TELEGRAPH ELECTRIC CIRCUITS,

CHAPTER XXXV,

Elactric Cirenits on Burepean Lines—Cireuit of the Main Tine deseribed—Ad-
justmment of the Line Batteries—Early Ezperimental Oiveuita—The Stager
Componnd Cirenita—Combiniag of Elecfria Cirenits.

BELECTRIC CIRCUITSE ON EUROFEAN TELEGRAPHIS.

In the present chapter it is my purpose to explain the simple
and compound electrio cirenits as applied to the working of the
telegeaph, with special reference fo the Morse system. As a
preliminary, it is important for the reader to be mformed, that

Tig, L.

on the Enropean lines the curcent of electricity is transmitted
over the wires by the manipolating station. In its normal or
rest state, the line wire iz free from the voltaio current. The
reversa of the above is the practice on the American lines.
Their normal siate is electrical.  They are confinuonsly charged
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with the valtaie foree, and the manipulation for the transmission
of information hreaks the flow of the earrent.

In further explanation of the above, | would refer the reader
to fig. 1, which represents the European line, when heing oper-
atedd,  The two stations are a and b, and the former is transmit-
ting to the latter.  In the normal state of the line, the key = at
station a wonld be elosed in the rear and open in front, exactly
as represented by the key & of station 8. As the key is closed
at a, the battery foree of A charges the line. 1f the key of 4 was
connected with the line, as the key of 8, there wonld be no cur-
rent on the line, becaose there wonld be ne metallie cireuit
formed with the respective batferies.  The base of the keys
shown in the figure does not givi a metallie eirenit.  The front
is not metallically conneeted with the back part.  The battery
I of station pis in its normal condition, that is, inactive. The
eourse of the current generated by the battery b, of station a;
follows the route indicated by the arrows, thus : through the
anvil of the key, the key lever s, over the line wire to the lever
&' of station 8 thenca from the rear of the key through the
magnet m’ to The earth phate ¥ themes toengh e corth te the
plate p; from the plate ¢ the enrrent ascends with the earth
wire of station a, and traverses the magnet m, and thence to
the zine end of the battery & Thus the cirenit is made eom-
plete.  If the lever s of station o is elevated from the eontact
shown in the figure, there will be no current on the line,  The
moment the battery is placed in the eircuit, the current
flows over the whole route.  The station B is receiving, and in
ecase the operator at B wishes to respond to a, or to inferrupt
the transmission, he presses the lever 8" upon the anvil several
times, and the effect upon the magnet m at o is at once seen,
and the operator at 4 stops to ascertain the canse of the inter-
ruption,  The operator at B then makes his explanations, dur-
ing which process, the key lever s at a is elevated by a spring
in front, so that the rear end is in contack with the metallie
projection of the base; and the battery & of station & is active,
and the baftery & of station a is inactive.  The above explana-
tions pertain wholly to the single or main eireuit.  The route
of the eurrent and the mode of nterrupting it, by the opening
and closing of the cireutt, have been deseribed. It is necessary,
however, for the reader to remember, that the wires ponneeting
the rear ends of the respective keys with the wires between
the batteries and the magnets, are not used on the Ameriean
lines; erase them from the figure, and the eirenit will be com-
posed as practically operated in America, excepting the key &
of station s should be closad as ;pmnnt&d at station . Hav-
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Fig. 2.
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ing fully explained the main eircuit, I will now proceed to
deseribe its functions telegraphically applied.

THE CIRCUIT OF THE MAIN LIXE DESCRIBED.

Figure 2 represents two siations, for example, New-York
and Washington, distanee 250 miles. The normal state of the
line is shown, the carrent fowing continuously as indicated by
the arrows.  The right hand station 4, is New-York, and the
left hand, B, is Washington. The numerals at the two stations
indicate the same parts at each respectively : 1, 1, are the elee-
tro or relay magnets ; 2, 2, the base frames of the keys; 8,8,
are the key levers: 3,3, are the register frames; 4,4, the
register or local magnets; 6, the line ; and 7, 7, the pen lever ;
p, 7y are the platina or positive poles of the batteries, and z, z,
are the zine or negative poles of the batteries, The zine end
of the battery at Washingfon is conneeted with the earth, and
the platina end is joined to the line wire. At New-York, the

latina end of the battery i= joined to the earth wire. TIn
gure 1, the batiery is plased between the magnets and the
keys; in figure 2, it is placed betwesn the magnet and the
earth. The proper place for the battery is as represented in
fig. 2, that is, next to the earth,

In fig. 2, the current generated at Washington, follows the
wire to and fraverses the magnet 1, thenee to the key 8 over
the line 6, fo New-York, thence into the office to the key 8,
thence to and throngh the coils of the magnet 1, thence to
the zinc pole of the battery, and after traversing the different
eells it proceeds from the pole © to the earth. The reader will
observe that the hatteries are always consbrueted, so that the
poles will be in the sams direction,  If the poles p and r were
united, the battery wonld be ineffective.  The special fonetion
of this cirenit is to generate magnefism in the soft iron cores
of the magnet 1 and 1. When the current flows throngh the
eoils, the iron eores beeome magnetized, and when it ceases to
flow they are demagnetized. The passage of the voltaie cur-
rent over the wire and through the spools or bobbins, instan-
taneonsly produces magnetism in the iron eores.  When the
line and the iron cores are thus chatged, the avmatures of the
magnets are immediately attracted, which aetion eloses other
mdependent eirenits.  The dotted lines indieate the latter, or
loeal eirenits, which mn from the armatures of the mag-
nets 1, 1, to the batteries 1, 1; thenee to and traverses the
spools of the magnets 4,4, of the registers, and thenee to the
armatures of the magnets. The opening and closing of these
local enrrents attract or let go, the armatures 7,7, of the
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registers, The special and only fonetion, thevefore, of the
main eirenit is to open and eloss the loeal eirenits in each office
on the line, and the local eirenit gives motion to the writing
or imprinting pen levers, 7,7, in each register.

Having described the arrangements of the two end stations
of a telegraph line, I will now explain the organization of a
line having on it one or more local stations.  'The terms main
and local apply to the special arrangement of the batteries ;
for example, New-York, being the end of the line, the main
batiery is located af that station, Philadelphia, Baltimore, and
other places, do not require batteries other than on their local
cirenits. Practically, however, the above places have main
batteries for general application, on oue or more of the many
wires connecting those cities with others.  The batteries at the
twa ends are fully sufficient to work the whole line, except
under eirenmstances of bad insulation. The loealization of
the main batteries give thosa places the name of “main
stations,” and the use only of local batteries and the faet of
their intermediate positions give fo the other stations the
narne, ** local stations.”  If an intermediate offics has & main
hattery, it is ealled a “ main station;"” as, for example, the
arrangement represented by fiz. 31 A, is & “ main station,”
and the other, n, is a * local station,” the former, &, represent-
ing Philadelphia, and the latter, u, Baltimore. The Baltimore
stution, it will boobserved, has no main battery, and the oar-
rent from the Washington line wive enters the station, passes

the key, 2, 8, to the magnet eoil 1, and thence to the
main auxiliary battery at Philadelphia, where the current pro-
ceeds from the platina end of the battery through the magnet
cails, thenes to the key, and thence to New-York. The local
hatteries are marked 6, 6, one of which has two cells, and the
other has threa, [t is usual to use but two; eccasionally, how-
ever, when it is not sufficiently effective, owing to its decay,
or from some other reason, the number is inereased to three or
mors,

Pigure 2 represents the two termini stations with their main
and local batteries; and figure 3, two intermediate places, one
a “local " and the other a “ main™ station.

A line of telegraph 300 miles long, can be successfully
operated when properly insnlated, in ons cireuit. In many
cases, lines have worked a longer distance, but as a practical
gironit on the American lines, 300 miles is a fair average
When the length of a line exoseds the power of the end bat-
teries to charge it effectually with the voltaie current, it is the
practice to place a main battery at an intermediats station, as
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represented by fig, 3. Suppose, for example, the line is 300
miles, and the stations are thus arranged. '

A dedfigBhiklC

00 miles.

Stations a, », and o, have main batteries and stafions; 4 ¢ If g
hi kand I are local.  The ecurrent traverses the whole line
from a to ¢, passing through the coils or spools of the electro-
magnets throughout the whele line.  If A transmits a message
to m, or ¢, all the other stations ean receive the same.  Bvery
magnet attracts and lets go its armatuve, every local eirenit is
opened and closed, and every pen lever is put in motion.  If a
wishes to send a message to all the stations, he fransmits a
signal, which indicates that fact, and in E:;apar tirme overy
operator puts in netion the elock-work of his apparatus, and
the dispateh is indented upon the ribhon paper.

If the line be 600 miles long, and the battery arrangements
fail fo charge it sufficient for telegraphing, it is the practice to
operate it by “ eomponnd eireuits,” and the application of an
apparatus called a repeater,

To thus arrange a line, it is necessary fo sever the cireuit at
the halfoway station », as represented b{'ﬂm following diagram.
The line is divided at n.  The section between 1 and » is 300

A def g Bhiklc
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miles long, and at 4 and » are earth wives and 1nain baiteries,
The seotion between » and ¢ is the same as the former.  Af s,
there are two batferiez and an apparatus that opens and oloses
the next eirenit in snecession, from the station manipulating.
Thus, when a transmits to o, the eireuit hetween a and nis
opened and closed by the operator at a, which, by the aid of
magnets, opens and closes the cirenit between s and o, If o
wishes to respond, he opens his eirenit and manipulates with
his key, whicgoautinn iz immediately pereeived hy the operator
at 4. Inthe same manner d and 7, or any other of the stations,
ean commnicate one with the other,  In general practice, it
is the enstom for the lesser intermedinte stations to transmit
their dispatches for places on ofher eirenits, to the end station
of the section on which the local or intermediate station is
sitnated.
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ADJUSTMENT (F THE LINE BATTERIES.

As to the amonnt of battery necessary to charge a line of 300
tniles there is no fixed rale. It is o question depending wpon
the climate, the quality and size of the wire, and the insula-
tiom of the line wire, Ovdinarily, in good dry weather, a Grove
battery of 60 cells will be sufficient to effect suecessful opera-
tion, If the weather 1s damp, or the insulation at fault, the
cireumstances of the case must determine the amount required.
It wery often oceurs on the American lines, that the station at
one end of the line can receive well, and the other end ean not
receive anything intelligible,  For exampls, on line 4 g, 300
miles long, B eannot understand the faint signals received from
#y bt at the same time a recelves perfectly from 8. This diffi-

A a B

DI 00 miles noo

enliy is occasioned, sometimes by a heric electrivity, but
more generally by fanlts of the line insulation.  'The metallic
condunetor is imperfect near . The battery af » becomes active
as a quantity battery, Its quantifative development is plus,
and does not harmonize with the intensity stream coming from
s Oune of the remedies in such eases, is the redoetion of the
number of cells af », and the increasing of the batiery
at & L have sometimes found benefit in the polarizaiion of
the batteries to mest the emergency ; thus, by placing the plai-
ina or positive pole of the battery at a, divected toward =, and
the zine pole to the earth. The battery at » should also be
reversad,  Some experts are of the opinion, that the direction
of the poles have no particular valne in the working of a line ;
in my experiencs, I have found the fact to be otherwise, and
entitled to consideration.

If there be an earth connection at & near 5, the quantitative
development at » will be plus, and in practical servies I have
fonnd that it had a retarding or hindering influence of the in-
tensity current from . The veduction, therefors, of the bat-
tery ab v lessens that hinderance, and the eurrent from 1 becomes
more effective. The earth connection at @ will carry off a part
of the oleciric foree from a, but if the eonducior from a to the
earth be insufficient to lead off the whole, enough will pass on
to the station s, to effect the ends of telegraphing.  Suppose
that sevant}r-ﬁve per cent. is earried off to the earth at «, and
the remaining twenty-five per cent, continues on to n, that, or
even & less amount, will be sufficient. Station n, under such a
gtate of the electrical foree, con eommunicate with s The
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magnet at & can not be wholly demagnetized, but the strength
of the magnet force will be minus and plas, according to the
manipulation of 5. The armature of o wili have to be re-
moved farther from the cores of the spools, so that the break.
ing of the ecireait at s, will be effeetive in the attraction of
the armatare of the magnet at &, When the cirenit at s is
hroken, the seventy-five per cent. enrrent that passes off at g,
erzates in the soft iron cores at a, seventy-five per cent. of at-
tractive foree.  The adjnstable spring of the armature may
draw it beyond that power, bnt the moment & closes the eir-
cuif, the magnetic force of the cores at a, becomes increased
twenty-five per cent, and the spring no longer holds the
armatnre, and it is attracted =0 that the armature-lever closes
the local eirenit, and thus the apparatns at A becomes subser-
vient to the will of the operator at

The difficulties hereinbefore described are not always charge-
able to the canses given. Hometimes the fanlt will be found
in the eonnections of the wire, and many times [ have fonnd it
to be with the earth wire. The earth must be moist where
the connection with the telegraphie esnductor is made. The
metal surface in the earth should be large.  In my experience,
for an iron wire line, I have found it best to have an earth
wire of eopper, number 12, Birmingham gange, well soldered
to a eopper [Llat.e, at least fwo feet sguare, or its equivalent
surface, and boried in the wet parth.  If the earth be not wel,
the working of the whole line will be less effective.  Dry earth
is considered & non-conduetor ; therefore, in order to consum-
mate a pecfect eironit, it is neeessary for the metallic surface,
in eontact with the water of the earth, to be commensurate
with the conductibility of the line wire, If the earth eon-
neetion be inferior, the eleetrical action of the battery will be
minng in the same proportion. It is better to have the eon-
ductor uniform, equalling the generafive powers of the bat.
tery, so that the voltaic streamns can he sufficient for the
esnsmmation of the most certain and effoctive tolegraphic
manipulation.

EARLY EXPERIMENTAL CIRCUITS.

In July, 1747, Dr. Watson, Bishop of Llandaff, together
with several other electricians, ascertained the passage of elec-
tricity through the water, by sending shocks across the Thames,
and in August, 1747, they transmitted shocks throngh twa
miles of wire and two miles of earth at Shooter’s Hill,

O the experimental line, erected by Professor Bteinheil from
Munich to enhansen, in 1836, two lines of wire wers
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erected to complete the electric cirenit. [t was not then known
that the earth would serve as one half of the conduoeting eir-
cnit,  Soon thereafter, he discovered that the earth would
answer, and thaf only one wire was sufficient for telegraphic
porposes,  When Morse constructed the experimental line from
Baltimore to Washington, he did not know that the earth wonld
answer for the half cireaity and therefore he erected two wires,
and the voltaie corrent wasz sent over one wire and it returned
over the other, az represented by fig. 41 » is Baltimore, and wis
Washington. One of the wires is east and the other west. 'The

Fig. 4.
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current starts from py, the positive pols of the battery, passes
throush the key, k, and the relay magnet m, at the Baltimore
station, thenee over the east wire to Washington, where it passes
throngh the key &7, the relay magnet w', and thence over the
west wire to Baltimore, wheie it enfers the negative pole of
the voltaic batfery.

After the line had been in operation for some six months, the
earth was made a part of the cireuit, according to the following
diagram.

Yig. &,
—_— J——
Eeask wire
fﬂf \kt\
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" & ¥ K

e

S

The roate of the enrrent 1= precisely the same as the disgram
before deseribed, except that the earth i3 made a part of the
circmit.  The eurrent arriving at copper plate ¢ passes throngh
the earth as indicated by the arrows, to copper plate ¢, which
is also buried in the moist earth, and thence to the w. pole
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of the battery. The plates used by Professor Morse were five feet
long, and two and a half feet broad ; at Baltimore, it was buried
in the water at the bottorn of the dock, near Pratf street; at
Washington it was placed in the earth under the Capitol.

A subsequent experiment demonstrated the practicability of
working the two wires, arranged as represented in the follow- -
ing diagram.

Fig. &
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By this arrangement the keys were not required fo be elosed.
BEach station had its wire, independent of the other. At that
time it was a diseovery of great import, and to Mr. Alfred Vail
the eredit iz due. They were called independent civenits. It
will be seen that the west wire was used for transmitting from
Baltimore to Washington, and the east wire from w to 5. The
battery at B was uvsed in common for both cirenits, When
B transmitted to w, the eorrent procesded from p of the bat-
tery to k, then over the west wire, then to m at w, thence to
o'y thenee through the earth to o at g, and thenee to the x, or
negative pole of the battery as shown by the arrows,  When
w transmitied to Haltimore, the eurrent proceeded from the p
of the battery to @, then nver the east wire, then to &, at w,
thence to ¢, thenee through the earth to c at g, thence to the
», or negative pole of the batiery, as shown by the arrows,  In
the above arrangement Mr. Vail nsed but one battery, and the
same enrth-plates comimon to both lines.  The cirenits were
called *aopen cirenits,” because the keys at each station were
always open, unless when used for transmitting intelligence.

In 1844, Mr. Vail experimented on the line between Balti
more and Washington, with the two telagraph wires then ereoted.
Thers were none others in Ameriea.  When he ascertained that
the two wires conld be practically worked, as desoribed herein-
hefore, he advaneed the opinion, that several eirenits could be
sperated with one battery, or by a series of batferies.

In the following fie. 7, let the right-hand side represent
Washington, and the left Baltimore, The lines 1, 2, 4, 4,
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5, and 6, between m and k, respectively, represent the six wires
connecting (for example) Washington with Baltimore ; m 1,
w3, and wm 3, represent the thru. magnets, or registers, ::Lnd
k2, k4, and k6, the three keys, or {:c-rre'zpundmth, at Balti-
move; & 1, k 3, and & 5, are the t]m*rl keys or correspondents,
and m 2, m 4, and m 6, the three magnets or registers, at
Washington.

Fig. T
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The batiery is representea by four black dots, marked x, &,
. The conrse of the fluid in this case is from » to o, the cop-
per plate on the left side ; then through the ground to o, the
copper plate on the right ; then throngh the ulnglu wire to any
of the six wires, which may be required, then to the single
wire on the left side fo wn, of the hutwry_ Il': iz obvious that in
this arrangement thers is a division of the power of the bat-
tery, depending upon the number of cirenits that may be
closed at one instant.  For example : if eirenit 11z alone |.r|_1n"
nsed, then it is worked with the whole foree of the lrmtenf
If 1 and 2 are used ot the same instant ; each of them E*mplnv
one half the t“ﬂru, of the battery. If ], 2, and 3, are nsed, then
each use ope third its power.  If 1, &, 3, and L then each cir-
cuit has one fourth the power: if 1, 2, 3, 4, and &, are used
at the same momeni, then one fifth is ooly appropriated fo
each efrenit, and if 1, 2,3, 4, 5, and 6, then eaeh employ a
sixth part of the voltais fluid generated by the battery.
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THE STAGER COMPOUND CIRCUITS,

On the extension of the lines, their eontinnal use becoring
necessaty for commercial purposes, the working of the lines
with open eireuits, aceording to the plan adopted by Mr. Vail,
was found impracticable for successful telegraphing.

The plan was then adopted, to keep the cirenits always
closed, and the battery current eontinnonsly on the line wires,
This ovcasioned the necessity of placing up'nn ench wire a bat-
tery, each independent of the oiher. It was mainfained at a
very great expense, but there seemed to be no law known by
which it could be avoided,

Por several years the lines throughout America thus worked.
Varions plans were tried to eeonomize in the battery organiza-
tion, but withowt snecess,  The most skillad experts had their
attention directed to the sabject, and it fell to the lot of Me.
Anson Stager, of the Cincinnati station, to devise a plan by
which might be snecessfully operated any number of lines
from the same battery. This discovery made by Mr. Stager,
in December, 1850, gave additional evidence of the very superior
skill which had before and sinee characterized his telegraphic
career.  Mr. Biagor thus explains his plan of operating a series
of lines by the same battery.

Fig. #
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The improvement consists in working a ** multiplicity of
main cireuits with a single main baitery, instead of a battery
to each cireuit, as was practized previous io this discovery.” It
15 deseribed as follows

B, is a main battery, w, W', large wires leading from iha
poles of the battery ; g, the earth-plate; L,v, 1.1, four main
lines branching from the large wire of the battery at w’, and
extending to the ssveral terminal stations, each finally connect-
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ing with a ground plate. In their course each of the main
lines may include af any point, or points, where stations are
required, receiving magnets, represented by r, »*, &e., conneoted
in each instance with registers and the nsual telegraphic appa-
ratuses,

Mode of Operation—The single battery, s, being in action,
any one or all of the apparatnses in the several mamn circuits,
may be used and operated in the same manner as thongh each
main cirenit was a separate and independent cireuit, supplied
with a separate and independent battery ; and, herein consists
the novelty and ntility of the improvement, viz. : A multiplicity
of eircuits at even twenty or more, each extending several
hundreds of wmiles, can thus be worked by means of a single
battery, instead of one fo each eivenit, as was practised pre-
vious to this improvement, Tn this vse of a single battery,
according to the above described plan, there is no interference
of eirenits, one with another ; each performing its funetions,
precisely as it would do if it were a complete and independent
cirenif.  Nor does the single hattery, thus used to supply many
main lines, seem to be consumed faster than the single battery
of a single cireuit as formerly nsed,

In case one or mors of the main eirenits be short, for ex.
ample, 5 and 6, they need but a small voltaie force, and they
may be supplied by branches, starting out at intermediate
points of the battery, as at @ and & The voltaie foree, thus
taken from a section of the battery, will not diminish pereep-
tibly the current on the other main cirenits,

It is a condition necessary to the sneeess of this mode of
working, that each main cirenit include a receiving magnet, or
a resisting wire equal to that of a relay magnet.  There must
be no ¢ ent off,” or earth conductor, between the main ba
and a contignous receiving magnet., I a eircuit be thus made,
the batiery foree will be withdrawn from the other circuits,
and they may cease to operate effectively.  If the earth con-
nection be made beyond the receiving magnet, as al n, thos
compelling the electricity to traverse the fine wire of magnet r,
before reaching the earth, and returning to the prime ground
plate £, there will be no interference with the other main eireuiis,
thongh they may be of great lengths, and the other cirenit very
short.  This aﬁ{rds to the operator the mdvantage of working
one or more registers within the same station with ths battery,
independently of all other registers, and withont any inter.
ference with them.

in the plan as heretofore practised, of having a battery in
each cireuit, the quantity of electricity generated, was more
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than safficient for supplying the single cirenit ; and the plus
was retarded by the vesisting coils of the magneis, It has
keen practically demonstrated, that when there are several
rain eiremits conneetod with one main battery, each with ils re-
cefving magnet or coils of vesistance, prevents the electrieily
Jrom laking one civeui! exelusively, snd the voltaic foree will
e diffused over all the eirewits sufficienily for telegraphie ser-
viee. The surplos electricity which was on the single eirenit
systern wasted or returned, by return shocks throngh the bat-
tery, is, by this improvement, brought into aciual service.

Another valnable advantage resulting from this arrangement
is, that an operator, having a key in the main common eircuit
between k and w, ean work all of the registers on all the main
cirenits, and can thus multiply and diffuse identics lly dupli-
cate coples of important documents, or newspaper reports, to
all pointz at the same morment.

COMBINING ELECTRIC CIRCUITS.

As soon as the telegraph lines were extended over long
ranges, it was found to be impracticable to operate ihem in
]nnrr oiretits,  Varions experiments ware then made to n,ml_,d:,.r
Ihv ditffieulty.  Mr. Ezra Cornell, arranged the apparatus af
ane station to open and close the next r-ucrmdmtr cirenit.  This

- & "\ f,:,l"f Crl.é
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was ealled the * Cornell switch.” By this arrangement, the
second eirenit conld not respond without a transfer of the switeh
instrnment at the eentral station, done by the operator,  When
& answered a, the operator at the eentral station, with a spring,
changed the register magnets, or the loeal eivenit, from the
relay magnets of the eirenit of a, to the cireuit of 5.

The next arrangement operated, was one proposed by Cal,
John J, 8peed, Jr., and is represented by fig. 8. The instruments
in the fi;ure are snpposed fo be at Cleveland.  On the right,
the wires run to Detroit, and on the left, 1o Buffalo, A & are
velay magnets, constroeted with a platine point to close the
connecting cirenit, through the action of a spring, when the
main eireait iz broken ; B 2 are the connector magnets; co’
are loeal batteries, to operate the connector magnets ; v o’ are
closing points, to each of which is attached one main wire and
one of the connectors ; &8 are the closing points to which the
connecting eirenits are attached.

The manner of operating this instrument, commonly ealled
i ¥ repenter,” is as follows, viz. :

When Buflalo breaks the eircuit, the armature of the relay
magnet 4, at Cleveland, will e drawn back by means of the
spring, against the closing peint g, This will put in action the
battery ¢, and the magmet » will break the connection at b,
thus breaking the cireuit of the Detroit line at b, and also break-
ing the connecting cirenit, from the battery ¢ at the point n.
The breaking of the battery current o, prevents the net w°
from breaking the Buffalo line at the point . When Buifalo
closes the eirenit, the relay magnet s, will break the conneeting
ciremit, from the battory ¢, at . The armature of the econ-
nzetor magnet n will be drawn back, by means of a spring,
against the point o, and elose the Detroit eirenit at the point o,
at which fime the connecting eirenit o, iz also elosed on the
same point, and at the same instant. The main battery on
the Detroit cirenit having the greater number of eells, will
break the connecting cirenit o, at the point & before the small
battery ¢ will operate the magnet s, and break the Buoffalo cir-
cuit at . The law being, that the battery of the greatest
infensity will make its magnet first, or, in other words, the
velocity of a current of electricity is in proportion to its dn-
fensity.  This arrangement is now obsolete.



