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o all whony & meary conceriv:

Beit known that I, CHARLES EDGAR FRITTS,
a citizen of the United States, residing at New
York, in the county and State of New York,
haveinvented certainnew and useful Impr ove-
ments in the Production, Transmission, and
Distribution of Electricity, ot which the fol-
lowing 1s a specification.

Heretofore currents have been produced by
any sultable generator of electrical currents—
as a battery or a machine—and transmitted

over continuous conductors to the place of use |
- continuous circuits, either in place of the pre-

and then returned to the generator over the
continuous conductor or sent to earth; but in

a.l eases, 1f the condueting-circuit is opened |
or bmhen,, a1l the aDlmmtus upon 1§ become

inoperative, as no current lows unless the cir-
cuit is completed. In my system, if the cir-
cult 1s accidentally broken, only the apparatus
near the break are disabled, ali the others on
the circuit continuing to operate,and even the
former are nob entirely useless.  Another ad-
vantage 138 that an open circuit does not dis-
able the generator, (if a dynamo-electrie ma-
chineg,) as is nsually the case.

My invention also has for its object economy |
- application, reserving the
. case, as I have, in a geparate application dated
- January 5, 1887, prayed that Letters Patent
- be granted to me for that portion of my in-
- vention.

in the cost of producing and distributing elec-
tricity by repeated inductions, instead of send-
ing the currents bodily over the entire length
of the cireuit, to render consumers independent
of the original generator as regards the char-
acter of ‘LhL current they use by giving them

the power to take oif 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, undulating, or inter-
rupted, therewlth chmnmg an electrical con-
denser to its own potential, and by the vary-
ing charge of said condenser inducing currents
upon and over the one or more sections of the
line or ecirculf, each of which is inductively
united to the adjacenu sechbion by a condenser
in like manner, and the last one to the other
pole of the generator, repeating this operation
fast enough to keep the electrical impulses
constantly flowing over the line.

It also consists in 80 combining the before-
mentioned sectional cireunit wibh the generator |

- elements, already wd*

- do not give detailed de

| that, even if the circuit is broken, the gener-

ator will or can furnish 5111)':**%1“1:1"11;3? the same
current as before; that the current furnished
shall be 1n proportion to the varying demand;
that even when the circuit is broken in cvery
section the generator does not brealk down;
that there is not necessarily any ¢o: ﬂpiﬂte cir-
cuit, in the general acceptation of the term
“closed civeuit,”” either in the generator or
outside of 1t; thabt the generator 15 neverthe-
less capable, if desired, of sending out eifher
arying or constant carrents, or both, cver

ceding armugemehts or simultancousiy there-
with; that electrical energy may be utilizedin
every section practically independent of the
others as regards the character of the current
used, and in other *tmprovements, as fally
hereinafter described.

Although Ihave improved forms of the va-
rious devices used, the invention does not de-
pend upon them, but it is capable of satisiacs
tory operation with such as arealread v Enown

or in use, and I therefore de nobt herein de-

scribe them.
I do not elaim the method employed in this
same for ancther

As the invention clalmed in this case iz sim-
ply my new arrangement and organization of
:nown and understood
by electricians and thosc versed in the art, I
seriptions or dm‘mu.ﬂs
of their construection fmtllei than may be
needed fora full comprehensionof my arranges-
ment aud use of the same.

As the simplest type m‘f my system: I will
- explain Figure 1 as follows
The generator 1s {or the moinent upposed

to be a dynamo-electric machine giving an
alternating current.

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

The pole-pieces and other minor parts are
omitted for the sake of clearness in .}1-'1 (raw-
ings, not being necessary tc the explanation.

To the poles are attached conductors lead-

armatuare
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ing to the nearest armatures of the condensers
K" and IX°, respectively. To the other arma-
tures of the condensers are connected two cir-
cuils. One is the working or external cireuit
divided, we will say, into four sections by the
condensers IK* K’ K% as shown, the adjacent
terminalsof each section beingelectrically con-
nected to the respective armatures of the con-
denser between them. The other 1s the field-
magnet circuit and extends between K and I,
as before, passing through an apparatus, Si,
for straightening alternating currents, the ad-
justed or straightened currents proceeding

from binding-post p” through the field-magnet.

colls M M of the generator, then back to post
% and thence through S¢ to the 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-
ture, whlch charges the two condensers K’ K>,

and they send a like impulse through the field-

magnet coils. By the process of cumuhtlv

effeets or action and reaction between the
field-magnets and armature, well understood,
the current gradually becomes stronger until

- it reaches its normal or working strength; but

9©

60

this result will be reached more quicklyif the
poles P’ P? are connected directly to St, as in-
dicated by the dotted lines to p’ p*, until the

field-magnets are fully energized and the gen--

erator working properly. Then condensers
K’ X° are connected, as shown by the fuli
lines, and & pmctmal]w continuous straight
current flows through the field-magnet 00118 M
M, while an alter natln?* current ﬂows through
the working-cireuit. Thisisaceomplished as
follows: Let us start with & positive 1mpulse
{from the armatuare to pole P'. It charges
the inner half of condenser K’ posmvely to
its own potential. The outer half of K’ 1s
thereby charged negatively by induction to an
equal potential, and a positive 1mpulse 1s sent
over the first section of the eirenitand charges

the nearest half of I$° positively to a potential

substantially equal to that of K. By a simi-
lar induetion in IK* animpulse is sent from KK°

over the nextsection of the cireuit to K2, andin
like manner over the scction between K and
K and that between K* and K5 at the other
end of the cirecuit.
action from the end at K’ is re-enforced by the
neeative inductive action from the other end
at I°, the loss of potential at the intervening
condensers is very slight unless the circuif is
very long and of hwh resistance or divided
into a very large number of sections; but
even then the loss is only in the middle sec-

tions, and is that due to half the length of the

circuit, growing less toward either end The
next 1)0&11;1\76 1mpulse is from pole P?, which
charges condenser K° positively and sends

poswwe impulse over the several sections of
the cireunit from K° o XK' in the mganner al-
ready described. Thus there flows over the
several sections of the circuit as many distinet

currents, each consisting of impulses in alter-

nately opposite dlreetlons substantially like

| that which would be sent over a

As the poswwe inductive

383,520

circuit between P’ and P?, and itactsin a like
manner upon any apparatus which may bein-
serted in any of the sections ot 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 insulation capable of bearing
the potential of the initial generator without

injury. Theyareto becharged and discharged

(the terminal ones by the generator) with suf-

ficient rapidity to keep electrical impulses

passing over the sectionsas an ordinary alter-

nating current would do over an ordinary

line, and so that if the impulses are rectified—
i. ¢., the current straightened or ‘‘adjusted’’ —

a, pmetmall; continuous current will be ob-
tained. TFor 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 1n 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, yand that

itisdecomposed andseparated by theinductive

action of the condenscrs,which drives the posi-
tive and negative portions over the scetions
in obedience to its varving status, and that
the energy required for this actionis very lit-
tle. Consequently thereisonlyasmall amount
of energy expended beyond that transformed
into useful work in the electrical receivers in
the various circuits, and the system 1s highly
economical, in addition{oitsother adv”mtaﬂ'es
1)0111ted out herein.

Fig. 1 shows the field-maguetsin Shuntmth
the e:s;tel nal 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-
1ng “the yield Of current to the demand bhere-
for , precisely analogous to the action of the
like arrangement mth continuous eircuits.
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. Ifig.3 shows
them 11z a continuous circuit between the poles,

equivalent to the arrangement in Fig. 1, in- |

cluding the dotted lmes, when the maﬂ*neble
field mll be stronger, other thmgs bemcr
equal, than if the connections P’ »* and P2 p*
are omitted.

In place of the arr annemeuts which include
the current- Stm]crhtener St, a dynamo with

two COIl]I]]llt'ltOI‘S 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 cmwemently shown by representing
the two collectors as being at the opposite

continuous
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ends of armature A, (althoungh they need
not be so in pmehee ) as shown in Iig. 4,
where P’ P*arethepoles for thealter nthmg cur-
rent, and 2 P* those for-the straight current.
This may be accomplished either by devoting
separate coils of the armature for each pur-
pose, by having two armatares, or otherwise.

Fig. 4 shows the field-magnet coils in series
with the external straight- carrent cireait;
but they may be in shant with it, as in Fig. 5,
or may be separately excited, as in Tig. § or
In g, 7, which latter represents two ma-
chines,both armatures being on the same shaft
and both magnets cnergized by one of them,
while the other farnishes the alten nating cur-
rent for the external eireuit. The exciting-
armature has alse a second commutator ab ltS
other end, from which alternaling currents
may be sent by poles P P to either scetional
or confinuous eireuits, to relicve the overten-
sion of the machine when in full action. As
the coilsof the armature and the field-magnets
would otherwise be in ¢losed eirenit, the in-
tensity of the magnetic field wounld soon be-
come enormous, from the absence ol any ex-
ternal resistance and no wast © of current, all
being used inexeiting magnetism by constant
action and reaction. u()ilbﬂ(_[ll'“ﬂtlf, with the
arrangement shown in Fig. 5, a very few coils
of the armature would %n[uce to keep up the
magnetic field.

Of course,continunous-currcnt machines may
be employed and an apparatus used to cha: we
the straight 1into aiternating currents for tl
contdensers—sneh, for mmle a8 thab (IP
seribed by Trowbridee and ? ayesinsiliiman’s
Journal {or Biay, 160850 —o0or any other suitable
for the pur p ORe.

Instead of alternating currents, interrupted

carrents may be used in my sy stern, pLoL,.ucul
1N any suilt able or well known w Ay, |
If1g. § may represent aorev -f;lv':}g cirenit-
breaker, i3, whosze :?:.urfm:fe s equally divided
between r'*m}“t'!f‘iim: and non - eondueting
spaces, (thie intter beinge drawn black, as indi-
cating that ney are not conneeted Lo the oen-
erator, but grounded o¢r otherwise arranged
for discharging,) with f-.ro pairs of brushes
bearing t“s}a&m‘: Naving tneir ends one space
‘11::31‘1' 7'ho '”)ﬁ“m onofie h* ave conneeted
to the I}O“ﬁfh > eenerater-pole, and thoseon the
right with Lh negative N)Ie Ag B orevolves,
the carrent s send first 1into one set of con-
densers, tiienn inte the other. This is not in-
tended as aworking drawing, but to show that
the condensers arc (o be “L!L{?zmtmg charged
with electrical impulses, one set being discon-
nected from the generator and discharging
while the other is connected and charging,
and each line 1s oceunied by intermittent im-
pulses. Any suitable cireuit-breaker may be
used, and witlh a single divided cireuit in-
5tmd of two, If degired.  Undualating currents
may also se sent and utilized in a like manner
as alternating oues, with this exeeption, that
the condensers will only send a current cor-
responding to the difference betwesan the oreab-

220 3

L est and least strengths,or to the amount of the
variations in the initial currents.

My system is not adapted for sending con- 7o
binaous or straight currents, asthe condensers
only act by change of charge, whereby induec-
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- 73
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 equal in-
terrupted ones, transmitting each over a sepa-
rate line, and by any well-kuown means caus- 8o
ing both to pass through the utilizing.appa-
ratus, the 1mpulses of one filling 1n the inter-
missions in the other, and by t1e1r reunion
forming a solid current, as illustrated at V in
Mg, 8, which thus suppliesalocal cireuit with 85
a solid current.

L do not claim herein that division or part
of my system which consists in starting with
continuous or straight currents and convert-
ing them 1into inter; upted, undulating, or al- go
ternating currents for transmission in the
Imanier flebmlbed, as 1 have another pending

application therefor, together with many de-
tai[g of the ecnstruction and arrangement of
the lines and apparatus in my system, filed gc
- October 18, 1886, and I shall elaim all sueh
matter therein.

Iy object 1o showing the foregoing differ-
ent arrangements is to illustrate that my Sys-
temn is not limited to any particular kind or 100
class of electrical generators, bub may be used
with any, and to explain how it may be done.

It will therclfore no longer be necessary to
show the complete arrangements of the gen-
erators, but in Subau]uent drawings Only the 1o3
CON mn bator and brushes will be given, it be-

g understood that the field-magnet coils may

be wound and connected uyp according to any
well-known or suitadle system preferred, or
that any other generater may be COI]H(}CtGd to 110
the ]}(ﬂﬂS shown in the di,:m111;}@_;3 also, that
‘{"'-*U‘l‘il"li"il’”‘«" {1@1‘1{*0% may be used in either the
coxternal or tne field-magnet eirenit, as usual,
&Hnu tlhw 1o I g off currenis of who atever

- character from the high-resistance closing cir- it
cult bebween the pﬁle,&: of the gener atm" any
Cdesired potential may be given to them by
Cmaking the conuections nearer to the poles or

to the middie or point of zero-potential, as a
mﬂim or a lowsar potential 1s required. This 126
ciosing-circult 18 ghown more fully in Fig. 4,

5 w}mm it 18 represented as divided into seec-
tions with artificial resistances R Dbetween
them, so that connections can be made at any
desired points by plugs or otherwise, all of 12s
which is well nnderstood by electricians.

1t will now be seen that while on an ordi-
nary or continuous line the point of zero-po-
tential is in the center (of resistance) of the
eptire line, In m,,r system 16 18 in the center of 130
each %eation and the points of highest and
lowest potentml the ends of the line are re-
peated ab the end of each section, so that the
consumer may have virtually an entire line

Cr
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on liis own premises, with the corresponding
power to take oif currents of such volume
and electro-motive force as he may require.
If he connects the ferminals of his industrial
apparatus to the condensers at each end of
his section, he gels substantially the same dif-
ference of potential as if he connected at the
cenerator itself, and 1f he uses bub one con-
duector between the condensers he gets the en-
tire volume of current passing over the cir-
cuit. On the other hand, il he 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 ampcéres as the one would,
and by proper adjustnient of resistances he
can countrol the difference of potential at
the terminals of his apparatus. This can be
done 1n different ways. He may insert his
electrical receiver in the single wire of a
section and get a difference of potential cor-
responding to Iits resistance, as shown be-
tween K" and IX° in Ifig. 9. If his receiver
I8¢ has one-fourth the resistance of {he entire

seehion 16 will have befween 1ts terminals one-

fourth the difference of potential between the
condensers. Detween K? and K’ 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 w:ll de-
pend on the respective resistances of the va

rious apparatus and conductors, as will be
readily understood. I!and K°areconnected
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 cuarrent flows from the point of
higher to that of lower potential through the
cross connecting conductors, in which may be
inserted any desired electrical receivers. If
the braneh conductors 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 difterence of potential
ab all pointsin the line, regardless of how near
to or far from the generator the cross-con-
ductors may be 1oeated - If he wishes to get
more or less difference of potential than could
be obtained as described with or without a

change in the quantity or volume of the cur-
rent 101 use in a focal eircuit,he may use some

forin of induction coils for tlmt purpose, as

the “transformers’” of Gaulard and Gibbs or
those of Zipernowski and Déri, as represented
by T in Ifig. 10, where a local eircuit 1s shown
containing eleetrical receivers fed by the trans-
formed current Kl and {. The electrical re-
ceivers may be electric lamps, - motors,
any other electrical apparatus. If the line
breaks the ends may be grounded until repairs
are made, as in Ifig. 11, whereby the appara-
tus between the next condenser and the earth

or |

u—
|

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

Of course a number of circults may be run
between two condensers, as shown 1n 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 charged 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 seetions in a circuit or the length of
them may be largely 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 1nd uctwn the  number of condeusers
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 thxouo’*h a suitable re-
sistance, as Showu in Fig. 10. This resistance
may, ot course, be composed of any suitable
electrical receivers for utilizing the current
flowing through the grounded circunit. The
resistance R should be sufiicient to prevent
this circuit from interfering with the charg-
ing of the condensers on the line proper, as K*
and I,

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

70
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My invention is also applicable with the |

three-wire or multiple-wire systems of con-
ductors, as shown by Ifigs. 14 and 15. If nee-
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 1illustrates this arrangement, where W is
the apparatus adapted to manipulate the two
currents, as described. Tach current enters
the apparatus straight and emerges alternat-

ing. On its retarn to W, at the other end
of the external circuit, it is stmwhtened again

by its passage thr-oun"h W, and Teturns so to

the other pole of the generator, thuas complet
ing 1ts circuit.

I‘or the system in Fig. 15 the apparatus

should be adapted for mani ipulating three cur-
rents.

The arrangements drawn in I‘lgs. 14, 15
and 16 serve to show tha,t two hnes returnmg
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to the generatorsmay havetheirreturn-halves | the generator, which is the normal arrange-

united into one, as theredraswn, 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. For instance, in Iigs. 14
and 16 the interior or united part would 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 thelralternations, (orinterruptions, yasmay
be done by well-known means, they can be ar-
ranged at the t{wo ends of the eircuit or eir-
cuits, and the distant end of a circuit, instead
of returning to the other pole of the same
generator, will then return to theoppositepole
of the twin generator, as shown in Fig. 17.
The comp‘mte cireuib would then inclade two
generators instead of the one shown in Figs
1 and 11. 7The principleis the sameas 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 desiread strength of cur-
rentor inductiveaction, either as onemachine
or apparatus or ab dlheieﬂb places in the cir-
cuit. |

I will now state the general electrical laws
involved 1n the operation of my invention or
system 1n conventional technieal terms in for-
mulas convenient for use in working; bat, first,
{ would observe that although thereis aslight
loss 1n the action of condensers, as before
stated, it 15 ot so large as is commonly sup-
posed., In fact, w 1Ln a properly-made con-
denser 1_nomentmily charged, as 1s done in my
system, the loss 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 e*iplessed 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 18 reduced 1o proportion to the number
so conneeted. Itften 1-I'. condensers are cou-
nected in series, as shown in the drawings,
with the distant end of the line connected to
earth, as in Hig. 11, the working or series ca-

pacity L-F. of each condenser will be one-tenth

farad; but 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 sepfuwt ly they have a capacity of 1-K.
when so0 conneeted, they act as one-tenth farad
condensers, and t]mt capacity indicates the
amount of elecirical energy received and given
out by them with the loss of one per cent. or
less, as before stated. W hen both ends of the
series are conncceted to the opposite poles of

average U. of P. of the current.

ment of my system, the line so formed virtu-
ally consists of two seriesof equal capacity,one

connected to each pole, and having their dis-

tant ends connected together. 'The line or
series capacity Li-F. is the capacity in farads of
the polar or terminal condenser (or any one
in the series) when S0 counec*‘ed, and 18 ob-
taincd by dividing the absolute capacity of

73

the individual condensers when alone by the .

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

The charge or gquantity of eleciricity which
a single condenser can contain is expressed 1n
coulombs, (coul ,)and is found by multiplying
the capacity ¥. by the difference of poteuti*ﬂ
(D. of P. )between its opposite plates or sides:
Coul. == "' xX'D. of P. of condenser; but wnen
connected 1n series each one tﬂ; % the same
charge as the polar condenser receives irem
the generator, and the formula f01 ea{:h is then:
Coul. = L-¥ X D. of . of condensers. (Z.)

If sufficient time is allowed for charging, tim
D. of P. of the condensers will be cqual to
I, the D. of P. between the gencrator 1}019,J—~
t. e.,when both ends of the line are conneeted
to the generator-poles,which 13 the bipolar or
normal arrangement, D. ol 2. ol condensersg=
D. of P. at generator, (3;) but when one end
of the series is connected to one pole, and the
other end and other pole are cohnecled to
earth, which I call the “‘unipolar arrange-

| ment, 23 the D. of P. of the condensers 1s gouble

that at the generator, because it 1s the sam ol
~+Eand -~ K, and the formula 1s 1111']}01211" .
of P. of condensers =2 > D. of I’. of generator.
(4.) |

I transmit currents oi’ as high cleetro-motive
force as possible to utilize in the electrical re-
ceivers in the line, because high D. of P, 1n-
creasesthechargewhichagivensizeelconaens-
ers will contain, and themlom inereases the
work which a small condenser can do. 16 aiso
causes the current to have a higher . of P
and greater power t6 overccine resistance, or
allows a greater volume of current through a
olven 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 I’. (between the extreme
positiveand negative points of the current) will
be equal to the D. of P. between the condens-
er-plates, and with an andulating interrupted
or other like charging-current at the polar
condensers the Ib. of . of the line- current
will be equal to the variations in the potentials
of the charges of the condensers; but the D.
of P. of an alternating current as measured
by the usual voltmeters—auch-as Cardew’s—
does not indicate the D. of 2. bebween the +
and — extremes of the dlterlmtmn impulses,
but the expenditure of electrical energy by the
current, and thereforegivesapproximately the
1t may ordi-
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narily be considered that the D. of P. of cur-
rent as measuared — 3 D of P. at condensers.

The volume of current which flows in a con-
tinuous circenit isexpressed inampéres 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 altelmtmw
currents this rule may or may not apply, be-

cause they are not continuous and constant in
either volume or electro-motive force. What
their real average strength is may be different
with different currents of the same type. 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 P. at the condensers as the average
D. of P. of the carrent, corresponding to an
equal electro-motive forcein a continuous cur-
rent, and the volume of current which will
flow through the line sections will be approx-
1mately obtained by the formula—

Ao » D.of I, at mndeuser (6.)
RR. of the section.,
When the current i1s actually ﬂowmg;, and
its D. of P. can be measured, as above, the vol-

ume of the current may be fo]Jllstetl by the
formula—

A D of . of current as me‘ismed (7.)
R. of individual section. '

Formula 6 will give the approximate
strength of the a,lternablnﬂ‘ line-current; but
when it is important to know plemsely the
volume of any particular current which flows

or can flow over a given line, 16 can 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 ecub
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 lower ed.
the other hand, if the measured D. of P. of the
current 18 mcreased by lowering the R., it

shows that the resistance was too high, and

that the average volume of the currentis really
oreater than the mean value assumed in the
formulas. Thus the calculated factors of a
line may be readily tested and corrected to
suit the pecualiarities of any given current by
simply increasing the normal R. of a section
t111 the standard measuared . of P. of tle eur-
rent begins to,drop, or vice versa, and the
difference between the caleulated and the al-
lowable resistances shows the deviation of the
current from the normal type of such currents,
as given in formnlas 5 and 7. |
It is obvmus that the resistance 1::1 {he sev-
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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, :-,'md the same current flows over each 7o

section, connecting the condensers to each
other fmd to earth. Anexcess 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 carrent A 1S
therefore limitedto D . of P, = the highest R.
in any one section. The line shonld evldeutly
be arranged so that the resistancesin the sev-
eral sections will be approximately the same
(or, at least, not above the standard R. of asec-

tion) at any particular time, although they

may be very different at different times to
suit the requirements of the service.
As the current 1s, in my system, produced

by variations of chargein the condensers, each

impulse can continue only so long asthe charge
stored 1n the condenser can supply the requi-
sife electricity by discharge. The charge must
then be repeated. 'The  frequency of these

charges should be such as to keep the impulses.

73

oD

constantly flowing over the line in one diree-

tion or the other. This speed of reversing or
varying the chargesshould be so 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 Gnly find how long the
charge stored up in the condensers will SUs-
tain the current which will {low 1n any given
case,

A coulomb of electrici ty will keep up a cur-
rent of one ampere for one second, or a smaller

05

100

rog |

current for a longer time or a larger current

for a shorter 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 cuarrent to the resistanee
of the sections, as given in formulas 6 and 7.
We may therefore have any current we wish
by suiting the R. to the D. of P., to allow that
current, A to flow in the Sectlons Then the
time, T, in Seconds? during which the charge
Coul._ will farnish this current A is found by
dividing the charge by the rate of flow, thus:

T— C‘oul 8.)

This time, T, indicates how often the charge
must be repeated—, e., the speed of reversals
1n an alternating current, or of the breaks in
an interrupted eurrenf or of the variationsin
an undulating Gh'tl"n‘llilﬂ‘ current; or with cur-
rent-varying appar atus for charging having a
given speed and a current of a given volume
and D. of P, requued on the lme we can cal-
culate the line or series capacity, L-F., neces-
sary to hold the requisite qmntlt} of electric-
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1ty for suppi g-fin o that current by the formula—

< 3‘ - {99
1) of . of condensers,

And each condenser in the line shonld have
the absolute or individual capacity —

rr‘lx‘ '\ "\T
LA X (10.)

[ AN AN o
T D.of P. of condense

In arranging a system, the: LfOIB, I proceed
as follows: If I anta one-ampere current and
one thousand volts D. of P., as measured, I
shall require (as a ge: 1@1;11 rule) ozaethmnnnd
ohms resistance in the sections, or in the one
having the highest resistance. So,in any other

—y—

1,1

Case, 1 stk Ulb R, to the D. of . in formula
or 7 to get the cuvrent I want. A 1-T. con-

denser charged to one thousand volts D. of
P. {(formula 5) contains one thousand cou-
lombs, which will supnly a one ampere current
(thlounh five hundred ohims, formula 6) for
onc¢ tnousand seconds, (muuuht §.) Instead
of that, 1t wonld %um_;]} one tnousand amperes
for one sccond, filty ampcres for twenty sec-
onds, one i.lﬂl]dl‘@d t.housand amperes for one
one-hundredth second, or any desired modi-
fication of these gqnan
P.-R. (formulas 6 and 7) is in each case so
adjusted as to permit the desired eurrent to
How through the conductor,

In order to keep the impulses continuously
flowing over the line in one direction or the
other, I repeat the charges as 1.;1p1<.1 v as they
medlsehm in cach case.
want an qlbumtlm currentol oneampere, and
vy condensers areso small thatthey will 1&.@9}_}
up one qnmue of current for only one two-
hundred-and-fiftieths second, I reverse tne
charging-current two huundred and fifty times
per second, and the successive dischargesthen

supply a continuous alternating cnnent onthe

line
Tf-
1 U

r}n{i

13 commonly supposed that in order to

get a current or impulse of any considerable
volume o condenser of enormous size is re-

quired. ie {oregoine formulas moxe that
such is not the ease, A con denser of the size
commoniy uscd in l_ﬂ?ef*zﬂ*ﬂl} cr of only four
micl'af’;mﬁ"z a:f,;’apr:{?il'xy cnorged o two thott-
sand voits i

1
Ol

ol Pocontaias oneone - hundr

and-twenty ﬂ[{l* conlomb, which will supplva
two-ampere curvrent {or one two - hundred
and-fittleihs sccond,  Thus, with a gharging:

oencrator aaf’.“,'{_"‘ih.-.:‘?; two hundred {u;d fm“
times a sccond, this tiny condenser will keep
a bwo - ampere allernating current flowing

through five hundred ohins resistanve and
transmitb over bwo and two-thirds horse-power
in eleetrical cuergy; ora 1-F. condenser, with
the same speecd of reversals, thesame DL of P,
and havine one five hunuut ths ohm resisg-
ance in nhu f‘*fmdnmu 3, wiil keep an alternat-
ing carrentg of five hundred thonsand AN DETCS
and one thousand volts flowing with eleetri-
cal eneryy, equivalent to 67 941 h 1OTSC-DOWET,

YN
.‘l.l-Jf.'n.-

o

minus one wuwer cent. op ]ES::- for loss in the
condenser. The volume of current flowing

in the sections being governed by the ratio

Lities, nrovidedthat D. of

Y

Hor 11151‘1110(3 £ 11

o

of . to D. of P. in formulas 6 and 7, any
desired volume of current may be obtained
by so varying the R. as {o cause that cur-
rent to fiow, and if the generators are self-
regulating, as hereinbefore explained, they
will supply the current required. The method
of regulaling and governing dynamo-electrie
cencrators to gev constant potential and vary-
ing current, constant current and varying po-
tential, or current and potential both constant,
cither by electrical or mechanical arrange-
ments, 18 now so well understoed by all elcc—
t11cmns that 1t will not be necessary to ex-
plain those points any further than has al-
ready been done, only tosay that the capacity
of the condensers should be sufficient for the
ogreatest volume of current they will at any
time be reguired fo furnish.

Telegr: phl and telephonic lines have been
propoae:l consisting of sections connected to-
oether by {}nflen%el : but such a line is con-
nected to one pole Only of the generator and

- 1s intended to actuate apparatus at the other

endandtodeliver tothe utilizing apparatus an

L ing npmuih‘

.exact reproduction of the initial current,

wiereas mine is adapted to actuate apparatus
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 gencrator and is con-
neeted thereto, so that both poles exert an in-
ductive :u;tmn over tire whole line, each assist-
ing the othei, and beth poles being virtually
1(,1}&11‘8{1 al the ends of each section. Blore-

- over, my receiving apparatusare not connected

fo earti, but arve in ihe line and without the

carth connections employed by others.

Ay i1nvention is not the transmission of

1dentical or uncharged single-signaling 1in-
pulses or curients over a ling ha wing one end
connected to the eurrent generaling and vary-
g appamtm?im ttilization exelusively in re-
ceiving ap
e transmission overa line hav-
Ing one or both Gndb connected to the charg-
dapted for insnlated clec.
trical receiversin w{n'y section of an amount
o elwtiﬁ{i::ill cnergy in eurrent whese charac-
e may be iiluﬂ-ﬁllitd}? varied at many points
bLetween tue poles of the generator, as may be
required by ithe eleetrical receivers there for
1}111"1}%2:1 of utilization.
Anclier peculiarity of my system 15 that
ere s little or no tend weney of my eurrents to
fﬁm,&l ¢ irom the line fo em'thj as in all pre-
vious systems, because these currents, being
pmdnted by inductive attractions from both
ends of the line, are more strongly drawn
i:-l‘;ere than to the carth, and there is a greater
difference of potential between any point in
the cirewls and its ends than between that
point and the earth., Siill another peculiarity
13 that the carrents when they arrive at the
condensersandbecome *feharges’ are ““bound’’

llf

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

"These two facts

p%imm in the terminal sections of
the line, bat th
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largely remove the danger to attendants aris-

ing with any other kind of apparatus static-
‘Llly charged to a high potential, Iven if
the body “of the a,ttenda,nt became an
connection, as RR. at K* in Fig. 10, the currents
would have only one-half the Dotenblal and

about one-third of the strength of .the normal

currents over the line. If he touclied the line
at 1ts center of resistance, as R. between K
and I° 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, w1th safety to attendants, than by any
other system. |

A further advantage of my system is that by
the duplicating or repeating of the inductions
oversectionsofline the resistance of alongline
in numerous sections may be no greater “than

that of an ordinary line having 011']5’ the length

of one of my sections for conveying the same
amount of cnergy, and I can use a conduetor

that 18 very much smaller and less expensive, .

although my line is many times the longer.

This fact will beevident on consideration of the

laws governing the 1nduzctions of condensers;
but the crowning peculiarity of my system is
the method of and ceconomyin the transmission
of power.
line arranged, for example, as in Fig. 1, and

“a certain amount of energ oy 18 e*qaended in

33

45

SN

Lh&l‘“‘lnﬂ‘ the polar side of the terminal con-

.denser——-sqy K'—that energy will be expended

10 putting K*inalike condition. Theenergyin
K*is then expendedin putting K?inlike condi-
tion, and so on to theend, currents being sent
over the condunctors connectmw the several
condensms whose poteatial depemlb on the
potential of the terminal condensers and their
quanfity or strength upon the
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 1t precisely as if the same differ-

ence were bron ieht about by direct connection
to the poles of the generator, excepting only
that 1t 1s limited by the capacity of the con-
densers at its ends. This carrent may be util-
ized 1n overcoming resistances or doing work
on the section like all other currents—that is
tosay, theoriginal amountof energy expended
by the generator 1s reproduced in the several

sections by the inductions and electrical at-

tractions and repulsions iu the several con-
densers,and 1s consequently repeated as many

times as there are scetions 1n the line, mums

the small loss at the condensers.

60
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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 invention,
aswill bereadily understood and accompl @hed
by those versed in the art.

"Having thus deseribed my invention, what I

claim as new, and desire to secure by Letters

Patent, 1s—

earth-

supposing that we haveasectional

capacities of

1
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1. An organized system for the produetion,

rents, cenmstmw of the combination of appa-
ratus for ﬂutomatlcally producing a sultably-

varying current and one or more external or
working circuits connecting the opposite poles
of the cuuent producing and varying appa-
ratus, said circuits being inductively con-
nected to the poles tthUU‘h electrical con-
densers or devices which prevent the actual
passage of the initial current from the poles
over the lines or circuits, but which transmit
a corresponding amount of electrieal energy
overthe cirenits by virtue of induction through

| said devieces from both of said poles.

transmission, and distribution of e]ectrlc cur- -

70

30

2. An organized system for the prodaction

and dlstubutlon of electrical énergy, consish-

ing in the combination of apparatus for pro-
ducmﬂ' a suitably-varying eurrent, and one or
more lines or eirenits connecting the opposite
poles of the current-producing appamtus one
or more of said lines being divided 1nto see-
tions by condensers, cach section havi ing sub-

stantially the same potential al its end& as the
nndivided line would have had and being
substantially a countellmb of s"ud undivided
Hne.

3. The combination of app'u* atus for pro-
ducing a suitably-varying carrent 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 condw%els each such section
being adapted for the utilization of the cur-
rent passing over it in electrical apparatusin-
serted in it.

4, The combination of flpp‘uatus for pro-
ducing a suitably-varying current 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 ot said
sections being practically independent of the
others as regards the character of the current
passing over it or through the eleetrical ap-

1).;1 atus inserted 1n 1t.

5. The combinationofapparatus for produe-
ing asuitably-varying current and one or more

GO
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lines or circuits connecting the opposite poles -

of said apparatus, one or more of said lines
being divided into sections inductively united
throueh condensers, whereby each pole acts
by induection over the whole line to the other
pole and cach 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 ehanging the vary-
ing to a straight current.

7. The combination, substantially as de-

[20

125

130

scribed, of dynamo-electric apparatus for pro-
ducing a suitably-varying current and one’or
more lines connecting the opposite poles of
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said apparatus through condensers, and a cir- | to the opposite poles of said apparatus through

cuit containing the field-magnet coils of said
apparatus.

8. The combination of apparatus forprodue-
ing a sultably-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. I'he combination of dynamo-electric ap-
paratus for producing a suitably-varying cur-
rent and a c¢ircait contalning its field-magnet,
coils in closed ecircult with one or more coils

of the armature, with one or more external or

working circuits connected to its poles through
eondenserq

10. The (,mnblxmtmn substantially as de-
seribed, of apparatus f01 producing a sultably-
varylng current, one or more lines connected
to the opposite polesof said apparatus through

- eondensers for transmitting said carrent, and
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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 current,one or more
lines or cireuits connected to the poles of said
apparatus tbrough condensers, apparatus in
sald circuit for changing the character of the
current flowing over it and sending it through
a local ecircuit connected to sald apparatus,
then on over the line,and an electrical receiver
in said local circuit for utilizing said changed
current.

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

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 sald 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 eurrent.

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-
ual line. |

15. The combination, substantially as de-
scribed, of apparatus for producing a suitably-

varying current, one or more lines connected |

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 opposibe 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 over each of said
lines.

17. The combination of apparatus for pro-

~dueing 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 individnal line, means for produc-
ing a continuous current, one or more lines for
transmitting said eurrent, 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 sultably-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 individuaal line, one or more lines

connected to the Opp(}Slte poles of said appa-

ratus for transmitting sald varylng current

bodily, means for giving any desired potential
fo the current sent over cach 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 eurrent sent over each of said lines,

19. The combination, substantially as set
forth,of apparatus for producing a suitably-va-
rying current, one or more lines or circuits
connected to the poles of said apparatus and
divided into sections inductively connected
through condensers, and a conductor connect-
ing one of said sections to earth through a

- su1table resistance.

20. The combination, substantially as de-
seribed, of apparatustor producing a suitably-
‘arying current, one or more lines or circuits
connected to the poles of sald 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-
scribed, of apparatus for producing a suitably-
varying current, one or more lines or circuits
connected {o the poles of said apparatus and
consisting of sections inductively connected

' through condensers, eachsection peing divided

into as many derived circuits 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 asuitable number of sectional lines,
such as described, arranged on the multiple-
wire system of conductms, subsbantlally as set
forth.

23. The combination, substantially as de
scribed, of apparatus for producing a suitably-
varying current, one or more lines or cireuits
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 connecbmg 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, generafing 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 to its 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. 1n a system such as described, the com-
bination of an electric generator chargmn' con-
densers connected to 1ts poles, a line connected
to said condensers and divided into sections,
and condensers inductively uniting said sec-
tions into a sectional line and caused by the
terminal condensers 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
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but separate and independent currents in and
over the several sections by the simultaneous
inductions of the section-condensers, whereby
the electrical resistance of saild line is practi-
cally reduced to a mimimum.

28. In a system such as described, the com-
bination ofapparatus farnishingsuitably-vary-
ing currents, electro-motive force or poten-
tial, a sectional main line conveying varying
currents therefrom, a local ecircuit 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 cireuib.

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

-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 capaci-
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 amouunt of
energy in each of the sections by the repeated
inductions and electrical attractions andr epul
sions at the several condensers.

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

connected through condensers, self-regulating

apparatus for automatically supplying suit-
ably-varyiog currents as needed on said line
or-lines, and connected to said line or lines

through suitable polar condensers, and elec-

trical apparatus in said line or lines utilizing
said currents.

32. The combination of 2 sectlonal line con-
sisting of sections inductively connected
through condensers, self-regulating apparatus
for automatically supplying suitably-varying
currents as needed on said line and properly
connected thereto, and suitable resistances in
the sections, havmg the maximum section 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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