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Under the proposed law a new official has to
be appointed by the Governor, to be called
the ¥ Inspector of Factory Children.” Such
an officer, acting under so wise and humane
alaw, ean not but accomplish immense good
throughout the State.

It is a matter deeply to he regretted that
certain manufacturers in the State Legisla-
ture in Albany have not imitated their more

enlightened and humane contemporaries in
Magsachusetts, and given their hearty sup-
pori to so beneficent a measure. Instead of
tliis, we are sorry to be informed that they
are offering a factious opposition which may
entirely defeat this act, and put New York
in a very unfavorable position, as compared
with the New England States, in her legis-
lation to protect factory children.
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HEN we look at a railroad map of the
United States, with ifs intricate net-
work of black lines,-and in imagination fill
it out with ite double tracks, its junctions
and busy stations, its dépéts and engine-
honses, and then people and vivify the pic-
ture with its swarming and hurrying life
and its gliding trains, ever making up, trav-
ersing the field, breaking and forming new
combinations, incessantly succeeding, pass-
ing, and croseing each other; and when we
add the bands of pioneers, surveyors, en-
gineers, laborers, and construction” trains
which form the fringe of this net-worlk, con-
stantly extending its meshes in every direc-
tion, and adding new intricacies to its most
crowded parts—the mind is almost bewil-
dered with the thought of such an immense
labyrinth, such complex organization.
If we could rise above the surface of the
earth, and iake in the whole country at a
bird’s-eye view, with visual power to dis-
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corn all the details, the net-work of the tel-
egraph would be still more curious to look
upon. We should see a web spun of two
lhundred thousand miles of wire spread

over the face of the country like a cobweb

on the grass, its thrends connecting every
important centre of population, festooning
every great post-road, and marking as with
a silver lining the blaclk track of every rail-
road. 'We should observe men, like spiders,
busily spinning out these lines in every di-
rection, at the rate of five miles an hour for
every working hour in the year. If we
ghould trace these threads back from the
circumference, we should find them con-
verging from every direction to certain cen-
tral knots, like Chieago, St. Louis, Cincin-
nati, Buffalo, Washington, and many oth-
ers of equal importance, and thence running
in great strands, doubling and multiplying
in number as they approach the centre, but
so arranged as to bind every city and town
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to all its neighbors,

near and far, If the
eye, seeling to an-
alyze thislabyrinth,
ghould pursne the
converging lines, it
would at last follow
a great band of
more than two hun- T L
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seen and silent force we call electricity, and
discern its instantaneous actions and reac-
tions from point to point over this bewil-
dering maze, the net-work of the telegraph
would present a spectacle far more amazing
than that of the railroad system. *

As the morning sun sends the hour of nine
across the continent, the offices are filled
with operators, an army of nearly ten thou-
gand persons, engaged in the various fune-
tions involved in the service. The batteries,
which we may imagine to have been mostly
stumbering during the night, all awake to
their worly, and the quiverings and seintil- |
Iations of electric action alpng the wires
would show the whole net-work to he now
alive. On the great tranlk lines the last of
the night work is finished, the morning or-
ders are circulated, and around the ecircuit

erators exchange with their unseen fellows,
who seem tio be-concealed at their elbow, but
who are in reality hundreds or thousands
of miles away. Ten o'clock finds the of-
fices full of business. Outward-hound mes-
sages pour in to be dispatched, and messages
received are ticled off by the talking arma-
ture, to be written out and sent off for deliv-
cry. By eleven o’clock the press news be-
gins to crowd upon the operators, and then
for two or three hours the excitement is at
its height. LEvery one must be at his post,
avery faculty alert, and attention incessant.

{
i =1
| d ; 5 AN
o) o )
|
it
1]
o i F e n
I
7 el 0 oyl
HIHH
HicE | Hie
B i e 2
LMY 34 Xt SRInG 17 |1 | 2 27H1 262511 30,
a o a o ol affi off ol cll ol il ofl o il o]
elisr e s e e e s e
.
| I
3 g
i SO 4
AL s

ONE-QUALTEL OF BWITOH-BOALD, WESTERN UNION OFIION, NEW YORK OITY.

der the corroding aecid, the mysterious “cur-
rent,” which becomes more wonderful the
more conscious we become of human igno-
rance respecting ‘it, leaps to its worle. Ev-
ery available circuit on the great Iines is
pressed to its utmost.. The operator’s keys
dance their tattoos, to which the distant re-
‘ceiving instruments instantly respond, re-
producing the slightest, most transient mo-
tion. The whole net-work of wires, and the
submarine cables which connect it with oth-
er equally active systems on the other side
of the globe, are all quivering from end to
end with signals of human intelligence.
After two o’clock signs of relaxation ap-
pear. The press messages diminish; mes-
sages that have been waiting to take their
turn are cleared off. At four the heavy busi-
tiess of the day in many offices is about over.
The great lines are still crowded, and their
worl runs on into the evening. At last the
husiness of night work begins, and the press
messages from Washington, and the busi-
ness and soeial messages that are taken ab
half price, in consideration of their being al-
lowed io be sent at leisure, to he delivered
next morning, are transmitted between the
great cities, north, south, east, and west.
Every phase of the mental activity of the
country is more or less represented in this
great system. The fluctuations in the mar-
kets; the price of stocks; the premium on
gold; the starting of railroad trains; the sail-
ing of ships; the arrival of passengers; orders

The zine in the batteries burns fiercely un-

for mexchandise and manufactures of every



334

HARPER’S NEW MONTHLY MAGAZINE.

kind; bargains offered and bargains closed ;
sermons, lectures, and political speeches;
fires, sickmess, and death; weather reports;
the approach of the grasshopper and the
weevil ; the transmission of money; the con-
gratulations of friends—every thing, from
the announcement of a new planet down
to an inquiry for a lost carpet-bag, has
its turn in passing the wires. Amidst all
this private business perhaps some politic-
al incident of prime importance transpires
at Washington, or some terrible casualty
-shocks Boston or Chicago. Almost instant-
1y the knowledge of it reaches the nearest
ganglion of our great artificial nervous sys-
tem, and it spreads simultaneously in every
direetion throughout the land. Along every
wire the same pulsations run, speaking their
message upon all the instruments in a circuit
at once. Thus, to borrow the striking fig-
ure of Scripture, quick “as the lightning
that lighteneth out of the one part under
heaven shineth unto the other part under
heaven,” an electric flash of intelligence
gpreads over the country, carrying a t.hn]l
of pratification or of grief.

Our observer, if e could not only see the
oscillations of electric condition, but also
discern the meaning of the pulsations, and
read the messages as they circulate, would
thus have a panorama of the business and
social affairs of the country passing under
his eye. But the telegraph has now become
so true a representative of our life that if
would hardly be necessary to read the mes-
sages in order to find an indieation. of the
state of the country. The mere degreo of
activity. in the business uses of the tele-
graph in any given dircction affords an in-
dex of the prosperity of the section of coun-
try served thereby. - Mr. Orton, the presi-
dent of the Western Union Company, gave
a striking statement of this fact in his argu-
ment before a committee of Congress in 1870.
He said: “The fact is, the telegraph lives
upon commerce.. -It is the mervous system
of the commercial system. If you will sit
down with me at my office for twenty min-
utes, I will show you what the condition of
business is at any given time in any locality
in the United States. After three years of
careful study of the matter, I am ready to
appeal to the telegraph receipts as a crite-
rion under all circumstances. This last
year the grain business in the West has
been very dull; as a consequence, the re-
ceipts from telegrams from that section have
fallen off twenty-five per cent. Business in
the South has been gaining a little, month
by month, for the last year or so; and now
the telegraphic receipts from that quarter
give stronger indications of returning pros-
perity than at any previous time since the
war.”

The observer, whom we have supposed
capable of seeing electricity, would find that

the whole surface of the earth, the atmos-
phere, and probably the fathomless spaces
beyond, were teeming with manifestations
of the electric force. Every chemieal proc-
ess, every change of temperature, all fric-
tion, and every blow, in nature or in art,
evolves it. The great process of vegetation,

and the reciprocal process of animal life, all
over the globe, are accompanied by it. As
incessantly as the sun’s rays pass around
the earth, warming every part, in alterna-
tion with the cooling influence of night,

great currents or fluctuations of magnetic
tension, which never cease their play, cir-
culate about the globe, and other, apparent-
ly irregular, currents come and go, according
to laws not yet understood, while the aurora
borealis, flaming in the sky, indicates the

measureless extent of this wonderful power,

the existence of which the world has but be-

gun to discover. Qur observer would sec

that these great ecarth currents infinitely

transcend the little artificial currents which

men produce in their insulated wires, and

that they constantly interfere with the lat-

ter, attracting or driving them from their

worls, and making them play truant, greatly

to the vexation of the operators, and some-

times to the entire confusion of business.

If a thunder-storm passed across the country,

he would see all the wires sparkling with

unusual excitement. When the rain fell,.
and water, which is a conductor, trickled

along the wires, and stood in drops upon the

insulators, he would see the clectricity of the

line deserting its path, and stealing off slyly,

in. greater or less quantities, over the wet

surface of the insulators, or by the wet straws

or kite strings that sometimes hang across

the line. Now and then he might see the

free clectricity of the storm overleap the

“barriers, and take possession for the moment

of some unguarded circuit, frightening oper-

ators from their posts.

Such an observer would realize, what it is
difficult adequately to conceive, that elec-
tricity is; as has been said, the great hidden
foree in nature, and still remains, so far as
man is concerned, almost dormant, A high
scientific authority has remarked, in speals-
ing of mctaﬂa, that the :Lbund.mco of any
object in nature bears a proportion to its
ndaptat.l on to the service of man. If this be
true in general, we may expect that electrie-
ity will become one day 2 most familiar thing.

With the exception of those general read-
ers whose taste or course of reading has led
them somewhat into seientifie p-.whs, there
are not many persons who find it easy to
form a definite idea of the precise mode of
action by which a telegraphic wire conveys
its messages—so multitudinous and varied
in their charaeter, and transmitted w:t.h
such inconceivable rapidity.

‘We are, it is true, most of us somewhat

farther advanced in our ideas on the sub-
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- analogous nature, and which call up in the

_he is speaking only of the action and reac-
1*’h[cm'of an imponderable force, and the mal-

336 HARPER'S NEW MONTHLY MAGAZINE.

jeet than the good old lady was who, when
a telegram was brought to her purporting to
come from ler gon, and asking her to send
him some money, said they could not swin-
dle her in that way, for she knew her son’s
handwriting perfectly well, and she was sure
that dispateh never came from him; or than
the child who, hearing that dispatches of va-
rious kinds were sent by telegrapl, watched
a long time in hopes of seeing some of them
darting along the wires, Still, to the mass
even of intelligent and well-informed read-
ers, the precise mode in which the communi-
cations are made is a mystery more or less
inserutable,

The difficulty of forming a clear concep-
tion of the subject is increased by the fach
that while we have to deal with novel and
strange facts, we have also to use old words
in novel and ineonsistent senses. Scientific
men have, of course, found it necessary, in
deseribing the phenomena of clectricity, to
use words which mankind have heretofore
used to designate other things of somewhat

mind coneeptions quite inadequate to the
new fact. Thus, when it is said that a cur-
rent-of electricity flows along the wire, that
the wire or the current earrics a message,
the spealter takes langnage universally un-
derstood, relating to a fluid moving from one
place to another, and a pareel or lebber trans-
ported from place to place. He does nof,
however, mean that there is any stream flow-
ing, or any thing whatever transported, but

ing of intelligible signals by its means at a
distance. Such language the world musi,
perhaps for a long time fo come, continue to
employ; and it is not strange that those to
whom the subjeet deseribed by it is entirely
new should be sometimes laughably misled
by it.

Not long since a countryman came into a
telegraph office in Bangor, Maine, with a
message, and asked that it be sent imme-
diately. The operator took the message as
usual, put his instrument, in communication
with its destination, ticked off the signals
upon the key, and then, according to the
rule of the office, hung the message paper

rd

A PIOTULE PRODUGED DY OABELLI'S INBTRUMENT.

on the hook with others that had been pre-
viously sent, that at night they might all b
filed for preservation. The man lounged
around some time, evidently unsatisfied.
“ At last,” says the narrator of the incident,
“ hig patience was exhaunsted, and he beleh-
ed out, ‘ Ain't you going to send that dis-
pateh ¥’ The operator politely informed him
that he had sent it. *No, yer ain’t,’ replied
the indignant man; ¢there it is now on the
hools’”

So far as the exact nse of language was
concerned, the man was right. Still more
ludicrous mistalkes sometimes oceur. Thus
the German papers reported that at Carls-
ruhe, toward the close of the late war, an
aged mother came to the telegraph office
carrying a dish full of sauerkraut, which she

 desired to have telegraphed to Rastadt. Her

son must receive the kraut by Sunday. The
operator could mnot convince her that the
telegraph was not capable of such a per-
formance. “How could so many soldiers
have been sent to France by telegraph ¥ she
aslked, and finally departed grumbling.

Almost every operator meets with equally
amusing instances. One recently related
the following incident: “A gentleman ¢ame
to my office to send a message, and after
writing it, whited, as people often do at
small offices, to see it sent. I called  Office,’
and the operator at the other end of the
line came to the key and said, ¢ Busy—wait
a minute.”) So I leaned back in my chair to
wait, when the gentleman said, ‘Have you
gent it¥ I said, ‘No; they say they are
Dbusy —to wait a minute; whereupon he
gaid, looking surprised, ¢ Why, I didv’t hear
them ; and then added, brightening up, as
if he had thought of the reason, ‘but I'm a
little deaf in one ear I think I managed to
keep a straight face till he left, but it was
hard work.”

It may make this distinction more clear
if we advert to the transmission or produc-
tion of designs, drawings, ete., by telegraph.

There is an instrument, which we shall
hereafter briefly deseribe, by which this can
be dome. We should not, however, say, in
the case, for instance, of the butterfly in the
illustration, that a butterfly was sent by tel-
egraph, nor even that a picture was sent,
The operator, being furnished
with one picture, created an-
other like it, hundreds of
miles away, by means of the
telegraph.

The first step in endeavor-
ing to understand the opera-
tion of the telegraph is to
learn to make allowance for
the new sense in which many
terms are employed, and to
form a new conception for
each, more appropriate to the
new fact. Thus, though we
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continue to gpeal of the current, it must al-
ways be understeod as noti designating o
flowing fluid, and we are not to conceive of
the electricity as carrying the message that
we write, but rather as enabling the opera-
tor at the other end of the line to write a
gimilar one.

Nearly two hundred and fifty years ago,
when men were still dreaming of alchemy
and the philosopher’s stone, they conceived
of two sympathetic needles which, instead
of always pointing toward the north pole,
should be so powerful in relation to each

other that in whichever direction one was.

turned, the other would imitate its motion,
Strada, an ingenions and learned Jesuit of
Rome, is quoted ashaving said, in describing
this project, ““If you wish your distant friend,
to whom no letter can come, fo learn some-
Vo, XLVIL.—No, 279.—22

v
M ﬂ”" I H b

thing, take a disk, or dinl, and write round
the edge of it the letters of the alphabet in
the order in which children learn them, and
in the eentre place horizontally a rod, which
has touched a magnet, so that it may move
and indicate whatever letter you wish.
Then, asimilar dial being in the possession of
your friend, if you desire privately to spealk
to the friend whom some share of the earth
holds far from you, lay your hand on the
globe, and turn the movable iron as you see
disposed along the margin of all the lefiters
which are required for the worda. Hither
and thither turn the sliyle and touch the let-
ters, now this one, and now that......Wonder-
ful fo relate, the far-distant friend sees the
voluble iron tremble without the touch of
any person, and run now hither, now thither:
conscious, he bends over it, and marks the
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teaching of the rod. When lie sees the rod
stand still, he, in his turn, if he thinks there
is any thing to be answered, in like manner,
by touching the various letters, writes it
back to his friend.”

This conceit, which Addison, in No. 241
of the Spectator, delicately ridicules as a
chimerical notion, has proved to be a very
graphic deseription of Wheatstone’s needle
telegraph, so well known in England, If we
add that the needles are lept in this sym-
pathy with each other by a wire stretehed
from the stand of one fio the other, so thaf
whatever electrical disturbances affect the
wire affect both needles alike, the reader
will have a more accurate conception of the
elementary prineiple of the telegraph than
by any notion he can form of a current sent
from one place to another along a conduct-
ing wire.

About a hundred and fifty years after
Strada wrote—namely, in 1774—a success-
ful attempt was made Ly Lesage, a philos-
opher of Geneva, to establish a real and
physical connection between two distant
places by means of frietional electricity, the
only form in which electricity was at that
time known.

The engraving shows the construction of
his apparatus, and the manner in which it
operated, though, of course, on a small scale,
as the distance is only from one room to an-
other. 'The rope which forms the medium
of communication between the two stations
is formed of wire. It consisti of twenty-four
strands, one for each letier of the alphabet.
These strands are insulated. from each other
in the rope, by being each covered with gome
non-conducting substance, and the ends are
separated at each station, and made to di-
verge over a table of glass or other non-con-
ductor; and finally, the extremity of each
strand terminates at each station in a pith-
ball clectrometer, which hangs over the let-
ter that that strand represents.

On the right, in the foreground, is seen
an electrie machine for producing frictional
electricity.

The arrangement of the separated ends of
the wires at the farther station, and their
connection with the pith balls and the let-
ters; are the same as at the station in the fore-
ground.

The operator at the hither end of the line
has now only to make a connection by means
of a discharging rod hetween the conductor
of the eleetric machine and any one of the
wires. The wire, being insulated, becomes
eleetrified through its whole length, and in-
dicates its condition by means of the pith
ball at the farther end, and so points out to
the observer there the letter that is intend-
ed. In this way, of course, by designating
different letters in succession, any desired
communication could be made. .

This method was founded on correct prin-

ciples, and for certain very short distances
it was practically suecessful. It could, how-
ever, never be any thing more than a philo-
soplical toy, on account of the difficulty of
transmitting the electrical influence, in that
Jorm, to any considerable distance. Those
characteristics of frictional electricity which -
are ascribed to what is termed a condition
of great intensity—whatiever that may mean
—malke if very difficult to insulate a con-
ductor of any great length or extent of sur-
face, employed to contain or transmit it.
Lerage’s apparatus could not be made to
operate except for very short distances—
too short altogether to make it of any prac-
tical use. It was noti until after the discov-
ery of a form of electricity of extremely low
intensity—so low as to allow of the easy in-
sulation of thousands of miles of wire—and
the discovery of the relations of clectricity
and magnetism, by which two magnets thou-
sands of miles apart can he put into commu-
nication with each other, and made to act
synchronously, that the invention of the elec-
fric telegraph, as now counsfiructed, became
posgible. The invention of Lesage, however,
taken in connection with the fantastic idea
of Strada, may be considered as in some sense
the embryo and prototype of the modern mar-
vel.

The histories of the inventors of the tele-

graph . aré more or less familiar to many

readers,: and without pausing to recount
them here, let us pass to some account of
the features of the system now in use.

IT one should cut the wire as it hangs be-
tween two telegraph poles, and take one end
in each hand, he would feel a slight succes-
sion of shocks, as the impulses of electric
forco by means of which the signals are
made would course through his arms from
ono hand to the other. What this subtle
force s, no one knows. Some of its proper-
ties are now understood, but the thing it-
self eludes our cognizance. The only differ-
ence between those least acquainted with
the subject and the professional electricians
who devote their lives to the study of it is
that with the latter the mystery, without
being less, lies deeper. In respect to the
operations of electricity, as is true, in fact,
in respeect to all the operations of nature,
though scientific men may succeed in tra-
cing the steps of the process a little way,
they are sure to come to the region of in-
scrutable mystery at last. As one has well
said, the further the radius of investigation
is extended, the greater appears the cirecum-
ference of the unknown beyond.

There are certain general prineciples, how-
ever, on which the phenomena of the elec-
tric telegraph depend, which are also cxem-
plified in a great many of the most impor-
tant processes going on around us in nature
and in arty which it affords great pleasure
to all who love knowledge for its own sake
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to understand, though it must be confessed
that the understanding of them is not of
any practical importance in enabling us to
transact our business at a telegraph office.

One of the most important and most fun-
damental of these principles is this, name-
1y, that whatever force is expended in sepa-
rating from each other two substances that
are found naturally united, is given ont ngain
when the substances onee more come togeth-
er. Thus, if a weight is raised for a certain
distance above the earth, a certain force he-
ing expended in the raising of it, precisely
that amount of force, neither more nor less,
will be exerted by the fall of the weight
back to its original position.

And in the same manner, whatever force
has been expended in separating the parti-
cles of two substances which are united by
a strong chemical affinity is precisely re-
stored when they are allowed {o come fo-
gether again, The most common ciase of
such separation and reunion consists in the
abstraction of oxygen—iwhich is the great
substance in nature that has the strongest
affinity for almost all other substances—and
the return of the oxygen to its original com-
hinations again. In this retnrn it gives out,
of counrse, the force which was expended in
the separating of it. This force usually re-
appears in the form of heat, and in cases in
which the action is very intense—that is, in
which the force is made to reappear in a very
rapid manner—heat and light combined,
thus producing the phenomenon which we
call combustion,

Under some conditions, however, the re-
stored force appears in the form of eleciricity.
Of the inner and intrinsic nature of this
form of energy we know very lifitle. Still
a great deal, comparatively, is known of
the effects which it is capable of producing,
and the cause producing them was formerly
supposed to be a distinet and specific sub-
stance, 'When, however, it wad at length
found that the development of the electric
action was always accompanied by the ex-
penditure of some form of foree, and that
the foree in which it thus originated disap-
peared just in proportion as the electric
agency was developed, and, moreover, as
the clectric agency could be made to pro-
duce again the forms of force in which it
originated, disappearing itself as the others
reappeared, the conelusion was apparently
inevitable that the effects are produced not
by the transfer of a. subsiance, hbut by the
agency of some one of the numerous forms
which the mysterious principle of force is
continually assuming.

That which passes along the wires, there-
fore, is simply an impulse of force.

This force must not, however, be con-
ceived of a8 a single force: it exists in two
forma or phases, having & very remarkable
relation to each other. Many years ago,

when electricity was generally supposed to
be a separate substance, permeating all or-
dinary objects, there were supposed to be
two kinds, which were deseribed as two
fluids. Any object electrically excited was
said to be charged with an excess of the one
fluid or the other, sometimes the “ vitrcous
fluid,” sometimes the “resinous fluid.” And
a discharge or eurrent of clectricity was un-
derstood to be the disturbance caused by
these two fluids in coming together again
and neutralizing each other. The ordinary
condition of objects not clectrically excited
was explained by regarding them as charged
with both fluids in equal degree. Franklin
sought to explain the same phenomena by
the simple theory that there was only one
fluid, that vitreous electricity wns an excess
of this one fluid over the natural amount,
and that a deficiency was resinous electrie-
ity. Xe accordingly called the one “posi-
tive” and the other “negative ;” and he de-
seribed a current or discharge as the aet of
tho excess contained in an overcharged ob-
Jject passing to an object which was under-
charged, thus restoring the natural or ordi-
nary equilibrium in both.

The invention of the galvanic battery was
developed during periods when these theo-
ries were in vogue, and the terms “ current,”
“positive clectricity,” and “negative elec-
tricity” were accordingly adopted in the lan-
guage used to deseribe the action of the bat-
tery, and still continue in use to some ex-
tent, and although literally inappropriate,
we shall have constant need to employ them
in the following pages.

In a recent article in the Journal of -the
Telegraph, Mr. Prescotf, the electrician, de-
seribing the propagation of electricity, com-
pares it to heat, in the following language:
“Toward the end of the year 1859, M. Gau-
gain, an able electrician, who had for some
time occupied himself in verifying the laws
of Ohm in regard to the transmission of elec-
tricity over bad conductors, sought to solve
the enuses of this disaccord [alluding to dis-
accord of scientists who had not accepted
Ohm’s laws], and at last found the ey to
the enigma. He became convineced that
electricity, instead of heing propagated as a
wave, or in o manner analogous to that of
sound or light, was, on the contrary, trans-
mitted, as stated by Ohm, in the manner of
heat in a metallic bar, which is hot at one
end and cold at the other. In this case the
heati and the cold communieate from place to
place gradually from the two extremities of
the bar, and in proportion as this double
movement of heat and eold is propagated
toward the middle of the bar the parts first
heated and cooled acquire and lose a quanti-
ty of heat, until, the two calorific movements
having met each other, the different points of
the bar lose on oneside ag much heat as they
gain on the other. Then the enlorific equi-
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librium is established, and the
distribution of heat upon all
parts of the bar remains the
same. This is what is called
-the . permanent _ calorific. state.
But before a metallic bar arrives
at this state it requires more or
less fime, according to its calo-
rific conductivity, and this time,
during which every point of the
heated body unceasingly changes
in temperature, constitutes a va-
riable period, which, if the as-
similation of the propagation of
heat with that of electricity is
true, ought to exist in the first
moments:of the transmission of
a current; for; in this hypoth-
osis, an electric current is only
the. result of the .equilibrium
which -tends to establish itself
from. one extremity of the ecir-
cuit to the other, betiween two
different electric states consti-
tuted by the action of the bat-
tery, and representing, conse-
quently, the two different tem-

; [ white
peratures of the heated bhar.?” e en

of the lig

1

|

T e

¥1d, 2.—TUE DANIELL BATTELY.

G i8 the gloss or earthen ]jnr, which ia nearly filled with a saturated
golution of the crystals of %

er is dipped heneath the surface of the liquid, the color
is very apparent, for it makes the paperlook blue. Cis

hlue vitriol (sulphate of copper). If a bit

This comparison will afford
botter clements for forming a
concoption of the electric foree
than the notion of fluids and
currents. . :

The battery is the source of
power for the telegraph, and in
this respect it may be compared
to the boiler in the steam-engine.

It is mow -believed that all
chemical aetion, however slight,
gives rise to a development of
electricity ; and a battery is an
arrangement of mefials and acids

a plate of copper, bent into o eylindrical form go us to fit loosely with-
in the outer vessel. It has n poclket or chamber of copper, fastened
to the upper part, with a perforated bottom, into which (resh crystals
of vitriol are thrown from time to time o renew the atrength of the
solution. These crystals m|%ht 18 well be thrown to the Dottom of
the jar, were it not that by helng diesolved near the surface they keep
the solution of nenrly equal strength throuﬁhout, inptend of malking
it much the strongest at the bottom. PP Ci8 the porous cup, about
two inches In diameter, which stande within the copper cylinder. It
is nenrly filled with soft water, or salt-water, or sometimes with a so-
Intion of snlphate of zinc. Z is the plate or block of zine. This I8
made in various forms—u hollow cylinder being meore powerful, on
account of ils greater surface, but more diflicult to clean, thanap ain
strip. A binding screw (b} at the top of the zine plale receives the
negative pole wire. A strip of copper fastened to the copper cylin-
der, and provided with a binding’l screw (a), receives the positive pole
wire, or Berves to muke connection between the copper of one ““ele-
ment” {as each jor or each pair of metals ig cu.llcdgl and the zinc of
another, when it is desired to unite several jurs, or clements, to gain
additional force.

combined in such a form as to

cause a powerful chemieal netion, The elee-
tric result is greatest when two meinls are
used one of which is strongly and the other
slightly acted on. If two such pieces of
metal are connected by a conducting wire,
positive ‘electricity moves or acts from the
former metal through' the acid to the latter
metal, leaving the negative force in prepon-
derance in the former metal. © The positive
electricity does not, however, remain qui-
eseent in‘the see-
ond metal; it
passes oufi by the
condueting wire,
and returns to
the place of its
origin in the first
metal, where if
is neutralized as
fast as it arrives
- by the negative
t===u—== eclectricity there
F16, L—11n vorzaio vam. . accumulated.

This arrangement is shown in Tig. 1.

Here, in a glass vessel, are inserted, on the
right hand a plate of zine, and on the Jeft o
plate: of copper (lettered respectively Z and
C). The conducting wires, or pole wires, are
brought around, and touch each other above.
If, now, the vessel is filled with diluted sul-
phurie acid, the liguid begins to corrode the
zine—it burns it, so to spealkk—and gradual-
ly dissolves away the surface. This chem-
jeal action counsists largely of the oxygen
of the water leaving the particles of hy-
drogen with which it was united, and com-
bining with the zine. The force that is
evolved in this ehange, as above explained,
is in the form of pogitive and negative elec-
tricity. These, separating from each other,
pass out of the battery, one going through
the fluid to the copper and thence to its wire,
and the other in the opposite direction, and
they meet and seek to recover their union
and equilibrium in those parts of the cirenit
where no chemical change is taking place.
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Meanwhile the proc-
ess of evelying more
positive eclectricity
upon the copper and
mote negative upon
the zine goes on, 80
that a continuous
current is said to
flow from the bat-
tery. The point of
contact where the
positive electricity
leaves the battery
for the econductor is
termed . the pogi-
tive pole, the other
the negative. :The
course ' of the cur-
rents is indicatied
in the figure by ar-
TOWS. ;

The foree gener-
ated by a battery of
so simple construec-
tion as this soon
becomes weak from |
the decomposition of
the liquid and other
canges. To remedy
this defect several
batiteries have been
devised which are constant in their force.
These are usually designated by the names
of their inventors. Daniell’'s and Grove’s
are the two forms perhaps most generally
uged in this country.

The Daniell battery is the one commonly
uged in small offices for the local purposes
which will afterward be explained.

In Grove's hattery, which has long heen
in use at the great central offices for the
prineipal sapply of the main lines, the outer
vesgel is filled with diluted sulphurie acid,
and in this the zine plate is immersed. The

Y14, 4—A GELL, OR PAIR, IN GROVE'S BATTERY.

A, plass vessel partially filled with dilute snlpburic
acid ; Z, cylinder of zinc ; V, vesgel of ?omua pipe-clay,
containing nifric acid ; P, pfm;e of platinum, bent in the
form of o7 B, and fixed to o cover, ¢, which resta on the
poroud vessei; a, binding serew.

I
I
I

l
L

IIG. 3.—REPLENIBIUING TIUE BATTERY.

porous vessel placed within the zine plate
is then filled with strong nitric acid, and in
this a plate of platinum is immersed. The
platinum here taltes the place of the copper
uged in the other form of battery.

The object of the porous enp in hoth these
batteries is simply to separate the two lig-
uids without intercepting either the chem-
ieal action between their constituent ole-
ments or the electrie current. A very beau-

F16. 5, —TIE OALLAUT BATTERY.

0, the copper plate, with crystals of sulphate of cop-

or ]ﬁving on ity B, solutlon of sulphate of copper;

, solution of pulphate of zine; Z, zine suspended in
the Intter solntion ; @, positive pole wire, connected
w;%{: c&pper plate; b, negative pole wire, connected
with zinc,
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¥iG. §.—A BATTEIRY OF TWELVE ELEMENTS.

tiful improvement is presented in the Cal-
laud battery, in which the chemieal solu-
tions are placed in & single jar. One solu-
tion being 'saturated, and heavier than the
other, sinks to the bottom, where the cop-
per platelies. The lighter solution, diluted,
fills the upper part of the glass, and in this
the zine is suspended.

To gain the intensity of force necessary
for main lines, a number of these cups ox
cells with their respective pairs of metals are
united by connecting one pole of each to a
pole of its next neighbor. Each cell or pair
is termed an “element.” Tor instance, a
battory of fifty elements means one com-
posed of so many jars thus united.*

Many persons have noticed that s hum-
ming sound—a low musical note—some-

* Those who wish to pursue this subject will note
a distinction here, which only professed electricians
fully nunderstand, and, indeed, on which the best au-
thoritiea seem not to be fully agreed—the distinction
between intensity or degree of tension of clectricity,
and the quantity of clectricity. The nature of the dis-
tinction may be fllustrated thus: If there were a ball
of iron as large a8 this earth, and n common cannon-
ball, both hented red-hot, the degree of heat in both
would be the same, but the guantity of heal in the
great globe would be vastly larger than thet in the
cannon-ball. The thermometer measures intensity or

. degrees of heat, though it does not measure the quan-

tity or amount. There {8 & somewhat similar distinc-
tion in respect to clectricity. The carth is charged
with electricity to a certain degree or tension. If o
cannon-ball lies on the ground in contact with the
carth, it will be charged with electricity in the same in-
tensity. But the guantity contained in the earth is
vastly greater than that in the cannon-ball

Increasing. the size of a cell or pair, or—what pro-
duces the same effect—connecting all the zincs of sev-
eral elements together, and all the coppers together,
increnses the quaniity of electricity evolved withount
increasing its tension. Increasing the ténsion is ac-
complished by connecting the zinc of each element
with the copper of ita next neighbor.

Frictional electricity, or the free electricity of 1;1m
thunder-storm, js found to be the same ns magnetic
clectricity, except that it i8 of a very high degree of
tenslon, and can not be produced in suflicient quanti-

iles, nor can tho lines be sufliciently insulated, to malke.

it availnble for telegraphs, as Lesnge nttempt.ed to do.
Tte tension being very high, the degree of resistance
which effectually insulates galvanic electricity is not a
burrier for it, and it escopes from the wires,

times proceeds from the
telegraph wires as they
hang stretched upon
tho poles, which is
caused by the wind
playing. upon them as
upon the strings of an
Aiolian harp. Even
when the wind is light,
the sound can often bhe
heard by applying the
ear closely against tho
pole.  Some persons
have erroneously at-
tributed this sound to
the electric -ecurrent.
That it really proceeds
from a vibration of the
wires, strung as they are, may be proved,
when there is mo wind, by punching the
pole with the end of a cane or umbrella so
as to jar it elightly, and the same sound
may then be heard given forth by the
trembling wires.

A very strong wind sometimes, by tight-
ening the wire, stops its vibration. The
power of the wires to carry their own reso-
nant sound to a distance enables an opera-
tor at an office sometimes to lear men
working upon the wire miles distant. If
is related thot at the time of the comple-
tion of the telegraphic line to the Catskill
Mountain ITouse strong winds prevailed for
a few days, causing u peeuliarly loud hum-
ming noise of the wires. At length the
wind died away, and the telegraphic Aloli-
an harp was mute. Soveral days thereafter
the proprietor of the Mountain House, on
his way to Catskill, reined up in front of
the Half-way House to water his horses,
when he was accosted by the Kiskatom
landlord : “How’s things on the mountain ¢’
“Lively,” was the response. ‘ Ain’t doin’
much telegraphin’, ave you ¥ “ Oh yes; the
line is quite well patronized.” “Well, I
didn’t think so; I ain't heerd a dispatch go
up in three or fom days.”

In truth, the mysterious form of force
which we cn.ll a current; of electricity passes
along the wires of the telegraph hoth silent
and unseen. The clicking that is heard in
the operation of the telegraph instruments is
not the voice of electricity. Just astheforce
of gravitation pulls in perfect silence upon
the weights and pendulum of a clock, and it
is only by the resistance which the eseape-
ment incessantly interposes to the revelu-
tion of the toothed wheels that the tick of
-|the clock is produced, so the electric cur-
rent, though it sets in motion the tapping
armature, is itself silent.

This noiseless and invisible force acts
with inconceivable rapidity. The celerity
of its passage varies somewhat with the
‘appropriatencss of the. conductor which
forms its path; but the movement is so
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nearly instantaneous that praetically the
only delay, even on the longest lines, is in
the intervals of time cccupied by the opera-
tor at one end in setiing the successive
pulses of the current in motion, and by the
operator at the other in observing almost
at the same instant their passage.

The force which passes from a battery
over the wires, though it moves with such
marvelous rapidity, and though, so far as we
can pieture it to our imagination, it consists
simply of some vibratory or quivering mo-
tion among the particles of the wire, is
really much greater in amount than one
would be inclined to suppose. The parti-
cles of oxygen and hydrogen, for example,
as united in water, are held together by an
immensely powerful attraction, and a very
great force is necessary to separate them.

. This force, or energy, as it is technieally
called, is all given back when the separa-
ting particles come together again in the
process of combustion, by which the water
ig re-formed. It is the same with the par-
ticles of oxygen and those of zine. A greai
force, though it is a foree acting through
very minute distances, is expended in sepa-
rating the oxygen from the zine in the ore,
to form the metallic zine used in the hat-
teries. All this force is given baclk when
the oxygen is restored, and under the con-
ditions in which the restoration takes place
in these batteries the restored force reap-
pears in the form of electricity. It is said
that the annual cost of the maintenance

of the hatteries used by the Western Union
Telegraph Company—that is, for the sup-
plying the force which is expended in the
electrical pulsations which pass over their
wires—is over §125,000.

‘When this current and the means of pro-
ducing it became known to the world, many
minds busied themselves with the thought
of sending messages to a distance by means
of extending the wire'circuit, and a great
variety of devices were tried for this pur-
pose.

One inventior arranged a key-board with
ten keys, one for each finger, and with ten
wires, one communicating with each key.
The operator who was to receive the mes-
sage sat with fingers and thumbs upon the
Leys, and received a little shock in one after
another of his digits, each of which he inter-
preted to mean a certain letter, according
to a prearranged table.

Another proposed to resort to the light
and heat which are developed when the elec-
tric eurrent is made to pass from peint to
point of two peneils of charcoal, in con-
nection with the opposite poles of the bat-
tory.

To form an intelligent idea of the prinei-
ple of the telegrapls now in use it is neces-
sary to advert to o very peculiar property
of electricity, which constitutes, in fact, one
of the most curious and singular facts in
nature. :

If a current of electricity is passed along
2 wire near to a compass or magnetic nee-

VIEW OF THI BATTERY OF THE WEHSTERN UNION TELEGRAPH OTIFICE IN NEW YQLK.
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. ¥F1Q. T.—TUE DEFLEUTION OF TUE NEEDLE.

dle, without however touching it, it will
cause the needle to turn and talke a position
at right angles to the wire, or to tend to-
ward such a position in a degree propor-
tioned to the strength of the ewrent. If
the current is passed in a similar manner
across a bar of soft iron, without touching
it, it' causes the iron to be a magnet; that
is to suy, the proximity of the eurrent will
malke iron that is not 2 magnet become one,
and will malke iron that is a mapnet turn at
right angles to the current. When the cur-
rent ceases the needle returns to its ordi-
nary position, the bar ceases to be a mag-
net. Bingularly enough, if the wire is sus-
pended so as freely to turn, and & magnet is
laid beneath it, the wire will turn so as to
cross the direction of the magnet.

This power of the current to make a tem-
porary magnet of every piece of soft iron
within its influenee, and.to turn magnetic
needles at right angles to itself, is the prop-
erty resorted to, under one form or the other,
in nemly all the tclegraphs now in use. It
is a mysterious sympathy, which has afford-
ed to scientific observers a great many curi-
ous and beautiful experiments.

If a double current is carried past the
needle or har of iron, double the effect is
produced. To enhance the power of the
current, therefore, a coil of wire passing

FI4. 8, —DINKOT ACTION OF A MAGNET OE.A QULARENT.

around the bar or ncedle is commonly em-
ployed. Thus Fig. 9 represents a rod of soft
iron inserted within a spiral coil of a con-
ducting wire. The effect of the coil is to
malke the path of the wire lie across the
rod for a long distance, and the magnetism
of the Dar is very perceptible.  If the spiral
is right-handed—that is, if it runs like the
thread of an ordinary serew—ihe north pole
of the bar will be at the end at which the
positive current emerges, the south pole at
the end at which it enters. Whenever the
current ceases the bar loses its magnetism.
If both spirals were wound on the same bar,
and equal currents sent through them, the
influence of one upon the bar would be coun-
teracted by that of the other, and it would
not become a magnet.-

The attractive power of both poles can be
used at onece, if the rod and coil be bent into
the form of a horse-
shoe, and can be
shown by its lift-
ing iron pins from
a tray, or holding
even a  leavy
weight.

But if in the con-
struction of such a
magnet the wire
is - wound in the
wrong direction on
half the Dar, the
two parts neutral-
ize each other.
Which end of the :
iron shall Dbecome ',BAu’ ’fef‘",f_ ﬂ,}f;,‘i‘g"]‘d:di,ﬁ :ni]q’
the north pole de- north pole; S, sout’fn pole. '
pends on whether
the wire is wound from right to Jeft or from
left to right. If even the same wire is
wound both ways, the one influence coun-
teracts the other. It must be made as if
wound on a straight shaft, and afterward
bent. The effeet is not preduced if the bare

wire is wound on the
Dar, returning on itself,
like thread on a spool;
the wire is therefore al-
ways covered with silk
or some other insulator,
so that each turn is sep-
arated from the others,
. and the current is com-
pelled to follow the en-
tire length of the wire.
These two spools, cov-
ered and painted black,
and in form rudely re-
sembling the barrels of
an opera-glags, may Dbe
recognized in the in-
straments in any tele-
graph office.
If the line is not too
long, and the battery is

FIG, 9.—TIE BPIRALS.
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Tit. 10,—TUE ELECTRO-MAGNET.

sufficiently powerful, the magnet may be
made to attract an armature, or bar of iron
guspended near if, and the armature in mov-
ing may sound a Dell. Tig. 12 represents
an alarm-bell of this kind, which has heen
much used in Europe. The wire may be
traced entering the apparatus at A, Being
fagtened there with a thumb-gerew, it is in
contact with the wire coiled around the mag-
net at B. The other end of the wire coil is
connected with a metallic rod in the bot-
tom of the case, to which the spring thab
supports the armature is affixed. The other
wire of the line enters from the other side,
and is fastened to a thumb-serew from which
rises a slender tongue of metal against the
armature. When the current is established
through wire, coil, armature, spring, and
wire again, the magnet attracts the arma-
ture, and the hammer, G, strilces the bell, I1.
But the armature, by the act of leaving the
spring, F, breaks the cireuit, for the current
can no longer pass from the armature fo
the line wire, The horseshoe bar therefore
ceases to act as a magnet, and the arma-
ture falls back to its place. The instant it
touches the spring, I, the current is again
established, the magnet acts, the bell striles,
and so again, thus ringing like an alarm-
clock. As seen in Fig. 15, the armature, in-
stead of ringing a bell, may be made to move
a peneil or a pointed stylus, and make
mark upon a moving strip of paper.

In the dial telegraph the armature moves |
a lever which drives a rachet-wheel, and this

carries an index, or pointer, by which words
are spelled out on the dial. If we imagine
the circumference of the wheel to bear type,

so that each letter could in
turn be printed, we have a
clew to the principle of the
lititle stock telegraph instru-
ment which may be seen at
work any day printing off
quotations in any broker’s
office or great hotel in New
Yorl.

It has been said above that
the current does not active-
ly manifest itself unless the
two poles of the hattery.are
connected by a conductor.
‘When this connection is bro-
Len, the current ceases to
flow, not only at the point
where the break is made,
but in every other part of
the wire at almost the same
instant.

Those who have attended
an experimental lecture upon
clectrieity may have witness-
ed, or perhaps participated
in, the formation of a ring by
those members of the audi-
ence who were willing to try
a shock. The person at one extreme takes
hold of the chain connected with the con-

¥td. 11,—THE BOBBINS,

ductor, but no sensation is felt until the one
at the other extreme touches the opposite
pole of the machine. So far as manifesta-
tions in the sensation of the circle show, the

11G. 12.—TUE ALARUM.
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¥IG, 18,—THE DIAL TELEGRARIL
¢, The bobbins; &, spring to draw bacle armature; I, lever; f, index.

eleetricity seems not to start at.all until it
can go entirely around. The instant the
connection is formed the eleciricity, so to
spoak, discovers that the course is clear,
and flashes through the whole cirenit of
outstretched arms and hands.

Electricity, lilke light, heat, and gound, re-
quires time for its passage through space;
yotiso rapid is its motion thati it was formerly
supposed that it could not be timed, but re-
eent sxperiments have succeeded in doing so.
The wires botween Cambridge, Massachu-
setits, and San Francisco were connected sev-
eral years ago, making a eireuit of over 7000
‘miles, with thirteen repeaters. The time
required for the flow of the current was
geventy-four-hundredths of & second, or, de-
ducting the time required to open and elose
the repeaters, about three-tenths of a second,
or at the rate of 1,400,000 miles a minute.
The rapidity of the motion is shown by the
following illustrations:

If a magnetic spark is flashed through
gunpowder, it may scafiter the lernels of
powder withont igniting them. Ifasilvered
wheel is made to revelve many thousand
times a minute, the spark will show it at
rest. If a man-be strucl by lightning, death
appears to follow before sensation has time
to reach the brain through the nerves.

The signals, whether by means of the
needle or the electro-magnet, are made by
succession of shocks or pulses; and to
produce ihese it is necessary to break
the cireunifi and to close it again many
times in succession. Cutting the wires
of a telegraph, which we used to hear
of when there were foewer lines than
now, stops communication. When the
ends of the wire are fastened together'
again, communication is re-established.
If no instrument for making the signals
is at hand, as is sometimes the case, the
signals can be made by taking an end
of the wire in each hand, and touching
them together again and again. Insu-
lation may he preserved by wearing sillc
gloves, or using & silk handkerchief.

with the little nipple or anvil
conductaor, the current can not pass through it. When the
button, G, at the end of the spring or lever, D, ia pressed
down 80 a8 to touch the anvil, the cnrrent inetantly passes
through, and from the metallic b

The genius of Morse
showed itself in the
simplicity of the
means he devised ;
and it is to their sim-
plicity that they owe
their pre - eminence
and their almost uni-
versal adoption.

The Morse key, or
transmitter, which is
the name given to
the ingtrument he de-
viged for making and
breaking the circuit
with speed and accu-
racy, is simplicity it-
self; but upon this
little lever, capable of but a single motion,
may be expressed every word the pen can
write or the tongue speak. It will be most
readily understood, perhaps, by a drawing of
a rude form in which it was at first made.

The reader who has followed these some-
what dry detnils respeeting the battery, the
ingtantaneous current, the electro-magnet
signals, and the mode of making the circuit
and breaking it again, is prepared to under-
stand the “ cireuit,” and to trace the opera-
tion of the telegraph upon if.

It has already been said that a complete
cireuit must be formed in order to induce
the current to move. The earlier telegraph
lines were formed by a wire running from
one terminus to the other, and then return-
ing to the battery at the starting-point, thus
making o complete metallic cirenit. It was
discovered, however, by some invesfigators,
who were endeavoring to make the track
of a railway serve instead of a wire, that
the earth itself would act as a conductor for
the return current, or, as perhaps it may be
more properly conceived, that the earth be-
ing & vast reservoir of electricity, the cur-
rent from the bLattery will willingly leave
the battery by the positive pole, and trav-
erse the conducting wire to a great dis-
tance, if it be allowed at lagt to enter the
earth, and if, at the same time, the battery,
by having its negative pole also counected

TIG. 14.—INE PRINCIPLE OF TUE MORSE EEY,
The wire, o, is carried through ihe table, B, and connects

A. The table being a non-

lock, I, passes to the wire, b,
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with the earth, he
allowed to draw an
aqual amount from
that natural reser-
voir, and thus in
effect maintain the
cireuit. Since this
discovery a single

)

™

wire serves for a

complete line, pro-
vided adequate con-

nection with the
moist soil of the |
earth be maintiain-
ed at ench extremi-
ty. In citiéa and
towns where there arve gas and water pipes,
it is sufiicient to carry the extremity of the
wire to these pipes. In some offices it is
twisted around the gas braclket in the wall
of the room. In places where there are no
such pipes a sheet of metal is fastened to
the end of the wire, and buried in scme
damp cellar.

Thisis called making a ¢ ground,”

In Iig. 15 we have a diagram illostrating
a-circuit. In the office or terminus on the
left are two jars upon the floor, which may
represent the battery. From the positive
pole the wire is carried beneath the table,
there to connect with the anvil of the key.
From the axis of the key the main wire or
line wire runs, suspended. in. the air by being
tied to glass insulators upon the poles. At
the other terminms is an electro-magnet,
placed upright, with an armature over it.
The armature is fastened to one arm of a
lever. The other arm is provided with a
pencil or style, above which is a slip or rib-
bon of paper., The paper may be pulled by
hand, as in the diagram, but for greater
steadiness and convenience clock-work is
employed. . The armature hangs above the
magnet, and is lcept up by a delicate spring.
To mulke a circuit, so a8 to enable the cur-
rent to return to the batiery, as the saying
i, the wire is connected at each end with
the carth.

This arrangement constitutes a circuii;
but the carrent will not act in it while it
is broken at the key, as represented.in the
dingram. Tho electricity is not powerful
enough to leap from the anvil to the ham-
mer under the lever of the key. In this posi-
tion of the Iey the cireuit is said to be open.
The ingtant the hand of the operator presses
down the key the eircuit is closed, the whole
line is excited by the electric force, the bar
becomes an active magnet, and draws down
the armature, which clicks, as up goes the
peneil or style against the moving paper.
If the operator ot the key holds the key
down a short time, a dash is made on the
paper. If he releases it as soon as it is
down, a dot is made.

Some one may ask, how is the answer sent;

FI¢. 105,—DIAGRAM OF TUE OIROUIT.

bacls upon the same wire? To do this it is
only necessary to have a ey inserted in the
wire at the right-hand office, and a register,
or sounder, as the electro-magnet is called,
in the other office.

The railroad traveler who looks out of the
ear window at some rural station often sees
that the window of the telegraph office is
the. prineipal object of interest. A little
group of loungers are gathered about the
window-gill locking in. If he should enter
the room, he might see the operator at the
key, holding a dispateh in her hand, and
with the lkey maling the stroles which are
necessary for its transmission, The line
wire connecting with the ley passes up the
window-trame, and through the wall, to tho
telegraph poles beyond. Next to the Ley,
upon the broad shelf which serves as a ta-
ble, is the switch, or cut-ofi, that enables the
operator at pleasure to counect or discon-
nect the wires that are concealed beneath
the table. 'The largest instrument in the
centre is the register, and a heavy weight
hung from it drives the rollers which draw
the slip of paper from the reel above to be
marked by the siyles. Beyond the register
may be seen the sounder, or relay, connect-
ed Deneath the table with a ground wire
running through the floor, and with the two
wires of the local battery. Upon the wall
near the operator are the hooks on which
the written message papers are filed after
the messages have been sent. '

Iff wo imagine the message to he carried
by a current flowing from the batiery at -
one end to the magnet at the other end of
the line, it might seem that a bhattery at the
other end also would be essential to enable
a reply to be gent haelt. But, as has been
explained, we are to conceive of the eux-
rent rather as an excitement of force taking
place throughout the whole line if at all, ceas-
ing every whers if the line is broken at any
point whatever. Bearing thisinmind,itwill
be seen that half o dozen magnets might be
ingerted at as many different places, and the
key might be put in any where, and signals
made upon it would be responded to by all

the magnets at the same time.
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In fact, to conceive an actual telegraphie.

civeuit, the reader may suppose that a line of
wire thirty or forty miles long runs through
half a dozen towns, passing through ten or
twelve offices. In every office there is a key
and an electro-magnet. A very simple and
ingenious attachment to the keys prevents
the key of each office from interrupting the
circuit for the other offices, except when it

_ is in use for making signals.

In every office means are provided for
cutting off the magnets from connection
with the line, so that messages may go
through unobserved, but in ordinary prac-
tice messages senf ‘from one point to an-
other on the same circuit are heard at in-
telmedmte points. A visitor was recently
il the office at Hallowell, Maine, and while
conversing with the opemtm who was at
leisure, the sounds of the instrument went
on in this way as usual. Soon the operator
began to laugh.- “What are you laughing
at?” inquired the visitor, who saw no oe-
casion for laughter in their - conversation.
“40n ! replied the operator, “Bath is say-
ing such droll things to Augusta.”

Sometimes' all the operators on a large
circuit assemble at their posts and hold
a conference, in -which whoever spealks is
heard simultaneously in all the offices. The

press reports-are usually delivered in this |.

way. All the principal offices in the State
of New York are thus supplied with the re-
ports by one writing. .

From various causes, some of quch will
be hereafter mentioned, the force of the cur-
rent diminishes as the liue is extended and
the number of instruments is increased;
and hence a current which would be power-
{ul enough to traverse a short private line
on which there were no intermediate sta-
tions, and to move the register at the termi-
nus, may not be powerful enough to serve a
circuit upon long lines employed in the serv-
ice of the publie. To increase the force of the
current sufficiently is'expensive, and praocti-
ca.lly inconvenient. Resort is had fo an
ingenious deviee called the repeater. The
name “relay,” which was used for the device
first adopted for this purpose, suggests an il-
lustration which will enable the reader to

» form an idea of it. The Persian and: As-

syrian monarchs, and some European kings
of the Middle Ages, had a system of posts

for couriers, which were stationed usually |.

at a day’s.journey from each other. At
cach post were a courier and horses at all
liours ready to start. The courier bearing
a dispatch rode -all- day, and at night he
reached a post, where fresh horses were sad-
dled ready for the next stage of the journey,
but he himself was exhausted. His force
was nearly spent, but he could awalken the
eourier who was stationed there and deliver
the dispatches to him, and he, with fresh
strength, instantly took up the journey. In

the same way the reader may conceive of
the electric eurrent arriving at a station or
office 80 nearly exhausted that it can not
go farther with power to deliver intelligible
signals, but it still has strength to walke up
another battery and set in motion a fresh
current, which shall, so to speak, receive
and carry forward the message which the
exhausted current has just strength to utter.

The means by which this is effected vary
with the circumstances, in some cases in-
volving complex apparatus, which seems
incomprelensible to any one but a profes-
sional electrician, but the main prineciple
which lies at the foundation may be seen in
this diagram. The current arrives on the
line, say from the west (W), nearly exhaunsted

Line — Relay

Seecond Main
Beattery

GROTUND
FIG. 16.—PRINOIPLE OF THE REPEATLL.

by the resistance or by defects of insulation,
ete. It has gone as far as it can carry the
power of producing convenient signals. At
this point, therefore; the line is cut, and a
magnet inserted and connection made with
the ground. The magnet is so adjusted that
when it draws the armature the latter will
touch a metallic point that is" fixed between
the bobbins. It is then only.necessary to
connect the further part of the line wire
with the armature, and a fresh battery with
the ‘metallic point, and whenever the cur-
rent arriving draws -the armature, whether
for a-dot or a dash, a fresh current of precise-
1y the same length will pass from this bat-
tery to the armature, and thence down the
line, thus continuing the passage of the mes-
sage without the intervention of the opera-
tor. If there is sufficient power to deflect a
magnetic needle in a perceptible degree, this
can be made to open and close a eircuit by
which a fresh powerful cmrent mIl be set
in motion. .
It is found that it requires greater force
to operate the register by which the mes-
sage may be recorded on the slip of paper
than merely to move the armature and pro-
duce a sound which the operator may un-
derstand. Hence the same device is used
constantly to move the register or sounder.
These, then, are the principal elements of
the telegraphic system : an extended insu-
lated wire connected with the earth at both
ends, and communicating with a battery
which agitates it throughout with electrical.
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excitementi; aley by which
the continuity on which
this excitement depends
can be rapidly broken and
renewed at pleasure; and
a magnet whose armature,
Dy moving under the influ-
ence of the alternations of
oxcitement and quicscence,
will instantaneously indi-
sate to the observer every
opening or closing of the
eireuit by the key.
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FIG. 17T,—DIAGRAM OF TILE TABLE OF A TERMINAL BTATION.

The main line arrlves on the right and enters through the wall at «, and
renches the key through its screw from heneath the table at . Trom the
anume point a wire I8 ciurried beneath the table to the cut-off or switch at o
By moving the arm of the cut-ofl, d, 8o a8 to bring it in contact with the
hend of the screw on ils left, nt ¢, connection is made with the continun-

When we attempt to ex- tr.jon of this wire& 7 IL? &Je gmum{. To maﬂce this cogmeﬁtion is (:lulledl putb-

y : ing on a ground. e current can go this way, it will not undertake to

tend our eoneception to a & through the instruments. In the position of the cut-off indicated in

congeries of cireuits, ram- the diagram the connection is hiroken, and the current is comFelled to puss
1

ifying in every direction

from the key at L to and thruutgh the relay hefore it can reacl
The motions of the armature of

the ground.
the relay bring the current of the loeal bat-

lile the fibres of the nerv- fery to operate on the register, if desired, so as to record the nmessage,

ous system in the human

body, and eonslituting n net-work which
embraces within its reneh every important
point in nearly three millions of square
miles, we may form some idea of the vast-
ness and complexity of this dclicate, sensi-
tive, and all-pervading organizafion.

The immense net-worlk of wires which is
embroidered over the surface of the United
States contains about seven thousand offices
(ineluding branch offices in cifies), and prob-
ably abouti an equal number of relays.

The first time a visitor enters the opera-
tors’ room in a great central ofiice the scene
is a labyrinth of perplexity and confusion
to him. A hundred keys and sounders are
clicking all at once, making a noise like a
diminutive cotton-mill. The floor is filled
with ranges of tables, at which the operators
are seated, separated from each other by
glass sereens.” Against one wall is the
switch-loard, the most conspicuocus object
in the room. Without any actual resem-
blanece, it reealls to the imagination of many
visitors the thought of a great organ, ifs
ranges of slender wires hehind the screen
suggesting the traclers and pipes, and the
innumerable switches representing the lkoys
and stops. Boys are passing to and fro with
papers, and messages are sending and re-
ceiving from almost every table in the room.
But though this may be to the visitor a scene
of intricate entanglement, to the mind of
the manager, who stands at his side, every
instrument and every wire in this maze is
clear in itself and in its conneections. The
expressive deseription given by a railvoad
superintendent of his‘*own Dbusiness is not
inappropriate. “ When we first talte 2 man
on,” gaid he; “overy thing is confusion to
him, except the one thing he has to do as
fireman or brakeman.  But when he has
served a good time every thing comes out
clear to him, and he sees it all different. In
fact, his mind is all made over; so that, in all
the dépot grounds, with the scoresof switches
and sidings amd signals, and cars and en-
gines moving, his eye sees every thing in its

connoction, nnd talkes in the whole situation
at & glance.”

The switeh-board, to which allusion has
heen made, is the central ganglion of the
whole system. Every current passes through
this apparatus. The manager, standing here,
can, by inserting o hrass wedge in the course
of any current, hear what message is pass-
ing. He has thus the means of inspecting
and listening to all that is going on over all
the wires connected with the office.

To form an adequate conception of the
intimaey and delicacy of the apparatus upon
which this system depends would require a
great degree of technical knowledge, In
fact, the recent progress both in seientific
investigntion and in the art of manipulation
has opened almost o new world of facts and
prineiples, which are of engrossing interest
to those who have the special training to
master them, and which to the rest of us
cclipse in marvelousness and mystery the
fables of fairy-land and the dreams of magi-
cians. To one to whom measuring the quar-
ter of a second with a stop-watich has seemed
to e the height of nccuracy, the idea of di-
viling & second into a million parts, and
measuring the duration of electrie sparks,
and finding that they vary from four-mill-
ionths to eighty-six-millionths of a second,
appears not merely incredible, but incon-
ceivable. Yet this is done.

Some of the curiosities 'of the telegraph
will, however, be intelligible and interest-
ing. very substance hizg o certain speeific
resistanco to the passage of olectricity, pe-
culiar to itself, just ns some substances are
good conductors of light, as glass; others
poor, as painted or ground glass; others still
are opague or non-conductors, as wood.

A good conductor of clectricity is a sub-
stance that presents a low degree of resist-
ance to the passage of the emrrent; a good
insulator is one that presents a high degrec
of resistance. At one time many electricians
were engaged in endeavors to devise some
arrangement by which lightning might be
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prevented from taking possession of the
wires, or safely diverted from them when it
had done so. Ingenious inventors had: pro-
duced a variety of elaborate devices for this
purpose, when some practical operator hii
upon the expedient of winding the main
wire once around the gas-pipe over his table
Defore its connection with the instrament.
He interposed a slip of paper between the
wire and the pipe to keep them from touch-
ing each other. The paper presented a suf-
ficient; degree of resistance to prevent the
escape of the small current wused in tele-
graphing; but if the lightning took to .the
wires, the current, being very powerful,
overcame the resistance of the paper, passed
through, and escaped by the gas-pipes, leav-
ing the instruments unharmed. This prac-
tical -expedient, which in this country has
substantially superseded other inventions,
is a curious illustration of fhe simplicity of
the most valuable inventions.

The whole system of the telegraph depends
on this principle of resistance, and the dif-
forent degrees which different bodies present.
Ii is, perhaps, not too much to say that near-

ly all that can be
learned about elee-
tricity depends on
the definiteness of
the laws of resist-
ance: and the aceu-
raey of the means of
measuring it; and if
all substances were
alilte in respect to
their resistance (if
this be conceivable),
we ghould probably
Inow nothing about
electricity.

Metals presentless
registance than oth-
er substances, and it
ig fortunate that it
is so. If glass were
the only good con-
ductor, the construce-
tion of a telegraph
line would be a del-
icate undertalking.
Different metals dif-
fer in their condue-
tivity., Silver offers
the least resistance,
copper is almost
-equal to it, and it is
six times better as a
conductor than iron.
The wonderful dif-
ferencehetweensuhb-
stances in this re-
spect will be seen
when it is said that
iron "presents six
times the resistance
presented by copper, and that pure water
presents 6754 million times as much resist-
ance as copper; and yet water presents far
less than some other substances. Telegraph
wires can not be carried through water with-
out carefully insulating them with an im-
pervious covering, while the dry air of the
atmosphere presents such enormous. resist-
ance that the wires can be strung along
through it without any protection from: it.

The resistance of a solid conductor, such
as ‘& wire, is in direct proportion to its
length, if it be of the same size through-
out, and is in inverse proportion to its size.
Tour wires an eighth of an inch thick are
equal in size o one*wire a quarter of an
ineh thick. ' Hence four miles of the latter
will present no more resistance than one
mile of the former. Upon the same prinei-
ple a very small copper wire is as good a
conductor as a large iron one. If.one ex-
amines the instruments in & telegraph of-
fice he will see that the copper wire used
in the connections of the apparatus is very
small in comparison with the.iron wire nsed
for the main line.
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The electric current, in passing
through a circuit, expends or loses
a part of its force in overcoming
this resistance. The purer the
metal, and the more perfect the
joints are, the less is the resist-
ance; but it is always something ;
and the more the line is extended
the greater is the aggregate resist-
ance, and hence the more foree
lost, until, if the line be too long,
and without repeaters, not enough
reaches the terminus to malke in-
telligible signals.

Allusion has already been made
to the power of an electric eurrent
to deflect  magnetic needle placed
near it. This, of course, enables
the electrician to detect the existence of a
current.

‘When we ask in what direction the needle
will turn, one is amused at the answer. It
depends on the direction of the current; and
the relation of the two motions is commonly
described by a grotesque illustration. If
we imagine, say the electricians, that an
observer—an imaginary miniature man—is
placed in the conducting wire in such a po-
gition that the current entering by his feet
issues by his head (in other words, that he
should swim with the current), and then the
needle is brought near the wire in front of
him—+that is, so that his face is toward the
needle—it will be found that the north pole
of the needle will always turn toward the
left hand of the imaginary man.

This singular property of the current af-
fords the electrician the means of ascertain-
ing not only the existence of a current, but

also ifs direetion,

L w or ifs negative or
positive quality.

And since the de-
§ gree of the deflee-
ﬁ tion is proportion-
ed to the intensity
of the current, the
magnetic needle
affords a very del-
icate and sensi-
tive instrument
for reading the
clectrie condition

i

)
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of 2 wire.
g $ If the wire, in-
stead of heing

passed in a single
strand mnear the
needle, is wound
in a coil, and the needle hung within if, the
cffect is multiplied.

In one form of galvanometer the needle is
weighted at one end and hung perpendicu-
lIarly in the coil. When the current flows
around it, it tips to the right or left as the
case may be. In diagrams used in books on

FIG. 18,—DIREOTION OF THE
DEFLECTION.

of the chiI,
tablet to a leveL.

F1G. 1.—GALVANOMETER NEEDLE.
e and b, Wires from the battery connecting with the two ends

d; ¢, the needle, The three screws serve to adjust the

electricity a ring with a needle hanging per-
pendicularly within it is used fo signify that
the diagram represents a cireunit with no
current in aection, while a ring with the
needle hanging aslant indicates that the
current is in action, and the degree of the
inclination of the needle indicates the rela-
tive force of the current.

A very curious property of the current
must be adverted to here, which is, that if
two paths are open to it the current will
split or divide into two portions, each tak-
ing one of the paths; and if the paths differ
in the degree of resistance they offer, the
division will be accordingly, and the larger
part of the current will take the easier path.
This proportion is exact. For instance, if o
wire after running a certain distance should
be split into two unequal strands, one of
which was twice the size of the other, the
current would divide in the same propor-
tion precisely, because the resistance of the
small strand would he double that of the
other. If, however, the smaller strand were
cut off to he half the length of the larger,
then the division of the current would
change, and onc-half would take each
strand, hecause by reducing the lengtlh of
the smaller strand to one-half, its resistance
would be reduced to the same amount as
that of the larger but longer strand.

This property of the current, tpgether with
that to which allusion has been made, of
its power to deflect a magnetic needle o a
greater or less degree, enables the electrician
to ascertain whether a current is flowing in
a wire, and if so, in which direction, and
also how great its force, and the length-of
the wire in which it is flowing. To de-
termine the latter, all he has to do is to
connect with the wire a coil of a given
length, and see how much of the current is
diverted by it. Suppose the electrician, for
instance, is bronght to the wire as it hangs
Detween the poles in the fields between two
stations, and is asled if the line is in opera-
tion, and which way the message is passing,

and bow far it is going. It will easily be

—
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FIG. 21..=DEAD BARTIL

imagined that by cutting the wire and mal-
ing it pass through the apparatus which
contains his magnetic needle and his re-
gistance coils he can tell, by the direction-
of the deflection of the needle, the course of
the current, and by the degree of its deflec-
tion fhe force of it, and by the proportion
in which it divides when he invites part of
it to pass through his. coils—or rather by
the length of wire in the coils which he
must acd in order to divide it equally—
how many miles of line wire it has to frav-
erse. :

Perhaps a rude illustration will assist
some of our readers here. If a house were
supplied with water by a long tube and a
force-pump at a distance, we shall readily
see that the force required to be applied to
the pump haudle to drive the column of wa-
ter through the pipe the given distance would
be a fixed, definite quantity. Suppose some
morning, on applying our hand at the pump,
we found that much less force was required,
we should infer at once that gomething had
happened to the pipe; probably a break had
oceurred, by which the water escaped. near-
er, and thercfore more easily. If we had a
coil of hose of the same size as the pipe, and

_which therefore we may suppose would of-

fer the same resistance, and found that the
force required to worls the pump when con-
nected with the aqueduet was just the same
as that required to force water through
thirty feet of hose, we might conjecture
that the pipe had broken under-ground
about thirty feet from the pump, and might
begin to dig acecordingly.

The measurements made with the appa-
ratus of the electrician are so delicate and
exaet that an eperator, interrupted by a fault
in the line, can, without leaving the office,
detect within half a mile the place of a leak
or defect of insulation a hundred miles away,
and at ordinary distances can determine it

within a few hundred feet. If a defect oc-
curs any where within the city of New Yorl,
for instance, the electrician in the cenfral
office can ascertain its location within half
a bloclk.

Many curious stories are told by electri-
ciang of the incidents that occur in testing
for fanlts. In one case a California miner
seeing a broken wire on the line near where
he was at worls, and knowing nothing of
the nature of a conductor, henevolently
mended the gap with a piece of Dblasting
fuse of about the same size and color as the
wire. Of course this interposed a complete
resistance to the current. Repairers were
sent out, who reported the line intact at the
place indicated; and only a eareful exami-
nation from pole to pole along the line de-
teeted the cause of the difficulty.

In another ease an earth eurrent made its
appearance on the line between Boston and
Salem every night. The electricians dis-
patched the repairers, who reported that
every ineh of the line was in good order, and
go it proved during the daytime. DBut at
night there was always trouble. Some
the operators began to suspeet the interven-
tion of spirits. It was at last found thab
where the line passed by a switeh at a rail-
way station the tall iron switch-rod was
pushed against it every night at seven
o'clock Dy the switchman who moved the
switch for the evening train.

If o large leak should be made in a gas-
main under the street, midway between the
company’s reservoir and the house where the
gas was to be consumed, the effects of this
unseen leak would be perceived at each end
of the pipe, but in different ways. At the
gas-works it wounld be found that the pipe
toolk an unusunally strong current; the re-
sistance to the flow of gas in the pipe would
De diminished—in other words, the leak
would facilitate the escape of the gas—and

X
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hence the degree of pressure which was pre-
viously necessary to force the gas through
the pipe in a sufficient quantity for the con-
sumer would now drive 2 much larger quan-
tity. Af the other end of the pipe, however,
the consumer would find his supply dimin-
ished, and if the leak were considerable he
might no longer receive enough to give a
flame.

These homely illustrations may suggest to
the reader the basis of a rude conception of
the means by which electricians test for
faunlts. But in the case of clectricity the
subject dealt with is so delicate in its na-
ture, and the conditions under which it ig
treated are prepared with such minute exact-
ness and preeision, that the computations
of distance are expressed in algebraic for-
mulas, and the results attained are often
marvelous in their accuracy.

Watching an electrician measuring the
resistance of a wire or the foree of a cur-
rent, one might imagine him a chemist
weighing some invisible atoms in the most
delicate of balances. Before him under a
glass case is the slender needle of the gal-
vanometer, and concealed around its: hase
are the fwo wires through which the di-
vided enrrent is to fow, its parts taking
opposite directions around the needle, so
that if the eurrent is precisely equally di-
vided between the two wires, the influence
of one upon the needle will-exactly counter-
act that of the other, while the slightest ex-
cess of one over the other will be instantly
shown by a deviation of the needle to the
one side or the other, according to the posi-
tion of the stronger current.

PG, 22.—RESISTANOE QOILB.

The resistance coils (which correspond to
the hose in our illustration of the pump) are
like the weights of the apothecary. They
are arranged under a series of short metallic
blocks (a, b, ¢, d, in Fig. 22). If metallic pegs,
which are provided for the purpose, are in-
serted in the holes between these blocks, the
current passes directly from e to f throngh
the connection formed by the blocks and
pegs, which constitute so complete a con-
ductor that the resistance is praectically
nothing. If the peg between two of the
blocks be pulled out, the current ean not
leap the distance between them, and is
obliged to pass from the first block through

Vor. XLVII.—No. 270.—23

the coil below it to reach the second blocl.
In measuring a resistance, plug after plug is
pulled out until the needle is found to rest
at zero. The resistances of the various coils
that have been brought into the circuit by
pulling out plugs are then added together,
and they show the total resistance of the
line which has been thus balanced against
them. It may truly be said, then, that
this intangible, invisible, inaudible force is
weighed in the seales, and, marvelous as it
may seem, it is measured with far greater
exactitude than are those tangible and visi-
ble substances which men have so long and
so familiarly dealt with.

The extreme minuteness of accuracy to
which these measurements are carried is
seen in the construction of an instrument
called the rheostat, which is often used
with the resistance coils. An ordinary re-
sistance coil is of unchangeable length.
The rheostat is a changeable or adjustable
coil. Imagine two spools, side by side—one
full, the other empty—with the end of the
thread from the full spool attached to the
empty one. It is plain that every turn we
should give to the empty spool would wind
upon it part of the thread, and reduce by so
much the number of turns on the full spool.
In the rheostat, wire talkes the place of the
thread, and on the full spool, which is of
wood, it lies in a groove, like that on a
screw, which isolates each turn from those

-next ity so that the current ean only pass by

following the wire from end to end. But
the empty spool is a metallie cylinder, and
whatever wire is wound nupon it becomes, as
a conductor, merged in it, so to speak, by
the contact, as the current on
reaching this cylinder is free at
once to pass to the end of the
wire, “across lots,” with no per-
ceptible resistance. Practically,
therefore, the resistance of all
the wire that is wound off upon
the second spool is nullified. The
length of the wire remaining is
indicated on a scale with great
precision, even to a fraction of a
turn of the cylinder.

The amount of resistance is ex-
pressed in “ ohms,” as they are called. An
obhm is the unit of measurement of resist-
ance, just as a foot is a mensure of length,
All telegraph wire is tested for its resist-
ance, as well as for its strength, before it is
put up; and all the lines and magnet coils
and. batteries in use are constantly tested to
detect defects.

The more words that can be transmitted
in a given time over a line of telegraph, the
greater its value, provided the expense of
transmission is not disproportionately in-
creased. We have described the sounder
which is commonly used in this country.
Its use is practically limited by the number
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ly used in Great Britain,
and a line has been re-
cently constructed he-

tween New York and
Washington for the
working of the latter.
The instruments em-
ployed by these two sys-
tems are entirely difier-
ent. In each, holes rep-
resenting the words of
the message are first
punched in a narrow
strip of paper, which

@

are the equivalents of
the dot and dash of
the Morse alphabet, and
are translated into dots
and dashes after trans-

¥16. 23, —WIEATSTOKE'S RIIEOSTAT.

G, Wooden cylinder, with grooved surface; C, metallic cylinder; F, scale
for remling length of wire on the non-couductlng cylinder.

of words o man can write in an hour. A
good copyist will not usually write over 800
or 1000 words an hour, but a good operator
can receive and write 1500 to 1800 words
per hour, and on special oceasions 2500 to
2600 have been received. Operators on
the continent of Lurope do not transmit
more than half as many in the same time.
The number of words transmitted is in-
creased by the use of the printing instru-
ment to between 2500 and 3000 an houy,
which are printed in Roman characters as
received, and are ready for delivery, there-
fore, without the delay of writing out. The
operator, by the same movement, can print
the message at his own desk and at that of
the receiver, and at once detect any error.
These instruments are very complicated,
easily disarranged, require very skillful op-
erators, a second man or some mechanical
power to run them, and a well-insulated
line, as the movements at oach end must
leep perfect time. They are much more ex-
pensive than the key and sounder, and are
only used on circuits where there is a large
and steady business, Their construction is
too complicated for description. Printers,
as they are called, have never been exten-
sively used in Great Britain, although in use
on the main lines of the continent of Eu-
rope, where, however, they are not worked
as rapidly as with us.

In the “ automatic telegraph” a little ma-
chine is substituted for the operator, and the
message is prepared for it on a strip of per-
forated paper.

Many different plaus have been devised for
automatie telegraphing, but only two have
thus far proved successful—the Wheatstone,
or English system, and the automatic, or
American system. The former is extensive-

mission. The Lnglish
puncher has three keys ;
the first punches two
vertical holes, : , repre-
senting the dot; the
third two holes vertical,
but not opposite, -, , representing the dash;
the centre key simply moves the paper along.
The American puncher has a key for each let-
ter, which punches holes representing the
dots and dashes of the letter. It is more
complicated than the other, but requires less
than one-third as many movements of the
keys to each letter: The dot is represent-
ed by a small hole above the line, * ; the dash
by two small holes above and one large one
below, = . It is less liable to mistakes, as
the operator is not obliged to translate ench
letter into dots and dashes before punching.
The number of words punched by each is
said to be about thirty o minute, or eighteen
hundred an hour, the maximum amount an
ordinary operator can transmit by the Morse
key.  No strength is required to work the
Morge key, but the punchers requlre consid-
crable. After the punched slip is prepared
the machine transmits the message with
great rapidity.

The American transmitting and recording
instrument, it is claimed, has greatly the ad-
vantage over the English both for its sim-
plicity and rapidity of execution. The En-
glish instrument, which is too complicated for
description here, can transmit from sixty to
120 words a minute, the number diminishing
with the distance. Usually about cighty a
minute are sent. . It is said that from 1000 to
1500 words o minute can be transmitted by
the American instrument between Washing-
ton and New- York; but if only 500 can be
sent, and of this; it is claimed, there can be
no reasonable doubt, it may prove a very
great improvement over other systems for
s0INe purposes.

In the American aystem, after the paper
is punched it goes to the transmitter, is re-
ceived between pressure rollers, and carried
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by the frietion on
to a small platform
of some mnon-con-
ducting material.
A solid cylinder of
copper connectid
with the line wire
is inserted in the
centre of the plat-
form. Over this cylinder, and resting upon
it, is & needle which has two small whecls
at onc end, and is conmnected at the other
with the wire leading to the battery. The
paper passes between the cylinder and nee-
dle, and is earried off by another set of press-
ure rollers.. The ecircuit is broken by the
paper, and closed when the holes in the
paper pass under the wheels and the wheels
come in contact with the copper cylinder.
Where there is a cluster of three holes both
wheels form a contact and a dash is trans-
mitted, in other cases a dot.

The same instrument answers for a re-
ceiver. The messnge is recorded on chemie-
ally prepared paper, rendered sensitive to the
slightest current. - Occasional errors arise,

AT wbEé
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FIG. 25.—AUTOGRAPH TRANSMITTED BY OABELLI'S ATIPARATUS.

ic instrument by which the fee-simile of the
handwriting can be produced at any other
office where a similar instrument is used.
It is especially useful for messages relating
to transfers of money, as it affords the re-
eeiver an opportunity to test the authentic-
ity of the dispatch Dby the jfac-simile of the
sender’s signature. It is said that on an
average nearly thirty messages an hour can
be transmitted by it. The message is writ-
ten on chemically prepared paper, and the
price varies with the size of the paper.

This instrument; can transmit stenograph-
ic writing, and then its rapidity is said to be
truly prodigious, Portraits and drawings
can also he transmitted by it.

This seems almost incredible. But the
reader who has followed the explanations
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FIG. 24.—MHEBAGE I'REPALED FOR AUTOMATIC TELLGILAPIL,

caused by the dot running into the dash and
the dash into a straight line, and can not he
detected until the message is translated, so
great is the rapidity of .transmission ; and
when they do occur the whole message must
be repeated.

Punching instruments can be readily con-
structed and furnished to those who hawve
frequent oceasion to use the telegraph, and
a elerk can easily punch the telegraphic let-

" ters, and thus greatly lessen the expense of
sending a long message. On the other hand,
it is to be considered that the aggregato of
time employed is a considerable offset. In
England the automatic system is regarded
as indispensable for press messages, for which
purpose messages are punched in triplicate,
and the same ribhon is used again and again
in distributing the message by different in-
struments in all directions. It is said to be
doubtful, however, to what extent great ra-
pidity ean be maintained on lines which have
more than one wire, for whenever a current
is flowing over one wire it induces another
current in the otlher wire at each opening
and breaking of the circuit; hence if mes-
sages are passing on both wires there is a li-
ability of both being received on each line,
and rendered unintelligible. This instru-
ment is not as complicated. as the printer,
Dbut requires more operators, and is therefore
more expensive,

Another very curious and complicated
transmitter, used in France, is an antograph-

before given can form a general idea of the
process by imagining that two great pen-
dulnms are made to swing simultanedus-
ly, one at either end of the line. Each
moves a metallic point back and forth
over the surface of chemieally prepared pa-
per, and after every movement the position
of the pencil is changed a hair's-breadth
down the page. If, then, at the instant that
the metallic point at one terminus is in con-
tact with a line.of the manuseript or copy,
a telegraphic current is transmitted to the
point at the other terminus, and passes
thenee through the paper, it will produce a
discoloration, which will be a dot or a line
according to the duration of the current. If
the autograph be closely inspected, it will be
seon that it is made up of very fine parallel
lines. The same thing will be more clearly
seen in the butterfly, shown on a previous
page.

The most recent marvel of the telegraph
is 'what is called the duplex telegraph. This
invention is a simple and beautiful device by
which one wire serves to earry two messages
in contrary directions at the same instant
without interference. At fivat thought this
may seem an impossibility ; but when we
consider how sounds, which we know to be
vibrations in the air, may e propagated to-
gether in almost any number, and pass and
cross each other in opposite directions with-
out losing their individuality, we see how it
is possible, even if we conceive of two cur-
rents as flowing in contrary directions, that
currents of electricity, or rather, we should
say, the vibratory action and renction which
we term currents, should coexist and inter-
Ince without interference. In the ordinary
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arrangement of a telegraphic circuit, if the
operator at New Yorl should commence to
send a message to Philadelphia at the same
time that tho Philadelphia operator was
sending to New York by the same wire, con-
fusion would result. On the theory of two
enrrents even, perhaps this confusion would
not, under.proper conditions, be an interfer-
ence of the currents in the wire; but if they
remained distinet, there would be confusion
in the double and brokenutterance of the re-
ceiving instruments. - The distinct eurrents
would both pull upon the armature of the
sounder, and the Tesult wounld be a confusion
in the signals, The instruments at each end
would utter an unintelligible jnrgon. To ob-
viate this difficulty some.device is necessary
which shall cause the current from the bat-
tery at either end to flow through the mag-
net at the same end without affecting it, but

_ yethave its effect on the magnet at the other
end. After the current from the transmit-
ting office passes through the key by which

- the signals are made, the wire is divided into
two, one of them leading to the magnet and
~thence to the main line, while the other leids
‘also to the magnet and thence back to the
negative pole of the battery.. To prevent
too much of the current from following the
latter course, which, being very short, pre-
sents but ' little ‘resistance, resistance coils
such as have been described are:inserted in
this short line, and when, by means of these,
the resistance is made equal to that of the
main line, the eurrent divides equally, one-
half passing forward to the main line to car-
1y the message to the other terminus, the
other half returning to the.battery through
the equally difficult path of the resistance
coils, The magnet in question has both
these wires wound around it in opposite di-

. rections, the consequence of which is that
the half of the current which is returning to
the battery counteracts the influence on the
magnet which would otherwise be:exerted
by the other portion which is going forward
on the line, andthe outgoing message there-
fore produces no effect on the magnet. When
the part of the current which carries the mes-
sage, so to speal, ar-
rives at the similar
arrangement at the
other end of the line,
it pneses around the
magnet there with-
out any such coun-
teracting  influence,
and therefore makes
its gignals freely. In
other words, the du-

plex  telegraph is a

Battery contrivance for di-

: TTD. viding the ‘current,
. \ - ond, using .one-half

of it to send the

¥1G. &0.—rmuou‘1.r. OF THE )
message, and the oth-

DOULLE TRANBMITTER.

er half to keep the sounder from being dis-
turbed by the message, thus leaving the
sounder free to ntter another message which
is coming at the same time from the other
end of the route.

The American lines ard conmected with
those of the Old World by cables. The ca-
ble is an insulated copper wire, surrounded
by iron wire, covered with hemp and a thick
coating of cement, as it was feared that the
crustacea inhabiting the ocean depths might
cat through this coating. These creatures
were carefully analyzed, and a compound
made so hard that they could not act upon it.

The story of the laying of the cable has
Deen often told, and need not be repeated
here. The peculiar conditions of subma-
rine telegraphy required the use of batteries
of very small power. The current was then
found to be so inconstant in its movement
that the needle could not be relied upon to
open and close. a local cireuit, while its
tremulous: movements were so slight that
they could not be followed by the eye.
We: have said that the time required by
o current of electricitiy. for its passage
through a conductor is directly proportion-
al to its length, other things being equal ;

‘but in the case of cables other causes of re-

tordation are added. The current flowing
through the cable induces n temporary cur-
rent in the reverse direction on the outside
of the conductor, and the attraction between
the two retards the current, and this retarda-
tion inereases in a geometrie ratio with the
length of thio enble. The cable becomes, in
effect, an enormous Leyden jar, the wire con-
stitnting the interior, the water the exterior
coating, with the gutta-percha insuluatior he-
tween. . When the circuit is closed the jar
is charged, and discharged when it is open-
ed. ' This also causes delay. The current
moves a8 o wave which gradually travels
along the wire, appearing in different parts
ab successive intiervals of time; and by ad-
justed touches of the ley suceessive waves
may follow each other through the wire be-
fore the first has died away. If the battery
be too large, the cable will be destroyed ; if
too wealg, the signal is foo fleeting fio Do
seen without prolonging the wave to such
an extent as to prevent rapid transmission.
To remedy these difficulties a very deli-
cate and beautiful form of the galvanome-
ter was invented. It consists of a mirror
of microscopic glass about one-cighth of an’
inch in diameter, suspended by a silk thread
in theé centre of a coil of very fine wire. A
magnet is attached to the baclk of the mir-
ror made of thin watch-spring. ‘The whole
weighs less than a grain, - The magnet is so
sensitive that if the ends of the wire con-
necting the coil are held by the hands, one
end being eovered with tin-foil, there will
be sufficient magnetism exeited to deflect
the needle. If a current e¢qual in strength
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to that produced by o knife blade when
brought near a magnetic needle is received,
it will move the magnet. A shaded light is
thrown on the mirror, which is reflected
upon an ivory scale, and is brought to a
sharp focus by the lens. The instant the
cireuit is closed the magnet and mirror are
deflected, and the light moves to the right

or left on the seale, as the current is positive

"HIAOA 30 SLIVALS ANl §S0HOV TTAYD ITOAY ¥V J0 DNIXVI

or negative. A very minute displacement
of the magnet gives a very large niovement
of the ray of light. A movement on one
side of the zero point represents the dot, on
the other the dash, of the Morse alphabet,
and the interval between the two the space.
Before the first element has been received a
second and even a third are following in its
wulke,

read in the West by the flickering of a re-
flected ray of light.

Very recently a registering instrument
has been invented as a substitute for the
galvanometer. It consists of a small glass
tube, which waves to and fro over a running
strip of paper without touching it. The ink
is spurtied upon the paper by o series of elec-
tric spaaks in a fine shower, which makes a
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continuous line upon the paper, giving a
faithful record of the motion of the current.
This instrument nearly quadruples the speed
with which messages can be transmitted
over the cable, it being capable of recording
120 words a minute, while the mirror gal-
vanometer receives about thirty.

There is, perhaps, no more wonderful ex-

L
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Thus the thoughts of the Bast are, ample of organization, subordination, and
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T1G, 27,—TUE MIRROE GALVANOMETER,

intense attention and celerity to be found in
any department of human affairs than is af-
forded by the telegraphic service between
London and New York. A message sent
from New York has to besrewritten four
times in its route—that is to say, four times

Se.t't'b e

FIG. 28,—A REGISTERED OALLE MESSAGE.

it has to leave the wires and pass in at the
eye or ear of an operator, through his mind
and by his hand on to paper, or on to the
transmitting instrament, or both. These
faithful servants of the publiec, sitting con-
tinuously at their posts hundreds and thou-
sands of miles apart, maintain an
incessant stream of such commu-
nications with such perfect dis-
cipline and unbroken attention
that the average time for the en-
tire operation, including all kinds
of messages, however long, is less
than fourteen minutes for each
message from New Yorlk to Lon-
don. This, too, is but one short
line in a net—work of over seven
hundred thousand miles of wire
which covers the globe, uniting
more than twenty thonsand cities
and villages in every continent
and of every language in one vast
organization incessantly in opera-
tion.

Almost every season brings for-
ward some new application of the
telegraph. A complete net-work
of wires now connects the stock
exchange with the brokers' offices
and the leading hotels, and. the
business done at the board is
printed off in more than a thou-
sand places in New York simul-
taneously. There is no reason
why it should not be employed in
a similar way to communicate to

the offices of law-
yers the progress
of proceedings and
the call of the cal-
endar in the courts
of law. What is
called the district
telegraph has re-
cently been estab-
lished in New Yorl.
It is a house-to-
house telegraph,
with -a central of-
fice in each of a
number of convenient districts. Each sub-
seriber pays two dollars and a half a month,
for which the company put up a neat little
instrument in any part of his house that he
degires, by means of which he can at any
hour of the day or night summon to his door
within the space of three minutes a messen-
ger, o policeman, or a fireman with n fire-
extinguisher. For the service of either he
is to pay fifteen cents a half hour for the
time employed. This system is spreading
very rapidly and successfully throughout
the city.

Railroad companies are now very gener-
ally employing telegraph operators as train
dispatchers, and the incessant use of the
telegraph is becoming a necessity on every
road. Private telegraphs are used by many
business houses for communication hetween
the warechouse and the factory, and by gen-
tlemen in their country residences to sum-
mon the coachman from the stables and the

TUE HOUBE PRINTING MAOLINL,
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porter from his lodge.” There are said to be
over four thousand miles of private tele-
graphs in Great Britain. How many there
are in this country we are not informed. In
hundreds of public buildings and churches
miniature telegraphs are used for lighting
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FIG. 20,—LIGNTING GAB IY THE ELECTRIO SPARK.

the gas, and it is estimated that the expense
of the apparatus for alarge church is repaid
in two years by the saving in gas, as com-
pared with the common and wasteful way of
turning on the gas and. then lighting one
burner at a time with a rod and torch.

One of the most curious. applications of
the telegraph is its use in surgery to discov-
er a bullet in 2 wound, The probe and for-
ceps are each connected with a delicate bat-
tery. When one point of the probe or of
the foreeps touehes the ball no effect is pro-
duced, but when both touch it the ball com-
pletes the cireuit, and the tinkling of a bell

F1G. 80,—THIE ELEATRIC I'ROBE AND FOROLIS,

or the vibration of a spring shows the sur-
geon that he has seized it.

The immense extension of the general tel-
egraphic system, and its common use for
business and soeial correspondence and the
dissemination of public intelligence, are far
more important to the community than any

of these incidental applications of the sys-

tem. The telegraph system is extending
much more rapidly than the railroad system,
and is probably exerting even a greater in-
fluence upon the mental development of the
people than the railroad is exerting in re-
spect to the material and physical prosperity
of the country. It has penetrated almost
every mind with a new sense of the vastness
of distance and the value of time. Itis com-
monly said that it has annihilated time and
space—and this is true in a sense; but in a
decper sense it has magnified both, for it has
been the means of expanding vastly the in-
adequate econceptions which we form of
space and distance, and of giving a signifi-
cance to the idea of time which it never be-
fore had to the human mind. It lifts every
man who reads its messages above his own
little circle, gives him in a vivid flash, as it
were, a view of vast distances, and tends by
an irresistible influence to malke him a citi-
zen of his country and a fellow of the race
ag well as a member of his local community.

In other respects its influence, thongh less
obvious, will probably prove equally pro-
found. So long as the mysterious force em-
ployed in the telegraph was only known in
the mariner’s compass, or by seientifie in-
vestigations, or in a few special processes of
art, the knowledge of the electric or mag-
netic force had, so to spealk, a very limited
soil to grow in. By means of the telegraph
many thousands of persons in this country
are constantly employed in dealing with it
practically—generating it; insulating it, ma-
nipulating it. The invention of Morse has
engaged some one in every considerable
town and village in studying its properties,
watching its operation, and using it profit-
ably. Nothing could Dbe betier caleulated
to attraet general attention to this new-
found power, and to disseminate that linowl-
edge of it from which new applications may
be expected to result.

The tendency of scientifie pursuits to pro-
mote the love of truth and the habit of ac-
curncy is strikingly illustrated in the zeal
and fidelity: with which the minute and
long-continued investigations have heen
pursued that have led to the development
of this new realm of knowledge and this
new element in buman affairs.

But perhaps the most extended and im-
portant influence -whiclh the telegraph is
destined to exert upon the human mind is
that which it will ultimately worlt out
through its influenee upon language.

Language is the instrnment of thought.
It is not merely a means of expression. A
word is a tool for thinking, before the
thinker uses it as a signal for. communi-
cating his thought. There is no good rea-
son why it should not be free to be im-
proved, as other implements are. Languago
has hitherto been regarded merely in a his-
torical point of view, and even now philel-
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ogy is little more than a record of the dif-
ferences in language which have separated
maunkind, and of the steps of development
in it which each branch of the human fam-
ily has pursued. And as a whole it may
De said that the seience of language in the
hands of philologists is used to perpetuate
the differences and irregularities of speech
which prevail. The telegraph is silently
introducing a new eclement, which, we may
confidently predict, will one day present
this subject in a different aspect. The in-
vention of Morse has given beyond recall the
pre-eminence to the Italian alphabet, and
has secured the ultimate adoption through-
out the world of that system or some im-
provement upon it. The community of in-
telligence, and the necessary convertibility
of expression between different. languages,
which the press through the influence of the
telegraplh 'is establishing, have commenced
a process of assimilation, the results of
which are already striking to those who
carefully examine the subject. An impor-
tant event transpiring in any part of the
civilized world is coneisely expressed in a
dispateh which is immediately reproduced
in five or ten or mors different languages.
A comparison of such dispatches with each
other will show that in them the peculiar
and local idioms of each language are to &
large extent discarded. The process sifts
out, as it were, the characteristic peculiari-
ties of each langusge, and it may be confi-
dently said that nowhere in literature will
be found a more remarkable parallelism of
strucbure, and even of word forms, combined
with equal purity and strength in each lan-
guage, than in the telegraphic columns of
the leading dailies of the capitals of Burope
and America. A traveler in Europe, com-
mencing the study of the language of the
country where he may be, finds no reading
which he can so easily master as the tele-
graphic news column, The telegraph is cos-
mopolitan, and is rapidly giving prominence
to those modes of speech in which different
languages resemble each other. When we
add to this the fact that every step of ad-
vance made by science and the arts increases
that which different languages have in com-
mon by reason of the tendency of men in
these pursuits the world over to adopt a
common nomenclature, and to think alike
or in similar mental processes, we see the
elements already at work which will ulti-
mately relegate philology to its proper and
useful place among the departments of his-
tory, and will free language from those re-
strictions which now forbid making any in-
tentional improvements in it. With the
general use of the telegraphic system other
things begin to readjust themselves to its
conditions. Short-hand writing is more cul-
tivated now than ever before. The best re-
porter must understand both systems, and

be able to take his notes of a conversation
while it passes, and then by stepping into
an office transmit it at once without writing
out. There is now in practical use in the
city of New York a little instrument the
size of a sewing-machine, having a key-
board like the printing telegraph, by which
any one can write in print as legibly as this
page, and almost as rapidly as a reporter in
short-hand. 'When we consider thejimmense
number of people that every day by writing
a telegram and counting the words are tak-
ing o most efficient lesson in concise compo-
sition, we see in another way the influence
of this invention on the strength of lan-
guage. If the companies should ever adopt
the system of computing all their charges
by the number of letters instead of words,
as indeed they do now for all cipher or un-
intelligible messages, the world would very
quickly be considering the economic ad-
vantages of phonetic or other improved or-
thography.

b These processes are in operation all the
world over, and in reference to the use of
one and the same alphabet. By the prineiple
which Darwin deseribes as natural selection
short words are gaining the advantageoflong
words, direct forms of expression are gaining
the advantage over indirect, words of precise
meaning the advantage of the ambiguous,
and local idiows are every where af a disad-
vamiage. The doctrine of the Survival of
the Fittest thus tends to the constant im-
provement and points to the ultimate unifi-
cation of language.

The idea of & common language of the
world, therefore, however far in the future
it may be, is no longer a dream of the poet
nor a scheme of a congueror. And it is sig-
nificant of the spirit of the times that this
iden, once so chimerieal, should at the time
we are writing find expression in the inau-
gural of our Chief Magistrate, in his decla-
ration of the belief * that our Great Maker
is preparing the world in His own good time
to becomeone nation,speaking one language,
and when armies and navies will be no longer
required.”

ON THE BRIDGE OF BIGHS.
By ELIZABETH STUART PHELPS.

It chanceth once to every soul
‘Whose mystic scrolls illuminate enroll

The hieroglyphics of a peace
‘Which was the ransom of a pain's release,

Upon life's Bridge of Sighs to stand,
A palace and a prison on each hand.”

O palace of the rose-heart’s hue!
How like a flower the sweet light fell from you!

O prison with the hollow eyes!
Your steadfast look reflects no flower's surprise.

O pulace of the rose-sweet sin !

O blessed prison that I entered in!
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