaet-pieces. These two insnlated half-disks
in each leg, it will be seen from Fig. 2, are
connected together through a switeh., If a
break oceunrs at this switch, the lamps con-
nected with one of these half-disks will be in
a different group from those connected with
the other half-disk; and it is obvious that by
turning the half-disks a lamp or lamps may
be shifted from one group to the other. Fig.
4 is adetail view of the switch and its operat-
ing-solenoid, which shifis the return-terminal
ot the main cirenit to one leg or the other, ac-
cording as the total number of groups in the
series is odd or even. Fig. 5is a diagram
view illustrating the arrangement of circuits
and showing three groups of lamps, with the
two semi-disks in each leg of the parallel con-
ductor extended flat, so that the arrangement
of circnits and operation can be more clearly
scen.  In this figure it will be observed that
though three groups are shown, the motor
and its controlling-magnet areshown only for
the lower group, the same for the other two
groups being omitted for lack of space. These
parts and their connections are the same for
ach group.  In thisfigure it will be observed
that ounlya portionof the lamps in cach of the
three groups are in use, the switehes of two
of the lamps being open in the lower group,
one in the widdle group, and three in the
upper group, and the semi-disks are shown
turned 1o different positions, and with a break
at the switeh connceting the two semi-disks
of the middle group (in the left-hand leg) and
with a break between the two right semi-
disks of the upper group, so as to properly
divide into groups all the lamps which hap-
pen to bein use. Ihave also marked on this
figure the [raction of the current on each leg
of the conductor at different points and indi-
cated its direction by arrows.

As will be seen from the drawings,the cross-
wires for the lamps of each group or separate
building are connected to an electro-motive
cirenit making and breaking device operated
by the currents passing through the two legs
of the parallel conductor between which the
lamps are arranged, and which serve to auto-
matically divide or arrange the lamps into
the required groups by breaking connection
on one or the other leg of the parallel conduct-
or at the proper place. When an additional
lamp is lighted in any group, this eleetro-mo-

tive device operates to put the last lamp of

such group into the next suceceeding group,

thus canging a like change in each ol the fol-

lowing groups. When a lamp in any group
is extinguished, this electro- motive circuit
making and breaking device operates to put
the first lamp in the succeeding group into
the preceding group.

My invention also consists in the novel de-
viees, combinations,and arrangement of mech-
anisms I have devised for practicing or carry
ing out my improved system or method.

Inthe drawings, A may represent a dyna-
mo-machine ,0r other generator; A’, one ter-
minal of the main cireunit, and A* the return-
terminal of the same. B and B’ are the two
legs of the parallel conductor between which
the incandescentlamps or other translating de-
vices ¢ are arranged on suitable cross-wires, b.

In the drawings I have represented for con-
venience the lamps as being arranged in
groups of eight. Itwill, however, be under-
stood, that the number of lamps in each paral-
lel group may be varied according to the
energy of the current generated. Ordinarily
I deem it preferable to use a cuarrent of suf-
ficient power to operate twenty lamps in a
parallel group.

Between the parallel conductors Band B at
the end thereof,or near the return-terminal, I
arrange in parallel on cross-wires 0, like the
lamps, a number of resistance-coils, 0%, corre-
sponding to the number of lamps in the group,
and also o high-resistance electro magnet €,
the coil of which remains permaneuntly in cir-
cuit. Iach of the resistance-coils 4" has a core,
b’, and an armature-lever, %, provided with a
spring,d’. “The armature-lever 4* of the high-
resistance magnet C and its contact - piece 0°
are in eireuit with the cross-wires o of the
first or lower resistance-coil, 2, and the arma-
ture-lever ' and contact-picee ° of the first
resistance-coil 0% are in cireuit with the next
succeeding resistance-coil, and so on. The
spring 0’ of each succeeding armature-lever, is
slightly stronger than its preceding one, so
that the last resistance-coil will always be cut
out first, as the last armature-lever will be
pulled back first when the current falls below
its normal strength. Whenever the number
of lamps lighted forms only a fraction of a

group or one or more groups and a fraction of

a group over, one or more of the resistance-
coils 0* are put in parallel with the lamps of
such fractional group to compensate for the
resistance of the remaining or unlighted lamps
ofthe fractional group. Whenoneof thelamps
is extinguished, the amount of current passing
through the resistance-coils is increased, thus
causing the last resistance-coil to pull up its
armature and pub the next resistance-coil in
the group. When anadditional lamp is lighted,
the current through the resistance-coils is di-
minished and the last armature-lever is pulled
bacls, thus cutting out the last resistance-coil.
As the coil of the high-tensionelectro-magnet
C remains always in circuit, it will always be
in position to operate the armature-lever *

So

9o

100

103

110




15

20

25

- 35

40

45

60

325,391

and put the first resistance coil in cireunit
whenever required.

The legs B B’ of the parallel conductor are
each connected to the return-terminal A?
through the coils¢ ¢ of a double solenoid and
switch-lever ¢’ ¢, contact-pieces ¢* ¢ ¢° ¢/, and
branch wires ¢® ¢>. One of thebranch wires,
¢, offers a free course forthe carrent, but the
other,¢’,has a very high resistance,¢”,therein,
so that only a very small fraction of the cur-
rent can take this course. The switch-levers
¢’ ¢ are operated by the movable core ¢"* of
the double solenoid to shift the connection of
the return-terminal through the branch wire
¢’ from oneleg to the other whenever the total
number of groups is changed by the lighting
or extingunishment of some of thelamps. To
accomplish this result,the core of the solenoid
is adjusted so as to move to the right or left,
according as mearly the whole of the cuirent
is on one or the other leg of the parallel con-
ductor, and consequently passing through
one or the other coil of the double solenoid.

DD’ and D* Dare the two pairsof insnlated
revolving half-disks forming part of the two
legs of the pirallel conduetor, and to which
the cross-wires b of each group of lamps or
the lamps of each building are connected
through the contact-strips d. These contact-
strips for each group are all arranged on a
little less than asemi-cirele, on the insulator-
pleces D' D* so that by revolving the disks
all of thelamps may be arranged between the
disks D D* or D’ D¥ or part between the for-
nmer and part between the latter, as may be
required in adjusting or dividing into groups
the total number of lamps in the-electric cir-
cuit. These revolving semi-disks are sceured
to the insulating-plates D* D, mounted on the
shaft D7, which is journaled in suitable bear-
ings D® on the frame. Connection is made by
the contact strips or brushes @* & between the
leg B of the parallel conductor and the half-
disks D 1Y, and by the -brushes d* @ between
the leg B’ and the half-disks D* D’. Connec-
tion is made between the half-disks D I
through a wire, ¢, leading from half-disk D to
insulated ring I, brush £, coil E of a double
solenoid, contact-piece ¢, switch €’ contact-
piece €', brush /7, insulated ring I,and thence
back to half-disk D’. The connection be-
tween the half-disks D* D* is made in the
same manner throngh a wire, g, leading from
half-disk D* through insualated ring G, brush
¢, other coil B’ of the double solenoid, con-
tach ¢*, switch ¢, contact ¢*, brush ¢° insu-
lated ring G’, and thence back to half- disk
D? The double solenoid is so adjusted by
means of a spring or weighted lever, E?, that
its core K, which operates the switeh or con-
tact-pieces ¢ and ¢*, will remain stationary
in its middle position when a greater frac-
tion of the current than that required for one
lamp is on each leg of the parallel conductor
and passing through the coils E E' of the so-
lenoid; but whenever a less fraction of the
eurrent is passing through one of its coils the

B

core will be thereby pulled toward the coil of
the solenoid having the greater share of the
current, and thus cause the switch ¢ or ¢ to
break connection at ¢ € or at ¢* ¢*, and thus
divide the lamps connected between the half-
disks D D* and those connected between the
half-disks D’ D® into different groups. The
function and purpose of the double solenoid
E F' E? and the switches ¢* ¢* operated there-
by, it will thus be seen, is to automatically
group the lamps or make a division between
groups by breaking connection on one leg or
the other of the parallel conductor, as may be
required.

The half-disks D D’ D* D*are revolved back-
ward or forward to increase or diminish the
number of lamps in the group, as may be re-
quired from time totime as lamps are lighted
or extinguished, by means of a small electric
motor, H, the driving-shaft , of which is pro-
vided with a gear, /, that meshes with a gear,
I?, on the revolving disk-shaft D'. The field-
magnet H' of this motor is connected with the
two legs B B of the parallel conductor by a
crogs-wire, 2*, that extends from one leg to the
other, like the lamp-wires, and it remains con-
stantly in cirecnit. On this same eross-wire
7', in series with the field of the motor, is also
an electro-magnet, I, provided with armature-
Ievers J” J*—one ab each end of its core—each
of which is provided with two insulated con-
tact-pieces, ¢ 4" and ¢ ¢*. The contact-pieces
i’ register with two corresponding insulated
contact-picces, ¢* ©°, connected by the cross-
wire j with the legs B B’ of the parallel con-
ductor, and the.contact-pieces i* i* register
with the contact-pieces ¢ ¢', which connect
through the cross-wire j' extending between
the legs B'B. The cireuit-wire j2of the motor-
armature is connected through the wires 7 4%,
with the contact-pieces on each of the levers
J" J°. . The spring J* of the armature-lever 1’
is of such tension as to pull the lever back
when the magnet J falls below its normal
force—that is to say, when too many lamps
are in the group—and thus make connection
between the contacts 7 and ¢ and between 4
and ¢, thereby putting the armature of the
motor in circuit, the current passing in the
direction necessary to cause the motor to re-
volve the half-disks D D’ D? D* backward or
in the direction to shift the last lamp in the
group into the next suceeeding group. When
the lamps in the group are two few, the force
of the magnet J will be increased above its
normal condition, thas pulling up the lever J?
and putting the armature of the motor in cir-
cuit; but this time the current will pass in
the opposite direction through the motor-
armature—thatis tosay, inat the upperbrush,
7, and out at the lower brush, j°—and thus re-
volve the armature-shaft in the opposite di-
rection from before and turn the disks D D’
D* D? forward instead of backward, and move
the first lamp of the succeeding into the pre-
ceding group.

The contact strips or brushes &* & &' & are
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made wider than the space or insulation be-
tween the half-disks D D’ and D* D% so that
as the half-disks revolve there may be no
break when the brushes are opposite the space
D? between the half-disks; and by this ar-
rangement when the half-disks stand in the
position shown in TFig. 3 the solenoid E I
will be short - circuited, thas allowing the
weighted lever E* to restore the core P to its
middle position, and several contact-connee-
tions are thereby also avoided. The brushes
or strips d are made narrower than the space
I, so that they cannot be in contact with both
half-disks D and I at the same time.

As shown in Tig. 5, six lamps are repre-
sented as being in use or operation between the
two lower half-disks, D D® and none between
the two half-disks I’ D® of this lower group
or set. Omne lamp «, or it may be a fixed re-
sistance equal to one lamp, is shown below the
six lamps of this lower set. In the middle set
one lamp is shown in use between the upper
pair of half-disks, D’ D’ and six lamps in use
between the two lower half-disks, D D% In
the top set two lamps are in use between the
left-hand half-disks, and three between the
right-hand half-disks. Nineteen lamps in all
are thus represented in use, forming two com-
plete groups of eight lamps each, and a frae-
tional group of three lamps. The course of
the current is as follows: One-eighth of it
passes from B to B’ through the lower lamp or
resistance «; six-eighths of it passes from the
half-disk D to the half-disk D* through the six
lamps of the lower set; and one-eighth of it
passes from the half-disk D’ to the half-disk
D? of the middle set through the first or bot-
tom lamp of that set, thus making eight lamps
in the group between which the current has
divided. The current then passes back again
from B’ to B, six-eighths of it through the six
lamps of the middle set, which connect with
the lower half-disks D* D thereof, and two-
cighths of it through the two lamps which con-
nect with the two left-hand half-disks D* D’ of
the upper set, thus making the eight lamps of
the second complete group. The division be-
tween the first and second groups is made by
the full current passing from the half-disk D?
of the middle set, to the half-disk D* of said
set through theright-band coil, E,of the double
solenoid, thus pulling the core to the right
and breaking connection at the switch between
the half-disks D D’ of the middle set. In the
same way the division between the second and
third groups is made on the right-hand side,
or in the leg B, by connection being broken
bhetween the half-disks D* D® of the upper set
by reason of the full current passing from the
half-disk D of the upper set to the half-disk
D’ of said set through the left-hand coil, &, of
the double solenoid.

In order to hold the four-point switch in po-
sition and prevent the core ¢" of the double
solenoid from moving, except at the proper
time—that is to say, not until after the num-
ber of groups have heen changed by the

group dividing or adjusting mechanism, be-
fore described—1I provide a little electro-mag-
net, K, the coil of which is connected by the
wire & with the eross-wired’ of the first resist-
ance-coil . This magnet has a pivoted ar-
mature-lever, &/, that engages in notches 7* in
the core of the solenoid whenever the current
is passing through the cross-wire d’, but which
drops away the moment the current through
the coil §* of the first resistance-coil ceases, as
it does every time the fractional group is com-
pleted or the number of groups in the entire
circuit is changed. Assoon as this armature-
lever k' drops away the core of the solenoid
moves to the other side, and thus shifts the
switch-levers so as to connect the return-ter-
minal with the other leg of the parallel con-
ductor, as hereinbefore described.

It will thus be seen, according to my inven-
tion, a lamp is antomatically shifted from one
group to the adjoining group in front or rear
when required, by means of the two revolving
semicircular disks in or forming part of each
of the two legs of the parallel conductor.
These two revolving semi-disks in each leg are
insulated from each other, the connection be-
tween thetwobeing through a switch or a con-
tact maker and breaker, so that when required
the two half disks may be automatically ar-
ranged in the same group or in adjoining
groups. The lamps or their eross-wires for
each group or building are all connected with
these two pairs of revolving half-disks in the
two legs of the parallel conductor by suitable
brushes or contact-strips pressing against the
disks, all the strips being arranged on a little
less than half the circumference of the two
semi-disks, so that by revolving the semi-disks
all the lamps may be connected with one or the
other semi-disk or part with each, as may be
required. Whenever the two semi-disks are
in different or adjoining groups, by revolving
them one way or the other it will be seen
lamps may be shifted or changed from one
group to the other, as may be required to
maintain the proper number of lamps in the
preceding group. When the two half-disks
are both in the same group, their revolution
of course makesno change in the grouping of
the lamps.

The half-disks are revolved in either direc-
tion by means of a small electric motor, the
field of which is connected with a cross-wire
extending between the two legs of the paral-
lel conductor, like the lamp-wires, and which
remains constantly in eircnit. A high-resist-
ance electro-magnet is also arranged on this
cross-wire, so that only a small fraction of the
current will pass through the field-magnet of
the motor. The armature-magnet of the motor

is also connected with a cross-wire extending
between the two legs of the parallel conductor;
but the ends of this cross-wire are connected
with the oppositelegs of the parallel conductor,
through two switch-levers, so that the diree-
tion of the current through the armature of the
motor may be one way or the other, accord-
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ing as the conneection is made through one of
these switch-levers or the other, and the arma-
ture-circeuitis broken when connection is made
through neither one of these switch-levers.
These switch-levers are operated by the high-
resistance electro-magnet in circuit with the
field of the motor. One of these switch-levers
is drawn up by said magnet so as to make con-
nection or complete the circuit through the
armature of the motor when there are too few
lamps in the group, and therefore more than
the normal amount of current passing through
said magnet, and thus cause the motor to turn
the half-disks forward or in the direction neec-

essary to increase the number of lamps inthe
group. On the other hand, when there are

too many lamps in the group,the current pass-
ing through this high-resistance magnet falls

below its normal amount, thus causing the:

other switch-lever to drop away from its nor-
mal position, make connection, and complete
the circuit, sothat the current will pass in the
opposite direction through the armature of
the motor, and thus revolve the half-disks
backward, or in the direction necessary to di-
minish the number of lamps in the group.
When the proper number of lamps in the
group is again attained, the normal amount of
cuarrent is flowing through the high-resistance
magnet, and both of these switch-levers occupy
the position to break the circuit through the
armature of the motor, so that the motor-shaft
and the revolving half-disks driven by it re-
main stationary.

Connection is made between the two half-
disks on each leg of the parallel conductor
through a wire connected with one coil of a
double solenoid, the core of which operates a
switch or contact-piece, through which also
the current passes, and which breaks connec-
tion on one or the other leg of the parallel

~conductor, as may be required, to divide the

50

60

lamps into the necessary groups. This dou-
ble solenoid is so adjusted that when there is
a less fraction of the current than that nec-
cssary to operate one lamp on one leg of the
parallel conductor and passing through one
coil of the solenoid, and a greater fraction of
the current than that necessary to operate all
the lamps but one of the group on the other
leg of the parallel conductor and passing
through the other coil of the solenoid,thatthe
core of said solenoid will be pulled to oneside,
and thus break connection between the re-
volving half-disks on that leg of the parallel
conductor having the small fraction of the
current, and thereby make a division between
groups at such point. When the current pass-
i g along each leg of the parallel conductor
1s a greater fraction than that required for
one lamp, the core of the double sulenoid re-
mains in its middle position, so that there is
no break between.the two half-disks on each
leg of the parallel conductor.

I have shown' in the drawings the variable
resistance as consisting of the coils ¥, ar-
ranged in parallel between the legs B B/, like

ot

the lamps, as this is a convenient way of com-
pensating for the resistance of the remaining
lamps of the fractional group, if any; but
this variable resistance may be otherwise ar-
ranged.

It should also be observed that while the
revolving half-disks D D" D* D constitute the
most improved form of my invention, still
other movable contact-pieces for shifting
lamps from one group to another—as, for ex-
ample, sliding contact-pieces—may be em-
ployed; and though the contact-pieces D D’
D? D? have for convenience been called in this
specification ‘“half-disks,”’ it will of eourse be
understood that these contact-pieces when
made in the form of disks may be a greater
or less part of a disk than one-half. Nor is
my invention limited to any particular kind
of switches or electro - motive devices. A
small electric motor ‘I, however, deem to be
much the more convenient way of operating
the contact-pieces D D’ D* D?,

I claim—

1. The combination, with a main cireunit
having two legs or conductors, of a number
of incandescent lamps or other translating
devices arranged between said legs in a series
of adjustable or shifting groups, as contradis-
tinguished from fixed or prearranged groups,
so that the number of groups may change from
time to time according to the number of lamps
actually in use, substantially as specified.

2. A main circuit having two legs or con-
ductors, a number of incandescent lamps ar-
ranged in groups between them, an electro-
motive device actuated by the current passing
on said legs, and a switch operated thereby to
break counection on one of said legs when
the fraction of the current thereon falls below
that required for one lamp in.the group, and
thus automatically divide the lamps into
groups, substantially as specified.

3. The combination of a main circuit hav-
ing two legs or conduectors with a number of
incandescent lamps arranged in groups be-

tween them, anelectro-motive device actnated

by the current passing on said legs, a switch
operated thereby to break connection on one
of said legs when the fraction of the current
thereon falls below that required for one lamp,
and a variable resistance to compensate for
the resistance of the remaining lamps of a
fractional group, substantially as specified.

4. The combination, with a main circuit
having two legs or conductors, of a number
of ineandescent lamps or other trauvslating
devices arrranged belween said legs in a se-
ries of ‘adjustable or shifting groups, as con-
tradistingnished from fixed or prearranged
groups, so that the number of groups may
change from time to time according to the
nuniber of lampsactually in use, and a switeh
for shifting the return-terminal of said main
circuit from one of said legs to the other when
the number of groups is changed, substan-
tially as specified.

5. The combination of a main circuit hav-
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ing two legs or conductors with a number of
incandescent lamps arranged in groups be-
tweenthem, and an electro-motive device actu-
ated by the current passing on said legs, a
switch operated thereby to break conneetion
on one of said legs, when the fraction of the
current thercon falls below that required for
one lamp, and a switch for shifting the return-
terminal of the main circuit from one of said
legs or conductors to the other when the num-
ber of groups is changed, substantially as
specified.

G. The combination of a main eireuit hav-
ing two legs or conductors with a number of
incandescent lamps arranged in groups be-
tween them, an electro-motive device actu-
ated by the eurrent passing on said legs, a
switch operated thereby to break connection
on one of said legs when the fraction of the
curvent thercon falls below that required for
one lamp, and a variable resistance to com-
pensate for the resistance of the remaining
lamps of a fractional group, and a switch for
shifting the return-terminal from one of said
legs to the other, substantially as specified.

7. The combination, with a main cireuit
having two legs or conductors, of a number of
incandescent lamps or other translating de-
vieces arranged between said legs in a series of
automatically adjustable or shifting groups, as

contradistinguished from fixed or prearranged -

groups, so that the number of groups may
change from time to time according to the
number of lamps actually in use, a switch for
shifting the return-terminal from one of said
legs to the other when the number of group is
changed, and an electro-motive device actu-
ated by the current on said legs for operating
said switch, substantially as specified.

8. The combination of a main circuit hav-
ing two legs or conductors with a number of
incandescent lamps arranged in groups be-
fween them, an electro-motive device actuated
by the current passing on said legs, a switch
operated thereby to break counection on one
of said legs when the fraction of the current
thereon falls below that required for one lamy,
and a variable resistance to compensate for
the resistance of the remaining lamps of a
{ractional group, and a switch for shifting the
return-terminal from one of said legs to the
other, and an electro-motive device actuated
by the current on said legs for operating said
switeh, substantially as specified.

9. The combination of a main circuit hav-
ing two legs or conductors with incandescent
lamps arranged in groups between them, said
lamps being econnected to said legs through
movable contact - pieces or dlisks, so that by
moving said contact-pieces or diskslamps may
be shifted from onegroup to another, substan-
tially as specified.

10. The combination of & main circuit hav-
ing two legs or conductors with a number of
incandescent lamps arranged in groups be-
tween them, a pair of revolving half-disks in
cach of said legs or conductors, brushes con-

necbing lamps with said disks, a switch to
make or break connection between the two
half-disks in each leg or conductor, and an
electric motor to revolve said half-disks to
shift lamps from one group to the other, sub-
stantially asspecified.

11. The eombination, with two parallel con-
ductors, of two or more groups of incandes-
cent lampsarranged between them, and means
for shifting the lamps or their connections
from one group to the other, substantially as
specified.

12. The combination, with two conductors,
of two or more groups of incandescent lamps,
and movable contact-pieces to which a num-
ber of lamps are connccted, and an clectro-
motive device for moving said contact-pieces
to shift the lamps from one group to another,
as may be required, substantially as specified.

13. The combination, with a main cireuit
having two legs or conductors, of two or more
groups of incandescent lamps arranged Dbe-
tween them, means for shifting the lamps or
their connections from one group to another,
automatic electric switches to make or brealk
connection in each of said legs or condunctors,
and an automatie electric switeh to shift the
connection of the return-terminal from one of
said legs or conductors to the other when the
number of groups is changed, substantially as
specified.

14. The combination of a main circuit hav-
ing two legs or conductors with a number of
incandescent lamps arranged in groups be-
tween them, a pair of revolving half-disks in
each of said legs or conductors, brushes con-
necting lamps with said disks, a switeh to
make or break connection between the two
half-disks in each leg or conductor, and an
electric motor to revolve said half-disks to
shift lTamps from one group to the other, and
a switch to change the return-terminal from
one of said legs to the other, substantially as
specified.

15. The combination of main cireuit A, hav-
ing legs or conductors B B¥,with lamps «, ar-
ranged in groups between them on cross-wires
b, revolving half-disks D D’ D* D? double
solenoid I I¥, having its coils connected with
said half- disks, switches ¢° and g, electric
motor H, having its field I’ connected with
said parallel conductors, electro- magnet T,
having armature-levers I’ I¥, provided with
switches adapted to make connection with the
armature-magnet of said motor and pass the
current 1n opposite directions through said
armabture-magnet, according as connection is
made through one or the other of said levers
I’ T*, substantially as specified.

16. The combination of a main circuit, A,
bhaving legs or conductors B B, with lamps «,
arranged in groups between them on cross-
wires b, revolving half-disks D D' D* D* double
solenoid I I, having its coils connected with
said disks, switches ¢’ and ¢, clectric motor
H, having its field ' connected with said
parallel conductors, electro-magnet I, having
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armature-levers I' I*, provided with switches
adapted tomake connection with thearmature-
magnet of said motor and pass the current in
opposite directions through said armature-
magnet, according as connection is made
through one or the other of said levers I’ T?,
and a solenoid, ¢ ¢, switch ¢* ¢°, substantially
as specified.

17. The combination of a main cireuit, A,
having legs or eonductors B B, with lamps «,
arranged in groups between them on eross-
wires b, revolving half-disks D D’ D*D? double
solenoid ¥ K/, having its coils connected with
said disks, switehes ¢* and ¢ electric motor
H, having its field H’ connected with said
parailel conducters, electro-magnet I, having
armature-levers I’ I*, provided with switches
adapted tomakeconnection with the armatuare-
magnet of said motor and pass the current in
opposite directions through said armature-
magunet, according as connection is made
through one or the other of said levers I’ I,
and asolenoid, ¢ ¢,-switch ¢* &, electro-magnet
C, and resistance-coil §°, having cores 5°, and

switch - lever armatures 0%, substantially as
specified.

18. The combination of a main circuit, A,
having legs or conductors B B',with ]amps a,
m’ranged “in groups between fhem on cross.
wires b, revolving half-disks D D' D*D? double
solenoid E E/, having its coils connected with
said disks, switches ¢ and g¢*; electric motor
H, having its field H' connected with said
parallel conductors, electro-magnet I, having
armature-levers I' I, provided with switches
adapted to make connection with the arma-
ture-magnet of said motor and pass the cur-
rent in opposite directions through said arma-
ture-magnet, according as connection is made
throuvh one or the otuer of saidleversl I% and
a solenmd ec’,switeh ¢* ¢, electro-magnet C,and
resistance-coil b?, having cores b* and switeh-
lever armatures »?, and electro-magnet K, con-
nected with the first resistance-coil, and hav-
ing armature-lever k, engaging in notches in
the movable core of said solenoid ¢ ¢, sub-
stantially as specified.

19. The combination of revolving half-disks
D D' D* D’ with shaft D', parallel conductors
B B, and an electric motor, H, for revolving

said shaft, substantially as specified.

20. The combination of revolving half-disks
D D’ D* D® with shaft D", parallel conductors
B B/, and an electric motor, H, for revolving
said shaft, and an electro-magnet actuated by
the carrent on said conductors B B’ toreverse
the direction of the current through said mo-

tor and turn said shaftin one direction or the
other, as may be required, substfmtnlly as
spemﬁed

21. The combination of revolving half-disks
D D' D* D* with shaft D7, parallel conductors
B B’, and an electric motor, H, for revelving
said shaft, an electro-magnet actuated by the
current on said conductors BB to reversethe
direction of the current through said motor
and turn said shaft in one direction or other,
as may be required, and an electro-magnet, I,
having armature- swﬂ:ch levers I’ I* to Stalt
said motor in one direction or the other, ac-
cording as the fraction of the current on one
of said legs is greater or less than that re-
quired for one lamp, substantially as required.

22. The combination of parallel conductors
B B, lamps a, half-disks D I D* D’, solenoid
E L’, and switches operated thereby motor
H, electro-magnet I, having switch-levers I’
Iz, substantlally as speuﬁed

93, The combination of parallel conductors
B B, lamps @, half-disks D D’ D* D?, solenoid
EE, "and switches operated thereby, ‘motor H,
electro- magnet I, having switch-levers I’ I‘z
resistance- 001ls bZ and electro- magnet C, sub
stantially as speciﬁed.

24. The combination of parallel conductors
B B, lamps @, half-disks D D" D* I, solenoid
E D’ and switches operated thereby, motor
H, electro-magnet I, having switch-levers I’
I”, Tesistance- 00115 b’ and eleetro magnet C,
and solenoid ¢ ¢’ and Switches operated there-
by, substantially as specified.

25. The combination of parallel conduetors
B B, lamps «, cross-wires b, revolving half-
disks D' D’ D? D?, msulatmo - plates D DS,
shaft D", brushes aa e d @, “insulated 1‘1110%
FF G &, brushes ff' ¢ ¢/, and double sole-

-noid B E and switches operated thereby,

substantially as specified.

26. The system or mecans of operating a
number of incandescent lamps from a suitable
source of electric energy, consisting ina main
circuit having two parallel legs or conduc-
tors, a number of incandescent lamps con-
nected between said conductors, means for
opening the circuit in said conduetors on al-
ternate sides to arrange said lamps in a series

‘of groups, and means for shifting lamps from

one-group to another, substantially as speci-
fied.
HAROLD P. BROWN,

Witnesses:
H. M. MUNDAY,
LEDMUND ADCOCK.
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