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Application filed October 7, 1885. 
F orning part of letters Patent No. 383,520, dated INIay 29, 1883. 

Serial No. 179,371. (No model.) 

To ?till, it'? O7), ii. 7] (ty conceria: 
Beit known that I, CHARLESEDGAR FRITTs, 

a citizen of the United States, residing at New 
York, in the county and State of New York, 
have invented certain new and useful Improve 
ments in the Production, Transmission, and 
Distribution of Electricity, of which the fol. 
lowing is a specification. 

Heretofore currents have been produced by 
any Suitable 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 
all cases, if the conducting circuit is opened 
or broken, all the apparatus upon it become 
inoperative, as no current flows unless the cir 
cuit is completed. In my system, if the cir 
cuit is accidentially 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 does not dis 
able the generator, (if a dynamo-electric ma 
chine,) as is usually 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 
of the circuit, to render consumers independent 

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 consul inherS. 
My invention consistS in producing, by any 

suitable or known nealis, a varying current, 
whether alternating, undulating, or inter 
rupted, there with charging 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 circuit, each of which is inductively 
united to the adjacent Section by a condenser 
in like manner, and the last one to the other 
pole of the genei'ator, repeating this operation 
fast enough to keep the electrical impulses 
constantly flowing over the line. 

It also consists in SO combining the before 
mentioned sectional circuit 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 circuit is broken in every 
section the generator does not break (iowl); 
that there is not necessarily any complete cir 
cuit, in the general acceptation of the term 
* closed circuit, either in the generator or 
Outside of it; that the generator is neverthe 
less capable, if desired, of Sending out either 
rarying or constant currents, or both, Gyer 

ceding arrangements Ol' Simultaneoisily tiere 
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 are already known 
or in use, and I therefore do not herein de 
Scribe them. 

I do not claim the method employed in this 
application, reserving the same for another 
case, as I have, in a Separate application dated 
January 5, 1887, prayed that Letters 
be granted to me for that portion of my in 

of the Original generator as regards the chair 

, Paten 

vention. 
As the invention claia ed in this case is sin 

ply my new arrangement and Organization of 
elements, already Well known and understood 
by electricians and those versed in the art, I 
do not give detailed descriptions or drawings 
of their construction further than may be 
needed for a full comprehension of my arrange. 
ment aid use of the Sanle. 
As the simplest type of lay system will 

explain Figure 1 as follows: 
The generator is for the moment supposed 

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

M. Mare the field-magnets; A 
with two brushes leading the 
poles PP of the machine. 
The pole-pieces and other minor parts are 

Omitted for the Sake of clearness in the draw. 
ings, not being necessary to the explanation. 
To the poles are attached conductors lead. 

i. 
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it reaches its normal or working strength; but 

ing to the nearest armatures of the condensers 
K' and K, respectively. To the other arma 
tures of the condensers are connected two cir 
cuits. One is the working or external circuit 
divided, we will say, into four sections by the 
condensers IK. K. K', as shown, the adjacent 
terminals of each section being electrically con 
nected to the respective armatures of the con 
denser between them. The other is the field. 
magnet circuit and extends between K'and IK, 
as before, passing through an apparatus, St, 
for straightening alternating currents, the ad 
justed or straightened currents proceeding 
from binding-postp' through the field-magnet 
coils MMI of the generator, then back to post 
p', and thence through St 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, which charges the two condensel's KK, 
and they send a like impulse through the field 
magnet coils. By the process of cumulative 
effects or action and reaction between the 
field-magnets and armature, well understood, 
the current gradually becomes stronger until 

this result will be reached more quickly if the 
poles PP are connected directly to St, as in 
dicated by the dotted lines topp', until the 
field-magnets are fully energized and the gen 
erator working properly. Then condense's 
K K are connected, as shown by the fuli 
lines, and a practically continuous straight 
current flows through the field-magnet coils M 
M, while an alternating current flows through 
the working-circuit. This is 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 
its own potential. The outer half of K is 
thereby charged negatively by induction to an 
equal potential, and a positive impulse is sent 
over the first section of the circuit, and charges 
the nearest half of K” positively to a potential 
substantially equal to that of K. By a simi 
lar induction in IX an impulse is sent from K' 
over the next section of the circuit to K, and in 
like manner over the section between K” and 
K", and that between K' and K, at the other 
end of the circuit. As the positive inductive 
action from the end at K is re-enforced by the 
negative inductive action from the other end 
at K, the loss of potential at the intervening 
condensers is very slight unless the circuit is 
very long and of high 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 positive impulse is from pole P, which 
charges condenser K positively and sends a 
positive impulse over the several Sections of 
the circuit from K to K' in the manner al 
ready described. Thus there flows over the 
several sections of the circuit as many distinct 
currents, each consisting of impulses in alter 
nately opposite directions, substantially like 

383,520 

that which would be sent over a continuous 
circuit between P' and P', and it acts in a like 
manner upon any apparatus which may be in 
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 insulation capable of bearing 
the potential of the initial generator without 
injury. They are to be charged 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 current 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 
the earth-connections, when any exist,) and that 
it is decomposed and separated by the inductive 
action of the condensors, which drives the posi 
tive and negative portions over the sections 
in obedience to its varying status, and that 
the energy required for this action is very lit. 
tle. Consequently there is only a small amount 
of energy expended beyond that transformed 
into useful work in the electrical receivers in 
the various circuits, and the system is highly 
economical, in addition to its other advantages 
pointed out herein. 

Fig. I shows the field-magnets in shunt with 
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 to the action of the 
like arrangement with continuous circuits. 
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. Fig. 3 shows 
them in 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 Pip" and P. p. 
are onnitted. 
In place of the arrangements which include 

the current-straightener St, a dynamo with 
two commutators or collectors may be em 
ployed, fronn 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 PiP are the poles for the alternating cur. 
rent, and P. 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 al'matures, or otherwise. 

Fig. 4 shows the field-magnet coils in series 
with the external straight - current circuit; 
but they may be in shunt with it, as in Fig. 5, 
or may be separately excited, as in Fig. 6 or 
in Fig. 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 furnishes the alternating cur 
rent for the external circuit, The exciting 
arlmature has also a second commutator at its 
other end, frolin which alternating currents 
may be sent by poles P P to either sectional 
or continuous circuits, to relieve the overten 
sion of the achine when in full action. As 
the coils of the arnature and the field-magnets 
would otherwise be in closed circuit, the in 
tensity of the magnetic field would soon be 
come enormous, frolin the absence of any ex 
ternal resistance and no waste of current, all 
being used in exciting magnetism by constant 
action and reaction. Consequently, with the 
arrangement shown in iFig. 5, a very few coils 
of the air nature would suffice to keep up the 
magnetic field. 
Of course, continuous-curreut plachines may 

be employed and an apparati's used to change 
the straight into ai ternating currents for the 
condensei's-such, for example, as that de 
scribed by irowbridge and Hayes in Siliiman's 
Journal for hiay, SS5-or any other suitable 
for the purpose. 

Instead of alternating currents, interrupted 
i. currents may be used in any systein, produced 

in any suitable or well known way. 
Fig. S hay represent a revolving circuit 

breaker, B, whose surface is equally divided 
betweel colleting } { 
spaces, (the initel' lycing di':wn lack, as indi 
cating that they are lot connected to the gen 
erator, but g's) deci (; ; otherwise arranged 
for discharging.) with two pairs of brushes 
bearing teleon, having their edis one space 
apart. The spaces on left : 'e connected 
to the positive gene i-pole, aii those on the 
light with the legati 7. V pole. As 33 revolves, 
the curitent, is set first into Ole set of co 
densers, the into the other. This is not in 
tended as a working drawing, but to show that 
the condense's are to be alternately charged 
with electrical impulses, one set being discon 
nected from the generator and discharging 
while the other is connected and charging, 
and each line is occupied by intermittent ill 
pulses. Any suitable circuit-breaker may be 
used, and wit is a single divided circuit in 
stead of two, if desired. Undulating currents 
may also be sent and utilized in a like nanner 
as alternating ones, with this exception, that 
the condense's will only sent a cu 'rent cor 
responding to the difference between the great 

ion - cottcting 

est and least strengths, or to the amount of the 
variations in the initial currents. 
My system is not adapted for sending con 

tinuous or straight currents, 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 cul'rent, sending it as such to the place of 
use and there reconverting it to a straight cur 
rent, or by first dividing it into two equal in 
terrupted ones, transmitting each over a sepa 
rate line, and by any Well-known means caus 
ing both to pass through the utilizing appa 
ratus, the ill pulses of one filling in the inter 
missions in the other, and by their reunion 
forming a solid current, as illustrated at V in 
Fig. S, which thus supplies a local circuit with 
a Solid current, 

I do not claim herein that division or part 
of my system which consists in starting with 
continuous or straight currents and convert. 
ing them into interrupted, undulating, or al 
ternating currents for transmission in the 
manner described, as I have another pending 
application therefor, together with many de 
tails of the construction and arrangement of 
the lines and apparatus in my system, filed 
October 18, 1886, and I shall claim all such 
matter thereira. 
ly object in showing the foregoing differ 

ent arrangements is to illustrate that my sys 
ten is not limited to any particular kind or 
class Clf electrical generators, but may be used 
with any, and to explain how it may be done. 
It will therefore no longer be necessary to 
show the complete arrangements of the gen 
erators, but in subsequent drawings only the 
coalinutator and brushes will be given, it be 
ing understood that the field-magnet coils may 
be wound and connected up according to any 
well-known or suitable system preferred, or 
that any other generator may be connected to 
tle poles shown in the drawings; also, that 
regulating devices lay be used in either the 
external or the field-agnet circuit, as usual, 
and that it taking of currents of whatever 
character from the high-resistance closing cir 
cuit between the poles of the generator any 
desired potential may be given to them by 
haking the connections nearer to the poles or 
to the middle or point of Zero-potential, as a 
higher or a low ci' hotential is required. This 
closing-circuit is shown more fully in Fig. 4, 
where it is represented as divided into sec 
tions with artificial 'esistances R between 
them, so that connections can be made at any 
desired points by plugs or otherwise, all of 
Winich is Well understood by electricians. 

It will now be Seel that while on an ordi 
nary or continuous line the point of zero-po 
tential is in the center (of resistance) of the 
entire line, in my system it is in the center of 
each section, and the points of highest and 
lowest potential at the ends of the line are re 
peated at 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 can still be used, although the difference of 
power to take off currents of such volume 
and electro-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 but one con 
ductor between the condensers he gets the en 
tire volume of current passing over the cir 
cuit. On the other hand, if le divides the 
current between two ol' four conductors con 
taining equal resistances, as between K" and 
K", Fig. 10, each will receive one-half or one 
fourth as many ampères as the One would, 
and by proper adjustinent of resistances he 
can control the difference of potential at 
the terminals of his apparatus. This can be 
done in different ways. He may insert his 
electrical receiver in the single wire of a 
section and get a difference of potential cor 
responding to its resistance, as shown be 
tween K and K" in Fig. 9. If his receiver 
El has one-fourth the resistance of the entire 
Section it will laye between its tellininals one 
fourth the difference of potential between the 
condensers. Between 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 will de 
pend on the respective resistances of the va 
rious apparatus and conductors, as will be 
readily understood. K' 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 current 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 branch 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 difference of potential 
at all points in 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 could 
be obtained as described with or without a 
change in the quantity or volume of the cur 
rent for use in a local circuit, he may use some 
form of induction coils for that purpose, as 
the '' transfortners of Gaullard and Gibbs or 
those of Zipernowski and Déri, as represented 
by T) in Fig. 10, where a local circuit is shown 
containing electrical receivers fed by the trans 
formed current El and l. The electrical re 
ceivers may be electric anps, motors, or 
any other electrical apparatus. If the line 
breaks the ends may be grounded until repairs 
are made, as in Fig. II, whereby the appara 

sistance, as shown in Fig. 10. 

tus between the next condenser and the earth 

potential is only one-half as great as before 
the breakage. 
Of course a number of circuits may be run 

between two condensers, as shown in Fig. 12, 
each receiving a current of the same potential, 
and the strength (or ampères) in inverse pro 
portion to the 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 sections 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 as 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. 

This resistance 
may, of course, be composed of any suitable 
electrical receivers for utilizing the current 
flowing through the grounded circuit. The 
resistance R should be sufficient to prevent 
this circuit 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 
dictors alongside, whose currents 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 at each pole 
Will answer for both circuits. 
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. Each current enters 
the apparatus straight and emerges alternat 
ing. On its return to W, at the other end 
of the external circuit, it is straightened again 
by its passage through W, and returns so to 
the other pole of the generator, thus complet 
ing its circuit. 
For the system in Fig. 15 the apparatus 

should be adapted for manipulating three cur 
TentS. 
The arrangements drawn in Figs. 14, 15, 
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to the generators may have their return-halves 
united into one, as there drawn, 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 Figs. 14 
and 16 the interior or united part would then 
be replaced by two, thus making two complete 
lines, or four halves, instead of three, as shown. 
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 coinciding 
in their alternations, (or interruptions,) 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 circuit, instead 
of returning to the other pole of the same 
generator, Yill then return to the opposite pole 
of the twin generator, as shown in Fig. 17. 
The complete circuit would then include two 
generato's instead of the one shown in Figs. 
1 and ii. The principle is the same as 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 togethel' any number of machines neces 
sary to produce the desired strength of cur 
rent or inductive action, either as one machine 
or apparatus or at 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 technical terms in for 
mulas convenient for use in working; but, first, 
I would observe that although there is a slight 
loss in the action of condensers, as before 
stated, it is not SO large as is commonly sup 
posed. In fact, with a properly-made con 
denser momentarily charged, as is 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 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 'educed in proportion to the number 
SO Collected. If ten 1-E. condelasers are cou 
nected in series, as shown in the drawings, 
with the distant end of the line connected to 
earth, as in Fig. 11, the working or series ca 
pacity L-F. of each condenser will be one-tenth 
farad; but that does not 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-F. 
when so connected, they act as one-tenth farad 
condensers, and that capacity 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 

s 

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 connected together. The line or 
series capacity L-F. is the capacity in farads of 
the polar or terminal condenser (or any one 
in the series) when so connected, and is ob 
tained by dividing the absolute capacity of 75 
the individual condensers when alone by the 
number N in the Series. Thus: 

L-F=F. (1) 
N 

The charge or quantity of electricity which 
a single condenser can contain is expressed in 
coulombs, (coul.,) and is found by multiplying 
the capacity F. by the difference of potential 
(D. of P.) between its opposite plates or sides: 
Coul. -- FXD. of P. of condenser; but winen 
connected in Series each One takes the Saline 
charge as the polar condense 'eceives fren) 
the generator, and the formula for each is then: 
Coul. = L. F X D. of P. of condensei's, (2. 

If sufficient time is allowed for charging, the 
is. of P. of the condensers will be ecial to 
E, the D. of P. between the generator poles 
i. e., when both ends of the line are connected 
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 end 
of the series is connected to one pole, and the 
other end and other pole are connegted 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 saint of 
--E and -- E, and the formula is unipolar D. 
of P. of condensers = 2 X D. of P. of generator. 
(4.) 

I transmit currents of as high electro-inotive 
force as possible to utilize in the electrical re 
ceivers in the line, because high i. of P. in 
creases the charge which a given size e?condens 
ers will contain, and therefore increases the 
Work which a small Condensei can do. It also 
causes the current to have a higher D. of P. 
and greater power to overcoille resistance, or 
allows a greater volume of current through a 
given resistance. 
The D. of P. of the current flowing between 

the condensers in a line on my systein will be 
that of the condensers-i. e., in an alternating 
current, the D. of P. (between the extreme 
positive and negative points of the current) will 
be equal to the D. of P. between the condens 
er-plates, and with an undulating 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; but the D. 
of P. of an alternating current as measured 
by the usual voltmeters-such as Cardew's- 
does not indicate the D. of P. 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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marily be considered that the D. of P. of cur 
rent as measured = 3 D. of P. at condensers. 
(5.) 
The volume of current which flows in a con 

tinuous circuit is expressed in ampères 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 
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 points about them are still involved 
in uncertainty. Sufficient exactness for a 
Working rule will be obtained by talking one 
half D. of P. at the condensers as the average 
D. of P. of the current, corresponding to an 
equal electromotive 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 

D. of P. at condenser (6) R. 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 

A. 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 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 cut 
down, and the condensers do not become fully 
charged up to the proper D. of P. in the time 
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 
er's 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 
current 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 calculated factors of a 
line may be readily tested and corrected to 
suit the peculiarities of any given current by 
Simply increasing the normal R. of a section 
till the standard measured D. of P. of the 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 currents, 
as given in formulas 5 and 7. 

It is obvious that the resistance in the sew. 

On 
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eral condensers should be approximately the 
Sane for this reason. At 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 resistances in the sev 
eral sections will be approximately the same 
(or, at least, not above the standard R. of a sec 
tion) at any particular time, although they 
may 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 so long as the charge 
stored in the condenser can supply the requi 
site electricity 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 charges should 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, and so that at the in 
stant when they become so charged they will 
be caused to begin to discharge. To ascertain 
the speed required with a given line or series 
of condensers, I need only find how long the 
charge stored up in the condensei's will sus 
tain the current which will ?low in any given 
CS.e. 

A coulomb of electricity will keep up a cur 
rent of one ampere for one second, or a smaller 
current for a longer time or a larger current 
for a shorter time. The volume of current 
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 current 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. '''''' (S. T (S.) 

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 variations in 
an undulating charging current; or with cur 
rent-varying apparatus for charging having a 
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 for supplying that current by the formula 
r x , als. (9) i). Of i. of condense N 

And each condensel in the line should have 
the absolute or individual capacity 

TXAXN 
F-: , , , , - - - - - - - - - - 10. F iD. of P. of condensers. (10.) 

In a railging a system, therefore, I proceed 
as follows: If I want a one-ampère current and 
one thousand volts D. of P., as measured, I 
shall require (as a general rule) one thousand 
ohns resistance in the sections, or in the one 
having the highest resistance. So, in any other 
case, Suit the R. to the ). Of P. in formula 6 
or 7 to get the current, I want. A 1. F. con 
denser charged to one thousand volts D. of 
P. (formula 3) contains one thousand coul 
lombs, which will supply a one ampère current 
(through five hundred ohms, formula 6) for 
onc thousand seconds, (formula S.) Instead 
of that, it would supply one thousand amperes 

i-Fi. 

for one second, fifty ampères for twenty sec 
Onds, one hundred thousand anpères for one 
one-hundredth second, or any desired modi 
fication of these quantities, provided that D. of 
P. --R. (formulas 6 and 7) is in each case so 
adjusted as to permit the desired current to 
flow through the conductor. 

In order to keep the in pulses continuously 
flowing ove; the line in one direction or the 
other, i repeat the charges as rapidly as they 
are discharged in each case. For instance, if I 

lmy condensel's are so small that they will keep 
up one ampere of current for only one two 
hundred-and-fiftieths second, I reverse the 
charging-current two hundred and fifty times 
per Second, ald the successive discharges then 
Supply a continuous alternating current on the 
line. 

It is c{}}}}} only supposed that in order to 
get a curreni, or iii pulse of any considerable 
Volune 2 (Old Ciser of eligious size is re 
quired. The foi'egoing for has prove that 
Such is lot the case. A coaleiser of the size 
commonly used 
microfili'a is : a city, chi'ged to two hot 
Sand Voits i. () ( .. contains one one-hundred 
and-twenty fifths coulol), which will supply a 
two - all pere cli'i'i it ?t' (ne two - hundred 
and-fiftiethis second. ''his, with a charging 
generator 'eversiing two htli died and fifty 
times a Second, his tiny condenser will keep 
a two - ampère altel' inting cilient to wing 
through five in tired ohns resistance 
translit over two aid two-thirds horse-power 
in electrical energy; or a - F. condenser, with 
the same speed of reversils, the same i). of P., 
and having one five-lindredths on resist 
ance in the c{}}ll actor's, Will keep an alternat 
ing current of five hundred thousand ampères 
and one thousand volts flowing with electri 
cal energy, equivalent to 60,241 horse-power, 
minus one el' cent. or less for loss in the 
condenser. The volume of current flowing 
in the sections being governed by the ratio 

telegi' phy, or of only four 

ad 
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of i. to D. of P. is 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 herein before explained, they 
will supply the current required. The method 
of regulating and governing dynamo-electric 
generators to get constant potential and vary: 75 
ing current, constant current and varyingpo 
tential, or current and potential both constant, 
either iy electrical or mechanical arrange 
lments, is now so well understood by all elec 
tricians that it will not be necessary to ex 
plain those points any further than has al 
ready been done, only to say that the capacity 
of the condensel's should be sufficient for the 
greatest volume of current they will at any 
time be required to furnish. 
Telegraphic and telephonic lines have been 

proposed consisting of sections connected to 
gether by condensers; but such a line is con 
nected to one pole only of the generator and 
is intended to actuate apparatus at the other 
end and to deliver to the utilizing apparatus an 
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exact reproduction of the initial current, 
whereas nine is adapted to actuate apparatus 
in every section of the line, giving in each one 
a current which may be quite unlike that in 95 
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 
nected thereto, so that both poles exert an in 
ductive action over the whole line, each assist- IOO 

Want an alternating current of one ampère, and ing the other, and both poles being virtually 
repeated at the ends of each section. More 
over, my receiving apparatus are not connected 
to earth, but are in the lie and without the 
earth connections employed by others. 

Niv invention is not the transmission of 
identical or uncharged single-signaling im 
pulses or etiri'ents over a line having one end 
connected to the current generating and vary 
ing apparatus, for utilization exclusively in re- I lo 
ceiving apparattas in the terminal Sections of 

lO5 

the line, but the transmission over a line hav 
ing one o' both ends connected to the charg 
ing apparatus and adapted for insulated elec 
trical receive's in every section of an almount I : 5 
of electrical energy in current whose charac. 
er may be indefinitely varied at many points 
let wee) the polics of the generator, as may be 
required by the electrical receivers there for 
urposes of utilization. 
A other pectaiiarity of inly system is that 

there is little or no tendency of my currents to 
escale iron the line to earth, as in all pre 
vious systeins, because these currents, being 
produced by inductive attractions from both 1 25 
ends of the line, are more strongly drawn 
there than to the earth, and theire 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 i3O 

12C 

is that the currents when they arrive at the 
condensers and become “charges' are “bound' 
therein and are not liable to escape even if an 
earth-connection is provided. These two facts 
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denser-say K-that energy will be expended 

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 have only one-half the potential and 
about one-third of the strength of the normal 
Currents over the line. If he touched the line 
at 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 further advantage of my system is that by 

the duplicating or repeating of the inductions 
over Sections of line the resistance of a long 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 same 
amount of energy, and I can use a conductor 
that is very much smaller and iess expensive, 
although my line is many times the longer. 
This fact will be evident on consideration of the 
laws governing the indictions of condensers; 
but the crowning peculiarity of my system is 
the method of and economy in the transmission 
of power. Supposing that we have a sectional 
line arranged, for example, as in Fig. 1, and 
charging the polar side of the terminal con 

in putting K'in alike condition. The energy in 
K'is then expended in putting K'in like condi 
tion, and SO on to the end, currents being sent 
over the conductors connecting the several 
condensers, whose potential 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 
densei's at its ends. This current may be util 
ized in overcoming resistances or doing work 
on the Section like all other currents-that is 
to say, the original amount of energy expended 
by the generator is reproduced in the several 
Sections by the inductions and electrical at 
tractions and repulsions iu the several con 
densel's, 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 described, for it is evident 
that they may be widely varied without de 
parting from the principles of my invention, 
as will be readily 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 electric cur 
rents, consisting of the combination of appa 
ratus for automatically producing 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 circuits being inductively con 
nected to the poles through 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 electrical energy 
over the circuits by virtue of induction through 
said devices from both of Said poles. 

2. An organized system for the production 
and distribution 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 sec 
tions by condensers, each 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 connbination of apparatus 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, each such section 
being adapted for the utilization of the cur 
rent passing over it in electrical apparatus in 
serted in it, 

4. The combination of apparatus 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 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. - 

5. The combination of apparatus for produc 
ing a suitably-varying current and one or more 
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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 
through condensers, whereby each pole acts 
by induction over the whole line to the other 
pole and each assists and sustains the induc 
tive action of the other. - 

6. The combination, substantially as de 
scribed, of dynamo-electric apparatus 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 
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 
cuit containing the field-magnet coils of said 
apparatus. 

S. The combination of apparatus for produc 
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 suitably-varying cur. 
rent and a circuit containing its field-magnet 
coils in closed circuit with one or more coils 
of the armature, with one or more external or 
working circuits connected to its poles through 
condensei's. 

10. 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 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 current, 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 the line, and an electrical receiver 
in said local circuit for utilizing said changed 
Current. 

12. 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 for transmitting said current, means 
for also producing a straight current, and one 
or more lines connected thereto for transmit 
ting said straight current. 

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 
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 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 
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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 over each of Said 
lines. 

17. 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, 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 current 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 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 
Suitable resistance. 

20. The combination, substantially as de 
scribed, of apparatus for producing a suitably 
varying current, one or more lines or circuits 
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 
scribed, of apparatus for producing a suitably 
varying current, one or more lines or circuits 
connected to the poles of said apparatus and 
consisting of sections inductively connected 
through condensers, each section being 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 
5 ratus for producing a suitably-varying cur 

rent, with a suitable number of sectional lines, 
such as described, arranged on the multiple 
wire system of conductors, substantially asset 
forth. 

Io 23. The combination, substantially as de 
scribed, of apparatus for producing a suitably 
varying current, one or more lines or circuits 
connecting the opposite poles through con 
densers, one of the sections of such wire or 

I5 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 

2O 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 

25 give them correspondingly-varying electric 
charges, and thereby inducing currents orim 
pulses over the conductor connecting their 
opposing sides or armatures. 

25. The combination, substantially as set 
3o 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 

35 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 

4o and to attract the same to the condenser-plates 
attached to its ends by simultaneous 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 

45 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 

5o 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 

55 densers connected to its 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 

6o 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 

but separate and independent currents in and 
over the several sections by the simultaneous 65 
inductions of the section-condensers, whereby 
the electrical resistance of said line is practi 
cally reduced to a minimum. 

28. In a system such as described, the com 
bination of apparatus furnishing suitably-vary- 7o 
ing currents, electro-motive force or poten 
tial, a sectional main line conveying varying 
currents therefrom, a local circuit distinct 
from the circuit containing the generator, an 
induction-coil having primary coil or coils 75 
acted upon by the currents of said sectional 
line and secondary coil or coils in the local 
circuit, and one or more electrical receivers in 
the local circuit. 

29. In a system such as described, the com- 8o 
bination of a sectional main line, a conductor 
therein conveying line-currents, a local cir 
cuit distinct from the generator-circuit, and 
an induction-coil having primary coil or coils 
acted upon by the line-currents, and second- 85 
ary coil or coils in the local circuit. 

30. In an organized system for the produc 
tion and transmission of electrical energy by 
repeated inductions, the combination of agen 
erator expending a certain amount of energy go 
in charging condenser's 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. 95 
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 Ioo 
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- Io5 
tional lines consisting of sections inductively 
connected through condensers, self-regulating 
apparatus for automatically supplying suit. 
ably-varying currents as needed on said line 
or lines, and connected to said line or lines IIo 
through suitable polar condensers, and elec 
trical apparatus in said line or lines utilizing 
said currents. 

32. The combination of a sectional line con 
sisting of sections inductively connected r 15 
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, having the maximum section re. I2O 
sistance properly adjusted to determine the 
volume of current flowing over the line. 

CEHAERLES EDGAR FRITTS, 
Witnesses: 

D. L. HoLBROOK, 
H. B. COLT. 
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