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To all whom 16 may concerm:

Beitknown that I, CHARLES EDGAR FRITTS,
1 citizen of the United States, residing at New
York, in the county and State of New York,
haveinvented certain new and useful Improve-
ments in the Production, Transmission, and
Distribution of Electricity, of which the fol-
lowing is a specification.

Heretofore currentshave been produced by
any suitable generator of electrieal currents—
as a batlery or a machine—and transmitted
over continuous conductors to the place of use
and then returned to the generator over the
continuous conductor or sent to earth; but in
all eases, if the conducting-circuit is opened
or broken, 2ll the apparatus upon it become
inoperafive, as no current flows unless the cir-
cuit is completed. In my system, if the cir-
cuit is accidentally broken, only the apparatus
near the break are disabled, all the others on
the circuit continuing to operate, and even the
former are not entirely useless. Another ad-
vantage is that an open circuit docs not dis-
able the generator, (if a dynamo-electric ma-
chine,) as is nsnally the case.

My invention also has for its object economy
in the cost of producing and distributing elec-
tricity by repeated inductions, instead of send-
ing the currents bodily over the entire length
ofthecirenit, to render consumers independent
of the original generator as regards the char-
acter of the current they use by giving them

the power to take off a current of any poten--

tial or strength they require, within the ca-
pacity of the generator, without interfering
with other consumers.

My invention consists in producing, by any
suitable or known means, a varying current,
whether alternating, uandulating, or inter-
rapted, therewith charging an electrical con-
denser to its own potential, and by the vary-
ing charge of said condenser inducing currents
upeon and over the one or more sections of the
line or circuit, each of which is inductively
united to the adjacent section by a condenser
in like manncr, and the last one to the other
pole of the generator, repeating this operation
fast enongh to keep the electrical impulses
constantly flowing over the line.

It also consists in 80 combining the before-
mentioned sectional circnit with the generator

that, even if the circuit is broken, the gener-
ator will or can furnish substantially the same
current as before; that the current furnished
shall be in proportion to the varying demand;
that even when the cireuit is broken in every
section the generator does not break down;
thuat there is not necessarily any complete cir-
cuit, in the general acceptation of the term
““closed cirenit,”’ either in the gencrator or
outside of it; that the generator 15 neverthe-
less capable, if desired, of sending out either
rarying or constant cuarrents, or both, cver
continuous cireuits, either in place of the pre-

ceding arrangements or simultancously there- ¢

with; that electrical energy may be utilized in
every section practically independent of the
others as regards the character of the current
used, and in other *improvements; as fully
hereinafter described.

Although I have improved forms of the va-
rious devices used, the invention does not de-
pend upon them, but it is capable of satisfac-
tory operation with such as arealready known
or in use, and I therefore dc¢ not herein de-
scribe them.

T do not claim the method employed in this
application, reserving the same for ancther
case, as [ have, in a separate application dated
Janunary 5, 1887, prayed that Letters Patent
be granted to me for that portion of my in-
vention.

As the invention claimed in this case iz sim-
ply my new arrangement and organization of
elements, already well known and anderstood
by electricians and those versed in the art, I
do not give detailed deseriptions or drawings
of their construction farther than may be
needed fora full comprehension of my arrange-
ment and use of the same.

As the simplest type of my system I will
explain Figure 1 as follows:

The generator is for the moment gupposed
to be a dynamo-electric machine giving an
alternating current.

M M are the field-magnets; A, the armature
with two brushes leading the current to the
poles P’ P* of the machine. '

The pole-pieces and other minor parts are
omitted for the sake of elearness in the draw.
ings, not being necessary to the explanation.

To the poles are attached conductors lead-
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1o magunet circuitand extends between K

40 its own potential.

45 substantially equal to that of I{".

50 end of the cireuit.

ing to the nearest armatures of the condensers
K" and K5 respectively. To the other arma-
tures of the condensers are connected two cir-
cuils. One is the working or external circnit
5 divided, we will say, into four sections by the
condensers K2 K° K*, as shown, the adjacent
terminalsof each section being electrically con-
nected to the respective armatures of the con-
denser between them. The other is the field-
"and I3,
as before, passing through an apparatus, S¢,
for straightening alternating currents, the ad-
justed or straightened currents proceeding
from binding-post p’ through the field-magnet

15 coils M M of the generator, then back to post

2% and thence through St tothe condenser K°
‘When the generator starts running, the resid-
ual magnetism in the field-magnets gives rise
to a slight electro-motive force in the arma-

20 ture, which charges the two eondensers K’ K2,

and they send alike impulse through the field-
magnet coils. By the process of cumulative
effects or action and reaction between the
field-magnets and armature, well understood,

25 the eurrent gradually becomes stronger until

- it reaches its normal-or working strength; but
this result will be reached more quickly if the
poles P’ P?are connected directly to St, as in-
dicated by the dotted lines to p* p*, until the

30 field-magnets are fully energized and the gen-

erator working properly. Then condensers
K’ X® are counnected, as shown by the fuli
lines, and a practically continuous straight
current flows through the field-magnet coils M

35 M, while an alternating current flows through

the working-circuit. Thisis accomplished as
follows: Let us start with a positive impulse
from the armature to pole P’. It charges
the inner half of condenser K’ positively to
The outer half of K’ is
thereby charged negatively by induction to an
equal potentla], and a positive impulse is senf

over the first section of the cirenitand charges
the nearest half of K* positively to a potential
By a simi-
lar induction in IC* an impulse is sent from K?
over the nextsection of the cireuit to K? andin
like manner over the scetion between K* and
K% and that between K* and K® at the other
As the positive inductive
action from the end at I{" is re-enforced by the
negalive inductive action {from the other end
at I the loss of potential at the intervening
condensers is very slight unless the circuif is
55 very long and of hwh resistance or divided
into a very large number of sections; bub
even then the loss is only in the mldale see-
tions, and is that due to half thelength of the
circuit, growing less toward either end. The

6o next positive impulse is from pole P? which

charges condenser K* positively and sends a
posmve impulse over the several sections of
the eireuit from K° to K’ in the manner al-

ready described. Thus there flows over the
65 several sections of the-eircuit as many distinct
currents, each consisting of impulses in alter-
nately opposite dueetlons, substantially like

383,520

that which would be sent over a continuous
circuit between P’ and P?, and itactsin a like
mauner upon any apparatus which may bein-
serted in any of the sections of this circuit.

In arranging this system the condensers
must be of sufficient capacity to receive and
yield impulses of the required strength or
volume, and the insnlation capable of bearing
the potential of the initial generator without
injury. Theyareto techarged and discharged
(the terminal ones by the generator) with suf-
ficient rapidity to keep electrical impulses
passing over the sections as an ordinary alter-
nating current would do over an ordinary
line, and so that if the impulses are rectified—
i. e., the current straightened or ‘‘adjusted’’—
a practically-continuous eurrent will be ob-
tained. For very rapid reversals condensers
with air-insulation are preferable, as they dis-
charge quickly, all of which will be well un-
derstood by those versed in the art and easily
carried out and practiced without further ex-
planations.

I hold that the currents passing over the
line-sections consist of the neutral electricity
residing in the sections and apparatus, (and
theearth-connections,whenanyexist,)and that

itisdecomposed andseparated by theinductive

action of the condenscrs, which drives the posi-
tive and negative portions over the sections
in obedience to its varying status, and that
the energy required for this actionis very lit-
tle. Consequently thereisonlya small amount
of energy expended beyond that transformed
into useful work in the electrical receivers in
the various cireuits, and the system is highly
economiecal, in addition{oitsotheradvantages
pointed out herein.

Fig. 1'shows the field-magnets in shunbwith
the external circuit, so that the greater the re-
sistance or the counter electro-motive force in
the latter the more current goes to the field-
magnet circuit, and vice versa, thus regulat-
ing the yield of current to the demand there-
for, precisely analogous {o the action of the
like arrangement with continuous cireuits.
Instead of this the field-magnet coils may be
arranged in series with the external circuit
as shown in Fig. 2, or they may be arranged
after any of the systems of compound wind-
ing, or others, in connection with the arma-
ture, as may be deemed best for his purposes
by the electrician or operator, Iig.3 shows
themin a continuous circuit between the poles,
equivalent to the arrangement in Fig. 1, in-
cluding the dotted lines, when the magnetic
field will be stronger, other things being
equal, than if the connections P’ »* and P* p*
are omitted.

In place of the arrangements which include
the current-straightener St, a dynamo with
two commutators or eollectors may be em-
ployed, from one of which the brushes take
a straight or adjusted current, and from the
other an alternating one. This construction
may be conveniently shown by representing
the two collectors as being at the opposite
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ends of armature A, (although they need
not be so in practice,) as shown in Fig. 4,
where P’ D*arethepoles for thealternating cur-
rent, and ¥’ P* those forthe straight current.
This may be accomplished either by devoting
separate coils of the armature for each pur-
pose, by baving two armatares, or otherwise.

Fig. 4 shows the field-magnet coils in series
with the external straight-current cireunit;
but they may be in shant with it, as in Fig. 5,
or may be separately excited, as in Tig. § or
in Fig. 7, which latter vepresents two ma-
chines,both armatures being on the same shaft
and both magnets cnergizet o by oune of them,
while the otlier Iﬂllllmhea the alternating cur-
rent for the external eireuit. The exciting-
armature has alse a second commnutator ab 1t%

other end, from which alternating currents
may be sent by poles P P to either sectional
or continuous cireuits, to relieve the overten-
sion of the machine when in full action. As
the coilsof the armature and the field-magnets
would otherwise be in elosed ecirenit, the in-
tensity of the magnetic ficld would soon be-
come enormous, from the absence of any ex-
ternal resistance and no waste of current, all
being used in exeiting magnetism by constant
action and reaction. C(,)nsequently, with the
arrangement shown in Fig. 5, a very few coils
of the armature would snmce to }\eep up the
magnetic field.

Of course.continuous-current machines may
be employed and an apparatus used to« hamre
the straight into aiternating curreunts for th
condenszero—«weh for example, as that de-
seribed by ”‘10\\ by ldn and Hayesin Silliman’s
Journal for 1 f*)., 1635 —or any other suitable
for the pu x'p

Instead of 2 11

1ting currents, interrapted
carrents may b 2(

e
be used in my sy stem, produced

in any suitable or well nown w ay.

Fig. § may “12‘)11@1)1 a revolving eirenit-
breaker, I3, wi irface i e¢ rmllx divided
between  condu ling and  non - condueting
spaces, (the Intter being drawn black, as indi-
cating 1! ab they are nob connected Lo the gen-
LI'Lt()l but gu: mded or ot‘i; wise arranged
for dISC.hig) ng, ) with p urs of brushes

bearing l“eno,n; having
apart. Thes :
to tl 1epoam ¢

e

ir euds one spa
£ 'H“ connected
oseon the

revol VE8,

e

right with th
the current is mtu one set of con-
densers, then into the otnel'. This is not in-
tended as aworking drawing, but fo show that
the condensers are (o be ‘*!tmmtc]y charged
with electrical impulses, one set being discon-
nected from the generator and discharging
while the other 1s connected and charging,
and each line is oceunied by intermittent im-
pnlses. Any suitable cirenit-breaker may be
used, and withh a single divided cirenit in-
stcad nt twe, it degired. Undulating currents
may also be sent and utilized in s like manner

s alternating oues, with this exeeption, that
the condensers will only send a current cor-
responding to the difference between the great-

est and lcast strengths,or to the amount of the
variations in the 1n1t1ftl currents.

My system is not adapted for sending con-
tinaous or straight cnrrents, as the condensers
only act by change of charge, whereby induc-
tion is produced to that extent; but a continu-
ous current may be sent in an indirect way,
either by first converting it into an alternat-
ing current, sending it as such to the place of
use and there reconverting it to a straight cur-
renf, or by first dividing it into two eqml in-
terr upted ones, traxmmttmg each over a sepa-
rate line, and by any well-known means caus-
ing both to pass through the utilizing appa-
ratus, the impulses of one filling in the inter-
missions in the other, and by melr reunion
forming asolid current, as illustrated at V in
Fig. 8, which thus suppliesalocal cireuit with
a solid current.

I do not claim Derein that division or part
of my system which consists in starting with
continuous or straight enrrents and convert-
ing them into inte 'mpted, undulating, or al-
ternating currents for transmission in the
manuer deseribed, as I have another pending
application therefor, together with many de-
tails of the econstruction and arrangement of
the lines and apparatus in my system, filed
October 18, 1886, and I shall claim all such
mafter therein,

My object in showing the foregoing differ-
ent arrangements is to illustrate that my sys-
tem is not limited to any particular kind or
class of electrical generators, but may be used
with any, and to explain how it may be done,
It will therclore no longer be necessary to
show the complete ananoements of the gen-
erators, but in Subsequcnt drawings only the

commubator and brushes will be given, it be-
ing understood that the field-magnet coils may
bu wound and connected up ae '01‘(1ing to any
well-known or suitable system preferred, or
that any other generater may be conuected to
the poles shown in the drawings; also, that
zoeulfmnn du ices may be used in either the
external or the field-magnet cirenit, as nsual,
and tlmt i ta ng off currenls of whatever
cliaracter f om the high-resistance elosing-eir-
cuit bet thie poles of the generator any
lesired potentinl may be given to them by
making the conuections nearer to the poles or

m the middle or point of zero-potential, as a

higher ora lower pofential is required. This
closi ng-circeuit is shown morve fully in Fig. 4,
where it i1s represented as divided into sec-
tions with artificial resistances R Dbetween
them, so that connections can be made at any
desired points by plugs or otherwise, all of
which is well nnderstood by electricians.

It will now be seen that while on an ordi-
nary or continuous Hne the polnt of zero-po-
tential is in the center (of resistance) of the
entire line, in my system it is in the center of

cach section, and the points of highest and
lowest poiemml it the ends of the line are re-
peated ab the end of each section, so that the
consumer may have virtually an entire line
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on his own premises, with the corresponding
power to take off currents of such volume
and eleetro-motive force as he may require.
If he connects the terminals of his industrial
apparatus to the condensers at each end of
his section, he gets substantially the same dif-
ference of potential as if he connected at the
generator itself, and if he uses bub one con-
ductor between the condensers he gets the en-
tire volume of current passing over the cir-
cuit. On the other hand, il hie divides the
current between two or four conductors con-
taining equal resistances, as between K* and
K Fig. 10, each will receive one-half or one-
fourth as many ampéres as the one would,
and by proper adjustment of resistances he
can coutrol the difference of potential at
the terminals of his apparatus. This can be
done in different ways. IHe may insert his
electrical receiver in the single wire of a
section and get a difference of potential cor-
responding to ils resistance, as shown be-
tween K and K* in Fig. 9. If his receiver
L has one-fourth the resistance of the entire
section it will have between its terminals one-
fourth the difference of potential between the
condensers. DBetween K’ and X? a conductor
(preferably of high resistance) is shown, hav-
ing various electrical receivers connected in
shunts at different points, and receiving cur-
rents whose difference of potential will de-
pend on the respective resistances of the va-
rious apparatus and conductors, as will be
readily understood. I{*and K’ are connected
by two branch conductors,which in their turn
are connected by cross conductors,whose ends
are attached at points of different potential,
so that a carrent flows from the point of
higher to that of lower potential through the
cross connecting conduetors, in which may be
inserted any desired electrical receivers. If
the branch conduactors have uniform resist-
ances, and are connected at uniform distances
from their ends, as shown, I obtain a con-
stant difference of potential between the ter-
minals of the cross-conductors, which is uni-
form throughout the section. If the entire
line is similarly arranged, I thus obtain a
constant and uniform difference of potential
ab all pointsin the line, regardless of how near
to or far from the -generator the cross-con-
ductors may be located. - If he wishes to get
more or less difference of potential than conld
be obtained ds described with or without a
change in the quantity or volume of the cur-
rent for use ina local eircuit,he may use some
form of induction coils for that puarpose, as
the “transformers?’ of Gaulard and Gibbs or
those of Zipernowski and Déri, as represented
by T»in Fig. 10, where a local eircuit is shown
containing electrical receivers fed by the trans-
formed current El and . The electrical re-
ceivers may be electric Jamps, motors, or
any other electrical- apparatus. If the line

breaks the ends may be grounded until repairs
are made, as in Iig. 11, whereby the appara-
tus between the next condenser and the earth

383,520

can still be used, although the difference of
potential is only one-half as great as before
the breakage.

Of course a number of circuits may be ran
between two condensers, as shown in Fig. 12,
each receiving a current of the same potential,
and the strength (or ampéres) in inverse pro-
portion tothe respective resistances. So, also,
any number of independent condensers may
be eharged at the same poles,either connected
directly to the poles and charged to a like
potential or charged to any different potentials
required, as explained for Fig. 4. The num-
ber of sections in a circuit or the length of
them may belargely a matter of choice.

The advantage of having an entire section
under control is the great difference of poten-
tial available; but ag there is a slight loss by
each induction the number of condensers
should not be excessive. If the potential of
the initial current from the generator is very
high, it may be beneficial to connect the ends
or the middle of each section, or of one or
more of them, to earth through a suitable re:
sistanee, as shown in Fig. 10. This resistance
may, of course, be composed of any suitable
electrical receivers for utilizing the current
flowing through the grounded circuit. The
resistance IR should be sufficient to prevent
this cirenit from interfering with the charg-
ing of the condensers on the line proper, as K?
and K°

If it should be desirable to have two con-
dunctors alongside, whose carrents flow in op-
posite directions, Fig. 13 shows how they may
be arranged and connected to the generator-
poles.” When independence of the currents is
not required, a single condenser al each pole
will answer for both cireuits.

My invention is also applicable with the
three-wire or multiple-wire systems of con-
ductors, as shown by Figs. 14 and 15.
essary, in order to insure that the two (or
more) machines shall produce currents whose
alternations (or interruptions)shall be exactly
synchronous, straight currents may be used
and led to suitable apparatus for changing
them to alternating (or interrupted) currents,
as already explained, and all the currents
should be manipulated by the same shaft or
vibrator of the apparatus, although the cur-
rent from each generator may be kept isolated
from the others and led to its own line. Fig.
16 illustrates this arrangement, where W is
the apparatus adapted to manipulate the two
currents, as described. Fach current enters
the apparatus straight and emerges alternat-
ing. On its return to W, at the other end
of the external cireuit, itisstraightened again
by its passage through W, and returns so to
the other pole of the generator, thus complet-
ing its cireuit.

For the system in Fig. 15 the apparatus
should be adapted for manipulating three cur-
rents.

The arrangements drawn in Figs. 14, 15,
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to the generators may havetheir return-halves
united into one, as theredrawn, the condenser
capacity of the combined portion being of
course large enough for both lines. When-
ever desired, however, the two return lines
may be kept entirely separate, as would ordi-
narily be arranged. Ior instance, in Tigs. 14
and 16 the interior or united part wounld then
be replaced by two, thus making two complete
lines, orfour halves, instead of three, asshown.
In Fig. 15 there would then be six halves in-
stead of four, as shown.

If two widely - separated generators are
caused to produce currents exactly coineiding
in theiralternations, (orinterruptions,)as may
be done by well-known means, they can be ar-
ranged at the two ends of the circuit or cir-
cuits, and the distant end of a cireuit, instead
of returning to the other pole of the same
generator, wwill then return to the oppositepole
of the twin generator, as shown in Tig. 17.
The complete cireuit would then include two
generators instead of the one shown in Figs.
1and 11. The principleis thesameas if the
two machines were together, connected up in
series, for the higher electro-motive force,
economy, &c.  In like manner we may con-
nect together any number of machines neces-
sary to produce the desired strength of cur-
rentor inductiveaction, either as onemachine
or apparatus or ab different places in the cir-
cuit. ‘

I will now state the general electrical laws
involved in the operation of my invention or
system in conventional technieal terms in for-
mulas convenient for use in working; but, first,
T would observe that although there is aslight
loss in the action of condensers, as before
stated, it 1s not so large as is commonly sup-
posed. In fact, with a properly-made con-
denser momentarily charged, as is done inmy
system, theloss is too inconsiderable to be dis-
covered by ordinary measuring apparatus and
should not in practice exceed one, per cent. for
each condenser.

The capacity of a condenser is expressed in
farads and designated by the letter F. When
a number of similar condensers are connected
in series, as in my system, their working ca-
pacity is reduced in proportion to thenumber
so connected. Iften1-I. condensers are cou-
nected in series, as shown in the drawings,
with the distant end of the line connected to
earth, as in Tig. 11, the working or series ca-
pacity L-F. of each condenser will be one-tenth
farad; bunt that does nof imply any waste of
energy in working. It merely limits the
amount of electrical energy that can be trans-
mitted by the given size of condensers. Al-
though separately they have a capacity of 1-T7,
when so conneeted, they act as one-tenth farad
condensers, and that eapacity indicates the
amount of electrical energy received and given
out by them with the loss of one per cent. or
less, as before stated. When both ends of the
series are connected to the opposite poles of

the generator, which is the normal arrange-
ment of my system, the line so formed virtu-
ally consists of two series of equal capacity,one
connected to each pole, and having their dis-
tant ends conunected together. - The line ox
series capacity L-F. is the capacity in farads of
the polar or terminal condenser {or any one
in the series) when so eonnected, and is ob-
tained by dividing the absolute eapaecity of

73

the individual condenscrs when alone by the

namber N in the series. Thus:
L-F=F. (1)
N

The charge or guantity of electricity which
a single condenser can contain is expressed in
coulombs, (coul.,) and is found by multiplying
the capacity I. by the difference of potential
(D. of P.) between its opposite plates or sides:
Coul. == F'XD. of P. of condenser; but when
connected in series each one takes the same
charge as the polar coudenser receives from
the generator, and the formula for each is then:
Coul. = L-F X D. of P. of condensers. (2.)

If sufficient time isallowed for charging, the
D. of P. of the condensers will be equal to
E, the D. of P. between the gencrator poles—
i. e.,when both ends of the line are conneeted
to the generator-poles,which is the bipolar or
normal arrangement, D.of P. of condensers==
D. of P. at generator, (3;) but when one cnd
of the series is connected to one pole, and the
other end and other pole are cohinccted to
earth, which I call the ‘‘unipolar arrange-
ment,’’ the D. of P. of the condensers is double
that at the generator, because it is the snm of
--Eand -- B, and the formula is anipolar D.
of P. of condensers = 2 ¥ D. of . of generalor.
4

I transmit currents of as high clectro-motive
force as possible to utilize in the electrical re-
ceivers in the line, because high D. of P in-
creasesthe charge whichagivensizecfcondens-
ers will contain, and therefore inecreases the
work whieh a small condenser can do.  Ifalso
causes the current to have a higher D. of P.
and greater power to overcoine resistance, or
allows a greater volume of current through a
given resistance.

The D. of . of the current flowing between
the condensers in a line on my system will be
that of the condensers—i. e., in an alternating
current, the D. of P. (between the extreme
positiveand negative pointsof the current) will
be equal to the D. of P. between the condens-
er-plates, and with an urdulating interrupted
or other like charging-current at the polar
condensers the D. of P. of the line- current
will be equal to the variations in the potentials
of the charges of the condensers; hub the D.
of P. of an alternating current as measured
by the usunal voltmeters—snch as Cardew’s—
does not indicate the D. of . between the <+
and — extremes of the alternating impulses,
but the expenditure of electrical energy by the
current, and therefore gives approximately the
average D. of P. of the current. It may ordi-
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narily be considered that the D. of P. of cur-
rent as measured = & D. of P. at condensers.
(6.

The volume of carrent which flows in acon-
tinuous eirenit is expressed in ampéres A, and
is found by dividing the electro-motive force
of the current by .the resistance R, through
which it flows; but in the case of alternating
currents this rule may or may not apply, be-
cause they are not continuous and constant in
cither volume or electro-motive force. What
their real average strength is may be different
with different currents of the sametype. The
actual character, strength, and properties of
such currents are as yet not fully understood,
and many pointsabout them arestill involved
in uncertainty. Sufficient exactness for a
working rule will be obtained by taking one-
half D.-of . at the condensers as the average
D. of P. of the current, corresponding to an
equal electro-motive force in a continuous cur-
rent, and the volume of current which will
flow through the line sections will be approx-
imately obtained by the formula—

3 D.ofP. at condenser (6.)
RR. of the section. '

When the current is actually flowing, and
its D. of P. can be measured, as above, the vol-
ume of the current may be adjusted by the
formula—

. D.of P. of current as measured
R. of individual section.

(7

Formula 6 will give the approximate
strength of the alternating line-current; but
when it is important to know precisely the
volume of any particular current which flows
or can flow over a given line, it ean easily be
determined by slowly increasing the resistance
in one of the sections. If the measured D. of
P. of the current begins to drop, it shows that
the rate of flow or current, A, is being eut
down, and the condensers do not become fully
charged up to the proper D. of P. in the {ime
allowed for charging, for it is obvious that if
the discharge begins before the condensers
are fully charged the D. of P. of the condens-
ers will be correspondingly lower, and the D.
of P. of the current will also be lowered.
the other hand, if the measured D. of P. of the
currenb is increased by lowering the R., it
shows that the resistance was too high, and
that the average volume of the current is really
greater than the mean value assumed in the
formulas. Thus the caleunlated factors of a
line. may be readily tested and corrected to
suit the pecaliarities of any given current by
simply inereasing the normal R. of a section
till the standard measured D. of P. of tke cur-
rent begins to,drop, or vice versa, and the
difference between the calculated and the al-
lowable resistances shows the deviation of the
current from the normal type of such carrents,

5 as given in formulas 5 and 7.

1t is obvious that the resistance in the sev-

On !
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eral condensers should be approximately the
same for this reason. All the condensers
charge up simultaneously and at the same
rate, and the same current flows over each
section, connecting the condensers to each
other and to earth. An excess of resistance in
any one section would lessen the rate of flow
in that section and delay the charging of its
condensers, and consequently of all the con-
densers in the line. The line-current A is
therefore limited to D . of P. < the highest R.
in any one section. The line should evidently
be arranged so that the resistancesin the sev-
eral sections will be approximately the same
(or, at least, not above the standard R. ofasec-
tion) at any particalar time, although they
nmay be very different at different times to
suit the requirements of the service.

As the current is, in my system, produced
by variations of charge in the condensers, each
impulse can continue only solong asthe charge
stored in the condenser can supply the requi-
site electrieity by discharge. The charge must
then be repeated. The' frequency of these
charges should be such as to keep the impulses
constantly flowing over the line in one direc-
tion or the other. This speed of reversing or
varying the chargesshould be se adjusted that
the condensers can be charged up to the re-
quired D. of P. in the time between the re-
versals or variations, aud so that at the in-
stant when they become so charged they will
be caused to begin to discharge. Toascertain
the speed required with a given line or series
of condensers, I need only find how long the
charge stored up in the condensers will sus-
tain the current which will flow in any given
case.

A coulomb of electricity will keep up acur-
rent of one ampére for one second, or a smaller
current for a longer time or a larger current
for ashorter time. The volume of eurrent
which will fiow through a conductor connect-
ing two condensers, as shown in the drawings,
does not depend on the amount of the charge
in the condensers, but is governed by the ratio
of the D. of P. of the current to the resistance
of the sections, as given in formulas 6 and 7,
We may therefore have any carrent we wish
by suiting the R. to the D. of P., to allow that
current, A, to flow in the sections. Then the
time, T, in seconds, during which the charge
Coul. will furnish this current A is found by

dividing the charge by the rate of flow, thus:
Coul.
= == (8.
T (8.

This time, T, indicates how often the charge
must be repeated—i. e., the speed of reversals
in an alternating current, or of the breaks in
an interrupted current, or of the variationsin
an undulating eharging -current; or with cur-
rent-varying apparatus for charging havinga
given speed and a current of a given volume
and D. of P. required on the line we can cal-
culate the line or series capacity, L-F., neces-
sary to hold the requisite quantity of electric-
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ity forsuppi yin g that enrrent by the formula—
_TXA (0
o 1) of D.of condensers.
And each condenser in the line should have
the absolute or individual eapacity—
ﬂ\ \/\'r )
HAX] o)
~ D.of P. of condensers.

In arranging a system, therefore, I proceed
as follows: If I wanta one-ampére current and
one *houswl volts D. of P., as measured, I
shall require (as a general rule) one thousand
ohms resistance in le sections, or in the one
having the highest resistance. So,inany other
case, 1 suit the R. to the D.of P in formula
or 7 to get the current I want. A 1-F. con-
denser charged to one thousand volts D. of
P, (formnla 3) contains thousand cou-
lombs, which will supply a one awpére current
(thlouoh five hundred olims, formula 6) for
onc theusand seconds, (formula 8.) Instead
of that, it wounld supply one thousand ampéres
for one sceond, fifty ampcres for twenty sec-
onds, one \mndred thousand ampéres for one
one- hunmedth scecond, or any desired modi-
fication of these gnantities, nrovided that D. of
P.+-R. (to'mulas and 4) is in each case so
adjusted as to permii the desired current to
flow through the conducter.

In ox‘der to keep the impulses continuously
flowing over the line in one direction or the
other, I repeat the charges as ‘“1p1d‘5 as they
«‘LledlS(‘hd“””d inecachcase. ¥or 11151:1,1100 it T
want an q]ucrnatnm currentof oneampére ,and
my condensers arese small that they will keep
up one ‘mmue of current for onlV one two-
hundred-and-fifticths second, I reverse tue
charging-current two hnuhcd and fifty times
per second, and the sucgessive muehawe%theu
supply a counlinuons alternating an"xen‘c onthe
line.

It is cemmonly supposed hab
get a current or Impulse of any considerable
volume o condenser of ¢ 1{mxuom size is re-
quired Ti he fu;egmn formulas mo\o thab
such is not the case. A condenser of the size
commonly used ] telegraphy, or of onlj four

1s capacity, (n.‘m“’l to two thou-
contnins one one: hundr

1,7

\
one

in order to

1
Cl-

')
sand voits D. <f‘>1' .
and-twenty {ifth
two - ampére current
:m(l ﬁttluh. seeond,
yenerator veversing

{or one two -hundred
with a charging-
two hundred (11,41 fif l"

.
Thus,

lee% a S(’CDI]M, {his ¢ condenser will keep
a two - ampdre alternaiiz 1z current t’,()wmg;
through tfive hundred ohms r and

transmit over bwo and two- ‘111‘1% horse- power
in electrieal cuergy; ora 1-¥. condenser, with
the same speed of reversals, L’ esame D.of P,
and having one five-hundredths ohm resist-
ance in the ¢ oudnctms. will keep an alternat-

ing current of five bundred tho sand aAMmperes
and one thousund volts flowing ‘.'1'11 electri-
cal energy, equivalent to 670,241 horse-power

minus one ner cent. or less for loqﬂ in Lhe
condenser. The volume of current flowing
in the sektlons being governed by the ra itio

Leeis
‘the hne,

sconlomb, which will supplya !

of . to D. of P. in formulas 6 and 7, any
desired volume of current may be obtained
by so varying the R. as to cause that cur
rent to flow, and if the generators are self-
regulating, as hereinbefore explained, they
will supply the carrent required. The method
of regulaling and governing dynamo-electrie
generators to get constfmt potemml and vary
ing current, constant current and varying po-
teutial, or current and potential both constant,
either by electrical or mechanical arrange-
ments, I now so well understood by all elec-
tricians that it will not be necessary to ex-
plam those points fm\* further than has al-

eady been done, only tosaythat the capaeity
oi' thie condensers should be sufficient for the
greatest volume of current they will at any
time be required to furnish.

Telegr 11)‘111 and telephonic lines have been
ploposed consisting of sections connected to-
gether by ¢ onflen%er ; but such a line is con-
nected to one pole on]y of the geunerator and
is intended to actuate apparatus at the other
endand to deliver tothe utilizing apparatus an

.exact reproduction of the initial carrent,

whereas mine is adapted to actuate apparatns
in every section of the line, giving in each one
a current which may be quite unlike that in
any other section or that which the generator
produced; and the far end of the line returns
to the other pole of the generator and is con-
neeted thereto, so that both poles exert an in-
ductive a (;tion over the wholeline, each ‘ISSiSt
ing the othex, and beth poles being virtually
repeated at the ends of each section. More-
over, nly receivingapparatusare not connected
to earth, but are in the line and without the
carth co:mections cmployed by others.

My invenlion is not the transmission of
identieal or uncharged single-signaling im-
pulses or currents over a line having one end
connected to the current generating and vary-
ing appar:ztus,fov‘ utilization exelusively in re-
ing nppfm s in the terminal sections of

but the transmission overa line hav-

ing one or both ends connected to the charg-
ing apparates and adapted for insnlated elee-
trical receivers in every section of an amount
of electrical energy in current whose charac-
Lol may be g ‘efmxtdy varied at many points
Letween the poles of the generator, as may be
required by ihe eleetrical receivers there for
purposcs of utilization.

Avnother pecaliarity of wy system is that
there is little or no tendency of my currents to
eseape {rom the line to onth, as in all pre-
vious 53'satel‘x'“ becanse these currents, being
produced by inductive attractions from both
ends of the line, are more strongly drawn
there than to the carth, and there is a greater
difference of potential between any point in
the circuit and its ends than between that
point and the earth. Still another peculiarity
is that the enrrents when they arrive at the
condensersand become ‘‘charges’” are ““bound’”’

therein and ave not liable to escape even if an
earth-connection is provided.

These two facts
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largely remove the danger to attendants aris-
ing with any other kind of apparatus static-
ally charged to a high potential. . Even if
the body of the attendant became an earth-
connection, as R. at K* in Fig. 10, the currents
would bave only one-half the potential and
about one-third of the strength of the normal
currents over the line.  If he touched the line
ab its center of resistance, as R. between K*
and K° he would receive no current or shock
at all; hence by my system lines with very
moderate insulation may carry currents of
very high potential without loss, and much
higher, with safety to attendants, than by any
other system.

A farther advantage of my system is that by
the duplicating or repeating of the inductions
overseclionsofline the resistance of along line
in numerous sections may be no greater than

that of an ordinary line having only the length -

of one of my sections for conveying the sane
amount of cnergy, and I can use a conductor

that is very much smaller and less expensive, .

althongh 1y line is many times the longer.
This fact will be evident on consideration of the
laws governing the indzctions of condensers;
but the crowning peculiarity of my systemn is
the method of and cconomyin the transmission
of power. Supposing that we haveasectional
line arranged, for example, as in Fig. 1, and

- a certain amount of energy is expended in
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charging the polar side of the terminal con-
denser—say K'—that energy will be expended
in putting K*inalike condition. Theecnergyin
KF¥is then expended in putting X*in like condi-
tion, and so on to the end, currents being sent
over the conductors connecting the several
condensers, whose poteatial depends on the
potential of the terminal condensers and their
quantity or strength upon the capacities of
the condensers in the line and the resistances
of the conductors connecting them. A differ-
ence of potential being established between the
two ends of the section-conductor, a current
flows through it precisely as if the same differ-
ence were brought about by direct connection

to the poles of the generator, excepting only |

that it is limited by the capacity of the con-
densers at its ends. This current may be util-
ized in overcoming resistances or doing work
on the section like all other currents—that is
tosay, theoriginal amountof energy expended
by the generator is reprodnced in the several
sections by the inductions and electrieal at-
tractions and repulsions in the several con-
densers,and is consequently repeated as many
times as there are sections in the line, minus
the small loss at the condensers.

I do not confine myself to the exact arrange-
ments or details deseribed, for it is evident
that they may be widely varied without de-
parting from the principles of my ianvention,
as will bereadily understood and accomplished
by those versed in the art.

Having thus described my invention, what I
claim as new, and desire to secure by Letters
Patent, is—

383,520.

1. An organized system for the production,

transmission, and distribution of electrie cur-

rents, consisting of the combination of appa-
ratus for antomatically prodncing a suitably-
varying current and one or more external or
working circuits connecting the opposite poles
of the current producing and varying appa-
ratus, said cirvcuits being inductively con-
nected to the poles through electrical con-
densers or devieces which prevent the actnal
passage of the initial current from the poles
over the lines or circujts, but which transmit
a corresponding amount of electrical energy
overthe cirenits by virtue of induction throngh
said deviees from both of said poles.

2. An organized system for the production
and distribation of electrical energy, consist-
ing in the combination of apparatus for pro-
ducing a suitably-varying current, and one or
more lines or circuits connecting the opposite
poles of the current-producing apparatus, one
or more of said lines being divided into see-
tions by condensers, cach section having sub-
stantially the same potential at its ends as the
undivided line would have had and being
substantially a counterpart of said undivided
line.

3.. The combination of apparatus for pro-
ducing a suitably-varying earrent and one or
more lines or circuits connected to the oppo-
site poles of said apparatus, one or more of
said lines being divided into sections induct-
ively united by condensers, each such section
being adapted for the utilization of the car-
rent passing over it in electrical apparatus in-
serted in it.

4. The combination of apparatus for pro-
ducing a suitably-varying eurrent and one or
more lines or circuits connected to the oppo-
site poles of said apparatus, one or more of
said lines being divided into sections induct-
ively united by condensers, and each of said
sections being practically independent of the
others as regards the character of the current
passing over it or through the electrical ap-
paratus inserted in it. o

5. The combination of apparatus for produe-
ing asuitably-varying current and one or more
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lines or circunits connecting the opposite poles -

of said apparatus, one or more of said lines
being divided into sections inductively united
through condensers, whereby each pole acts
by induction over the whole line to the other
pole and each assists and sustains the induec-
tive action of the other. -

6. The combination, substantially as de-
seribed, of dynamo-electricapparatus for pro-
ducing a suitably-varying current, two or
more lines connecting the opposite poles of
said apparatus through condensers, and a cir-
cuit containing the field-magnet coils of said
apparatus and means for changing the vary-
ing to a straight current.

7. The combination, substantially as de-
scribed, of dynamo-electric apparatus for pro-
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ducing a suitably-varying eurrent and oneor

more lines connecting the opposite poles of
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said apparatus through condensers, and a cir-
cuif containing the field-magnet coils of said
apparatus.

8. The combination of apparatus for produe-
ing a suitably-varying current, one or more
lines or circuits connected to the opposite poles
of said apparatus, and means in said circuit
or circuits, but independent of or separate
from the generating apparatus, for changing
said varying to a continuous or straight cur-
rent for use therein.

9. The combination of dynamo-electric ap-
paratus for producing a sunitably-varying cur-
rent and a cireait containing its field-magnet
coils in closed ecircuit with one or more coils
of the armature, with one or more external or
working circuits connected to its poles through
condensers.

10. The cowmbination, substantially as de-
seribed, of apparatas for produeing asuitably-
varying eurrent, one or more lines connected
to the opposite polesof said apparatus through
condensers for transmitting said current, and
electrical receivers actuated by the impulses
or currents induced by or between said con-
densers.

11, The combination of apparatus for pro-
ducing a suitably-varying eurrent,one or more
lines or circuits connected to the poles of said
apparatus through condensers, apparatus in
said circuit for changing the character of the
current flowing over it and sending it through
a local circuit connected to said apparatus,
then on over theline,and an eleetrical receiver
in said loecal circuit for utilizing said changed
current.

12. The combination, substantially as de-
seribed, of apparatus for producing a suitably-
varyingcurrent,one or more lines connected to
the opposite poles of said apparatus through
condensersfor transmitting said carrent, means
for also producing a straight current, and one
or more lines connected thereto for transmit-
ting said straight ecurrent.

13. The combination, substantially as de-
scribed, of apparatus for producing a suitably-
varying current, one or more lines connected
to the opposite poles of said apparatus for
transmitting said current bodily, one or more
lines connected to the poles through con-
densers for transmitting said current by in-
duction over them, means for producing a
straight current, and one or more lines for
transmitting said straight current.

14. The combination, substantially as de-
seribed, of apparatus for producing a suitably-
varying current, one or more lines connected
to the opposite poles of said apparatus through
condensers, and means for giving any desired
potential (within the capacity of the said ap-
paratus) to the current sent over each individ-
nal line.

15. The combination, substantially as de-
scribed, of apparatus for producing a suitably-
varying current, one or more lines connected

to the opposite poles of said apparatus through
condensers, and means for sending a current
of the same potential over each of said lines.

16. The combination of apparatus for pro-
ducing a suitably-varying current, one or more
lines connected to the opposite poles of said
apparatus through condensers, means for giv-
ing any desired potential to the current sent
over each individual line, one or more lines
connected to the opposite poles of said appa-
ratus for transmitting said varying current
bodily, and means for giving any desired po-
tential to the current sent cver each of said
lines.

17. The combination of apparatus for pro-
ducing a suitably-varying curreunt, one or more
lines connected to the opposite poles of said
apparatus through condensers, means for giv-
ing any desired potential to the current sent
over each individnal line, means for produc-
ing a continuous current, one or more lines for
transmitting said current, and means for giv-
ing any desired potential to the current sent
over each of said lines.

18. The combination of apparatus for pro-
ducing a suitably-varying current, one or more
lines connected to the opposite poles of said
apparatus through condensers, means for giv-
ing any desired potential to the current sent
over each individual line, one or more lines
connected to the opposite poles of said appa-
ratus for transmitting said varying current
bodily, means for giving any desired potential
to the ecurrent sent over each of said lines,
means for producing a continuous current, one
or more lines for transmitting said current,
and means for giving any desired potential to
the current sent over each of said lines.

19. The combination, substantially as sef
forth,of apparatus for preducing a snitably-va-
rying eurrent, one or more lines or circuits
connected to the poles of said apparatus and
divided into sections inductively connected
throangh condensers, and a conductor connect-
ing one of said sections to earth through a
suitable resistance. .

20. The combination, substantially as de-
seribed, of apparatus for producing a suitably-
rarying current, one or more lines or eircuits
connected to the poles of said apparatus and
consisting of sections inductively connected
through condensers, and an electrical receiver
inserted in one of said sections, whose resist-
ance bears the same ratio to the resistance of
said section as the desired difference of poten-
tial between its terminals bears to the differ-
ence of potential between the ends of said
section.

21. The combination, substantially as de-
seribed, of apparatus for producing a suitably-
varying current, one or more lines or circuits
connected to the poles of said apparatus and
congisting of sections inductively connected
through condensers, eachsection being divided
into as many derived cireunits and with such
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resistances as may be necessary to secure for
the electrical receivers in them the proper
strength or tension of current.

22. The combination of two or more appa-
ratus for producing a suitably-varying cur-
rent, with asunitable number of sectional lines,
such as deseribed, arranged on the multiple-
wire system of conductors, substantially asset
forth. :

23. The combination, substantially as de-
scribed, of apparatus for producinga suitably-
varying current, one or more lines or circuits
connecting the opposite poles through con-
densers, one of the sections of such wire or
line being broken or open, and a conductor
connecting the broken wire to earth.

24. The combination of a line consisting of
a conductor whose ends terminate in the con-
tiguous sides or armatures of condensers, gen-
erating apparatus for producing suitably-va-
rying electro-motive force, and connections
from the two poles of said apparatus to the
opposite sides or armatures of the said con-
densers, enabling the generating apparatus to
give them correspondingly-varying electric
charges, and thereby inducing currents or im-
pulses over the conductor connecting their
opposing sides or armatures.

25. The combination, substantially as set
forth, of a line consisting of a suitable con-
ductor, two condensers, each having one of its
sides or armatures connected to the contigu-
ous end of said conductor, generating appa-
ratus for producing suitably-varying electro-
motive force, and connections from the two
poles of said apparatus to the other sides or
armatures of said condensers, enabling said
apparatus to decompose or separate the elec-
tricity of the conductor and its connections
and to attract the same to the condenser-plates
attached toits ends by simnltaneous induction
from both poles of said apparatus, the whole
arranged and operating to lessen or prevent the
tendency of the said electricity to escape from
said conductor to earth.

26. In a system such as herein described,
the combination of a line terminating in con-
densers and consisting of two or more sections
connected by condensers, and electrical re-
ceivers in one or more of said sections and be-
tween the condensers, actuated by the currents
or impulses induced by said condensers.

27. In a system such as described, the com-
bination of an electric generator charging con-
densers connected to its poles, a line connected
to said condensers and divided into sections,
and condensers inductively nniting said sec-
tions into a sectional line and caused by the
terminal condeusers to reproduce the changes
occurring therein, the whole arranged and op-
erating to substitute, in place of the sending
of a current over the whole distance or length
of the line,-the production of corresponding

383,520

but separate and independent currents in and
over the several sections by the simultaneous
inductions of the section-condensers, whereby
the electrical resistance of said line is practi-
caily reduoced to a minimum.

28. In a system such as deseribed, the com-
bination ofapparatus furnishing sunitably-vary-
ing currents, electro-motive force or poten-
tial, a sectional main line conveying varying
currents therefrom, a local circuit distinet
from the circuit containing the generator, an
induction-coil having primary coil or coils
acted upon by the currents of said sectional
line and secondary coil or coils in the local
circuit, and one or more electrical receiversin
the local circuit. ' '

29. In a system such as described, the com-
bination of a sectional main line, a conduector
therein conveying line-currents, a local cir-
cuit distinet from the generator-circuit, and
an induction-coil having primary coil or eoils
acted upon by the line-currents, and second-
ary coil or coils in the loeal circuit.

.30. In an organized system for the produc-
tion and transmission of electrical energy by
repeated inductions, the combination of a gen-
erator expending a certain amount of energy
in charging condensers connected to its poles,
two or more sections of conductors arranged
in series, condensers inductively uniting said
sections into a line whose ends are connected
to the terminal condensers and having eapaci-
ties suitable for discharging over the sections
connected to them currents having the stated
amount of electrical energy, and devices prop-
erly reversing or varying the charges of said
terminal condensers, the whole arranged and
operating to reproduce the original amount of
energy in each of the sections by the repeated
inductions and electrical attractions and repul-
sions at the several condensers.

31. The combination of one or more sec-
tional lines econsisting of sections inductively

connected through condensers, self-regulating-

apparatus for automatically supplying suit-
ably-varying currents as needed on said line
orlines, and connected to said line or lines
through snitable polar condensers, and elec-
trical apparatus in said line or lines utilizing
said eurrents.

32. The combination of a sectional line con-
sisting of sections inductively connected
through condensers, self-regulating apparatus
for antomatically supplying suitably-varying
currents as needed on said line and properly
connected thereto, and snitable resistances in
the sections, having the maximum seetion re-
sistance properly adjusted to determine the
volume of current flowing over the line.

CHARLES EDGAR FRITTS.

‘Witnesses:

D. L. HOLBROOK,
H. B. CoLT.
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