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To all whonv it inay concerm:

Be it known that I, THoMAS A. EDISON, of
Menlo Park, in the State of New Jersey,
United States of America, have made certain
new and useful Improvements in Furnishing
Light and Power from Electricity, of which
the following is a specification.

The object of this invention is to arrange a
system for the generation, supply, and con-
sumption, fur either light or power, or both,
of electricity, that all the operations connected
therewith requiring special care, attention, or
knowledge of the art shall be performed for
many consumers at central stations, leaving
the consumers only the work of turning off or
on the supply, as may be desired—in other
words, to so contrive means and methods-that
electricity may be supplied for consumption
in a manner analogous to the systems for the
supply of gas and water withoutrequiring any

greater care or technical knowledge on the.

part of the consumer than does the use of gas
or water, in order that economy, reliability,
and safety may be insared.

In carrying the invention into effect, a city,
town, village, or locality may form one dis-
triet, or, if the extent of territory makes it
desirable,may bedivided intoseveral distriets.
In cach distriet I provide a central station, ab
which are grouped a suitable prime motor or
several motors, dependent upon the amount
to be supplied, generators or means for con-
verting the prime -motive force into elec-
trieity, and means for determining and regulat-
ing the amount of electrieity generated and
supplied, in order that a constant pressure of
electricity (sotospeak) may be keptup. The
prime motors are any suitable engines, steam
or water, and one or a series of two or more is
provided, as may be necessary, each of which
is provided with its own system of shafting
aud belting, driving a number of magneto-
electric machines, the number actuated by one
prime motor being hereinafter termed a “‘bat-
tery.”’

It is to be noted, as is also shown in pre-
vious applications for patents made by me,
that I make my field-of-force magnets exceed-

ingly long and of an extremely large mass of
metal in proportion to the mass of metal in
the revolving armature carrying the generat-
ing-coils. The effect of this is to give to the
generators ficld-magnets of great strength,
so that carrents of the desired high electro-
motive force can be generated in armatures
of low resistance, and the waste of energy
in the form of heat in such armatures will be
reduced to the minimum. I desire to avoid
also the use of generators having the coils of
their field-magnets in series with their gener-
ating-coils, since this, besides being a defect-
ive arrapgement with respect to regulation,
also increases the internal resistance of the
machines, and resulfsin anobjectionable waste
of energy; hence I prefer to keep the coils
of the field-of-force magnets and the generat-
ing-coils separate, and that one machine in
each battery (which machine may be termed
the “‘battery field-of-force generator’”) be used
to supply the requisite energy to the field-of-
force magnets of the other machines in such
battery, (which may be termed the ““supply-
generators.””) The coils of the field -of-force
magnets are connected as a series orin a mul-

‘tiple arc in one circuib, while the generating-

coils of the supply-generators of each battery
are all connected in a multiple arc to the main
conductors. Thisarrangement, itisseen, gives
great economy, as the per cent. of the entire
current generated in each battery absorbed in
keeping up the maguoetic maximum in the field-
of-force magnets when it is furnished by one
special machine of the battery, the number
given it to feed being properly ealculated,
being less than when a portion of the current
generated in each machine is-absorbed in ifs
own field-of-force magnets.

‘Where a single battery of machines is used,
it is preferable, in view of what has been here-
inbefore stated, that the current for the coils
of the field-of-force magnets of the field-of-
force generator of the battery be supplied by
a small galvaniec battery; but if more than
one battery of machines be used the field-of-
force generators of all the batteries are fed
from one or more prime field-of-force genera-
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tors connected in a multiple arc or ina series,
the field-of-force maguets of the prime field-of-
force generator or generators used being kept
magnetically saturated by a weak galvanie-
battery current, as before set forth. For in-
stance, a weak galvanic current supplies the
field-current necessary for one prime field-of-
force generator, which in turn feeds the fleld-
of-force magnets of the field-of-force genera-
tors of the batteries of twenty or thirty ma-

chines, the ultimate effect in the generation:

of eurrent depending upon (as one important
factor) the tension of the galvanic current
sent through the field-of-force coils of the
prime field-of-force generator. This prime
field-of-force generator may, however, be a
dynamo-electric machine instead of a magneto-
machine, its field of force being kept up by
the current generated in the machine instead
of by a galvanic current. :

At the central station all the supply-gen-
erating coils or batteries thereof are connected
to conductors on the multiple-arc system, and
from these-conductors at the station main con-
ductors (which for convenience may be called
simply the “maing’’) connected thereto,also on
the multiple-arc system, lead in any and all
desired directions for conveying the energy
to the points where work, either by transla-
tion into light or motive power, is to be done.
All of such conductors from the generatorsat
the stationto the lampsare made in pairs—one
for the outgoing currentand the other for the
returning current of electricity, the circuits
throughout thesystem being complete or round
metallic eircuits, the conductoxrs of which are
well insulated from each other and from the
earth. The use of the earth for one-half of
the cirenit would largely increase the difficul-
ties arising from the grounding of the con-
ductors or the crossing of the conductors
among themselves or with the conductors of
other cireuits to such an extent thab a system
so-constructed would be impracticable.

In order to give a better understanding of
the method of regulating what, for conven-
ience, may be called the *‘pressure’’ of the
current through the entire system, I will here
state that all the devices for translation of elec-
triecity into work are arranged on the multi-
ple-arc system, each device being in its own
derived circuit, the effect being, in substance,

to give each a circuit from the generating

source independent of the circuit of all the
other devices. As‘a resultant, it follows that
the greater the number of translating devices
brought into circuit the less the total resist-
ance of the circuit. For instance, I prefer
that my lamps should each be of about one
hundred ohms resistance. Then, if one lamp
only be in circuit, there is a resistance of one
hundred ohms. If another lamp be pub in
circuit, two circuits, each of one-hundred
ohms, are provided for the current, making
the: neb total resistance to the current fifty
ohms, although the resistance in each derived
circuit remains unchanged. This effect is or-

869,280

dinarily opposite to the effect produced by the
addition of lamps when they are connected in
an ordinary straight circunit, each one then
adding to the resistance of the circuit.

The bringing into operation successively of
numbers of the devices, and thereby making

more paths or circuits for the currents, does

not appreciably lessen the pressurce or dimin-
ish the effect upon the devices in use, the act-
ive forces at the central station—viz., prime
field-of-force generators and motive power—
remaining unchanged until the net resistance
of the devices in circuit exterior to the bat-
tery of machines is so diminished as to ap-
proach in a degree the resistance of the bat-
tery and main conductors,it being remembered
that as the machines of a battery are con-
nected in multiple are the net internal resist-
ance of a battery is as many times less than
one machine as there are machines in the bat-
tery.

To avoid any appreciable variations and
insure uniformity, it is essential that any less-
ening of pressnre be immediately indicated,
inorder that justsufficient energy be generated
and sent oub to keep up an equal flow through
the circuit of each translating deviee—that is,
that the pressure be kept up uniform,whether
more or less translating devices be in circuit.
This is attained by providing at the central
station means for constantly indicating the
pressure and for regulating the production if
appreciable variation be indicated. At each
central station test-lights arearranged, sothat
anapproximate visual testof the effect of press-
ure upon the circuit of any franslating de-
vices in use may be shown. From what has
been said, it is evident that as more or less
translating devices are brought into circuit
the total resistance of the cireuif, or all the
circuits thereof, to the flow of all the current
generated varies. To indicate this electro-
dynamometers, galvanometers, or electrome-
ters are placed across the main conductor ab
the central station, or by return-wire at any
point in the eircuit, with a zero-mark placed

to correspond with the deflection consequent

upon the maintenance of the proper amount
of pressure. It may be advisable (and I have
8o done) to place at the central station a se-
ries of standard Daniell batteries, connected
by a switch-circuit to the galvanometers or
electro - dynamometers, in order that they
may be frequently tested for any inaccu-
racy occeurring from any cause whatever. By
these means any error whatever therein is
readily detected. :

To correct variations in the pressure va-
rious means may be employed. Eachsupply-
gencrator may be connected into the circuit
through a switch, and cach series may be like-
wise sc eonnected, so that the current of one
or more of a series, or one or more entire se-
ries, may be cut out or thrown into the cir-
cuit, or each machine may be arranged so as
to be disconnected from the prime motor; or,
when needed, the prime motor of an entire
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geries may be disconnected. The plan I pre-
fer, however, is to arrange in connection with
the circuit of the battery feediug the field-of-
force magnets of the prime field-of-force gen-
erator before referred to a series of resist-
ances, so that the energy of the battery-cur-
rent may be varied, this variation causing in
turn a variation in the current indunced in the
prime field-of-force generator and in all the
generators directly or indireetly controlled
thereby. Where & dynamo-machine is used
these resistances are to be used in the same
manuer in conunection with the cirenit, inelud-
ing the coils around the field-magnets. Tor
distributing the current thus generated and
regulated at the central stations I prefer to use
conductors within insulated pipes or tubing,
made water-tightand buried beneath the earth,
provision being made at suitable intervals for
Louse or side connections, as shown in a prior
applieation of mine. 'While this planispref-
erable for many reasons, it is evident that con-
ductors may be carried in the air or over
house-tops.

‘While only one pair of conductors may be
Iaid on each street, I prefer, especially where
streets are wide, to lay a pair of conductors
along cach side of the street, near the eurb.
At proper intervals street-lamps may be con-
nected thereto by derived cirenits. Irom
main conductors on principal streeis sub-
sidiary main conduetors are laid throutrh side
streets. Fromthe street condunetors, Whel ever
desired, derived cireuits are led into houses,
one of the conductors passing through a suit-
able meter, preferably one which measures the
amount of eleetricity passing through, as
shown in a prior application of mine for a
patent.

Inthe house each translating deviceis placed
ina dervived eircuit, the entire system of means
for generation, conducbxon, and translation
being one great multiple-aresystem with com-
p}ete or round metallic eircuits. The trans-
lating devices in each house may be either for
lwht or power,or both. Forlight, the electric
hmp consisting of an mcandusemﬂ material
hermetically sm]ed in glass (shown in other
applications filed by me) is preferred. This
lamp is made of a high resistance in compari-
son with that of any electuc lamps whieh, to
my knowledge, have been proposed.

In lights heretofore proposed the endeavor
seems to have been to lessen the resistance of
the carbon, none having been suggested of
higher resistance than, say, ten ohms; but I
have discovered thab a very much hmher re-
sisbance—say one hundred ohms——musb be
used, in order that a number may be economi-
cml]v and successfully used ina system.

The motors used should be so constructed
that each, with a constant flow or pressure of
current, will give the exact power required.
This requires that cach motor should be wound
with finer or coarser wire and into more or less
convolutions, which determine the maximum
effect of the motor. In addition, as the mo-

<3

tors may be run with variable loads or amounts
of work to perform, and as irregularity of
speed would bea consequent thereof, it would
be preferable to provide each motor with a
governor which an excessive speed would
operate to break the circuit of the motor or to
otherwise control it. - A preferable form of gov-
ernor therefore will form the subject-matter
of an application for a patent to be filed by me.

A system arranged as thus described pro-
vides for all the conditions precedent fo an
economical and reliable utilization of elee-
tricity as a lighting or motive-power agent.

As within certain ascertainable limits, the
greater the horse-power of an engine the less
the proportionate cost per horse-power. By
consolidating at one station the prime motive
force necessary to the generation of a supply
for many consumers a great economy as to pro-
duction oceurs,

As ordinarily proposed, each eclectric light
requires its own regulator, which usually is
gither thermostatic or magnetic, breaking the
eireuit or bringing in resistance—in any case
making a cambrous lamp, requiriny delicate
management and constant attention. By regu-
lating at the central station entirely, I am en-
abled to use asmall separate lamp, which may
be used with the exercise of no more than or-
dinary care or attention. The distribution is
so provided for that tampering therewith is
guarded against and that connections from the
mains to localities of translation are readily
made.

The means for measuring insure accurate-
nessin furnishinga basis for equitable charges
for the amount used by auny particular con-
sumer,

In the drawings accompanying and forming
part of this Spemﬁcamon an mxanrremeut of
means is shown for carrying my inveution into
effect, although it is to be parsicalarly noted
that the invention'is not dependent upon the
specific means and their arrangement noted
and shown, but that they may be varied
withont departing from the spirit of myinven-
tion. Thedrawings illustrate, however, what
I now consider the more preferable means and
arrangements.

In these drawings, Figure 1 is a plan view
of a centml‘stdmon Fig. 2 is & modifieation
of Fig. 1. Tig. 3 isa plzm view illustrating
the street-mains and house-connections with
translating devices properly introduced. Fig.
4 is a plan showing a loeality divided into four
districts.

In Fig. 1 three batteries of generation, C ¢’
(?, are shown, which number may be inercased
or diminished, as circumstances may demand.
One generator, ¢, of each battery is used to
generate the current feeding the field-of-force
magnets of the other machines in its battery,
the eircuit from such field-generator through
the field-of-force coils in each battery being
shown by the brokenlines 2 2 2.  For actuat-
ing the rotating parts an engine, D, is used
with each battery, connected by belt 4 to line
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of shafting B, from which belts e pass to the
generator. The coils of each batteryin which
currents are generated are connected, as in €'
and C* in multiple arc to conductors 3 3 3 3,
which in turn are connected in multiple are to
the main conductors 6 6, from which lead in
multiple arc the street conductors or mains
7 7, or, asshown in part of battery C, each ma-
chine may be directly connected in multiple
arc to the station-conductors 6 6. T is the
prime field-of-force generator, supplying the
battery field-of-force generators c ¢ ¢, its cir-
cuit being shown in broken lines 1 1. The
field-of-force magnets of F are magnetized by
acuarrent from the galvanic battery G,in whose
circuit is arranged the series of conductors H,
provided with the cut-out K, by which more
or less of the resistances are pub in or out of
the circuit feeding the field of ¥. This ar-
rangement forms a very effective and simple
method of regulating the production of cur-
rent or the pressure at the central station, for
the current generated by F being dependent
upon the intensity of the magnetization of its

. field-of-force magnets, which in turn depends

upon the current transmitted around the mag-
nets by the battery G, as the resistance va-
ries such current, it follows that by varying
the resistance in the circuit of G the current
generated by F varies, which in turn varies
the eurrent generated in ¢ ¢ ¢, which in turn
variesthe currentgenerated in the supply-ma-
chines of the batteries, proportionate increase
of current and rise of pressure in the latter
following increase of current around themag-
nets of I, and vice versa. One or more test-
lamps, T L,are placed at the central station in
derived cireuits to serve as a photometric test
of the pressure in the lines. Tor more ac-
curately indicating variations in the pressure,
one or more electrometers, galvanometers, .or
electro-dynamometers, E D, are placed in de-

rived circuits, with a scale-mark indicating the -

pressure determined on as the standard press-
ure to be maintained. By the proper use of
these indicating devices and the regulating de-
vices described, a uniform pressure may be
readily and easily maintained through all the
mains, It is preferable to connect all circuits
from the generating-machines to the main con-
ductors 6 6 through switches I I I, so that an
entire battery or any portion thereof may be
thrown in or out of eircuit, as the draft upon
the station may indicate. It is to be noted,
also, that the belt and pulleys of each machine
are to be arranged by any of the well-known
plans, that it may be diseonnected from the
motor when desired. Thesemeans may be used,

when desired, as means of regulation, the num- .

ber of machines in operation being controlled
thereby, while the effective force of each ma-
chine while in operation is controlled by the
resistances. - The engines may be of any de-
sired pattern or power, the number of ma-
chinesin any .one battery being limited by the
power of the engine. '
In Fig. 2,¢ ¢ ¢care the field-of -force genera-

tors of batteries not shown, while ¢ is the
field-of-force generator of a battery, of which
three supply-generators are shown, connected
to station-conductors 6 6, as before explained.
The prime field-of-force generator ¥ is in this
case a dynamo-electric machine instead of a
magneto-electric machine, as shown in Fig. 1,
all its coils being included in one circuit, 8 §,
which passes around the field-of-force magnets
of the battery-generators ¢ ¢ ¢ ¢ ¢. Thesame
principle of regulation is used, however, the
resistances H and cut-out I therefor -being
arrangedin connectionwith the circuit through
T, s0 as to cause variation in the tension of
the current therein, as and with the result be-
fore explained. In this figure there is shown
what may be used also in conneetion with the
plan shown in Fig. 1—means of testing the
electro-dynamometers E D or other indicating
instrument used. TFrom a standard Daniell
battery, D B, a circuit, ¢ ¢, may be formed
around B D by meéans of the switch T,so that,
when desired, the correctness of I D may be
ascertained and any inaccuracies which might
arise be guarded against.

In TFig. 3 the mains 7 7 are shown, leading
from corresponding wires at central stabtion
(see Tig. 1) down each side of the street. At
side streets conductors 12 12 branch off. The
small circles o in this figure indicate electric
lamps. For street-lighting they are placed,
asshown, in derived circuits from the street-
mains. From the mains derived circuits 9 9
lead into houses, in which are placed at some
suitable spot the meters M, through which one
of the house-conductors passes, and by which
the amount of electricity supplied to the house
is aceurately determined. Upon these house-
circuits are arranged lamps on the multiple-are
system in such number, position, and group-
ing as may be desired. Inthese circuits Talso
propose to introduce electromotors E M, for
furnishing light motive power. From the mo-
tor a belt, 4, leads to a line of shafting, 7, and
pulleys « ¢, for any needed distribution of the
power; or the belt? may pass directly to asew-
ing or other machine, a separate motor being
used for each power-driven machine. Where
motors are desired, each,preferably,should be
made of a power proportional tothe maximum
work to be done. While the electrical tension
in each machine is regulated at the central
station, yet if the maximum load or work be
diminished at any particular motor its speed
would necessarily be increased. It also might
be desired at times to diminish the normal
speed of the motor. In order, therefore, that
some determinate speed may be maintained,
irrespective of load or work,each motorshould
be furnished with a governor.
pose I prefer a governor invented by me, and
to be the subject of a separate application,
which acts to break the circuit when a certain
determinate speed is exceeded.

In Fig. 4 is shown a locality divided into
four supply-districts. Each is provided with
its own central station,marked C. 8.1, C. S. 2,
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C. 8.3,and C. 8. 4. Trom each proper mains,
7 7,1ead out, as before deseribed. Atconven-
ient points, however—say I P—connections
between the mains of the systems may be made,
the effect then being to merge the entire lo-
cality into one large district with four supply-
stations, the pressure through all being uni-
form and each station doing its own quota to-
ward maintaining the pressure uniform. The
use of four stations and districts in this dia-
gram is arbitrary and for illustration only, as
the number actnally to be made in any one lo-
cality depends upon the needs of the loeality.

It is o be noted that all the cireuits from the
generators to the lamps or other translating
devices are complete or round metallic eir-
cuits, as before stated.

What I claim ig—

1. In a system of electrical distribution, the
combination, with a complete or round metal-
lic eircuit, of & number of generators connected
in multiple are with such circuit, and consist-
ing each of an armature revolving in a mag-
neticfield,and a number of translating devices,
also connected in multiple are with said cir-
cuit, substantially as set forth. '

2. In a system of electrical distribution,the
combination, with a complete or round me-
tallic circuit, of a number of generators con-
nected in multiple are with such circuit, and
consisting each of an armature of low resist-
ance revolving in a magnetic field of greab
strength,and a number of translating devices,
also connected in multiple arc with said eir-
cuit, substantially as set forth.

3. In a system of electrical distribution,the
combination, with a complete or round me-
tallic cireuit, of a number of generators con-
nected in multiple are with such circuit, and
consisting each of an armature revolving in a
magnetic field and having the coils of its field-
of-force magnet and its generating-coils sepa-
rate, (4. e., not connected in series,) and a
number of franslating devices, also conneeted
in multiple arc with said eircuit, substan-
tially as set forth.

4. In a system of electrical distribution, the
combination, with a complete or round me-
tallic circuit, of a number of generators con-
nected in mualtiple are with such eireunit, and
cousisting each of an armature revolving ina
magnetic field, a number of translating de-
vices, also conneeted in multiple are with
said cirenit, and a regulator for regulating
the supply of cnrrent to such cirenit, substan-
tially as set forth.

5. In asystem of electrical distribution, the
combination, with a complete or round me-

(411

tallic cireuif, of means for generating elec-
tricity connected with such cireuif, and con-
sisting of one or more dynamo or magneto
electric machines, translating devices con-
nected in multiple are with said eirenit, an
indicator of the electric pressure upon such
circuit, and a regulator under control of the

‘operator for regulating the supply of current

to such eircuit, substantially as set forth.

6. In asystem of electrical distribution, the
combination, with a4 complete or round me-
tallic eircunit, of a number of generators con-
nected in multiple are with such eircuif, and
consisting each of ap armature revolving in a
magnetic field, translating devices connected
in multiple are with said cireunit, anindicator
of the electric pressure upon such cirenit, and
a regulator under control of the operator for
regulating the supply of eurrent to such eir-
cuit, substantially as set forth.

7. In a system for the generation and dis-
tribution of electricity for light or power
through cities or towns or districts thereof, a
central station whereat are combined a num-
ber of generators of electricity connected in
multiple arc, and consisting each of an arma-
ture revolving in a magnetic field, an indi-
cator of the eleetric pressure, and a regulator
of the eurrent generated, conductors forming
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complete or round metallic circuits leading -

from such station to distribute the eurrent
throughout the system, and translating de-
vices connected in multiple are with such con-
ductors, substantially as set forth.

8. In a system for the generation and dis-
tribution of eleetricity for light or power
through cities or towns or distriets thereof, a
central station whereat are combined a num-
ber of generators of electricity connected in
multiple arc, and eonsisfing each of an arma-
ture revolving in a magnetic field, an indica-
tor of the electric pressare, and a regulator of
the ecurrent generated, conductors forming
complete or round metallic cireunits leading
from such station to distribute the current
throughout the system,translating devices con-
necled in multiple are with suech conductors,
and meters at the houses for measuring the
current supplied to such translating devices,
substantially as set forth.

In testimony whereofI have hereunto affixed
my signature this 28th day of January, A.D.
1880.

THOMAS A. EDISON.

Witnesses:
C. P. Mo,
S. D. MoTT.
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