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PREFACE.

——

Ix the composition of this volume my purpose has been
1o render intelligible to all who can read, irrespective of any
previous scientific acquirements, the ‘various forms of tele-
graph in actual operation in different pafts of the world,
and the manner in which their marvellous effects are
produced. Since the instrument in one form or another
involves all the great laws governing electrical and magnet-
ical phenomena, the discovery of which will render for ever
memorable the researches of the eminent scientific men of
the last- half century, it was necessary to include in the
exposition of each piece of apparatus such an account of the
physical prineciple upon which its use depends, as should
render its application and effects understood. Descriptions
of such apparatus, however clearly expressed, would have
been obscure without graphic illustrations to correspond
with them. These have accordingly been supplied, as will
be seen, with no sparing hand.

No two countries agree in adopting the same form of
telegraphic instrument,and even in the same country different
forms of telegraph are used by different companies and for
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different purposes.  Since these various instruments are
always different in the details of their construction and often
totally distinct in their principle and mode of operation, it
was nefessary to explain each in succession, and to do so
correctly it was necessary to seek and obtain authentic
documents, descriptions, and drawings from those who were
placed in the direction and superintendence of the telegraphs
in various parts of the continent of Europe and in the
United States.

The reader of this little volume will find in its pages
abundant evidence that no pains or cost have been spared
in these researches.

The history of the invention of the Electric Telegraph is
a subject upon which I have not judged it expedient to
enter. The details of such a narrative, necessarily numerous
and complicated, involving several questions of disputed.
priority and contested claims, besides filling a much larger
volume than the present, would present few attractions for
the large masses to whom bur work is addressed.

The Electric Telegraph is mnot the invention of an
individual. As it now exists, it is the joint production of
many eminent scientific men and distinguished artists of
various countries, whose labours and experimental researches
on the subject have been spread over the last twenty years.
Not being prepared to engage in a complete account of
the progressive results of these labours, I have in the
following work generally abstained from the mention of
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inventors, from a desire to avoid the risk of appearing to -
put forward some in undue preference to others who might
be supposed to have better claims to notice. There can,
however, be no risk of committihg an injustice by stating
that in England Professor Wheatstone, in the United
States Professor Morse, in Bavaria M. Steinheil, in Prussia
Dr. Siemens, and in France MM. Breguet and Froment,
have severally stood in the leading ranks of invention.
Besides these eminent persons may be mentioned, Mr.
Bain, the inventor of the electro-chemical telegraph; Mr.
‘Henley and the Messrs. Bright, who have improved the
magnetic telegraph ; Messrs. Brett, to whose genius and
enterprise the world is indebted for submarine telegraphs;
Messrs. Newall and Co., who have been signalised by the
construction of submarine cables; Mr. Walker of the
South Eastern Telegraph Company; and Mr. House of
the United States, the inventor of a printing telegraph in

extensive operation.
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prediction of succeeding improvements—Railway locomotion.—5.
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—17 It is to the electric telegraph what the boiler is to the steam-
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evolve electricity.—27. Common plate battery of zinc and copper.
—28. Why zine and copper are preferred.—29. Charcoal substituted
for copper.—30. Elements not essential.—81. Various chemical
solutions used.—82. Daniel’s constant battery.—33. Same modified by
Pouillet.—384, Grove’s and Bunsen’s batteries.—35. Necessary to
combine many elements.

1. EacH succeeding age and generation leaves behind it a peculiar
character, which stands out in relief upon its annals, and is
associated with it for ever in the memory of posterity. One is
- signalised for the invention of gunpowder, another for that of
printing ; one is rendered memorable by the revival of letters,
another by the reformation of religion ; one is marked in history
by the conquests of Napoleon, another is rendered illustrious by
the discoveries of Newton.

If we are asked by what characteristic the present age will be
marked in future records, we answer, by the miracles which
have been wrought in the subjugation of the powers of the material
world to the uses of the human race. In this respect no former
epoch can approach to competition with it. .

The author of some of the most popular fictions of the day
has affirmed, that in adapting to his purpose the results of his
personal observation on men and manners, he has not unfre-
quently found himself compelled to mitigate the real in order to
bring it within the limits of the probable. No observer of the
progress of the arts oflife, at the present time, can fail to be struck
with the prevalence of the same character in their results as that
which compelled this writer to suppress the most wonderful of
what had fallen under his eye, in order to bring his descriptions
within the bounds of credibility.

2. Many are old enough to remember the time when persons,
correspondence, and merchandise were transported from place to
place in this country by stage-coaches, vans, and waggons. In
those days the fast-coach, with its team of spanking blood-horses,
and its bluff driver, with broad-brimmed hat and drab box-coat,
from which a dozen capes were pendant, who ¢ handled the rib-
bons” with such consummate art, could pick a fly from the ear of
the off-leader, and turninto the gateway at Charing Cross with the
precision of a geometrician, were the topics of the unbounded
admiration of the traveller. Certain coaches obtained a special
celebrity and favour with the public. 'We cannot forget how the
eye of the traveller glistened when he mentioned the Brighton
““ Age,” the Glasgow ‘¢ Mail,” the Shrewsbury ¢ Wonder,” or the
Exeter ¢ Defiance,”—the ¢ Age,” which made its trip in five
hours, and the ¢ Defiance,” which acquired its fame by completing
the journey between London and Exeter in less than thirty hours.

114
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3. The rapid circulation of intelligence was also the boast of
those times. How foreigners stared when told that the news of
each afternoon formed a topic of conversation at tea-tables the
same evening, twenty miles from London, and that the morning
journals, still damp from the press, were served at breakfast
within a radius of thirty miles, as early as the frequenters of the
London clubs received them.

Now let us imagine that some profound thinker, decply versed
in the resources of Science at that epoch, were to have gravely
predicted that the generation existing then and there would live
to see all .these admirable performances become obsolete, and
consigned to the history of the past ; that they would live to regard
such vehicles as the ““ Age ” and ¢ Defiance ” as clumsy expedients,
and their celerity such as to satisfy those alone who were in a
backward state of civilisation !

4. Let us imagine that such a person were to affirm that his
contemporaries would live to see a coach like the ¢ Defiance,”
making its trip between London and Exeter, not in thirty, but in
five hours, and drawn, not by 200 blood-horses, but by a moderate
sized stove and four bushels of coals ! _

5. Let us further imagine the same sagacious individual to
predict that his contemporaries would live to see a building
erected in the centre of London, in the cellars of which machinery
would be provided for the fabrication of artificial lightning, which
should be supplied to order, at a fixed price, in any quantity
required, and of any prescribed force ; that conductors would be
carried from this building to all parts of th> country, along which
such lLightning should be sent at will ; that-in the attics of this
same building would be provided certain small instruments like
barrel-organs or pianofortes; that by means of these instruments,
the aforesaid lightning should, at the will and pleasure of those
in charge of them, deliver messages at any part of Europe, from
St. Petersburgh to Naples ; and, in fine, that answers to such mes-
sages should be received instantaneously, and by like means:
that in this same building offices should be provided, where any
lady or gentleman might enter, at any hour, and for a few
shillings send a message by lightning to Paris or Vienna, and by
waiting for a few moments, receive an answer!

Might he not exclaim after the inspired author of the book of
Job:—

¢ Canst thou send lightnings, that they may go, and say unto
thee, Here we are” !! xxxviii., 35.

But, suppose that his foresight should further enable him to
pronounce that means would be invented by which any individual

in any one town or city of Europe should be enabled to take in
12 115
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his hand a pencil or pen, the point of which should be in any
other town or city, no matter how distant, and should, with such
pen or pencil, write or delineate in such distant place, such
characters or designs as might please him, with as much prompti-
tude and_ precision as if the paper to which these characters or
designs were committed lay upon the table before him ; or that
an individual pulling a string at Londoa should ring a bell at
Vienna, or holding a match at St. Petersburgh should dischargea
cannon at Naples!

6. Suppose he should affirm that means would be discovered for
converting charcoal into diamonds; that the light of the sun
would be compelled, without the intervention of the human hand,
to make a portrait or a picture, with a fidelity, truth and precision,
with which the productions of the most exalted artistic skill
would not bear comparison; and that this picture should be pro-
duced and completed in its most minute detailsin a few seconds—
nay, evenin the fraction of a second; that candles and lamps would
be superseded by flame manufactured on a large scale in thesuburbs
of cities, and distributed for use in pipes, carried under the streets,
and into the houses and other buildings to be illuminated ; and
that the precious and other metals being dissolved in liquids,
would form themselves into the articles of ornament and use by
a spontancous process, and without the intervention of human
labour!!

No authority however exalted, no attainments however pro-
found, no reputation however respected, could have saved the
individual rash enough to have given utterance to such predictions
some forty years agé, from being regarded as labouring under
intellectual derangement. Yet all these things have not only
come to pass, but the contemplation of many of them has become
so interwoven with our habits, that familiarity has blunted the
edge of wonder.

7. Compared with all such realities, the illusions of oriental
romance grow pale; fact stands higher than fiction in the scale of
the marvellous ; the feats of Aladdin are tame and dull ; and the
slaves of the lamp yield precedence to the spirits which preside
over the battery and the boiler.

8. Of all the physical agents discovered by modern scientific
research, the most fertile in its subserviency to the arts of life is
incontestably electricity, and of all the applications of this subtle
agent, that which is transcendently the most admirable in its
effects, the most astonishing in its results, and the most important
in its influence upon the social relations of mankind, and upon the
spread of civilisation and the diffusion of knowledge, is the
Electric Telegraph, No force of habit, however long continued,
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no degree of familiarity can efface the sense of wonder which the
effects of this most maiwellous application of science excites.

9. Being at Paris some years ago, I was engaged to share with
M. Leverrier, the celebrated astronomer, and some other men of
science, in the superintendence of a series of experiments to be
made before committees of the Legislative Assembly and of the
Institute, with the view of testing the efficiency of certain tele-
graphic apparatus. On that occasion operating in a room at
the Ministry of the Interior appropriated to the telegraphs, into
which wires proceeding from various parts of France were brought,
we dictated a message, consisting of about forty words, addressed
to one of the clerks at the railway station at Valenciennes, a
distance of 168 miles from Paris. This message was transmitted in
two minutes and a half. An interval of about five minutes
elapsed, during which, as it afterwards appeared, the clerk to
whom the message was addressed was sent for. At the expiration
of this interval the telegraph began to express the answer, which,
consisting of about thirty-five words, was delivered and written
out by the agent at the desk, in our presence, in two minutes.
Thus, forty words were sent 168 miles and thirty-five words
returned from the same distance, in the short space of four
minutes and thirty seconds.

But surprising as this was, we soon afterwards witnessed, in
the same room, a still more marvellous performance.

The following experiment was prepared and performed at the

suggestion and under the direction of M. Leverrier and
myself :— .
- Two wires, extending from the room in which we operated to
Lille, were united at the latter place, so as to form one continuous
wire, extending to Lille and back, making a total distance of
336 miles. This, however, not being deemed sufficient for
the purpose, several coils of wire wrapped with silk were
obtained, measuring in their total length 746 miles, and were
joined to the extremity of the wire returning from Lille, thus
making one continuous wire measuring 1082 miles: A message
consisting of 282 words was then transmitted from one end of the
wire, A pen attached to the other end immediately began to
write the message on a sheet of paper moved under it by a simple
mechanism, and the entire message was written in full in the
presence of the Committee, each word being spelled completely
and without abridgment, in fifty-two seconds, being at the average
rate of five words and four-tenths per second !

By this instrument, therefore, it is practicable to transmit
intelligence to a distance of upwards of 1000 miles, at the rate of

19500 words per hour!
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The instrument would, therefore, transmit to a distance of 1000
miles, in the space of an hour, the contents$ of about forty pages of
the book now in the hands of the reader!

But it must not be imagined, because we have here produced an
example of the transmission of a despatch to a distance of 1000
miles, that any augmentation of that distance could cause any
delay of practical importance.

10. Although the velocity of the electric current has not been
very exactly measured, it has been established beyond all doubt
that it is so great that to pass from any one point on the surface
of the earth to any other, it would take no more than an inappre-
ciable fraction of a second.

11. If, therefore, the despatch had been sent to a distance of
twenty thousand miles instead of one thousand, its transmission
would still have been instantaneous.

Such a despatch would fly many times round the earth between
the two beats of a common clock, and would be written in full at
the place of its destination more rapidly than it could be repeated
by word of mouth. When such statements are made, do we not
feel disposed to exclaim—

¢¢ Are such things here as we do speak about ?
Or have we eaten of the insane root,
That makes the reason prisoner ?”

In its wildest flights the most exalted imagination would not have
dared, even in fiction, to give utterance to these stubborn
realities. Shakspeare only ventured to make his fairy

¢ Put a girdle round the earth _
In forty minutes.”

To have encircled it several times in a second, would have seemed
too monstrous, even for Robin Goodfellow.

The curious and intelligent reader of these pages will scarcely
be content, after the statement of facts so extraordinary, to
remain lost in vacant astonishment at the power of science, with-
out seeking to be informed of the manner in which the phenomena
of nature have been thus wonderfully subdued to the uses of man.
A very brief exposition will be enough to render intelligible the
manner in which these miracles of science are wrought.

12. The World of Science is not agreed as to the physical
character of Electricity. According to the opinion of some it is a
fluid infinitely lighter and more subtle than the most attenuated
and impalpable gae, capable of moving through space with a
velocity commensurate with its subtleness and levity. Some
regard this fluid as simple. Others contend that it is compound,

118



ELECTRIC FLUID.

consisting of two simple fluids having antagonistic properties
which when in combination neutralise each other, but which
recover their activity by decomposition. Others again regard it
not as a specific fluid which moves through space, but as a
phenomenon analogous to sound, and think that it is only a series
of undulations or vibrations that are propagated through a highly
elastic medium which produce the various electrical effects just
as the pulsations of the atmosphere produce all the effects of
sound.

13. Happily these difficult discussions are not necessary to the
clear comprehension, of the laws which govern the phenomena,
upon which electric telegraphy depends. It will nevertheless for
the purposes of explanation be convenient to use a system of
language, which implies the existence of . a certain fluid which we
shall call the electric fluid, capable of moving over certain bodies,
and being obstructed or altogether stopped by others, and which
by its presence or proximity produces certain definite effects,
mechanical and chemical.

14. Whether the electric agency be or be not a material fluid
for our present purpose is unimportant. It is enough that it
comports itself as such, and that the properties or effects which we
shall impute to it are such only as it is ascertained by observation
and experiment to possess or. produce.

15. However various the forms may be which invention has
conferred upon electric telegraphs, their efficiency in all cases
depends on our power to produce at will the following effects:—

1st. To produce or develop the electric fluid in any desired
quantity, and of the necessary quality. v

2nd. To transmit it with celerity to any required distance,
without injuriously dissipating it.

3rd. To cause it upon its arrival at any assigned point to
produce some sensible effects, which may serve the purpose of
written or printed characters. ) .

16. The electric fluid is deposited in a latent state in unlimited
quantity in the earth, the waters, the atmosphere, and in all
bodies upon the earth, whether solid, liquid, or gaseous. It is
disengaged and rendered active by various causes, natural and
artificial. The mutual friction of bodies, contact and pressure,
the contiguity or contact of bodies having different temperatures,
the chemical action.of bodies one upon another, the action of
magnetic bodies on each other, and on bodies susceptible of mag-
netism, are severally causes of the development of the electric
fluid in greater or less quantity.

Founded upon these phenomena, various apparatus have been
contrived, by means of which the electric fluid may be evolved
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and collected in any desired quantity, and with any required
intensity. Among these, that which has proved to be the
most efficient for telegraphic purposes is the GALVANIC or VoLTAIC
BATTERY.

17. This apparatus is to the eleetric telegraph what the boiler
is to the steam-engine. It is the generator of the fluid by which
the action of the telegraphic machine is produced and maintained.
It supplies the fluid in any required quantity and of any desired
intensity. As the boiler is supplied with expedients by which
within practical limits the quantity and pressure of the steam
may be varied, according to the exigences of the work to which
the engine is applied, so the voltaic battery is provided with
expedients by which the quantity and intensity of the electric
fluid it evolves can be varied according to the distance to which
the intelligence is to be transmitted ; and the form, whether
visible, oral, written, or printed, in wlnch it is required to be
delivered at the place of its destination.

18. The electric fluid being thus produced in sufficient quantlty,
it is necessary to provide adequate means of transmitting it to a
distance without exposing it to any cause of injurious dissipation
or waste.

If tubes or pipes could be constructed with sufficient facility
and cheapness, through which the subtle fluid could flow, and
which would be capable of confining it during its transit, this
object would be attained. As the galvanic battery is analogous
to the boiler, such tubes would be analogous in their form and
functions to the steam-pipe of a steam-engme.

19. The construction of such means of transmission has been
accomplished by means of the well-known property of the
electric fluid, in virtue of which it is capable of passing freely
over a certain class of bodies called coNpUcTORS, While its move-
ment is arrested by another class of bodies called NON-coNDUCTORS
Or INSULATORS.

The most conspicuous examples of the former class are the
metals; the most remarkable of the latter being resins, wax,
glass, porcelain, silk, cotton, dry air, &e.

20. Now if a rod or wire of metal be coated with wax, or
wrapped with silk, the electric fluid will pass freely along the
metal, in virtue of its character of a conductor; and its escape
from the metal laterally will be prevented by the coating, in
virtue of its character of an insulator.

The insulator in such cases is, so far as relates to the electricity,

‘a real tube, inasmuch as the electric fluid passes through' the

metal mcluded by the coating, in exactly the same manner as

water or gas passes through the pipes which conduct it ; with this
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difference, however, that the electric fluid moves along the wire
more freely, in an almost infinite proportion, than does either
water or gas in the tubes which conduct them.

If, then, a wire, coated with a non-conducting substance,
capable of resisting the vicissitudes of weather, were extended
between any two distant points, ome end of it being attached
to one of the extremities of a galvanic battery, a stream of
electricity would pass along the wire—provided the other end of
the wire were connected by a conductor with the other extremity
of the battery.

21. How the fluid transmitted to a distant station is made to
produce the effects by which messages are expressed will be
explained hereafter, meanwhile it will be necessary first to explaia
the form and principle of the voltaic batteries used for tele-
graphic operations, and secondly the expedients by which the
current is transmitted and suspended, and turned in one or
another direction at the will of the operator at the station from
which despatches are transmitted.

To comprehend the principle of the voltaic battery, let us
suppose that two strips cut, one zz from a sheet of zine, and the
other cc (fig. 1) from a sheet of cop-
per, are immersed without touching
each other in a vessel containing
water slightly acidulated. To the
upper edges P and X of the strips let
two pieces of wire P» and N =#, be
soldered. In this state of the appa-
ratus no development of the clectric
fluid will be manifested ; but if the
ends p and n of the wires be
brought into contact, an -electric
current will set in, running on the
wires from P, the point where the
wire is soldered to the copper c c,
to N, the point where the other wire
is soldered to the zinec z z. This
current will continue to flow so long
as the ends p and n of the wires are .
kept in mutual contact, and no longer. The moment the ends p
and n are separated, the current ceases.

22. The commencement of the current upon the contact of the
wires, and its cessation upon their separation, are absolutely
tnstantaneous ; so much so, that if the ends p and n were brought
into contact and separated a hundred times in a second, the flow

and suspension of the current being simultaneous with the
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contacts and separations, would also take place a hundred times
in a second.

The existence of the current established in this case is inde-
pendent of the length of the wires ? p and N n. Whether their
length be 10 feet, 10 miles, or 100 miles, the current will still
flow upon them when their extremities p and n are brought into
contact. The only difference will be, that the intensity of the
current will be less in the same proportion as the length of the
wires is augmented.

23. There is another condition of great importance, whether
regarded theoretically or practically, on which the current will be
established and maintained.

Instead of bringing the wires P p and N # into contact, let
them be continued downwards, as represented in fig. 2, and con-
nected with two plates of metal p’ and #’, buried in the earth, or

Fig. 2. -
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with masses of metal or other good conducting body of any form
whatever thus buried. In that case the current will be esta-
blished as before, flowing along the wire soldered to the copper
from P to p’ and along that soldered to the zine from »’ to N.'

Thus, in both cases the current starts from the copper, and,

following the course of the wires, returns to the zinc. In the
former case, however, it is continuous; but in the latter it is
apparently broken, terminating at p’, and recommencing at »’.
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24. In the electric theories it is assumed that the course of the
current, when it exists at all, must in all cases be continuous and
unbroken from P to ¥, as it is in fact under the conditions repre-
sented in fig. 1, when the ends p and » are in contact. It is
therefore assumed that in the case represented in fig. 2, the
stratum of the earth which is interposed between p’ and »' plays
the part of a metallic wire joining these points, and that the current
which arrives by the wire » pp’ at p' flows through the earth, as
indicated by the arrow, to #/, from whence it flows along the wire
n' n N toN.

It is found also in this case that the existence of the current is
independent of the lengths of the wires, which do not affect it
otherwise than by diminishing its intensity. Whether the wires
are 10 feet, 10 miles, or 100 miles in length, the current still flows
from P to p’ and returns from n’ to N,

25, Thus, admitting the geuerally acknowledged principle that
the stratum of the earth intervening between p’ and »’ plays the part
of a conducting wire, uniting the ends p' and »' of the wires
buried, it will follow that the current at p’, though separated, as it
may be, by a distance of several hundred miles from the point n’
of its return to N, finds its way nevertheless through the earth
unerringly and instantaneously to that point.

Of all the miracles of science, surely this is the most marvel-
lous. A stream of electric fluid has its source in the cellars of

- the Central Electric Telegraphic Office, Lothbury, London. It
flows under the streets of the great metropolis, and, passing on
wires suspended over a zigzag series of railways, reaches Edin-
burgh, where it dips into the earth, and diffuses itself upon the
buried plate. From that it takes flight through the crust of the
earth, and finds its own way back to the cellars at Lothbury!!!

Instead of burying plates of metal, it would be sufficient to
connect the wires at each end with the gas or water pipes, which,
being conductors, would equally convey the fluid to the earth;
and in this case, every telegraphic despatch which flies to Edin-
burgh along the wires which border the railways, would fly back,
rushing to the gas-pipes which illuminate Edinburgh, from them
through the crust of the earth to the gas-pipes which illuminate
London, and from them home to the batteries in the cellars at
Lothbury ! )

26. To derive all the necessary instruction from what has been
explained above, it will be necessary to distinguish what is
essential from what is merely optional, and which admits of
modification or change without affecting the result.

27. It will be seen that the electric fluid is evolved by the
combination of three bodies, the zine, the copper, and the acidu-
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lated solution in which they are immersed. The production of
the current depends on the chemical action of the solution on the
zine. That metal being very susceptible of oxydation, decom-
poses the water which is in contact with it. One constituent of
the water combining with the zine, produces a compound called
the oxyde of zinc, and this oxyde entering again into combination
with the acid which the water holds in solution, forms a soluble
salt. If the acid, for example, be sulphuric acid, this salt will be
the sulphate of the oxyde of zinc, and as fast as it is produced it will
be dissolved in the water in which the slips of metal are immerssd.

Meanwhile, the copper not being as susceptible of chemical
action as the zine, remains comparatively unaffected by the solu-
tion ; but the hydrogen evolved in the decomposition of the water
collects upon its surface, after which it rises and escapes in
bubbles at the surface of the solution.

It is to this chemical action upon the zine that the production
of the electric current is due. If a like action had taken place in
the same degree on the copper, a similar and equally intense
electric current would be produced in the opposite direction ; and
in that case the two currents would neutralise each other, and no
electric effect would ensue.

From this it will be seen that the efficacy of the combination
must be ascribed to the fact, that one of the two metals immersed
in the solution is more oxydable than the other, and that the
energy of the effect and the intensity of the current will be so
much the greater as the susceptibility of oxydation of the one
metal exoeeds that of the other.

28. It appears, therefore, that the principle may be generalised,
and that electricity will be developed, and a current produced by
any two metals similarly placed, which are oxydable in different
degrees.

Zine being one of the most oxydable metals, and being also
sufficiently cheap and abundant, is generally used by preference
for voltaic combinations. Silver, gold, and platinum are severally
less susceptible of oxydation, and of chemical action generally,
than copper, and would therefore answer voltaic purposes better,
but are excluded by their greater cost, and by the fact that copper
is found sufficient for all practical purposes.

29. It is not, however, absolutely necessary that the inoxydable
element c ¢ of the combination should be a metal at all. Itis
only necessary that it be a good conductor of electricity. In
certain voltaic combinations, charcoal properly solidified has
therefore been substituted for copper, the solution being such as
would produce a strong chemical action on copper.

30. In the above illustration, we have  supposed that the

124



VOLTAIC COMBINATIONS.

metallic elements of the combination are thin rectangular slips
cut from sheet metal. The form, however, is in no manner
essential to the production of the electric current. So long as
the magnitude of the surfaces exposed to contact with the solution
is the same, the current will have the same force. The pieces of
metal may therefore have the form here supposed of thin rec-
tangular plates, or they may be formed, as is often found con-
venient, into hollow cylinders, that .of the copper being so much
less in diameter than that of the zinec, that it is capable of being
placed within it without mutual contact.

The simple arrangement first adopted by Volta consisted of
two equal discs of metal, one of zinc, and the other of copper or
silver, with a’disc of cloth or bibulous card, soaked in an acid or
saline solution, between them. These were usually laid, with
their surfaces horizontal, one upon the other.

The late Dr. Wollaston proposed an arrangement, in which the
copper plate was bent into two parallel plates, a space between
them being left for the insertion of the zine plate, the contact of
the plates being prevented by the interposition of bits of cork or
other non-conductor. The system thus combined was immersed
in dilute acid, contained in a porcelain vessel.

Dr. Hare of Philadelphia contrived a voltaic arrangement, con-
sisting of two metallic plates, one of zinc and the other of copper,
of equal length, rolled together in the form of a spiral, a space of
a quarter of an inch being left between them. They are main-
tained parallel without touching, by means of a wooden cross at
top and bottom, in which notches are provided at proper distances,
into which the plates are inserted, the two crosses having a
common axis. This combination is let into a glass or porcelain
cylindrical vessel of corresponding magnitude, containing the
exciting liquid.

This arrangement has the great advantage of providing a very
considerable electro-motive surface with a very small volume.

The exciting liquid recommended for these batteries when great
power is desired, is a solution in water of 2} per cent. of sulphuric,
and 2 per cent. of nitric acid. A less intense but more durable
action may be obtained by a solution of common salt, or of 3 to 5
per cent. of sulphuric acid only.

31. It is not essential that the water in which the metals are
immersed be acidulated, as we have supposed, by sulphuric acid.
Any acid which will promote the oxydation of the zine without
affecting the copper will answer. Nor is it indeed necessary that
any acid whatever be used. A saline solution is often found more
convenient. Thus common salt dissolved in the water will

produce the desired effect.
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Of the various voltaic combinations which have been applied in
scientific researches, four only have been found available to any
considerable extent in the working of electric telegraphs, the zine
and copper plate combination described above, Daniel’s constant
battery, Grove’s battery, Bunsen’s modification of it, and the
magneto-electric apparatus. ‘

32. Daniel's combination, which is extensively used in
working the telegraphs on the continent, consists of a
copper cylindrical wvessel cc, fig. 3, widening near the top
a d. In this is placed a ocylindrical vessel of unglazed

porcelain p. In this latter is placed the
Fig. 3. hollow cylinder of zinc 2, already described.
The space between the copper and porcelain
vessels is filled with a saturated solution of
the sulphate of copper, which is maintained
in a state of saturation by crystals of the
salt placed in the wide cup a b ¢ d, in the
bottom of which is a grating composed of
wire carried in a zigzag direction between
two concentric rings, as represented in plan
at . The vessel p, containing the zine, is filled with a solution
of sulphuric acid, containing from 10 to 25 per cent. of acid when
greater electro-motive power is required, and from 1 to 4 per cent.
when more moderate action is sufficient.

33. The following modification of Daniel’s system was adopted
by M. Pouillet in his experimental researches, and is the form
and arrangement used in France for the telegraphs. A hollow
oylinder a, fig. 4, of thin copper, is ballasted with sand 3, having

a flat bottom ¢, and a conical top d.
7t Above this cone the sides of the copper

Fig. 4. L

£ Cr\_ ~ )P =n cylinders are continued, and terminate
2\ 250991 —/ in a flange e. Between this flange and
v = =2 D the base of the cone, and near the base,

# is a ring of holes. This copper vessel

is placed in a bladder which fits it
loosely like a glove, and is tied round
the neck under the flange e. The satu-
rated solution of the sulphate of copper
is poured into the cup above the cone,
and, flowing through the ring of holes,
fills the space between the bladder and
the copper vessel. It is maintained in
its state of saturation by crystals of the
salt deposited in the cup.

This copper vessel is then immersed in a vessel of glazed
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porcelain 4, containing a solution of the sulphate of zinc or the
chloride of sodium (common s2lt). A hollow eylinder of zinc A,
split down the side so as to be capable of being enlarged, or con-
tracted at pleasure, is immersed in this solution surrounding the
bladder. The poles are indicated by the conductors p and n, the

- positive proceeding from the copper, and the negative from.
the zine. .

M. Pouillet states that the action of this apparatus is sustained
without sensible variation for entire days, provided the cup above
the cone d is kept supplied with the salt, so as to maintain the
solution in the saturated state.

In the batteries used for the telegraphs on the French railways,
the liquid in which the zine cylinder is immersed is pure water,
and this is found to answer in a very satisfactory manner.

The current flows from the copper eylinder and returns as usual
to the zine.

34. Grove’s battery consists of two liquids, sulphurie and nitrie
acids, and two metals, zinc and platinum, arranged in the following
manner :—

A hollow cylinder of zine z 2, fig. 5, open at both ends as already
described, is placed in a vessel of glazed porcelain v v. Within
this is placed a cylindrical vessel v v, of unglazed
porcelain, a little less in diameter than the zinc
z z, so that a space of about a quarter of an inch
may separate their surfaces.

In this vessel v v, is inserted a Fig. 5,
cylinder ¢ ¢ of platinum, open
at the ends, and a little less ., 2 c ¢
* than v v, so that their surfaces
may be about a quarter of an =
inch asunder. Dilute sulphurie ==
acid is then poured into the
vessel v v, and concentrated == =
nitric acid into v v; P proceed- gl
ing from the platinum will then
be the positive, and ¥ proceeding from the zine the negative pole.

Bunsen contrived a battery which has taken his name, and
which, while it retains all the efficiency of Grove’s, can be con-
structed at much less expense, the platinum element being replaced
by the cheaper material of charcoal.

In the vessel v v is inserted, instead of a hollow cylinder of
platinum, a solid cylindrical rod of charcoal, made from the
residuum taken from the retorts of gas-works. ' A strong porous
mass is produced by repeatedly baking the pulverised coke, to
which the required form is easily imparted. Dilute sulphuricacid
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13 then poured into the vessel v v, and concentrated nitric acid
into v v. The electric fluid issues from a wire connected with the
charcoal, and returns by one connected with the zine.

Messrs. Deleuil and Son, of Paris, have fabricated batteries on
this principle with great success. I have one at present in use
consisting of fifty pairs of zinc and carbon cylinders, the zinc being
2% inches diameter, and 8 inches high, which performs very
satxsfaetorlly.

The chief advantage of Daniel’s system is that from which it
takes its name, its constancy. Its power, however, in its most
eflicient state, is greatly inferior to that of the carbon or platinum
systems of Bunsen and Grove. “A serious practical inconvenience,

however, attends all batteries in which concentrated nitric acid is -

used, owing to the diffusion of nitrous vapour, and the injury to
which the parties working them are exposed by respiring it. In
my own experiments with Bunsen’s batteries the assistants have
been often severely affected.

In the use of the platinum battery of Grove, the nuisance pro-
duced by the evolution of nitrous vapour is sometimes mitigated
by enclosing the cells in a box, from the lid of which a tube
proceeds which conducts these vapours out of the room.

In combinations of this kind, Dr. O’Shaugnessy substituted
gold for platinum, and a mixture of two parts by weight of
sulphuric acid to one of saltpetre for nitric acid.

The method of producing the electric fluid by the mutual action
of magnets and bodies susceptible of magnetism will be described
Lereafter.

85. Although each of the simple combinations described above

would produce an electric current, which, being transmitted upon a

conducting wire, would be attended with effects sufficiently distinet
to mpanifest its presence, such a current would be too feeble in its
intensity to serve the purposes of a telegraphie line; and as no
other simple voltaic combination yet discovered would give to a
current the necessary intensity, the object has been attained by
placing in connection a series of such combinations, in such a
manner that the currents produced by each.of them being trans-
mitted in the same direction, on the same conducting wire, a
current having an intensity due to such combination may be
obtained.

Such a series of simple voltaic combinations, so united, is called
8 VOLTAIC DATTELY.
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36. ONE of the most simple forms of voltaic battery is that
represented in fig. 6, which consists of a glazed earthen-
ware trough, divided by
partitions into -a series of
parallel cells, and a series of
zine and copper plates, A’ B,
of shape and magnitude cor-
responding with the cells,
attached to a wooden rod,
each copper plate being
connected at the top, under
the wood, by a band of
metal, with the zinc plate
which immediately succeeds
it in the series. For brevity, let us designate the first copper plate,
C,, the second c,, the third, c,, and so on, proceeding from a’
towards B', and let the first zine plate, which is connected with c,
by a metal band, be called z,, the next, which is similarly conneoted
with ¢, be called z,, and so on from A’towards 8. Now, the
intervals between the plates being so arranged as to correspond
with the width of the cells, the series of plates may be let down
into the cells so that a partition shall separate every pair of plates
which are connected by a metal band. Thus, the first partition
will pass between c, and z,, the second between ¢, and z,, the third
between ¢, and z,, and so on. It appears, therefore, that the first
cell proceeding from A towards B will contain only the copper plate
C,, the second will contain ¢, and z,, the third, ¢; and z,, and so
on, the last cell at the extremity B of the series containing only
the last zine plate, which we shall call z,.

Now, it is evident that as the arrangement thus stands, the first
and last cells of the series would differ from the intermediate ones,
inasmuch as, while each of the latter contains a pair of plates,
each of the former contains only a single plate, the first copper
¢, and the last zin¢ z,. To complete the arrangement, therefore,
it will be necessary to place a zinc plate, which we shall call z,, in
the first cell to the left of ¢,, and so as not to be in contact with it,
and in like manner a copper plate, which we shall call c,, in the
last cell B to the right of z,, and so as not to be in contact with it.
Let wires be soldered to the upper edges of these terminal plates
z, and c,, and let them be carried to any desired distances, but
finally connected with plates, or any other masses of metal, buried
in the ground at #’ and p/, fig. 7.

These dispositions being made, let us suppose the cells to be
fHlled with a weak acid solution, such as has been already described,
but so that the liquid in one cell may not overflow into the next.
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VOLTAIC BATTERIES.

A current of electricity will now be established along the wire
passing as indicated by the arrows, from the last copper plate at®,

Tig. 7.

to the earth at p’, and returning by #’ to the first zine plate z,,
at N.

This current is produced by the combined voltaic action of all
the pairs of plates contained in the cells of the trough.

37. The current produced by the combination z, c,, in the first
cell, will flow from the plate c, by the band of metal to the plate
Z,, in the second cell. Tt will follow this course because of the
oonducting power of the metals, and the insulating power of the
wood and earthenware, which prevents its escape. From the plate
2z, it will pass through the acidulated water to the plate c,, for
although this water has not a conducting power equal to that of
metal, it has nevertheless sufficient to continue the current to c,.
From c, it will pass by the band of metal to z,, and from that
through the liquid in the third cell to ¢;, and from that by the
metal to zj, and so on until it arrives at the last plate c, of the
series, from which it will pass, by the conducting wire, from  to .

It is evident, therefore, that the current produced by the voltaie
combination in the first cell must pass successively through the
plates and liquid in all the cells before it can arrive at ».

In the same manner it may be shown that the current produced
in the second cell containing z, and ¢, must pass through all the
succeeding cells before it can reach P, and so of all the others.

38. Now, if the metals and liquid were perfect conductors, each
of these currents would arrive at P with undiminished force, and
then the current upon the wire P p’ would be as many times more
intense than a current produced by a single voltaic combination as
there are cells. But this is not so. The metals copper and zine,
though good conductors, are not perfect ones, and the acidulated
water is a very imperfect one. The consequence is, that the
currents severally produced in each of the cells, suffer a consider-
able loss of force before they arrive at the conducting wire »p’; and
mathematical formule, based on theoretical principles and practical
data, have been contrived to express in each case the effects of this
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diminution of force due to the imperfect conducting power, or the
resistance, as it has been called, of the elements of the battery.

Without going into the reasoning upon which these investiga-
tions are founded, it will be sufficient for our present object to
state, that in all cases, a current of greater or less force is trans-
mitted to the terminal plate of the series from each of the cells, no
matter how numerous they may be, and in some cases batteries
have been constructed and brought into operation, in scientific
researches, which consisted of as many as two thousand pairs of

lates.

P 39. To simplify the explanation, as well as because the form
described is very generally used for telegraphic purposes, we have
here sclected the plate battery to illustrate. the general principle
upon which all voltaic combinations are founded. In fig. 8 is
represented the dispo-
Fig. 8, sition of the cylinders
in a battery formed on
the principles of Daniel
or Grove, where the
metallic connection of
each copper or charcoal
element of one ypair,
with the zinc element
of the succeeding pair, is represented by a rcetangular metallic bar

or wire.

40. Each combination of two metals, or of one metal and char-
coal, which enters into the composition of a battery, is usually
called a PATR, and sometimes an ELEMENT. Thus, a battery is
said to consist of so many PAIRS, or 80 many ELENENTS.

The end of the battery from which the current issues is called
its POSITIVE PoLE, and that to which it returns is called its
NEGATIVE POLE. Thus, in the batteries explained above, P is the
positive, and N the negative pole.

Since in the most usual elements, zinc and copper, the current
issues from the last copper plate, and returns to tjne first zine
plate, the positive pole is sometimes called the COPPER POLE, and
the negative the zINC roLE. '

41, The voltaio battery is sometimes called the voLTAIC PILE.
This term had its origin from the forms given to the first voltaic
combination by its illustrious inventor.

The first pile constructed by Volta was formed as follows:—A dise
of zine was laid upon a plate of glass. Upon it was laid an equal
dise of cloth or pasteboard, soaked in acidulated water. Upon this
was laid an equal disc of copper. Upon the copper were laid, in
the s]am)e order, three discs of zine, wet cloth, and copper, and the
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same superposition of the same combinations of zine, cloth, and
copper, was continued until the pile was completed. The highest
disc (of copper) was then the positive, and the lowest disc (of zinc)
the negative pole, according to the principles already explained.

It was usual to keep the discs in their places by confining them
between rods of glass.

Such a pile, with conducting wires connected Fiz. 9.
with its poles, is represented in fig. 9.

42. As the batteries used on telegraphic
lines are liable to frequent removal from place
to place while charged with the acidulated
water, or other exciting liquid, it has been
found desirable to contrive means to prevent
such liquid from being spilled, or thrown from
cell to cell. This has been perfectly accom-
plished . by the simple expedient of filling the
cells with silicious sand, which is kept satu-
rated with the exciting liquid so long as the
battery is in operation.

43. It is often necessary, in telegraphio
operations, to vary the intensity of the current.
This is accomplished, within certain limits,
without changing the battery, in the following
manner :—

M rmm

rmmrrm
T

If it be desired to give the full force of tg__a_;j
"the battery to the current, the wires are ifEi*-Ea;;
attached to the terminal plates, so that the  |Eassiss)
entire battery is between them. But if any =

C

less intensity is desired, the wires, or one of
them, is attached to intermediate plates, so
that they shall include between them a part
only of the battery. The part included between them is alone
active in producing the current, all the elements which are outside
the wires being passive. The battery, in effect, is converted into
one of fewer elements.

Provisions are made, which will be explained hereafter, by
which the operator can, by a touch of the hand, thus vary the
force of the battery.

44. The batteries generally used for the English telegraphs
are those described in (36). They are usually charged with
sand, wetted with water mixed with sulphuric acid, in the pro-
portion of about one part of strong acid to fifteen of water. A
more, intense current could be produced by using a stronger
solution, but it is found preferable to augment its intensity by
increasing the number of plates in the battery., The dimensions
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of the plates are generally four to five inches wide, and three to
" four inches deep. The thickness of the zinc plates is something
less than a quarter of an inch. The cells are filled with sand to
within an inch of the top, and the parts of the plates above the
sand are varnished as a protection against corrosion, and to keep
them clean. In general, the troughs are made either of glazed
gutta perchaor some compact wood, such as oak, or teak, made
water-tight by cement or marine glue. When the trough is wood
the partitions of the cells are slate, the width of each cell being
one inch and a quarter to one inch and a half. The troughs
contain, some twenty-four, and some twelve cells.

Batteries of this sort, consisting of twenty-four cells, give a
current of sufficient force for a line of wire of 15 miles. For -
50 miles, 48 cells, and for 75 miles, three troughs of 24 cells are
required. Mr. Walker considers that these batteries give super-
fluous force, but that it is necessary to provide against the
contingency of leakage by accidental defects of insulation.

45. The durability of these batteries is increased by amalga-
mating the zino plates. This is effected by first washing them in
acidulated water, and then immersing them in a bath of mercury
for one or two minutes. The mercury will combine with the zine
and form a superficial coating of the amalgam of zino. When they
are worn by use, they may be restored, by scouring them, and
submitting them to the same process, and this may be continued
until the zine become too thin to hold together.

Mr. Walker states that new batteries, when -carefully put
together, will, with care, do duty for six or eight months, when
the work is not very heavy; and by washing the sand out with a
flow of water, and refilling them, they have frequently remained
on duty ten or twelve months, or even more, without having been
sent in for re-amalgamation.*

46. Having explained, generally, the manner in which the
electric current is produced and maintained, I shall now proceed to
explain the various expedients by which it is conducted from station
to station, along the telegraphic line, and by which injurious
waste by leakage or drainage is prevented or diminished.

The conducting wires used for telegraphic lines are of irom,
usually the sixth of an inch in diameter. On all European lines
they are submitted to a process called galvanisation, being passed
through a bath of liquid zine, by which they become coated with
that metal. This zinc surface being easily oxydable, is soon, by
" the action of air and moisture, converted into the oxyde of zine,
which, being insoluble by water, remains upon the wire, and
protects the iron from all corrosion.

. .
134 EL Tel. Manip., p. 8.
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‘When a great length of wire is to be stretched between two
distant points without intermediate support, steel wire' is often
" preferred to irom, in consequence of its greater strength and

tenaocity.
Copper being a better conductor of electricity than iron, as well
as being less susceptible of oxydation, would on these accounts be .
more eligible for telegraphic purposes. Its higher price, and the
possibility of compensation for the inferior conducting power of
iron, by using greater battery power, has rendered it preferable
to use that metal.
47. Mr. Highton, the inventor of some important improvements
in telegraphic apparatus, affirms that, when galvanised iron wires
- pass through large towns where great quantities of coal are
burnt, the sulphureous acid gas resulting from such combustion
acting upon the oxyde of zine which coats the conducting wire,
converts it into a sulphate of zine, which. being soluble in water,
is immediately dissolved by rain, leaving the iron unprotected.
" The wire consequently soon rusts, and is corroded. Mr. Highton
says, that in some cases he has found his telegraph wires reduced
by this cause to the thinness of a_common sewmg needle in less
than two years.

The wiresused on the American lmes are of iron, similar to the
European, but are not galvanised. They soon become coated with
their own oxyde. A pair of galvanised wires have been placed
between New York and Boston, and I have been informed by Mr.
Shaffner, thesecretary of the American Telegraph Confederation, that
at certain times during the winter, it has been found that they were
unable to work the telegraph with these wires, while its operation
with the wires not galvanised, was uninterrupted. Mr. Shaffner
also states that several anomalous circumstances have been mani-
fested upon some extensive lines of wire erected on the vast
prairies of Missouri. Thus, in the months of July.and August, it
is found that the telegraph cannot be worked from two to six in thé
afternoon, being the hottest hours of the day. These circumstances
are ascribed to some unexplained atmospheric effects.

48. The manner in which the conducting wires are carried from
station to station is well known. Every railway traveller is familiar
with the lines of wire extended along the side of the railways,
which, when numerous, have been not unaptly compared to the
series of lines on which the noteés of music are written, and which
are the metallic wires on which invisible messages are flying con-
tinually with a speed that surpasses imagination. These are sus-
pended on posts, erected at intervals of about sixty yards, being
at the rate of thirty to a mile. They therefore supply incidentally
a convenient means by which a passenger can ascertain the speed
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of the train in which he travels, If he count the number of
telegraph posts which pass his eye in two minutes, that number
will express in miles per hour the speed of the train.

49, Since the current of electricity which flows along the wire
has always a tendency to pass by the shortest route possible to the
ground, it is evident that the supports of the wires upon these
posts ought to possess, in the highest attainable degree, the pro-
perty of insulation ; for even though the entire stream of electrieal
fluid might not make its escape at any one support, yet if a little
escaped at one and a little at another, the current would, in a
long line, be soon so drained that what would remain would be
insufficient to produce those effects on which the efficiency of the
telegraph depends. Great precautions have therefore been taken, -
and much scientific ingenuity has been expended in contriving
supports which shall possess, in the highest attainable degree, the
property of insulation. '

50, To each of these posts or poles are attached as many tubes or
rollers, or other forms of support, in porcelain or glass, as there are
wires to bé supported. Each wire passes through a tube, or is
supported on a roller ; and the material of the tubes or rollers being
among the most perfect of the class of non-conducting substances,
the escape of the electricity at the points of contact is impeded.

Notwithstanding various precautions of this kind, a considerable
escape of electricity still takes place in wet weather. The coat of
moisture which collects on the wire, its support, and the post,
being a conductor, carries away more or less of the fluid. Conse-
quently, more powerful batteries are necessary to give effect to the
telegraph in wet than in dry weather.

In England, and on the Continent, the material hitherto used
for the supports of the wires is principally a sort of earthen or
stone ware, In the United States it is generally glass.

51. The forms of these insulating supports are various, Tubes,
rings, collars, and double cones, are severally used. The material
used most commonly in England, a sort of brown stoneware, has
the advantage, besides being a good insulator, of throwing off wet,
as water falls from a duck’s wing, leaving the surface dry. A pitcher
of this ware, plunged in water, scarcely retains any moisture upon it.

52, The posts vary generally from 15 to 30 feet in height, the
lowest wire being about ten feet above the ground, exocept in
cases where greater height is required to allow vehicles to pass
under it, as when the wires cross a common road, or pass from
one side of the railway to the other. The poles are about 6
inches square at the top, and increase to 8 inches at the bottom,
In some cases they are impregnated with certain chemiecal solutions,
to preserve them from rotting, and are generally painted, the parts
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which are in the ground being charred and tarred. The minner
of treatment, however, varies in different countries.
53. In figs. 10 and 11 are
represented different forms of Fig. 10.
supports uwsed in England.
To cross-pieces of wood, A A’
bolted upon the post (fig. 10),
are attached balls, b, of stone-
ware, as described above, in
which grooves or slits are
formed to receive and support
the wires. - These supports
* are protected from rain and
from the deposition of dew by
hoods of zinc-coated iron
placed over them. Glass being
80 much better an insulator,
balls of that material are re-
cently being substituted for
the stoneware.
Another form of sumpport,
sheltered by asortof sloping roofy is represented infig. 11. Onthefront
of the post is a wooden arm to which a series of storfe-ware rings are

Fig. 11.

attached, through which the wires pass. These rings have the form
of two truncated cones placed with their larger bases in contact.
It is usual, where the wires are numerous, as on some of the

lines near London, to attach these supports both to the front and
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back of the post. -So many as thirteen of these supports may be
seen upon some of the posts of the North-Western line near
London. The wires supported on some of these are continued to
Liverpool and Manchester, and some even to Glasgow.

54. If the same wire were carried. over a sucoession of supports
for a certain distance, they would after a certain time become
slack and hang in curves between post and post. This would be
attended with great inconvenience and confusion, inasmuch as
one wire—especially when agitated by wind—would come in oon-
tact with another, so that the currents running along them would
pass from one to another, and the proper signals conveyed by
such currents would no longer reach their destination.

To prevent this, apparatus for tightening the wire are on all
such lines provided at convenient distances, such as half-a-mile,
upon posts which are thenc¢e called winding posts. These posts
are of larger dimensions than the ordinary posts. A grooved
drum, on which the wire is wound, is attached to them by a bolt,
which passes through the post, but clear of the wood. Upon this
bolt is fixed a ratchet wheel by which the drum may be turned
in one direction, so as to coil the wire upon it, with a catch which
prevents its recoil in the other direction, and therefore maintains
the tension of the wire. The bolt is kept from ocontact with the
post by passing through a stoneware collar.

The current passes through the winder and the bolt, these
being metallic, but in case of any interruption arising from the

Fig. 12,

oxydat:on of their surfaces a supplemental pleoo of conducting
wire is provided, which connects the main wires at points taken

above and below the winding post, as represented in fig. 12.
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55. In France the posts are from twenty to thirty feet high,
placed at distances - varying from sixty to seventy yards asunder,
and sunk to a depth of from three to seven feet in the ground.
They are impregnated with snlphate of copper to preserve them
from rotting by damp.

The conducting wire rests in an iron hook, which is fastened
by sulphur into the highest part of the cavity of an inverted
bell, formed of porcelain, from which two ears project, which are
screwed to the post.

A section of this apparatus is given in fig. 13, and a side view
in fig. 14, the figures being one-fifth of the actual magnitude.

The winding posts are placed at distances of a kilometre (six-
tenths of a mile). The apparatus used for tightening the wire
consists of two drums or rollers,
each carrying on its axis a ratohet Figa. 13, 14.
wheel with a catch. These drums
are mounted on iron forks formed
at the ends of an iron bar, which
is passed through an opening
in a porcelain support, and se-
cured in its position by pins, the
porcelain support being attached
to the post by screws passing through ears projecting from it.

A front view of this winding apparatus is given fig. 15; a

side view of the porcelain support showing the opening through
which the iron bar is passed, and the screws by which it is
attached to the post, is given in fig. 16.
These figures are one-fifth of the real \\
magnitude of the apparatus. N
. The conducting wires used in France -\
‘are similar to those used on the English '{§::===¥
lines.

56. The insulating supports of the |
wires used on the American lines are
very various in form.

The supports upon the principal *
Morse lines consist of a glass knob,
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fig. 17, upon which two projecting rings are raised in the
groove between which the wire is wrapped. This glass knob
Fig. 17. is attached to an iron shank
as represented in fig. 18, which
is driven into the post.
Another form of support
nsed on these lines is repre-
sented in fig. 19, which consists
of two rectangular blocks of
glass, in each of which is a semi-
cylindrical groove corresponding with the thickness of the con-
ducting wire, so that the wire being laid in the groove of one
of them, and the other being laid upon it, will be completely
enclosed within the block of glass produced by
their union. These blocks of glass are surrounded
and protected by a larger block of wood, as repre-
sented in the figure, where the white part represents
the glass, and the shaded part the wood.
The supports are sometimes attached to the sides
of the posts, and sometimes placed upon an hori-
zontal cross bar, as represented in fig. 20.

Fig. 20

Fig. 19.

1 1 A B AT

" The supports used in House’s lines consist of a glass cap about
five inches in length and four inches in diameter, having s
ooarse screw-like surface cut inside and out. This glass cap
(2) fig. 21 is screwed and cemented into a bell - shaped iron
cap (1) from three to four pounds, in weight, projecting an
inch below the lower edge of the glass, protecting it from
being broken; this is fitted with much care to the top of
140 ‘
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the pole (3), and is covered with paint or varnish. - The con<
ducting wire is fastened to the top of the cap by projecting
iron points, and the whole of the iron cap is thus in the circuit, as-
the wire is of iron and not insulated. To .
prevent the deposit of moisture, the glass is
eovered by a varnish of gum-lac dissolved
in alcohol, and the ring-like form of the
glass is to cause any moisture to be
carried to the edge and there drop off.*

The wires on the American lines are
not usually galvanised.

57. One of the forms of insulating sup-

port used on the German lines is repre-
sented in fig. 22, and consists .of an
insulating cap placed on the tapering end
of a post . The post terminates in a
- point ¢, an inch and a half in length
and about six lines in diameter; this
pole is covered with a porcelain cap d d,
4 sort of reversed cup; on its summit e, there is a hole inlaid
with lead, in which the conducting wire
b benters; thisinsulatoris then covered
with a roof.
- 58, It may be asked what prevents
the escape of the electric fluid from
the surface of the wire between post
and post? In general when wires are
used on a smaller scale for the trans-
mission of electric. currents, the escape
of the fluid is prevented by wrapping
them with silk or cotton thread, which
thus forms a non-conducting cover
upon them, but on the scale on which
they are used on telegraphic lines
the expense of this, independently
of the difficulty of protecting such covering from destruction by
weather, would render it inadmissible.

89. The atmosphere, when dry, is a good non-conductor ; but
this quality is impaired when it is moist. In ordirary weather,
however, the air being a sufficiently good non-conductor, a
metallic wire will, without any other insulating envelope except
the air itself, conduct the stream of electricity to the necessary
distances. It is true that a coated wire, such as we have

* Turnbull on the Electric Telegraph, p. 176. Philadelphia, 1853.
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described, would be subject to less waste of the electric fluid en
. route; but it is more economical to provide batteries sufficiently
powerful to bear this waste, than to cover such extensive lengths
of wire with any envelope.

60. Atmospheric electricity having been found to be occasion-
ally attracted to the wires, and to pass along them, so as to
disturb the indications of the telegraphic instruments, and
sometimes even to be attended with no inconsiderable danger
to those employed in working the apparatus; various expedients
have been contrived for remo¥ing the inconvenience and averting
the danger. The current produced by this atmospheric electricity
is often so intense as to render some of the finer wires used in
certain parts of the apparatus at the statioms, red hot, and
sometimes even to fuse them. It also produces very injurious
effects by demagnetising the needles, or imparting permanent
magnetism to certain bars of iron included in the apparatus,
which thus become unfit for use.

61. One of the expedients used for the prevention of these
inconvenient and injurious effects is to place common lightning
conductors on the posts. The points of these are shown upon the
posts in figs. 10, 11, and 12.

62. Mr. Walker of the South Eastern Company and M. Bre-
guet of Paris, have each invented an instrument for the better
protection of telegraphic stations from atmospheric electric dis-
charges. Both these contrivances have been found in practice to
be efficacious, and though differing altogether in form they are
similar in prineiple. In both, a much finer wire than any which
lies in the regular route of the current is interposed between the
line" wire and the station, so that an intense and dangerous
atmospheric current must first pass this fine wire before reaching
the station. Now it is the property of such a current to raise the
temperature of the conductor over which it passes to a higher
and higher point in proportion to the resistance which such con-
ductor offers to its passage. But the resistance offered by the
wire is greater in the same proportion as its section is smaller.
The safety wire interposed in these contrivances is, therefore, of
such thinness that it must be fused by a current of dangerous
intensity. The wire being thus destroyed all electric communi- .
cation with the station is cut off, and the extent of the incon-
venience is the temporary suspension of the business of the line
until the breach has been repaired.

Expedients are used on the American lines to divert the
atmospherio electricity from the wires, consisting merely of a
number of fine points projecting from a piece of metal connected
with the earth by a rod of metal, These points are presented to
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a metal plate, or other surface, attached to the line wire at the
place where it enters the station. It is found that these points
attract the atmospherie electricity, which passes to the ground by
the conductor connected with them, but do not attract the
electricity of the battery current.

63. The wires extended from post to post are continued in passing
the successive stations of the line. The expedients by which the
current is turned aside from the main wire, and made to pass through
the telegraphic office of the station, differ more or less in their
details on different lines and in different countries, but are founded
on the same general principles. It will therefore be sufficient here
to describe one of those-commonly used on the British lines.

The conducting wire of the main line in passing the station is
cut and the ends jointed by a shackle, as represented in fig. 12,
in the case of a winding post. This shackle breaking the
metallic continuity would stop the course of the current. A wire
is attached to the line wire below the shackle so as to receive the |
eurrent which the latter would stop, and is carried on insulating
supports into the telegraphic office and put in connection with the
telegraphic instrument. Another wire connected with the other
side of the instrument receives the current on'leaving it, and
being carried back on insulating supports to the line wire, is
attached to the latter above the shackle, and so bnngs back the
current which continues its progress along the line wire.

64. Although the mode o? carrying the conducting wires at a
certain elevation on supports above the ground has been the most
general mode of construction adopted on telegraphic lines, it has
been found in certain localities subject to difficulties and incon-
venience, and some projectors have considered that in all cases it
would be more advisable to carry the conducting wires underground.

This underground system has been adopted in the streets of
London, and of some other large towns. The English and Irish
Magnetic Telegraph Company have adopted it on a great extent
of their lines, which overspread the country., The European
Submarine Telegraph Company has also adopted it on the line
between London and Dover, which follows the course of the old
Dover mail-coach road by Gravesend, Rochester and Canterbury.

65. The methods adopted for the preservation and insulation of
these underground wires are various.

The wires proceeding from the central telegraph station in
London were wrapped with cotton thread, and coated with a
mixture of tar, resin, and grease. This coating forms a perfect
insulator. Nine of these wires are then packed in a half-inch
leaden pipe, and four or five such pipes are packed in an iron pipe
about three inches in diameter. These iron pipes are then laid
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under the foot pavements, along the sides of the streets, and are
thus conducted to the terminal stations of the various railways,
where they are united to the lines of wire supported on posts
along the sides of the railways, already described.

More reoently, however, the wires deposited in the under-
ground pipes are insulated altogether by means of a coating and
envelope of gutta-percha.

The Electric Telegraph Company has at present (August 1854)
no less than fifteen miles of this underground piping laid along
the streets of London, containing three hundred and ﬁﬂ;y miles of
gutta-percha covered conducting wire.

Since the paragraph (54) was put in type, we learn that t.he
same company has abandoned the winding posts, and that the
wires are tightened on every common post by means of a fine
wire or strong tarred yarn, so that the expansion and consequent
slackening of the condueting wire can only take place between

. post and post.

66. Provisions, called Zesting posts, are made at intervals of a
quarter of a mile along the streets, by which any failure or
accidental irregularity in the buried wires can be ascertained,
and the place of such defect always known ‘within a quarter of
a mile.
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67.

Fig. 34.—LAYING THE CABLE FROM THE DECK OF THE SHIP.

THE ELECTRIC TELEGRAPH.

———

CHAPTER III.

Wires of Magneto-electric Telegraph Company. — 68. Mr. Bright's
method of detecting faulty points.—69. Such failure of insulation
rare,—70. Underground method recently abandoned in Prussia.—
71. Underground wires of the European and Submarine Company.
—T72. Imperfect insulation in tunnels.—73. Mr. Walker's method ot
remedymg this.—74. Overground system adopted through the streets
of cities in France, and in the United States.—75. Telegraphic lines
need not follow railways.—76. Do not in America nor in certain
parts of Europe.—77. Submarine cables.—78. Cable connecting Dover
and Calais.—79. Failure of first attempt—Improved structure.—
80. Table of submarine cables and their dimensions.—81. Dimensiong
and structure of the Dover and Calais cable.—82. Holyhead and
Howth cable.—83. First attempt to lay cable between Portpatrick
and Donaghadee—its failure.—84. Dover and Ostend.—85. Port-
patrick and Donaghadee.—86. Orfordness and the Hague,

67. THE wires of the Magnetic Telegraph Company are laid and
protected in the following manner.
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Ten conducting wires are enveloped in a covering of gutta-
percha, so as to be completely separated one from another. Thus
prepared they are deposited in a square creosoted wooden trough
measuring three inches in the side, so that nearly a square inch
of its cross section is allowed for each of the wires. This trough
is deposited on the bottom of a trench cut two feet deep along the
side of the common coach road. A galvanised iron lid, of about
an eighth of an inch thick, is then fastened on by clamps or small
tenter hooks, and the trench filled in.

A section of the trough in its actual size is given in fig. 23.

Fig. 23.—Galvanised Iron Lid, No. 14, Birmingham Wire Gauge.

)0}
)
el

O

Creosoted Deal Troughing.

The method of laying the wires in the streets adopted by this
company is a little different. In this case iron pipes are laid, but
they are split longitudinally. The under halves are laid down
in the trench, and the gutta-percha covered wires being deposited,
the upper halves of the pipes arelaid on and secured in their places,
by means of screws through flanges left outside for the purpose.

To deposit the rope of gutta-percha-covered wires in the
trough it is first coiled upon a large drum, which being rolled
along slowly and uniformly over the trench, the rope of wires is
payed off easily and evenly into its bed.

So well has this method of laying the wires succeeded that in
Liverpool the entire distance along the streets from Tithe Barn
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Railway station to the Telegtaph Company’s offices in Exchange
Street, East, was laid in eleven hours; and in Manchester the
line of streets from the Salford Railway station to Ducie Street,
Exchange, was laid in twenty-two hours. This was the entire
time occupied in opening the trenches, laying down the telegraph
wires, refilling the trenches and relaying the pavement.

68. Ome of the objections against the underground system of
conducting wires, was, that while they offered no certain guarantee
against the accidental occurrence of faulty points where their
insnlation might be rendered imperfect, and where, therefore, the
current would escape to the earth, they rendered the detection of
such faulty points extremely difficult. To ascertain their position
required a tedious process of trial to be made from one testing
post to another, over an indefinite extent of the line.

A remedy for this serious inconvenience, and a ready and
certain method of ascertaining the exact place of such points of
fault without leaving the chief, or other station at which the
agent may happen to be, has been invented and patented by the
Messrs. Bright of the Magnetic Telegraph Company.

Instruments called Galvanometers, which will be more fully
described hereafter, are constructed, by which the relative intensity
of electric currents is measured by their effect in deflecting a
magnetic needle from its position of rest. The currents which
most deflect the needle have the greatest intensity, and currents
which equally deflect it have equal intensities.

The intensity of a current diminishes as the length of the con-
ducting wire—measured from the pole of the battery to the point
where it enters the earth—is augmented. Thus, if this length be
increased from twenty miles to forty miles, the intensity of the
current will be decreased one half.

The intensity of the current is also decreased by decreasing the
thickness of the conducting wire. Thus the intensity, when
transmitted on a very thin wire, will be much less than when
transmitted on a thick wire of equal length; but the thick wire
may be 50 much longer than the thin that its length will com-
pensate for its thickness, and the intensity of the current trans-
mitted upon it may be equal to that transmitted on the shorter
and thinner wire. .

The method of Messrs. Bright is founded upon this property
of currents. A fine wire wrapped with silk or cotton so as to
insulate it and prevent the lateral escape of the current, is rolled
upon a bobbin like a spool of cotton used for needle-work. A con-
siderable length of fine wire is thus comprised in a very small bulk.

The wire on such a bobbin being connected by one end with the

wire conducting a current, and by the other end with the earth,
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will transmit the current with a certain intensity depending on
its length, its thickness, and, in fine, on the conducting power of
the metal of which it is made.

Now let us suppose that a certain length of the wire of the
telegraphic line be taken, which will transmit a current of the
same intensity. A galvanometer placed in each current will
then be equally deflected. But if the length of the line wire be
less or greater than the exact equivalent length, the galvanometer
will be more or less deflected by it than it is by the bobbin wire,
according as its length is less or greater.

It is, therefore, always possible by trial to ascertain the length
of line wire, which will give the current the same intensity as
that which it has upon any proposed bobbin wire.

Bobbins may therefore be evidently made carrying greater
or less lengths of wire upon which the current will have the
same intensity as it has upon various lengths of line wire.

Suppose then a series of bobbins provided, which in this sense
represent various lengths of line wire from 100 feet to 300 miles,
and let means be provided of placing them in metallic connection
in convenient cases.

Such an apparatus is that by which the Messrs, Bright detect
the points of fault.

Let B be the station battery, @ a galvanometer upon the line
wire, F the point of fault at which thé current escapes to the

Fig. 24, F

v
earth, in consequence of an accidental defect of
the insulation. Let a wire be attached to the line

~wire of the station, at 0, and let it be connected
with the first of ‘a series of bobbins such as are
described above ; let a galvanometer, similar to @,
be placed upon it at ¢’. Let a metallic arm A c,
turning on the point A, be so placed that its ex-
tremity ¢ shall move over the series of bobbins,
and that by moving it upon the centre A, the end
¢ may be placed in connection with the wire of
any bobbin of the series. Let A be connected by
a conducting wire with the earth at &/, the nega-
tive pole of the battery B being connected with the earth at .
The apparatus being thus arranged, let us suppose that the
wire A ¢ is placed in connection with the first bobbin, representing
10 miles of the line wire, and that the distance @ F of the point of
fault is 1456 miles. In that case the battery current will be
148
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divided at o, between the two wires 0 ¢ and o ¢/, but the chief
part will flow by the shortest and easiest route, and the galvano-
meter ¢’ will be very much, and ¢ very little, deflected. This will
show that ¥ must be very much more than 10 miles from the
station. The arm A ¢ will then be turned successively from bobbin
to bobbin. 'When directed to the second bobbin, the current on
0 ¢’ will have the same intensity as if it flowed on 20 miles of
line wire, when turned to the third the same as if it flowed on 30
miles of line wire, and so on. The needle of ¢’ will, therefore,
continue to be more deflected than that of @, although the dif-
ference will be less and less, as the number of bobbins brought
into the circuit is increased. 'When the bobbins included
represent 140 miles, ¢’ will be a little more, and when they
represent 150 miles it will be a little less deflected than @, from
which it will be inferred that the point of fault lies between the
140th and the 150th mile from the station. A closer approxima-
tion may then be made by the introduction of shorter bobbins, and
this process may be continued until the place of the fault has been
discovered with all the accuracy necessary for practical purposes.

69. It appears nevertheless, that in the practical working of the
telegraphic lines, occasions for the application of these expedients
are of extremely rare oocurrence. During the four winter
months of November, Decembeg, January, and February 1853-54,
distances of 300 miles of underground wire, without any break of
circuit, have been in constant operation under the Magnetic
Telegraphic Company, and notwithstanding an unusual pre-
valence of unfavourable weather, with frequent and continued
snow-storms, no stoppage whatever has taken place.

70. The Prussian underground lines of wire have been attended,
however, with occasional failures, which have produced some public
inconvenience. This circumstance has been ascribed to the faulty
method of laying the wires. The gutta-percha enveloping them
was mixed with sulphur, a process called Vulcanisation. Upon
being deposited in the ground the sulphur was soon abstracted,
leaving the gutta-percha brittle and porous.

71. The under-ground line of the European and Submarine
Company, from London to Dover, is laid down in nearly the same
manner as that of the Magnetic Company. There are six conduct-
ing copper wires encased in gutta percha. To detect the more
easily the place of any accidental breach of continuity, a box
is placed at the end of each mile, in which a few yards of the
continuous line of wire are coiled, so that in case of any accidental
interruption occurring to the flow of the current, the particular
mile in which that interruption exists can always be ascertained
by putting the coils at the end of each successive mile in
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connection with a portable battery. The current will fail at the
particular mile within which the fault has taken place.

72. In passing through tunnels the overground wires have
been subject to great inconvenience, owing to the quantity of
water percolating through the roof, constantly falling on the wires
and their supports, and thus injuring . their insulation. It has
been found that from this eause the current transmitted along one
wire has been subjeot to leakages, a part of it passing by the
moisture whioh surrounds the supports to an adjacent wire, so
that being thus divided, part either returns to the station from
which it has been transmitted, or goes on to a station for which
it is not intended.

73. This inconvenience would be removed by adopting for
tunnels the under-ground system. Mr. Walker, to whom great
experience in the practical business of electric telegraphy, and
considerable scientific knowledge must give much authority on
such a subject, has adopted apparently with very favourable
results a method of covering the wires, which pass through
tunnels, with a coating of gutta-percha. The conducting wire
thus treated is copper wire No. 16. The gum being well cleaned
and macerated by steam, is put upon the wire by means of
grooved rollers. The diameter of the covered wire is a quarter of
an inch. Mr. Walker states that jn all the wet tunnels under his
superintendence he has substituted this gutta-percha-covered wire
for the common line wire, and has thus ¢ accomplished telegraphic
feats which could not have been attempted on the old plan.”

74. In France and in the United States the wires, even in the
cities and towns, are conduected on rollers at an elevation, as on
qther parts of the lines. In Paris, for example, the telegraphic
~wires proceeding from the several railway stations are carried
round the external boulevards and along the quays, the rollers
being attached either to posts or to the walls of houses or
buildings, and are thus carried to the central station at the
Ministry of the Interior.

75. In Europe, the telegraphic wires have until very lately
invariably followed the course of railways ; and this circumstance
has led some to conclude that, but for the railways, the electric
telegraph would be an unprofitable project.

76. This is however a mistake. Independently of the case of ¢he
Magnetic Telegraph Company already mentioned, the wires in the
United States, where a much greater extent of electric telegraph
has been erected and brought into operation than in Europe, do not
follow the course of the railways. They are conducted, generally,
along the sides of the common coach-roads, and sometimes even
through tracts of country where no roads have been made.
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It hasbeen contended in Europe that the wires would not be safc
unless placed within the railway fences. The reply to this is,
that they are found to be safe in the United States, where there is
a much less efficient police, even in the neighbourhood of towns,
and in most places no police at all. It may be observed, that the
same apprehensions of the destructive propensities of the people
have been advanced upon first proposing most of the great im-
provements which have signalised the present age. Thus, when
railways were projected, it was objected that mischievous indi-
viduals would be continually tearing up the rails, and throwing
obstructions on the road, which would render travelling so dan-
gerous that the system would become impracticable.

When gas-lighting was proposed, it was objeoted that evil-
disposed persons would be constantly cutting or breaking the
pipes, and thus throwing whole towns into darkness.

Experience, nevertheless, has proved these apprehensions ground-
less; and certainly the result of the operations on the electric
telegraph in the United States goes to establish the total inutility
of confining the course of the wires to railways. Those who have
been practically conversant with the system both in Europe and
in America, go further, and even maintain that the telegraph is
subject to less inconvenience, that accidental defects are more
easily made good, and that an efficient superintendence is more
easily insured on common roads, according to the American
system, than on railways.

These reasons, combined with the urgent necessity of extending
the Eleotric Telegraph to places where railways have neither been
constructed nor contemplated, have led to the general departure
of the telegraphic wires from the lines of railway in varlous parts
of the continent. In France, particularly, almost all the recently-
constructed telegraphic network is spread over districts not inter-
seeted by railways, and even where railways prevail, the wires are
often, by preference, carried along the common road.

77. When channels, straits, arms of the sea, or rivers of great
width intervene between the successive points of a telegraphic
line, the conducting wires are deposited upon the bottom of the
water, protected from the effects of mechanical and chemical
action by various ingenious expedients, A considerable number
of such subaqueous conductors have been fabricated for telegraphic
lines in various countries, and others are in progress or contem-
plated. Before June 1854, wire ropes had been made for the
lines between Dover and Calais, Dover and Ostend, Dublin and
Holyhead, Donaghadee and Portpatrick, England and Holland, the
Zuyder Zee, the Great Belt (Denmark), the Mississippi, New
Brunswick and Prince Edward’s Island, and Piedmont and Corsica.
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78. The earliest attempt to transmit a voltaic current under
water for telegraphic purposes, is attributed to Dr. O’Shaughnessy,
who is so well known for his successful exertions to establish
the electric telegraph in India. He succeeded in 1839 in de-
positing an insulated conducting wire, attached to a chain cable,
in the river Hoogly, by which the electric current was transmitted
from one bank of that river to the other.

The first important project of this kind which was executed in
Europe, was the connection of the coasts of England and France
by the submarine cable, deposited in the bed of the channel
between Dover and Calais. A concession being obtained from the
French government on certain-conditions, a single conducting
wire, invested with a thick coating of gutta-percha, was sunk by
means of leaden weights across the channel, and the extremities
being put into connection with telegraphic instruments, messages
were transmitted from coast to coast. One of the conditions of the
French concession being that this should be effected before
September, 1850, this object was attained, but nothing more; for
the action of the waves near the shore constantly rubbing the
rope against the rocky bottom, soon wore off the insulating
envelope and rendered the cable useless.

79. It is right to state that the projectors themselves did not
expect from this first trial permanent success, and regarded it
merely as the experimental test of the practicability of the
enterprise. It was, therefore, immediately resolved to resort to
means for the effectual protection of the conducting wires
from the effects of all the vicissitudes to which they would be
exposed. With this view, Messrs. Newall and Co., the eminent
wire-rope makers of Gateshead, were charged with the difficult
and unprecedented task of discovering expedients, by which a
cable of gutta-percha containing the conducting wires could be
invested with an armour of iron, at the same time so strong as to
resist the action of the forces to which it woull be exposed, and
yet not too ponderous or too rigid to allow of being deposited in
the bed of the channel. The result was the invention of the form
of submarine cable, which has since been successfully adopted
upon the various lines of international electric communication
which will be presently described.

The conducting wires inclosed in these cables are usually
copper wires, having a diameter of the sixteenth of an inch.
Each wire is first separately covered with two coatings of gutta-
percha. Each successive ocoating increases the thicknmess by
a certain fraction of an inch. The object of laying on this
succession of coats of the gum, is to guard against accidental
defects which might render the insulation imperfect. If such a
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defect happened to exist at any point of the first coat it would be
covered by the second, the chances against a defect oocurring at
the same point of both coatings amounting to an impossibility.

80. The conducting wire thus invested, or so many of them as
it is intended to deposit, are then twisted together, and surrounded
with a mass of spun yarnm, soaked with grease and tar, so as to
form a compact rope. Around this rope are then twisted a number
of stout iron wires, sometimes coated on the surface with zine, or
as it has been called, galvanised. The cable is then complete, and
is fabricated in one continued length sufficient to extend from
shore to shore, or from bank to bank. Perspective side views of
the several cables, and transverse sections of them in their full
size, are given in the figures indicated in the first column of the
following table, the number of conducting wires insulated by the
gutta-percha and included within the cables, the number of
surrounding iron wires, the total length from coast to coast, and
the weight of the cables per mile respeotively being indicated in
the other columns.

% E1EREREE
? ‘ SE|CB|BE | oE
Fig. |8 [%5|°§ |5
| |35 5% | 27| B
{ aTE 18 |BE
Dover and Calais . s . . . |25,26] 4 [10 | 25 7
| Holyhead and Howth . . . . |27,28| 1 (12|70 1
Dover and Ostend . . - . .|8,32| 6 (12|70 7
Portpatrick and Donaghadee (Magnetic 35,36 6 |12 | 25| 7 I
Comp.) . g p ; %
i Orfordness and the Hague % . . |37,38| 1 |10 |1385| 2 '
e . |
i Across the Great Belt (Denmark) . . |41,42| 3 9116 | 5
Across the Mississippi . . . . |45,46| 1 | 8| 2| 2 J’
Across the Zuyder Zee 5 7 . |43,44| 6 | 10| 5 | 73
Newfoundland & Prince Edward’s Island |39,40| 1 | 9 |150| 1% |
Portpatrick and Donaghadee (Brmsh} 35,36 6 |12 |27 | 7 |
Comp.) . . . 3 Nk l
Spezzia and Corsica . H . . 135,36 6 | 12 |110( 8 ’
Corsica and Sardinia . . 5 s }7375, 36| 6 | 12
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Fig. 26.—Dover and Calais.

81. In the Dover and Calais cable,
which was the first fabricated and
laid, each of the four copper wires
are surrounded by gutta-percha,
which in fig. 26 is indicated by the
light shading round the black central
spot, representing the section of the
copper wire. The four wires thus
prepared were then enveloped in the
general mass of prepared spun yarn,
‘represented by the darker shading.
The ten galvanised iron wires were
then twisted around the whole, so as
to form a complete and close armour.
The external form and appearance of
this heliacal coating is represented in
fig. 25.

This cable which was completed by
Messrs. Newall and Co., in three
weeks, measured originally 24 miles
in length. Owing to the manner in
which it was laid down this was
found insufficient to extend from
coast to coast, although the direct
distance is only 21 miles. It was
therefore found necessary to manu-
facture an additional mile of cable,
which being spliced on to the part
laid, the whole was completed, and
the electric communication between
Dover and Calais definitively estab-
lished on the 17th October, 1851.

The cost of the cable itself was

390007, being at the rate of 360/, per

mile. The total cost for cable and

“stations at Dover and Calais was

15,0001, S

82. The next submarine cable laid
down was that which connected
Holyhead on the Welsh with Howth
on the Irish coast. 'While several
companies which had been formed
for the purpose, were ocoupied in
raising the capital necessary for this
project, they were surprised by the
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announcement that the project was already on the point of being
realised by Messrs. Newall and Co., on their own account.

The distance between the points to be connected being 60 miles,
the cable was made with a length of 10 addition miles, to meet

Fig. 27.

Fig. 28.
Holyhead and

owth.
Deep sea part.

contingencies. In this cably, which
enclosed only one conducting wire,
the external wires enclosing the in-
sulating rope were made thicker at
the parts near the shores than for
that which lies in deep water, the
former being subject to much greater
disturbing forces. A side view of
the part immersed in deep water is
given in fig. 27, and a cross-section
in fig. 28. A side view of the shore
ends is given in fig. 29, and a cross-
section in fig. 30, all being in their

The gutta-percha rope was fabri-
cated by the Gutta Percha Company
in the City-road, London, from
whence it was sent to Gateshead,
where it received the iron wire
envelope at' the works of Messrs.
Newall and Co., in the short space
of four weeks. Loaded on twenty
waggons, it was next sent by rail-
way aocross England to Maryport,
where it was embarked on board the
¢ Britannia,” and transported to
Holyhead. On the morning of the
1st June, 1852, one of its extre-
mities being established at Holyhead,
it was laid in the bed of the channel.
This was done as follows :—The cable
was very.carefully coiled in the hold
of the steamer; one end was then
pessed several times round a brake-
wheel, and was conveyed on shore,
when it was attached to a telegraph
instrument. The other orlower end of
the cable was attached to another in-
strument in the cabin of the steamer,
so that any message passing from

Fig. 29.

Fig. 80.
Holyhead and
owth.
Shore ends.

instrument to instrument, was conveyed through the entirc
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cable in the hold, and round the brake-wheel as the cable passed
off in the process of submersion. The shore end having been
made fast securely, the steamer was put in motion, and a certain
strain was put on the cable by means of the brake-wheel, so that
it was laid straight on thegground, or bottom of the sea.

The cable is seen as it rises from the hold in the foreground,
(fig. 34, p. 145,) guided between rollers to the drum, and it again
appears in the back ground, as it passes over the stern. A counter
and indicator was applied to the shaft of the drum by which the
length of cable which at any moment had been delivered off into
the sea was shown.

The wind and tides have the effect of drawing the vessel out
of her course, so that the quantity of cable expended must always
be greater than the distance between the two points in a straight
line. In the case of the Holyhead and Howth cable, the quantity
expended was 64 miles. The depth of water is 70 fathoms, being
more than twice that of Dover.

The entire process of laying it down was completed in 18 hours.
In another hour the cable was brought ashore, and put in connec-
tion with the telegraphic wires between Howth and Dublif, and
immediately afterwards London and Dublin were connected by
means of instantaneous communication.

This cable was lighter considerably than that between Dover and
Calais, its weight being a little less thah one ton per mile, and
consequently its total weight did not exceed 80 tons, while the
Dover and Calais cable weighing 7 tons per mile, its total weight
was 180 tons.

From some cause, which could not be ascertained, this cable,
after being worked for three days, became imperfect. It was sup-
posed to have been caught by the anchor of some vessel, for on being
taken up lately, it was found broken near Howth, and the gutta-
percha and copper wire stretched in an extraordinary manner.

83. Onthe 9th October, 1851, Messrs. Newall and Co. attempted
to lay a cable across the narrowest part of the Irish channel,
between Port Patrick and Donaghadee. This eable contained six
conducting wires, similar to fig. 43. The distance across is the
same as between Dover and Calais, viz., 21 miles, and 25 miles of
cable were placed on board the ¢¢Britannia ” steamer. The pro-
cess of submersion was carried on until 16 miles had been
successfully laid' down, when a sudden gale came on, which
rendered it impossible to steer the vessel in the proper course, and
Mr. Newall was- reluctantly compelled to cut the cable, when
within 7 miles of the Irish coast, and having 9 miles of cable
remaining on board.

The whole of this 16 miles of cable has been recovered in
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June, 1854, after being nearly two years submerged. This proved
a most arduous underta.kmg The depth of the waterin this part
of the Irish channel is 150 fathoms, or 900 feet, and from this
depth the cable was dragged by means of a powerful apparatus
worked by a steam engine placed on the deck of a steamer. The
operation occupied four days, for from the great force of the tide,
which runs at the rate of 6 miles an hour, it was found impossible
to work except at the times of high and low water. The cable
was also imbedded in sand, so that the strain required to drag it
up was occasionally very great.

The recovery of this cable has so far solved the question of the
durability of submarine telegraphs. It was found nearly as sound
as when laid down. There was a slight corrosion in certain parts
which appeared to have been imbedded in decaying sea weed—the
parts imbedded in sand were quite sound, and on other parts,
which appeared to have rested on a hard bottom, there were a few
zoophytes. The cable on being tested was found as perfect in
insulation as when laid down.

84. The next great enterprise of this kind, of wlnch the accom-
plishment must render for ever memorable the age we have the
good fortune to live in, was the deposition in the bed of the
Channel of a like cable connecting the coasts of England and
Belgium, measuring SEVENTY MILES IN ONE UNBROKEN LENGTH !
This colossal rope of metal and gutta-percha was also constructed
at the works of Messrs. Newall and Co.

The probable extension of these extraordinary media of social,
commercial, and political communication between countries
separated by arms of the sea, may be conceived, when it is stated
that during the winter of 1852-53 Messrs. Newall and Co. exe-
cuted under contracts not less than 450 miles of such cable.

The cable laid between Dover and Calais includes, as already
stated, four conducting wires. That between Dover and Ostend
contains six wires insulated by the double covering of gutta-
percha, manufactured, under Mr. 8. Statham’s direotions, by the
Gutta Percha Company. The gutta-percha laid into a rope is
served with prepared spun-yarn, and covered with twelve thick
iron wires, of a united strength equal to a strain of 40 to 50 tons
—more than the proof strain of the chain cable.of a first rate
man-of-war.,

A side view and section of this cable in its natural size are
given in figs. 31 and 32 (page 158).

The Belgian cable weighed 7 tons per mile, so that its total
weight was about 500 tons. Its cost was 33,0004, It took 100
days to make it, and 70 hours to coil it into the vessel from which
it was let down into the sea, and 18 hours to sybmerge it.
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2, 32.—-D\0\'cr and Ostend
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The form in which it was coiled in
the hold of the vessel is represented
in fig. 33 (p. 129).*

On the morning of the Wednesday,
the 4th May 1853, the vessel called
the ¢ William Hutt,” Capt. Palmer,
freighted with the cable, being an-

A chored off Dover, near St. Margaret’s,

South Foreland, the process of laying
the cable was commenced. This vessel
was attended and aided by H.M.S.
¢ Lizard,” Capt. Rickets, R.N., and
H.M.8. “Vivid,” Capt. Smithett.

f: 4 Capt. Washington, R.N., was ap-
i pointed, on the part of the Admiralty,

to mark out the line and direct the

/ expedition.

At dawn of day about 200 yards

Ml of the cable were given out from the

“ Hutt,” and were extended by small

I boats to the shore, where the extre-

mity was deposited in a cave at the
foot of the cliff. There telegraphic

) instruments were provided by means.
l of which, through the cable itself, a
il constant communication with the
§ vessel was maintained during the
R arduous process, corresponding tele-

graphic instruments being placed on

/ I board the ¢ Hutt.”

At 6 o’clock, the process of laying
commenced, the ¢ Hutt” being
taken in tow by the steam tug
“Lord Warden.”

The manner in which the cable was
‘“payed out,” as the vessel pro-
ceeded in its course, is represented
in fig. 34 (p. 145), the cable as
it came up from the hold, being

* This illustration, as well as that of
the deposition of the cable, have been
taken from the Jllustrated London News
of the 14th of May, 1853, by the consent
of the publishers of that journal.
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passed several times round a large
brake-wheel, by means of which the
cable was kept from going out too
fast, and its motion maintained so as
to be equal to the progress of the
vessel. Men are represented in the
figure applying the brake to the
wheel.

On arriving off Middlekerke, on -

the. Belgian coast, a boat sent from
shore took from 500 to 700 yards of
the cable on board, for the purpose of
landing it. The boats of the British
vessels taking her in tow, the end of
the cable was safely landed, and
deposited in a guard-house of the
Custom House, where the telegraphic
instruments brought in the ¢‘ Hutt”’
being erected, and the communica-
tions made, the following despatch
was transmitted direct to London :—

Union of Belgium and England,
twenty minutes before one, p.m. 6th
May 1853,

85. The next submarine cable laid,
was that of the Magnetic Telegraph
Company, connecting Donaghadee
with Port Patrick, also manufactured
by Messrs. Newall and Co.

This cable, which contains six con-
ducting wires, is represented in its
proper size in figs. 35, 36, and corres-
ponds in weight and form to the
Belgian cable. But in the details of
its construction and composition, some
improvements were introduced. This
rope was manufactured in 24 days,
and cost about 13,0002,

The cablelaid down by the British
Telegraph Company between the same
points, is precisely similar to this.

86..It is proposed to connect Or-
fordness, on the Suffolk coast, with
the Hague, by seven separate sub-

marine cables, each containing a 5y, 36.—Donaghat

159.

lee and Portpatrick.
(\I agnetic Telegraph Company.)
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Fig. 88.—Orfordness ard the Hague.

single wire, Near
the shore on each
side these will be

| brought together
| and twisted into

a single great
cable, as repre-

lll] sentedin figs. 37,

38.

Of these, only
three have been
laid down. The
distance from Or-
fordness to the
Hague being 120
miles, the cables
were made 135
miles in length,
They were laid
down separately
at a little dis-
tance one from
another. At 3}
miles from the
shore they were
broughttogether.
‘When the tele~
graphic business
increases the
other four will be
deposited.
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CHAPTER 1V.

87.—Cable between Spezzia and Corsica.—88. Other cables, European and
American.—89. Objections brought by scientific authorities to the
submarine cables—Answers to these by practical men.—90. Example
of a cable uninjured by the action of the sea.—9l. Precautions
necessary in laying the cable.—92. Accident in laying the Calais
cable. — 93. Imperfection attributed to the Belgian cable. — 94.
Transatlantic Ocean Telegraph.—95. Underground wires between the
Strand and Lothbury.—96. Effect of the inductive action of under-
ground or submarine wires.—97. Possible influence of this on tele-
graphic operations.—98. Examples of overground wires extended to
great distances without intermediate support— between Turin and
Genoa.—99. Telegraphic lines in India.—100. Difficulties arising
from atmospheric electricity—height and distance of posts—mode of
laying underground wires—extent of line erected to April 1854.—
101. Intensity of current decreases as the length of wire increases.
—102. Also increases with the thickness of the wire.—103. And
with the number of elements in the battery.—104. Result of Pouillet’s
experiments on the intensity of current.—105. Intensity produced by
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increasing the power of the battery.—106. How the current produces
telegraphic signals.—107. Velocity of the current.—108. Transmission
of signals instantaneous.

87. It is proposed to connect Europe with the islands of the Medi-
terranean and the African continent, by extending the wires which
already run continuously to Genoa from the United Kingdom and
the Northern States of Europe to Spezzia, and from that point to
lay a submarine cable to Corsica, another between Corsica and
Sardinia, and another between Sardinia and Bona. The latter
place would be connected with Alexandria by underground wires
extending along the coast.

It is even regarded as within the scope of probability that
Alexandria may be put in electrical connection with Bombay ; and
as the latter place is already connected by a telegraphic line with
Calcutta, a continuous line of communication between London and
Calcutta would thus be established.

The distances between Spezzia and Bona on the coast of Algeria
are :—

Miles.
Spezzia to Corsica (submarine) . . . . . . 76
Across Corsica (underground) . . . 128
Corsica to Sardinia by the straits of Bonifacio (submanne) 7
Across Sardinia (underground) . 203
Sardinia to Bona, on the coast of A]gerw., (submanne) about 125

539

There would thus be 208 miles of submarine cable in three lengths of
76,7, and 125 miles, and 331 miles of overland wires necessary to con-
nect the southern coast of Europe with the northern coast of Africa.

This is the proposed plan, and the cables from Spezzia to Corsica,
and from Corsica to Sardinia are already laid and in operation;
but it will be obvious on inspecting the map that the object would
be attainable with a less extent of submarine cable by continuing
the overland line to Piombino, in the Grand Duchy of Tuscany,
connecting that place with the Island of Elba by a submarine cable
of 8or 10 mlles, and connecting the westernmost point of Elba
with Bastia, in Corsica, by another cable of 35 to 40 miles.
This method would have the further advantage of including in
the line several important places on the Italian coast; such as,
Carrara, Massa, Lucca, Plsa, and Leghorn.

A preference has been given to the course above described in
consideration of the benefit conferred upon the company by the
concession and guarantee gra.nted by the government of Sardinia,
which would not have been given had the other course been followed.

The cable now deposited contains six conducting wires, and is
in all respects similar to that represented in figs. 35, 36.
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Figa. 39, 40, 88. The short sub-
marine cable laid down
between Prince Ed-
ward’s Island, and the
coast of Nova Scotia
(figs. 39, 40), is intended
as part of a more ex-
tended submarine line
connecting Newfound-
land with Canada. The
other sections would
make up a. total length
of 140 miles; but the
project is reported to be
arrested for the present
by the refusal of the
House of Assembly of
Nova Scotia to grant a
charter to the company
to cross that province.

The Danish subma-
rine cable (figs. 41, 42),
is carried across the
Great Belt from Nyborg
to Korsoe the mearest
point of the opposite
coast of Zealand.

The cable laid across
the Zuyder Zee is shown
in its proper size in figs.
43, 44 (p. 164).,

Subaqueous cables

1 have been laid across
several of the American

A rivers. The difficulties
supposed to attend the
deposition and preser-
vation of these con-

ductors appeared to Dy
telegraphic  engineers /////%
and projectors so for- o

midable, that the wires
were at first carried
across the rivers be-

Edward" tween the summits of
2ad N Do X2 Fig. 42.—Great Bilgs
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Fig. 44.—Zuyder Zee.

lofty masts erected on their banks.
This method, however, was found to
be attended with such effects as to
render the maintenance of the wire
impracticable. The masts were blown
down by. the violent storms and
tornadoes incidental to the climate,
and were not unfrequently destroyed
by lightning.

The project of depositing the con-
ducting wires in the bottom of the
river was then resorted to, and has
been carried into effect in several
cases. The Ohio is crossed at
Paducah by a cable containing one
conducting wire, of which the fol-
lowing description is given in the
American journals.

¢It is composed of a large iron
wire, covered with three coatings of

| gutta percha, making a cord of
| about five-eighths of an inch in

diameter.
¢ To protect this from wear, and

i | for security of insulation, there are

three coverings of strong Osnaburg,
saturated with an elastic composition
of non-electrics ; and around this are
eighteen large iron wires, drawn as
tight as the wire will bear, and the
whole is then spirally lashed together
with another large wire, passing
around at every £ of an inch. The
whole forms a cable of near two
inches in diameter.”

This cable is 4200 feet in length,
being the longest yet laid down
in the United States. It was con-
structed by Messrs. Shaffner and
Sleeth.

Mr. Shaffner has also constructed
and deposited subaqueous cables in
the following places:—

Across the Tennessee river, four

miles above Paducah, near its
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Jjunction with the Ohio. Length, 2200 feet; same
construction ; deposited in 1851,

Across the Mississippi, at Cape Girondeau, in
the State of Missouri. Length 3700 feet; depo-
sited in 1853, .

Across the Merimmao river, where it falls into
the Mississippi, twenty miles below St. Louis.
Length, 1600 feet ; deposited in 1853.

All these are similar to the Paducah cable.

Across the Mississippi at St. Louis, three cables
for different lines, each enclosed by 14 lateral
external wires. Length, 3500 feet. Deposited in
1852-3.

Across the Ohio at Maysville, Kentucky, a cable
containing two conducting wires, enclosed by 28
lateral external wires, constructed like the former.
Length, 2700 feet. Deposited in 1853.

Across the Ohio at Henderson, Kentucky.
Length, 3200 feet. Deposited in 1854.

Cables constructed by Messrs. Newall and Co.
have also been deposited in the following places:—

Across the Mississippi at New Orleans, contain-
ing one conducting wire. Length, 3000 feet.
Deposited in 1853. Shown in figs. 45, 46.

Across the Hudson, 10 miles above New York ;
similar construction. Length, 3600 feet. Depo-
sited in 1854.

Across the Straits of Northumberland, at the
mouth of the St. Lawrence ; similar construction.
Length, 10 miles. Deposited in 1853.

At certain places on the great western rivers
serious difficulties have been and are still encoun-

tered in the preservation of these subaqueous |

conductors. At St. Louis on the Mississippi, and

at Paducah on the Ohio, for example, several |

cables have been successively swept away by

floods. Large trees carricd down the stream are, |
one after another, stopped by being caught in the |

cable, and the number thus accumulated becomes
at length so great that the force of the current,
acting upon them, breaks it.

Another frequent cause of destruction to these
cables in the Western Continent is the attraction
they offer to atmospheric electricity. They are
frequently destroyed by lightning. Mr. Shaffner

165

.

Fig. 46.—Mississippi.



THE ELECTRIC TELEGRAPH.

tells me that he has sometimes found a longitudinal incision
measuring ten feet in length, made in the gutta-percha, by the
lightning, and cut as clean as if it had been done with a razor.
At other times he has found the gutta-percha swelléd, rough and
porous, and sometimes pierced with countless numbers of openings
like pinholes.

These appearances are supposed by Mr. Newall to arise from
imperfection in the covering of the wire. The slit, he thinks, is
caused, by air getting in behind the arm, which holds the mandril
through which the copper wire passes before leaving the cylinder,
and the porous covering arises from air mixed with the guttd-
percha. Mr. Newall has ascertained that  wet hair, or a hole of
equal size is sufficient to destroy the insulation of the wire.

89. Some eminent scientific authorities express doubts as to the
durability of the submarine cables. In the case of the Dover and
Calais cable it has been observed that the bottom of the channel at
that part of the strait is proved by the soundings to be subject to
undulations, so considerable that the summits of some of its elevated
points rise to such a height that the water which covers them is
not deep enough to secure them from the effects of the tumultaous
agitation of the surface in violent storms. It is here well to remind
the reader that the agitation of the ocean, which seems so awful in
great tempests, has been found to extend to a very limited depth,
below which the waters are in a state of the most profound repose.
The objection we now advert to is, therefore, founded upon the
supposition that the crests of some of the elevations upon which
the submarine cable rests are so elevated asto be within that limit
of depth, and it is feared that such being the case, the violence of
the water in great tempests may so move the cable against the
ground on which it is deposited with a motion to and fro, as to

- wear away by frequent friction its metallic armour, and thus
expose the conducting wires within it to the contact of the water,
and destroy their insulation.

But it has been most satisfactorily pfoved by a part of the
experimental wire which was laid down between Dover and Calais,
in 1850, and which was picked up two years afterwards in as
perfect a state as when laid down, that the action of the waves
does not affect the bottom of the Channel there. The greatest
depth is 30 fathoms, and the bottom shelves regularly from Dover
to near Cape Grinez, where there is a ledge of rocks rising
suddenly from the bottom.

It has been also feared that, notwithstanding the effect of the
galvanisation of the surface of the surrounding wires, the corrosive
action of the sea water may in time destroy them ; and it has been
suggested that some better expedient for protection against this
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effect might be contrived upon the principle suggested by Davy,
for the preservation of the copper sheathing of ships, by investing
the cable at certain intervals with a thick coating or glove of zinc,
which would increase the efficiency of the thinner coating of that
metal given to it in the process of galvanisation.*

To this practical men who have had as much experience as is
compatible with the recent date of these novel and extraordinary
enterprises, reply that the results of their observations give no
ground for apprehension of any injurious effects from tidal or
tempestuous action, and that the fine iron used in the wire
is not affected by sea water, as larger masses of coarser iron,
such as anchors, are. They cite as proof of this, the slightly
decayed state in which nails and small fire-arms have been
found when recovered from vessels long sunk. They further
state that the tar contained in the layer of hemp within the
protecting wires acts as a preservative, whether the wires be
galvanised or not. It has been found for example that, in the
case of the submarine conductor between Donaghadee and Port-
patrick, a perfect concrete of tar and sand has been already
formed, upon which masses of shell-fish attach themselves at
all parts that are not buried in sand, and it is apparent that
in a few years a calcareous deposit will be formed around it,
which will cement it to the bottom, and altogether intercept the
action of the sea water.

. 90. In the deposition of submarine cables great care should be
taken to select suitable points on the shore for beaching them.
Sandy places are always to be sought. If this precaution be taken,
it is affirmed that they are not subject to tidal action. A cable
was partly laid by the Magnetic Telegraph Company in 1852
near Portpatrick (83), but abandoned in consequence of the vessel
employed to deposit it being exposed in the process to a violent
storm. The wire was left exposed upon the beach down to and
beyond low water mark, and was in June, 1854, still in a perfect
state, the galvanised iron wires, even to their zine coating, being
absolutely in the same state as when they were deposited.

91. It is contended by practical men that the great and only
risk of failure in the submarine cables is from defects produced in
the process of their deposition, or from original faults in the prin-
ciple of their construction.

The greatest care is necessary in conducting the process of
delivering out the cable into the sea, or ¢‘paying it out,” as it is
technically called. All sudden bending of the cable is to be
especially avoided, ¢¢ Kinks” or ¢‘hitches” are apt to occur in

* Pouillet, *Traité de Physique,” vol. i p. 799. Ed, 1858.
167



THE . ELECTRIC TELEGRAPH.

the process, by which the gutta percha covered wires within the
cable are strained.

92, In laying the Calais cable it was found too short to extend
to the opposite coast, and it became necessary to splice a supple-
mentary piece to it. The joint thus formed afterwards failed, and
it was found necessary to splice it anew, and to insert a fresh
piece. Since this was done the cable appears to have continued in
excellent order.

93. It is said that the Belgian cable has been subject to some im-
perfection arising from the position of the wires within the case.
The sixth wire being in the axis of the cable, surrounded by
the other five (see fig. 32), it was found that when the outer casing
of the protecting wires was laid around it, the pressure on the
centre wire rendered it imperfect, while the five surrounding it
suffered to some extent.

Similar defects are said to exist in other cables constructed upon
the same prineciple. :

A hempen case well tarred in the centre is considered to form
the best safeguard for the gutta percha covered wiresin the process
of making the cable, since it will yield to any compression itself
without affecting injuriously the wire.

94. This notice of subaqueous telegraphy ought not to be
concluded without some mention of the project for the deposition
of an electric cable across the Atlantic, so as to put the Old
‘World in instantaneous communication with the New. Such a
scheme is regarded now pretty nearly as that for the electric
connection of the British islands with each other and with the
European continent was regarded some years ago. The sanguine
consider the project practicable, and its speedy realisation pro-
bable. The more phlegmatic notice it only with ridicule.
Men of science generally admit the possibility of the enterprise
while men of finance more than doubt the possibility of a
remunerative result,

The width of the Atlantic between the nearest points of British
America and the west coast of Ireland is about sixteen hundred
miles. Twelve cables, each as long as those which have been
laid down between Orfordness and the Hague, would be sufficient
to extend from coast to coast. That cable could be spliced to
cable was practically proved between Calais and Dover, such a
splice having been successfully made in the cable near the French
coast.

Lieutenant Maury, of the United States, so well known for his
hydrographical researches, caused a series of regular soundings to
be made with the view of determining the form and condition of

the bed of the ocean between the coasts of British America and
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Ireland. He found that between Newfoundland, or the mouth of
the river St. Lawrence, and the west coast of Ireland, the bottom
consists of a plateau, which, as he says, ¢‘seems to have been placed
there especially for the purpose of holding the wires of a submarine
telegraph, and of keeping them out of harm’s way. It is neither
too deep nor too shallow; yet it is so deep, that the wires but once
landed, will remain for ever beyond the reach of vessels, anchors,
icebergs, and drifts of any kind ; and so shallow that the wires
may be readily lodged upon the bottom.

¢¢ The depth of this plateau is quite regular, gradually increasing
from the shores of Newfoundland to the depth of 1500 to 2000
fathoms, as you approach the other side.”*

Lieutenant Maury concludes that this line of deep sea soundings
is quite decisive of the question, as to the practicability of a
submarine telegraph between the two continents in so far as the
bottom of the ocean is concerned. A cable laid across would pass
to the north of the great banks, and would be deposited upon the
plateau above described, where the waters of the ocean are proved
to be ¢“ as still as those of a millpond.”

This inference Lieutenant Maury deduces from the fact, that
all the specimens of the bottom brought up have been found to
consist of miscroscopic shells without the admixture of a single
particle of gravel or sand. Had there been currents at those
depths, these shells would have been thrown about and abraded,
and mixed more or less with the debris of the natural bed of the
ocean, sach as ooze, -sand, gravel, and other matter. ¢ Con-
sequently a telegraphic cable once laid there, there it would
remain as completely beyond the reach of accident as if it were
buried in air-tight cases.”

Imperfectly informed persons have expressed an opinion that
the cable would not sink below a certain depth, at which the
increasing density of the sea water would render it bulk for bulk
as heavy as the cable. The well known physical properties of
water prove such a supposition to be groundless. Although not
incompressible in an absolute sense, water is susceptible of com-
pression, even at the greatest depths of the ocean, in so small a
degree, that the cable must always greatly exceed it in specific
weight.

Putting out of view the financial part of the question, there
appears then to be no good reason for pronouncing the project to
construct such a cable, and to deposit it in the bed of the ocean,
impracticable in an absoluté sense.

* Repon of Lieutenant Maury to the Secretary of the U.S8. Navy,
Feb. 22, 1854, : 160
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It may be asked whether, if deposited, an electric current could
be transmitted through it so as to produce telegraphic signals ?

There can be only two reasons for doubting this—first, the
length of the conducting wire, and, secondly, the inductive effects
of the water upon the cable.

The intensity of the current transmitted by a battery of given
power upon a wire, is in the direct ratio of the conducting power
of the wire and the magnitude of its transverse section, and in the
inverse ratio of its length. A length so great as 1500 or 1600
miles, would of course considerably attenuate the current.

But it will be recollected that, in the experiments described in
Chap. I. par. 9, made by M. Leverrier and myself, messages were
transmitted over a space of 1000 miles of wire without inter-
mediate battery power, and with a terminal battery of very
limited power. In that case 336 miles of the wire upon which
the current was transmitted were iron, a very indifferent con-
ductor, and the remaining 746 miles were copper wire of extremely
small diameter. It is certain, therefore, that by reason of the
inferior conducting power of the one part, and of the very small
transverse section of the other part, this length of 1082 miles
offered a much greater resistance to the transmission ‘of the
current than would 1600 miles of copper wire, such as is usually
selected for submarine cables.

But independent of these considerations, nothing would be
easier than to give the copper wire enclosed in the cable such a
thickness, and to apply to it such batteries, as would ensure the
transmission of a current of sufficient intensity.

The effects of the recoil currents produced by the inductive
action of the water upon the cable, cannot be so certainly appre-
ciated with our present knowledge and experience ; but although
the effects of these are sensible in the cases of the submarine and
underground wires already laid down, they have not produced
any obstruction to the efficient performance of the telegraphs, and
the managers of the Magnetic Telegraph Company, which works
well several hundred miles of wire partly subaqueous and partly
underground, assure me that no inconvenience or obstruction
whatever is found to arise from this cause. If no other objection
were raised against the project of a Transatlantic cable save this,
it may be safely pronounced that there would be nothing to be
apprehended which the resources of science and art would not
easily surmount.

It does not appear, therefore, that any part of the great
problem of subatlantic telegraphy remains to be solved, except
that which is involved in the financial view of the question. If
it be undertaken as a commercial enterprise with a view to a
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remunerative return, will i¢ pay? Or, on the other hand, may it
not be regarded as one of those vast international enterprises to
which the influence and resources of states should be applied?
These are questions which we have neither the space nor the
vocation to discuss.

95. In 1852, the conducting wires which connect the Brauch
Telegraph Office, established in the Strand, opposite Hungerford
Market, with the General Post-office, were laid down. In this
case the conducting wires are galvanised brass instead of copper.
They are as usual laid in iron tubes, and are carried along the
kerb stones of the foot pavement of the Strand, Fleet-street,
Ludgate-hill, and 8t. Paul’s Church~-yard to Cheapside, where
they cross over to Foster-lane, and passing through the branch
office in the hall of the General Post-office, are carried thence
to the central telegraph station in Lothbury, at the rear of the
Bank of England.

From this central office, at all hours by day and by night,
despatches are transmitted to and received from every seaport and
every considerable town in England, Scotland, and Wales; by the
submarine wires, by Holyhead and Portpatrick, from all parts
of Ireland, and by Dover, from all parts of the Continent of
Europe where electric telegraphs have been constructed.

96. After the underground and submarine wires had been con-
structed and laid upon a considerable scale, the attention of Dr.
Faraday was called by some of the parties engaged in their
management to peouliar phenomena which had been manifested
in the telegraphic operations made upon the lines thus laid. After
experiments had been made upon a large scale with lines of sub-
aqueous and subterranean wires, extending to distances varying
from 100 to 1500 miles, it was found that the electricity supplied
‘by the voltaic battery to the covered wire was in great quantity
arrested there, by the attraction of electricity of an opposite kind
evolved from the water or earth in which the wire is sunk ; the
attraction acting through'the gutta percha covering exactly in the
same manner as that in which the electricity developed by a
common electric machine, and deposited on the inside metallic
coating of an electric jar, acts through the glass upon the natural
electricity of the external coating, or of the earth in connection
with it. The two opposite electricities on the inside and outside
of the coating of the wire by their mutual action neutralise each
other, and under certain circumstances a person placing his hands
in metallic connection with both sides of such coating, may ascertain
the presence of a large charge of such neutralised fluid, by receiving
the shock which it will give like that of a charged Leyden jar.

97. It is apprehended that this unforeseen phenomenon may
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interfere more or less with the practical working of all telegraphs
having underground conducting wires ; and I have been informed
by the agents engaged in bureaux of the Paris telegraph, that
they are sensible of its effects in all direct communications between
that capital and London.

On theother hand the Magneto-Electric Telegraph Company, who
at the present time (May, 1854), have nearly 900 miles of under-
ground wire in operation, report that they sometimes pass their
signals without any difficulty through 500 miles of underground
wire without any break or delay in the cirouit, and that they have
in constant operation contipuous underground lines connecting
towns above 300 miles apart.

The only defeot complained of in the underground wires is that
which proceeds from accidental failures of complete insulation,
produced by defects in the gutta percha or other coating which
allow moisture to penetrate in wet weather and to reach the con-
ducting wire, orit may arise from accidental fracture of the wire.
In any such cases the flow of the current to its destination is
interrupted, and the telegraph conveys no signal.

The use of underground wires, and the discovery of the
phenomenon of inductive action above described, are too recent to
justify any certain inference as to their effects on telegraphic
operations. Time and enlarged experience alone can settle the
questions which have been thus raised.

98. Although as a general rule the overground lines of
telegraphic wire are sustained by supports at intervals of about
sixty yards, many exceptional cases are presented in which they
are extended between supports at much greater distances asunder.
Every recent visitor to Paris may have observed the long lines of
wire which are in several cases extended along the boulevards
and across the river.

But the most surprising examples of long lines of wires
without intermediate support, are presented on the telegraphic
line passing north and south through Piedmont between Turin and
Genoa. “There, according to a report published in the ¢ Pied-
montese Gazette,” in the course of the line passing through the
district intersected by the chain of the Bochetta, the engineer,
M. Bonelli, had the boldness to carry the wires from summit to
summit across extensive valleys and ravines at immense heights
above the level of the ground. In many cases the distance
between these summits amounted to more than half a mile, and
in some to nearly three-quarters of a mile. In passing through
towns, this line is carried underground, emerging from which
it is again stretched through the air from crest to crest of the
Maritime Apennines, after which it finally sinks into the earth,
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passing through Genoa under the streets and terminating in the
Ducal palace.

It is stated that the insulation of the wires on this picturesque
line has been so perfect, notwithstanding the adverse circumstances
of its locality, that although it was constantly at work day and
night during the first winter, no failure of transmission or extra-
ordinary delay ever occurred.

99. Efforts have recently been made to extend the system of
telegraphic intercommunication to India. Dr. O’Shaughnessy of
the East India Company’s medical department, in constructing an
experimental line through a distance of 80 miles from Calcutta,
used, instead of wires, iron rods, being the only obtainable
materials. These were fastened together and supported on
bamboos.

By experiments thus made, he found that the wires employed
in Europe would be quite inadequate to the Indian telegraph. In
England, where the lines are carried along railways, and where
there are no living obstacles to contend with, the thin iron wire,
called No. 8 gauge, answers its purpose well ; but no sooner were
the rods mounted on their bamboo supports in India than flocks of
that largest of -all birds, the adjutant, found the rods convenient
perches, and groups of monkeys congregated upon them ; showing
clearly enough that the ordinary wire would be insufficient to bear
the strains to which these telegraphic lines would be subjected.
It was found also that not only must the wire be stronger, but
that it must be more elevated, to allow loaded elephants, which
march about regardless of roads or telegraphic lines, to pass
underneath.

100. The telegraphic communication thus practically effected, is
subjected to attacks to which the telegraphs in this country are
but little exposed. Storms of lightning destroyed the galva-
nometer coils, and hurricanes laid prostrate the posts. Undaunted
by the opposition of the elements, Dr. O’Shaughnessy contrived a
lightning conductor for the instruments, and strengthened the
supporting props.

Dr. O’Shaughnessy returned to England, and at Warley, near
Brentwood, made arrangements for producing 3000 miles of thick
galvanised wire, to be shipped for India; one of the earliest
lines undertaken, to be from Calcutta to Bombay. One of the
peculiar characteristics of the railway lines intended for India, as
contrasted with the English lines, is the greater distance between
the posts, which are higher and stronger than those generally
used. The thick wire is raised to a height of fourteen feet, on
posts nearly the eighth part of amile apart. To obtain the neces-
sary strength to bear the strain, the posts are fixed with screw
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piles. To show the strength of the wires thus extended, a rope
was, for experiment, hung to the centre of the wire of largest
span, and a soldier climbed up it, the weight of his body pro-
ducing but a slight curvature. The common deflection arising
from the weight of a wire of a furlong span does mnot exceed
eighteen inches.

Dr. O’Shaughnessy’s plan of underground communication,
when such a mode of laying down the wires is desirable, is very
economical. The copper wires coated with gutta percha, instead
of being inserted in iron tubes, are inlaid in wooden sleepers, well
saturated with arsenic, to protect them from the white ants, and
they are then laid in a trench about two feet deep. An under-
ground system of two wires may thus be laid down for 35/. the mile.

The plan adopted for joining the lengths of the thick galvanised
wire is to have the two ends turned, so as to link into one another,
which are then introduced into a mould, like a  bullet-mould, and
an ingot of zino being cast over them, they form a most substantial
joint, and perfect metallic connection.*

It appears from reports received in May, 1854, that at that
date a telegraphic line was in full operation from Calcutta to
Agra, a distance of 800 miles, and it was then expected that the
entire line to Bombay, a distance of 1500 miles, would soon be
completed and put in operation. -

This line is reported to have been completed and brought into
operation since the preceding paragraphs were in type.

101. To produce the effects, whatever these may be, by which
the telegraphic messages are expressed, it is necessary that the
electric current shall have a certain intensity. Now, the intensity
of the current transmitted by a given voltaic battery along a
given line of wire will decrease, other things being the same, in
the same proportion as the length of the wire increases. Thus, if
the wire be continued for ten miles, the current will have twice
the intensity which it would have if the wire had been extended
to a distance of twenty miles.

It is evident, therefore, that the wire may be continued to such -
a length that the current will no longer have sufficient intensity
to produce at the station to which the despatch is transmitted
those effects by which the language of the despatch is signified.

102. The intensity of the current transmitted by a given

* Year-Book of Facts, 1853, p. 150.
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voltaic battery upon a wire of given length, will be increased in
the same proportion as the area ‘of the section of the wire is
augmented. Thus if the diameter of the wire be doubled, the
area of its section being increased in a fourfold proportion, the
intensity of the current transmitted along the wire will be in-
creased in the same ratio.

103. In fine, the intensity of the current may also be augmented
by increasing the number of pairs of generating plates or
cylinders composing the galvanic battery.

Since it has been found most convenient generally to use iron as
the material for the conducting wires, it isof no practical import-
ance to take into account the influence which the quality of the
metal may produce upon the intensity of the current. It may be
useful nevertheless to state that, other things being the same,
the intensity of the current will be in the proportion of the con-
ducting power of the metal of which the wire is formed, and that
copper is the best conductor of the metals, ‘

104. M. Pouillet found by well-conducted experiments, that
the current supplied by a voltaic battery of ten pairs of plates,
transmitted upon a copper wire, having a diameter of four-
thousandths of an inch, and a length of six-tenths of a mile, was
sufficiently intense for all the common telegraphic purposes. Now
if we suppose that the wire instead of being four-thousandths of
an inch in diameter, has a diameter of a quarter of an inch, its -
diameter being greater in the ratio of 624 to 1, its section wjll be
greater in the ratio of nearly 4000 to 1, and it will consequently
carry a current of equal intensity over a length of wire 4000
times greater, that is, over 2400 miles of wire.

105. But in practice it is needless to push the powers of trans-
mission to any such extreme limits. To reinforce and maintain
the intensity of the current, it is only necessary to establish at
convenient intervals along the line of wires intermediate batteries,
by which fresh supplies of the electric fluid shall be produced,
and this may in all cases be easily accomplished, the intermediate
telegraphic stations being at distances, one from another, much
less than the limit which would injuriously impair the intensity
of the current.

106. Having thus explained the means by which an electrio
current can be conducted from any one place upon the earth’s
surface to any other, no matter what be the distance between
them, and how all the necessary or desired intensity may be
imparted to it, we shall now proceed to explain the expedients by
which such a current may enable a person at one place to convey
instantaneously to another place, no matter how distant, signs
serving the purpose of written language. .
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It may be shortly stated that the production of such signs
depends on the power of the agent transmitting the current to
transmit, suspend, intermit, divert and reverse it at pleasure.
These changes in the state of the current take place for all
practical purposes simultaneously upon all parts of the conducting
wire to whatever distance that wire may extend, for although
strictly speaking there is an interval, depending on the time which

, the current takes to pass from one point to another, that interval
cannot in any case exceed a small fraction of a second.

107. Although there is some discordance in the results of
experiments made to determine the velocity of the current, they
all agree in proving it to be prodigious. It varies according to
the conducting power of the metal of which the wire is composed,
but is not dependent on the thickness of the wire. On copper
wire, its velocity, according to Professor Wheatstone’s experiments,
is 288000 miles;- and according to those of MM. Fizeau and
Gonelle, 112680 miles per second. On the iron wire used for
telegraphic purposes, its velocity is 62000 miles per second,
according to Fizeau and Gonelle; 28500 according to Professor
Mitchell, of Cincinnati; and about 16000 according to Professor
‘Walker of the United States.

108. It is evident therefore that the interval which- must
elapse between the production of any change in the state of the
current at one telegraphic station, and the production of the same
change at any other however distant, cannot exceed a very
minute portion of a second, and since the transmission of signals
depends exclusively on the production of such changes, it follows
that such transmission must be practically instantaneous.
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CHAPTER V.

109. Current controlled by making and breaking the contact of con-
ductors.—110. Instruments for controlling the current—commutators.
—111. General principle of the commutator.—112. Its application
to telegraphic operations.—113. To transmit a earrent on the up line
only.—114. On the down line only.—115. On both lines.—116. To
reverse the current.—117. To suspend and transmit it alternately,—
118. How to manage a current which arrives at a station.—119. To
make it ring the alarum.—120. Statiom with two alarums.—121.
Notice of the station transmitting and receiving signals,—122, When
signals not addressed to the station the current is passed on.—123.
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How to receive a dispatch at the station, and stop its farther progress.
—124. How several dispatches may be at the same time sent between
various stations on the same line.—125. Secondary lines of wire then
used.—126. Recapitulation.—127. Signals by combinations of unequal
intervals of transmission and suspension.—128. Key commutator.—
129. Horological commutator for a current having equal and regular
pulsations,—180. Case in which the pulsations are not continuous or
regular.—131. No limit to the celerity of the pulsations.—132.
Application of a toothed wheel to produce the pulsations.—133. By
a sinuous wheel.—134. Method of diverting the current by a short
circuit, its application to the alarum.—135. Effects of the current
which have been used for signals.—136. Deflection of magnetic needle.

109. SiNcE all telegraphic signals depend on the power of the agent
who makes them, to transmit, control, and modify the current at
will, it must be apparent how important it is for those who desire
to understand this interesting subject, to comprehend in the first
instance the means by which this power is obtained and exercised.

It is necessary to remember that the current will flow along a
line of conducting wire so long as, and no longer than, a voltaic
battery is interposed at some point on the line, the wire being
attached to its poles, and the remote ends of the wire connected
with the earth, as explained in (23) and (36), and in that case the
current will flow along the wire from earth to earth in such a
direction as to enter the battery at the negative, and to leave it at
the positive pole, and that provided the battery have adequate
force, it does not matter how distant from its poles the points may
be at which the wires are connected with the earth.

If at any point of the line the wire is broken, the current
instantly ceases along the entire line. If it be reunited the
current is instantly re-established. If the connection of the
wire with the poles of the. battery be reversed, so that the end
which was connected with the positive is transferred to the
negative pole, and vice versd, the direction of the current along
the entire line is reversed—since it must always flow from the
positive and ¢o the negative pole. If at any point the wire, being
broken, be connected with another wire proceeding to the earth in
any other direction, the current will be diverted to the latter wire,
deserting its former course. If the wire conducting the current
be connected at the same point with two wires both connected with'
the earth, it will be distributed between the two, the greater part,
however, following that wire which offers the easier road to the earth.

These few principles, which are clear and simple, supply an easy
key to the whole art of electro-telegraphy.

110. The class of mechanical expedients by which the agent
who desires to transmit signals is enabled to control and modify
the current in the manner here described, are called by the general
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name of ¢ coMMUTATORS,” and are very various in form and
arrangement according to the purposes to which, and the condi-
tions under which they are applied. Not only do apparatus of
this class differ in different countries where telegraphs have been
established, but they vary upon different lines, and even on
different parts of the same line. Without attempting to follow
these endless variations, many of which are quite unimportant,
and all of which are mere varieties in the application of the
general principles explained above, we shall here confine ourselves
to such an illustration of them as will at the same time render
intelligible their structure and operation, and convey a general
notion of the manner of transmitting and receiving signals.

111. Let us suppose that around the edge of a disc of ivory,
wood, or any other insulating material, are inserted at convenient
intervals pieces of metal, B, U, T, D, &ec., fig. 47, which we shall
call contact pieces, their purpose being to make and break the
metallic contact which controls the current. At the back of the
dise near these contact pieces are clamps or tightening screws by
which conducting wires can be attached to them.

To an axis in the centre of the disc let two metallic hands, A A’
be attached, so that they can be turned round the dise like the
hands of a clock, but having motions independent of each other.
These hands may be supposed to be formed of elastic strips of
metal bent at the ends towards the surface of the dise, so as to
press upon it with some force : and let one of them move over the
other without disturbing it, as the minute hand of a watch moves
over the hour hand. Let A” be another similar hand, turning on
a centre fixed upon the contact piece E, so that it can be turned at
pleasure upon oue or other of the contact pieces P or N.

Now it is evident that by turning the hands A and A’ upon any
two of the contact pieces, they will be put in metallic connection,
so that a current flowing from either of them will pass by the
hands to the other, and in like manner by means of the hand A“,
either of the contact pieces P or X can be put in metallic con-
nection with E.

112, To convey a general notion of the application of such an
apparatus to telegraphic purposes, we shall for example suppose
conducting wires connecting the several contact pieces in the
following manner :—

1. p, with the positive pole of the battery.

2. N, with its negative pole.

3. E, with the earth.

4. U, with the up-line wire.

5. D, with the down-line wire.

6. B, with a bell or alarum,
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It may be necessary to state here that it is customary to call
the wire which proceeds to the chief terminal station of a line the
up wire, and that which proceeds to the secondary terminal station
the down wire. Thus, if a line of telegraph be extended between

Fig. 47.
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London and Dover, the wire which would connect London with any
intermgdiate station would a¢ that station be the up wire, and
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the wire which would connect it with Dover would be the down
wire. ‘

The manner in which the current arriving at any station ismade
to ring a bell or alarum at that station, will be explained hereafter.

In explaining the manner in which the agent at a station is
enabled to control a current by means of the commutator, two
cases are to be considered—first, when he desires to transmit
signals ; and, secondly, when he expects to receive them.

In the former case, he takes the current from his own battery ; in
the latter, he receives it on its arrival by the up or down line wire.

‘We shall first consider the case in which he desires to transmit
signals.

113. 7o transmit a current on the up line only.—Let the hand
A" be placed on N, A on P, and A’ on U. The negative pole N of
the battery being then in connection with the earth E by the hand
A", and the positive pole P in connection with the up wire U by
the hands & and A’, while the up wire itself at the station at
which it arrives is in connection with the earth, the current will
flow from P by A and A’ along the up wire to the station at which
the wire goes to the earth.

114. To transmit a current on the down line only.—Let A" and A
be placed as before, and let A’ be moved to . The current will then
flow on the down line, as may be explained in the same manner.

115. To transmit a current along the entire line from terminus
to terminus.—Let A’ be turned upon U, and A upon ¥, and let two
similar hands at the back of the disc be at the same time turned
upon P and D, the hand A" being removed from both N and ».
In that case, the current will flow from the positive pole » along
the hands at the back of the disc to D, and thence on the down
wire to the terminal station, where it will take the earth, by
which it will pass to the earth plate at the up terminal station,
and from thence by the up wire to U, and from U by the hands A’
and A to the negative pole ~.

Thus it appears that it will pass along the entire line from
terminus to terminus, flowing from the up station downwards.

116. To reverse the direction of the current.—To accomplish
this, it is obviously sufficient to reverse the connections with the
poles of the battery. Thus, if the current be transmitted on the
up line only, the hand A’ will be upon U, A on P, and A” on N,
when, as already explained (113), the current will flow from v
towards the up station. If A” be removed to P, and A to N, the
direction will be reversed, the course of the current then being as
follows :—From the positive pole P to E by the hand A”; from the
earth E to the earth plate at the upper station; from that to
the up wire ; from thence to v, and from v by A’ and A to ¥.
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Thus, by alternately moving the hands A” and A between the
contact pieces P and N, the current may be changed from ome
direction to the other on the up wire as often and as rapidly as
may be desired.

The same reversion may be made in exactly the same manner
on the down wire, if the hand A’ be turned upon ».

The reversion may be made with equal facility and rapidity if
the current be established along the entire line by merely inter-
changing the position of the hands directed upon P and X, as
described in 115.

117. To suspend and transmit alternately the current during
any required intervals.—Whether the current be established on
the up line or on the down line, or on both, this is easily accom-
plished by removing any one of the hands from the contact piece
on which it rests, and restoring it to its place after the required
intervals. When it is withdrawn, the current is suspended;
when restored, the current is re-established. The® intervals of
such suspension and transmission may be as long or as short as
may be desired. They may be equal or unequal. They may
succeed each other with any degree of rapidity whatever. Thus
there may be ten thousand intervals of suspension and ten
thousand of transmission in a minute. The instantaneous cha-
racter of the propagation of the electric fluid already noticed will
sufficiently explain this.

118. Having thus explained how the agent controls the current

" in transmitting signals to a distant station, we shall now show
how he treats the current which arrives from a distant station, so
as to allow it to produce before him the intended signals.

The current must arrive either by the up wire or by the down
wire, and therefore at either of the contact pieces, U or D.

119. To make the arriving current give the alarm.—When the
agent at a station is not engaged in transmitting signals, he must
always be prepared to receive them. A contrivance called an
alarum is provided, to give him notice when signals are about to
be transmitted. The alarum, which will be fully explained here-
after, is an apparatus so constructed, that whenever the current
passes through it, a bell is rung, by which the attention of the
agent is called.

The contact piece B is here supposed to be connected with a
wire leading to such an apparatus.

‘When not engaged in transmitting signals, the agent connects.
both the up and down wires with his alarum. To accomplish
this, he turns A’ upon v, and A upon B. The contact piece B
being supposed to be connected with the wire which enters the
alarum, the wire which issues from 1t is connected with 8. Two
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hands, which are behind the dise,-are placed one on B’ and the
other on ». In this case, if a current comes down the line to v,
it will pass by the hands A and A’ to B, and thence through the
alarum wire to B’, whence it passes by the hands at the back of
the dise to D, and thence along the down wire.

If, on the other hand, the current arrive by D, it passes in the
same manner through the alarum to U, and so along the up wire.

From whatever part of the line the current may be transmitted,
whether on the up or the down line, it must therefore pass through
the alarum, and give notice.

120. In some cases a station is provided with two distinet
alarums, one for the down and the other for the up line, having
different tones, so that the agent, on hearing them, knows from
which direction the signals are about to come.

In that case the wire of the up line alarum is attached to B, and
that of the down line to B/, the wires which issue from the two
alarums being always in such case connected with the earth.

‘When the agent is not engaged in transmitting, he places the
hands A’ and A on v and B, and the hands behind the disc on D
and 3'. If a current arrive by U, it passes by B through the alarum
to the earth, and gives notice. If it arrive by , it passes in like
manner through the alarum B’ to the earth, and gives notice.

It is, however, more usual to have a single alarum at each
station, aoting as above described.

The connections being so arranged that the current shall pass
along the entire line from terminus to terminus, all the alarums
at all the stations will be rung the moment the current is trans-
mitted. General notice is therefore given that a dispatch is about
to be sent from some one station along the line to some other.

121, It is necessary, however, to inform the agents at each
station of the place from whence the dispatch is about to be sent,
and the place to which it is to be addressed. To learn this, the-
agent transfers the connections from the alarum to his telegraphic
instrument. This is accomplished by removing the hand A from
B to T, and connecting the wire coming from the telegraphic
instrument by the hands at the back of the disc with . By this
change the current passes from U to T, from T through the
telegraphic instrument to », and from thence down the line.
The signals transmitted appear upon the telegraphic instrument,
informing the agent whence the dispatch will come, and where it
is desired to transmit it.

122, If he find that it-is not to be addressed to himself, his
arrangements will depend on the position which his own station
holds in relation to the two stations between which the dispatch
is about to be transmitted. If his station lie between them, he
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turns the hands A and 4’ upon the contact pieces v and p, so as to
allow the current to pass between the up wire and the down wire,
along the hands without interruption, and also without spending any
part of its force in needlessly working his telegraphic instrument.

123. If he find that the dispatch is intended for himself, and
that it proceeds from a station on the up line, for example, he
places the hand A’ upon U, A upon T, and by the two hands behind
the disc he connects the wire issuing from the instrument with E.
By this arrangement, the current arriving at U passes by the
hands 4’ and A to T, thence through the telegraphic instrument to
E by the hands behind the dise and to the earth.

In this case the course of the current is limited to the part of
the line wire which is included between the-station from which it
is transmitted and that to which it is addressed. By connecting
the telegraphic * instrument with the earth by E, the down
line wire is free; so that while the up line wire is employed in
conveying the dispatch in question, other dispatches may be
transmitted between any stations on the down line.

124. If we express for example the chief terminal station by s,
and the series of stations upon the line proceeding from it down-
wards by s, 8, 8, 8,, &c., we can conceive various dispatches to
be at the same time transmitted between them by the arrange-
ment here explained, being made at each station which receives a
dispatch. Thus, if s sends a dispatch to s,, and s, cuts off its
communication with the down wire by putting its telegraphic
instrument in connection with the earth, the current transmitted
from s stops at s8,. A dispatch may therefore be at the same
time sent between 8, and s,, another between s, and s, and so on.

Thus, the same line of conducting wire may be at the same
time engaged in the conveyance of several dispatches, the only
limitation being that when a dispatch is being transmitted
between two stations, no other dispatch can at the same time be
transmitted between any of the intermediate stations.

It follows from thisas a necessary consequence that if, as generally
happens in thickly peopled tracts- of country, the terminal and
one or two of the most populous of the intermediate stations keep
the telegraph in constant work, separate and independent wires,
and instruments must be provided to serve the secondary inter-
mediate stations, just as upon railways, second and third-class
trains are provided to serve those lesser stations on the line, which
are passed by the first-class trains without stopping.

Every great telegraphic line presents an example of this. Thus
upon the Dover line separate wires and instruments are appropriated
to the transmission of dispatches between the terminal stations,
London and Dover, and the intermediate stations, Tonbridge,
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Ashford, and Folkestone. The conducting wire passes through
the telegraph offices at these three intermediate stations, but does
not enter any of those of inferior importance, such as Godstone,
Penshurst, Marden, Staplehurst, &e., to the service of which other
conducting wires and instruments are appropriated.

125, Since, however, telegraphic communication must be pro-
vided between all the intermediate stations, and since the chief
wires passing the chief intermediate stations do. not enter the
secondary ones, it follows that the wires of the secondary stations
must be carried not only to the terminal stations, but also through
all the chief secondary stations. Thus the wires, which pass through
the stations of Godstone and Penshurst, must also pass through
those of Tonbridge, Ashford, and Folkestone, since otherwise there
could be no communication between the latter and the former.

From what has been already explained, it will be understood
that every two secondary stations along the line can communicate
at the same time with each other, no stations being compulsorily
silent, except such as may lie between two communicating ones.
To illustrate this, let us suppose the secondary stations from ter-
minus to terminus of the line to be expressed by the small letters,
and the chief stations, terminal and intermediate, by the capitals,
in the following order :

A, bye,d e ® g b X I, m n o.
Now, by the secondary wires A and &, b and ¢, ¢ and d, and so on,
may at the same moment hold communication. But if A and ¢
communicate, b and ¢ can communicate neither with each other,
or with any other station, They are compulsorily silent. In like
manner, if A and m communicate, b, ¢, d, ¢, g, A, ¢ and ! are all
compulsorily silent,

Hence it will be apparent how necessary it is to put chief inter-
mediate stations like F and k on the primary wires, since if they
could communicate with A and o only by the secondary wires,
frequent interruptions to the communieations of all the secondary
stations with each other would take place.

It will be also apparent that on lines of great intermediate
business, a third or even fourth system of wires would be necessary.

This will render it easily understood why such a multiplicity of
wires are seen stretching along the parts of the lines near London.

Lines of telegraph, like lines of railway, often have branches
which are connected either with the primary or secondary wires of
the main line, or with both, according to their importance. For
example, on the main line between London and Dover, there are
branches which go to Maidstone on the one side, and to Tonbridge
Wells on the other. Sometimes these branch wires are provided

with means of connection with the main line wires, so that the
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stations on the main line can communicate directly with those on
the branch line. Sometimes no such connection is provided, and
a dispatch from the main line must be repeated at the branch
station. This is a defect which ought never to be allowed to remain,
inasmuch as simple and efficient commutators may always be
provided for connecting the branch and main lines, which in the
telegraph play a part similar to the switches by which trains are
turned from the main to the branch line, or vice versd.

It will be evident from what has been said that a dispatch
transmitted upon the secondary line of wires may be delivered at
the same time at all the stations from terminus to terminus along
the line, or it may be allowed to pass any one or more stations
without entering them, by the mere management of the commu-
tators provided at the stations severally.

126. In what has been said, we have adverted to signals pro-
duced by the current, without explaining the nature of those
signals, or the particular means by which they are produced,
because -all the circumstances attending their transmission from
station to station; which have been explained, are quite indepen-
dent of the particular character of the signals, and the way of
producing them. We shall hereafter explain the character of the
signals which are used, and the instruments by which they are
produced.

From all that has been stated meanwhile, it may be inferred
generally that by the commutating apparatus which has been
described above, or by any of the endless variety of equivalent
contrivances which telegraphic inventors have proposed, any of the
following effects may be produced by an agent at any station, at
which a current arrives:—1. Such a current may be made to pass
through the alarum, and give notice to the agent of its arrival.
2. It may be made to pass through the instrument and give signals.
3. It may be made to pass the station and continue its course
along the line without affeeting any part of the telegraphic appa-
ratus at the station. 4. If it pass through the alarum, or through
the instrument, it may be turned into the earth, and so be prevented
from going further along the line. 5. If it pass through the
alarum or through the instrument, it may after leaving them be
directed along the line, so as to continue its course to the other
stations below or above that at which it is supposed to arrive.

127. In some forms of telegraph, the system of signs transmitted
to a distant station depends entirely upon the current being alter-
nately suspended and transmitted for longer and shorter intervals,
and this succession of long and short intervals, variously combined
like the notes in musie, is converted into a sort of telegraphic
language, which by practice is expressed and understood by the-
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agent with as much facility and promptitude as ordinary written
or spoken language.

128. In such forms of telegraph, the alternate suspension and
transmission of the current.is produced by a commutator, which
has the form of the key of a pianoforte and is played upon in a’
very similar manner by the agent who transmits the dispatch.

One of the forms of these keys and the mechanism connected
with it, is represented in fig. 48, It is fixed upon a wooden block

L]

B B. The key plays upon a centre E. To the lower side of the
longer arm (E ) is attached a projecting piece of metal v, called
the HAMMER, under which is a fixed piece of metal of correspond-
ing form and magnitude called the ANVIL.

The action of the key upon the current is the same precisely as
that already described (117) which is produced by the alternately
removing and restoring the hand to the contact piece in fig. 47.
The hammer in the present case represents the hand, and the anvil
the contact piece. One of the line-wires m, is attached to the
anvil, and the other 7 to the metallic support E of the hammer
and key. When the hammer is in contact with the anvil, the
current passes, and when it is raised from that contact, the current
is suspended.

The button » is faced with ivory to be pressed down by the
finger, and the serew d passing through the short arm of the key
is pressed ypon the block 2 by the reaction of the spring », when
the key isnot pressed down by the finger on . The hammer v,
and anvil g are both faced with platinum to prevent oxydation,
which would obstruct that complete metallic contact which is
necessary to ensure the transmission of the current.

An expert manipulator can work the key » with as much
celerity and correctness as can a performer on the pianoforte and
can express in that way in telegraphic language any dispatch
which is placed in manusecript before him, so as to transmit it to any
distant station. This will be explained more fully hereafter.
When no dispateh is being transmitted from the station at which
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the key is placed, it is necessary to leave a free passage for the
current along the line-wires m n. To effect this, the screw d,
which passes through the short arm of the key, is turned so as to
raise the short arm, and consequently lower the arm E D until the
hammer v is brought into permanent contact with the anvil g¢.
‘When that takes place, the metallic continuity between m and n
will be estaplished, and the current will flow without interruption
on the line-wire. Whenever it is desired to transmit a dispatch,
the screw d is turned so as to 1dwer the arm d, and to raise E D,
and thus to raise the hammer from its contact with the anvil.
The key is then ready for the transmission of the dispatch in the
manner already described.

129. In some telegraphic apparatus it is necessary to make the
intervals of transmission and suspension of the current absolutely
equal in duration, and to succeed each other with chronometric
regularity. There are many expedients by which this can be
accomplished, of which the following is an example.

A metallic wheel put in connection with clock-work, so as to

Fig. 49. _ e e

— w9 ”’”’”*N

receive a regular motion of rotation, has its edge divided into
equal parts by pieces of ivory, or some other non-conductor inlaid
upon it, as represented in fig. 49, where m represents the metal,
and ¢ the ivory. A metallic spring » connected with one end of the
conducting wire W', presses constantly upon its edge; and another
r connected with the other end of the wire W, presses constantly
on the metallic axle of the wheel which is otherwise insulated.
Now, if the wheel be supposed to have an uniform motion of ~
revolution, the alternate divisions of ivory and metal on its edge
will pass in succession under the spring #, while the spring » will
be in constant metallic contact with the axis. Ifa current flows on
the wire w, it will be transmitted by the spring r to the axle, and
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thence by the metal of the wheel to 7, when ¢+ is in contact with
any of the metallic parts m of the edge of the wheel, but will be
suspended while it is in contact with the ivory parts ¢ of the edge.

If the wheel, being impelled by clock-work, be moved at such
a rate that each of the divisions marked m and ¢ shall move under
the spring in one second, the current will be transmitted and sus-
pended also during intervals of one second. It will in fact be sub-
ject to a regulated pulsation, the rate of which will be controlled and
determined by the horological mechanism which impels the wheel.

130. In some cases, the motion to be imparted to the wheel is
not either regular or continuous. In such cases, it may be moved
either directly by hand, or by a strap, or even by clock-work,
which is subject to a check which will suspend it at certain
positions of the wheel. In all these cases the pulsations of the
current in number, length, and continuance, are governed by
the motion imparted to the wheel.

131. As the suspension and transmission of the current are
instantaneous upon the breach and re-establishment of the metallic
contact of the spring +” and the wheel, there is no practical limit to
the rapidity which can be given to its pulsations. The wheel may Be
turned, for example, so that 500 divisions of its edge may pass under
the spring 7/ in a second, in which case there would be 250 intervals
of transmission, and 250 intervals of suspension in a second.

It might perhaps be imagined that in so short an interval of
time the current could not be stopped or established along the
entire length of the conducting wire. It has however been shown
that even with the longest continuous wires, practically used in
telegraphs, the ten-thousandth part of a second is more than
enough either to establish or stop the current.

132. The intervals of the suspension of the current may be
produced by a common toothed-wheel, Fig. 50.
as represented in fig. 50, without ivory
or other inlaid non-conducting matter.
In this case, a piece of wedge:shaped
metal connected with the up line wire
is attached to the under side of a
wooden lever, while the axle of the
wheel is kept. in constant metallic con-
nection with the down wire. When
a tooth of the wheel comes against the
metal attached to the lever, metallic
contact is established, but when the
metal falls between the teeth, and the €
surface of the wooden lever rests on one of them, and the metallic
contact being broken, the current is suspended.
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It is evident that during each revolution of the wheel there will
be as many pulsations of the current as there are teeth, and since
the rotation of the wheel may be as rapid as may be desired, and
the teeth as numerous, there is no practical limit to the possible
rapidity of these pulsations.

133. Another contrivance, by which pulsations are imparted to
the current, consists of a metallic wheel around the face of which
a sinuous groove is cut, in which a pin, projecting from the arm
of a metallic lever is inserted, so that when the wheel is turned
upon its axis, the pin attached to the lever receives from the
sinuosities of the groove a motion alternately right and left, which
is imparted to the other arm of the lever. This latter arm plays
between two metallic stops, one of which is connected with the wire
W, along which the current flows. When the arm of the lever
comes in contact with it, the ourrent is transmitted on the lever
to the sinuous groove of the wheel, and from thence to the line-
wire W, When the lever oscillates to the other side, the contact
with the wire W is broken, and the current is interrupted.

This will be more clearly understood by reference to the fig. 51,
where A B is the wheel, ¢ ¢ ¢ the sinuous groove, @ 0 H the lever

playing on the axis 0. From

Fig. 51. : G, s short projecting piece,

Y @@, passes in front of the

wheel across the groove, and
from this piece a pin projects,
which enters the groove. The
arm H plays between two
stops, P and P, provided with
springs to ensure the contact
with the lever. The stop P
is connected with the con-
ducting wire w,and the groove
¢ is connected with the wire

P % w’. When the wheel is turned,

il the pin at ¢’ is driven by the
u sinuosities of the groove alter -

nately right and left, by which

a corresponding motion is imparted to the arm ¥ of the lever, so
that its end is driven alternately against the stops ? and P.
When it is thrown against P it is in metallic connection with the
wire w. When it is thrown against »’ that connection is broken.

Now, if a current flow along P, it will pass to the lever when &
falls against ?, and will pass by the lever and the groove ¢ ¢ fo the
wire W’ ~ When the arm & is thrown against ', the contact with
P being broken, the current is suspended. Thus, as the lever is
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made to oscillate between P and ¥/, by the motion of the wheel and
the action of the sinuous groove, the current will be alternately
transmitted and suspended, and will, in fine, receive a succession
of pulsations corresponding exactly with the sinuosities of the
groove. Thus, if there be sixty undulations of the groove in the
circumference of the wheel, the current will receive sixty pulsa-
tions in one revolution of the wheel, and if the wheel revolve at
the rate of sixty revolutions per mmute the current will have 3600
pulsations per minute.

134. An expedient has been sometimes adopted in telegraphic
apparatus for diverting the electric current from its direction,
which differs in principle from the commutator, and which
depends on the tendency of the current to follow the shortest and
widest route open to it between one point and another.

Let w, fig. 52, be the line-wire, B the bell-apparatus, and T
the telegraphic instrument. The line-wire is bent upwards in
the direction m to the Fio 52
bell B, and then down- z ’
wards, and by m’ and R
W’ to the telegraph T. Q
The current would, ac-
cording to this arrange-
ment, first pass by the
wire m to the bell B, .
which it would ring, = ’
and then by the wire 1
m’ W’ to the telegraph T.

If the dispatch were T

then transmitted, the
current constantly pass- — 5
¢

3

>
- w’

ing through B during its W ra
transmission, the bell
would be constantly
ringing, which would be inconvenient as well as unnecessary.
This is prevented, and the current transmitted directly to T,
without passing through B, by the following very simple expedient.
A thick piece of metal, @ b, turns on an axis ¢, so that when it
is placed in the horizontal position, the ends a and b are brought
into close contact with the conducting wire at e and f. The
current, on arriving at e divides itself into two parts, one going
by a b to f, and thence to T, and the other asbefore, by m, through
the bell. But as @ b is much shorter and thicker than the wire
m nV, the greater part of the current will go by a b, and the part
which passes along m m’ will be too inconsiderable to exercise the
force necessary to ring the bell.
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The agent, therefore, at the station, receiving the dispatch,
being warned by the bell that the agent at the station s is going
to send a dispatch, turns the piece @ & into the horizontal position,
and the bell ceases to ring, the telegraph T receiving the dispatch.

1385. The manner in which the pulsations of the current are
produced, controlled, and regulated, by the operator at the station
8" being understood by these examples and illustrations, it will
next be necessary to show how they are made to produce signals
at the station to which the dispatch is transmitted, by which the
operator or observer there can be enabled to understand and
interpret the communication.

The effects of the current which have been found most conve-
nient for this purpose are—

1st. Its power to deflect a magnetic needle from its position of
rest, and to throw it into another direction.

2nd. Its power to impart temporary magnetism to soft irom,
this magnetism suddenly deserting the iron when the current is
suspended.

3rd. Its power to produce the chemical decomposition of certain
substances.

136. All forms of electric telegraph depending on one or other
of these properties of the current, it is indispensably necessary to
understand them before the reader can hope to comprehend the
mode of operation of these wonderful instruments.

If a wire be extended over and under a compass-needle which
directs itself to the magnetic north and south, parallel to the
needle, and as close to it as it can be placed without actually -
touching it, as represented in fig. 53, the needle will remain
undisturbed in its position. Let the ends p and » of the wire be

Fig. 53. then attached to the poles of a vol-

N taic battery,.so that a current of a
certain intensity shall be transmitted

uponit., The moment the current is
established upon the wire, the mag-

—= = petic needle a & will be thrown out

N\
""/:/ a & t of its usual direction, and instead of
; ' pointing north and south, it will
- point east and west.

If the direction of the current upon the wire be reversed, the
direction of the deflexion of the needle will be reversed.
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137. To explain the manner in which the deflection of the
needle depends on the direction of the current, let us suppose
the needle to be placed on an horizontel axis o, fig. 54, so as to

Fig. 54. play in a vertical plane, a.nd to be

N maintained in the vertical direction

IF when not affected by the current, by

: / giving a slight preponderance to the

arm on which the south pole of the

[ i ... needleis placed. By this arrangement

in the vertical position, the north pole

l N being directed upwards, and the

south pole 8 being directed downwards.

s B * Now if the ourrent which is before

the needle be directed downwards and

that which is behind it upwards, the

north pole N will be deflected to the

right, and consequently the south pole s to the lef?, as represented

in the figure. But if the direction of the current be reversed so

that before the needle, it shall be directed upwards and behind

it downwards, the north pole N will be deflected to the left and
the south pole s to the right.

If the intensity of the current be great, and the preponderance
given to the lower arm of the needle small, the deflective force of
the current will be sufficient to throw the needle completely at
right angles to its position of rest, that is, to give it the horizontal
direction ; but it is important to cbserve, that no greater intensity
of the current can affect it further. The north pole, for example,
cannot be deflected downwards, or the south pole upwards, In
fine, the needle cannot be more affected by any increase of force
of the current after it has once been thrown into the horizontal
direction.

If the intensity of the current be insufficient to throw the needle
into the horizontal direction, it will nevertheless take a position
intermediate between that and the vertical direction at which it
will rest. Its deflection from the vertical will be more and more
considerable as the current is more intense, and certain mathe-
matical conditions have been discovered by which the relative
intensity of the current may be determined by the amount of
the deflection of the needle which it produces.

138. It is evident that the sensibility of the needle will be so
much the greater as the preponderance of the arm s is diminished
and the intensity of the current increased. An expedient has,
however, been ingeniously contrived, by which the most feeble
current can be made to affect theneedle. This is accomplished by
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GALVANOMETER,

winding the wire which carries the current several times round
the needle, each coil being still parallel to the needle. By this
contrivance, each successive coil of the wire produces a separate
effect upon the needle, and if there be fifty such coils passing sue-
cessively before and behind the needle, each portion of the wire
thus carrying the current producing an independent deflecting
force, there will be a total deflecting force an hundred times greater
than that which a single portion of the wire, passing once over or
under the needle would produce.

In this manner the deflecting power of the most feeble current
may be so multiplied as to produce upon the needle as powerful an
effect as would be produced by a current of great intensity.

An apparatus consisting of wire thus coiled round a magnetie
needle is called & MULTIPLIER, inasmuch as it multiplies the
deflecting power of the needle. It is also called a REOSCOPE, or
REOMETER,* and sometimes & GALVANOSCOPE, or GALVANOMETER,
inasmuch as it indicates the presence, and by certain arrange-
ments, measures the intensity of a galvanic or voltaic current.

139. When the conducting wire is thus coiled round a needle,
it is necessary that it should be covered or coated by some substanee
which is a non-conductor of electricity, since otherwise the coils
being necessarily in contact one with another, the ourrent, instead
of following the continuous thread of wire, would pass from coil to
coil. In such cases, therefore, the wire is wrapped with silk or
ootton, which being a non-conductor, confines the current within
it just as water would be included in a pipe.

140. As the wire coiled in the manner above-described, and the
frame which carries it, would prevent the play of the needle from
being easily and conveniently observed, the needle included within
the frame is fixed upon the axis which supports it, so that the
axis turns with it. This axis passes through the side of the frame,
on which the wire is coiled, and upon the end of it which projects
beyond the frame a hand is fixed, so as to be parallel to the needle,
the play of which will necessarily correspond with that of the
needle. This hand plays upon a sort of dial, by which its devia-
tions to the right or to the left, from its position of rest are
indicated.

This will be more clearly understood by reference to fig. 55
(p. 196), which represents a section of the mounting of the needle,
the coil of wire and their appendages, made by a vertical plane
through the axis of the needle. The needle within the coil is
represented at a b, in its position of rest. The axis of the needle

* From two Greek words, peos (reos) a current, and uerpov (metron) a
measure,
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passing through the frame supporting the coil, and through the
dial plate, supports in front of the dial the hand a' ¥, which is

Fig. 55 fixed upon the axis in a position parallel to

T the needle a b, so that it must play before the
7222\ dial in a manner corresponding exactly with
the play of the needle a & within the coil.

141. In order to govern the play of the
needle, it is necessary that the agent at the
station from which the signal is transmitted
should have the power, 1st. To suspend and
transmit the current at the receiving station ;
and 2nd. To change its direction upon the
conducting wire. The former is necessary, to
enable him to bring at all times the needle to
its position of rest; and the latter, to deflect
it to the right or to the left, according to the
exigencies of the telegraphic communications.

, _____IL_| The general principle on which these changes
77 . .
“ S in the flow and direction of the current are
effected, has been already explained (111). It is easy to imagine,
that by very simple mechanism the movement of a lever or arm
may make or break the contact of the conducting wires, so as to
transmit or suspend the current at pleasure. Also by a simple
motion of such an arm thehands, A and 4", fig. 48, or any equivalent
pieces, may be moved from P to N and from N to P, so as to reverse
the current upon the wire to which the arm A’ is directed.

If then an agent at the station, 8”, for example, be provided with
any means of suspending or reversing the current which passes
along the wire, between s and s, he can at will bring a magnetio
needle, mounted at s, to its position of rest, that is, to the vertical
position, by suspending the current or deflect it to the right, by
causing the current to flow in one direction on the conducting
wire, or to the left, by reversing the direction of the current.

The particular manner in which these several operations sub-

serve to telegraphic purposes will be pre-
Fig. 56. sently explained.

\ 142. To explain the manner in which the
electric current can impart temporary mag-
netism to soft irom, let us suppose a copper
wire wrapped with silk, to prevent the me-
tallic contact of contiguous convolutions, to
be coiled round a rod of soft iron, bent into
= [ the form of a horse-shoe, as represented in
i = ~ fig. 56, care being taken, that in carrying
the wire from one arm to the other, the

N

%57

R




ELECTRO-MAGNETS.

direction of the convolutions shall be the same as if the coils had
been continued round the bend.

8o long as no electrie current passes along the convolutions of
the wire the horse-shoe will be free from magnetism. "But if the
ends of the wire, marked 4+ and —, be put in connection with the
poles of a voltaio battery, so that a current flow round its convo-
lutions, the horse-shoe will instantly become a magnet, and will
be so much the more powerful as the current is more intense, and
the coils more multiplied.

If an armature loaded with a weight be presented to the ends
of the horse-shoe while the current passes on the wire, it will
adhere to them, and the weight, if not too great, will be sup-
ported.

143. In 1830 an electro-magnet of extraordinary power was
constructed mnder the superintendence of M. Pouillet, at Paris.
This apparatus, represented in fig. 57, consists of two horse-shoes,
the legs of which are presented to
each other, the bends being turned
in contrary directions. The superior
horse-shoe is fixed in the frame of the
apparatus, the inferior being attached
to a cross-piece which slides in ver~
tical grooves formed in the sides of
the frame. To this cross-piece a dish
or plateau is suspended in which
weights are placed, by the effect of
which the attraction which unites the
two horse-shoes isat length overcome.
Each of the horse-shoes is wrapped
with 10,000 feet of covered wire, and
they are so arranged that the poles
of contrary names shall be in contact. With a current of
moderate intensity the apparatus is capable of supporting a weight
of several tons.

144. It is found more convenient generally to construct
eleotro-magnets of two straight bars of soft iron, united at one
end by a straight bar transverse to them, and attached to them
by screws, so that the form of the magnet ceases to be that of
a horse-shoe, the end at which the legs are united being not
curved but square. The conductor of the heliacal current is
usually a copper wire of extreme tenuity.

145. In whatever form these magnets are constructed, the
circumstance which in their telegraphic use is of most importance
to notice, is that if proper conditions be observed in their pre-
paration, their acquisition of the magnetic virtne 'upon7 the
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establishment of the current, and their loss of it upon the suspen-
sion of the current, are, for all practical purposes, instantaneous.
The moment the extremities of the wire coiled round the horse-
shoe are put into connection with the poles of the battery the
horse-shoe becomes a magnet, and the moment the connection with
the battery is broken it loses the magnetic virtue.

146. It has been already shown, that by means of very simple
expedients, the current may be interrupted hundreds or even
thousands of times in a second, being fully re-established in the
intervals. The acquisition and loss of magnetism by the horse-
shoe accompany these pulsations with the most perfect and
absolute simultaneity, If the pulsations of the ocurrent be pro-
duced, at the rate of a thousand per second, the alternate presence
and absence of the magnetic virtue in the horse-shoe will equally
be produced at the rate of a thousand per second. Nor are these
effects in any way modified by the distance of the place of inter-
ruption of the current from the magnet. Thus, pulsations of the
current may be produced by an operator in London, and the
simultaneous pulsations of the magnetism may take place at
Vienna, provided only that the two places are connected by a con-
tinuous series of conducting wires.

147, It remains to show how these rapid pulsations of the mag-
netism of the bar can be rendered sensible, and how they may
even be estimated and counted.

Let two straight rods of soft iron be surrounded by a succession
of convolutions of covered wire, such as has been already de-
scribed, and let the ends, m, m’, fig. 58, of these rods be connected
by a straight bar of soft iron, attached
to them by screws and nuts. Let the
wire, @ b, proceeding from a distant
station, 8, be put in metallic connection
with the extremity of the wire coiled
upon the rod, m, and let the wire, a'¥,
connected with the extremity of the
last convolution of the wire on the rod,
m’, be put in metallic connection with
the earth. If a current flow along a b,
it will therefore circulate round the rods,
m and m’, and will pass to the earth by
the wire, @' ¥. So long as this current
flows, the rods will ‘be magnetic, and
they will lose their magnetism in the
intervals of its suspension.

Let g  be a light iron bar, supported on a pivot, at o, on which
it is capable of playing, so that its arm, o g, may move freely to
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the right or left. Let ¢ ¢ be two stops, placed a small distance to
the right and left of its extremity, g, so as to limit the range of
its play. Let s be a spring attached to the extremity, A, by
which that extremity will be constantly drawn to the left, and
therefore the opposite extremity, g, thrown to the right against
the stop, &.  'When the current is suspended, and the rods, mm’,
divested of magnetism, the lever yielding to the action of the
spring, s, the end, g, will rest against the stop, £. But when the
current passes on the wire, the rods, m m’, becoming magnetic,
will attract the arm, o g, of the lever, and this attraction
exceeding the force of the spring, the arm, og, will be drawn
towards the electro-magnet, until it encounters the stop, #, against
which it will rest so long as the current continues to flow. But
the moment thé current is suspended, the bars, m m’, suddenly
losing their magnetism, the lever, og, is abandoned to the action
of the spring, and it is again thrown back upon the stop, ¢, where
it rests until the current is re-established.

Let us suppose that an agent at the station, s, to which the
wire, a b, extends, and which may be at any distance, 500 miles
for example, from &”, is supplied with any of the means which
have been explained, by which he can at will control the pulsa-
tions of the current. When he causes the current to flow, he
imparts magnetism to the bars, m m’, and throws the lever, o g,
against the stop, #. When he suspends the current he deprives
the bars, m m’, of their magnetism, and leaves the lever, o g, to
the action of the spring, s, by which it is thrown against the
stop, ¢.

It appears, therefore, that with each pulsation which the current
receives from the agent at s, the lever, 0 g, at ¢, 500 miles distant
from him, will perform a vibration between the stops, ¢ and ?'.
As the transmission and suspension of the current, and also the
acquisition and loss of the magnetic power, by the rods, m m’, are
both instantaneous, there is mo practical limit to the velocity of
the pulsations of the current and those of the magnetism alternately
acquired and lost by the rods, mm’. The oscillations of the lever,
og, produced by these pulsations are limited, however, by the
weight of the lever, the force of the spring, and the distance
between the stops, £ and . The greater the weight of the lever,
the force of the spring, and the distance between the stops, the
slower will be the motion of the lever from ¢ to ¢, produced by a
current of given intensity. The greater the weight of the lever,
and the distance between the stops, and the less the force of the
spring, the slower will be the motion from ¢ to £.

The stop, ¢, is so placed as to prevent the absolute contact of
the arm of the lever with the electro-magnet, but to allow it to
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approach the latter very closely. Absolute contact is to be
avoided, because it is found that in that case the arm adheres to
the magnet with a certain force after the current ceases to flow,
but so long as absolute contact is prevented, it is immediately
brought back by the spring, s, when the current is suspended.

148, It is evident, therefore, that the limit of the possible
celerity of vibration to be imparted to the lever, o g, by the pulsa-
tions of the current will depend on. the nice adjustment of the
weight and play of the lever, and the foroe of the spring, s.

The velocity of oscillation, however, which can in this way be
imparted to the lever, is such as can scarcely be credited with~
out actually witnessing its effeots. When that velocity does not
exceed a certain limit the oscillations may be registered and
counted, by causing the lever to give motion to the anchor of an
escapement, connected with a train of wheel-work, by which a
hand or index, moving on a graduated dial, is governed. But
these oscillations are susceptible of veloeities so great that it
would be difficult to apply this expedient for counting them. M.
Gustave Froment, of Paris, suggested and applied to this purpose
with complete success, a method of ascertaining the velocity
depending on the laws which govern the vibrations of musical
8 .

149. It is well known that the pitch of any musical note is the
oonsequence of the rate of vibration of the string by which it is
produced, and that the more rapid the vibration the higher the
note will be in the musical scale, and the slower the vibration the
lower it will be. Thus the string of a pianoforte which produces

the bass note % vibrates 132 times in a second, that
which produces the note % vibrates 66 times in a second,

and that which produces the note % vibrates 264

times per second.
On a seven octave pianoforte the highest note in the treble is

three octaves above E, and the lowest note in the bass is

four octaves below it. The number of complete vibrations corre-
sponding to the former must be 3520 ; and the number of vibra-
tions per second corresponding to the latter is 271,
If, therefore, the lever, og, have any rate of vibration more
rapid than 27} vibrations per second, and less rapid than 3520 per
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seoond, it will produce by its motion some definite musical sound,
and if the note formed apon a pianoforte, which is in unison with
it, be found, the rate of vibration of the string producing that note,
will be the same as that of the lever.

‘When it is stated that the vibrations imparted by the pulsations
of the current to levers, mounted in the manner here described, have
produced musical notes nearly two octaves higher than the highest
note on a seven octave piano, tuned to conmcert pitch, it may be
conceived in how rapid a manner the transmission and suspension
of the eleotric current, the acquisition and loss of magnetism in
the soft iron rods, and the consequent oscillation of the lever, upon
which these rods act, take place. The string which produces the
highest note, on such a piano, vibrates 3520 times per second. A
string which would produce & note an octave higher would vibrate
7040 times per second, and one which would produce a note two
octaves higher would vibrate 14080 times per second.

It may, therefore, be stated, that by the marvellously subtle
action of the electric current, the motion of a pendulum is produced,
by which a single second of time is divided into from twelve to
fourteen thousand equal parts!

150. It has been already shown how the motion of clock-
work may be applied to control and regulate the pulsations of the
electric current. We shall now show how, on the other hand, the
pulsations of the current may be made to govern the motion of
wheel-work. This expedient must be regarded with the more
interest inasmuch as it has been applied with the greatest effect
in several of the varieties of electric telegraph, which have been
proposed or brought into operation. '

151. If we suppose the lever g A, fig. 58, to be putinto connection
with the anchor of the escapement wheel of a system of clock-work,
it will be easy to see how that clock-work can be regulated by the
pulsations of the electric current.

In fig. 69 (p. 202), W W’ is the escapement wheel which is con-
stantly impelled by the force of a descending weight or mainspring
in the direction of the arrows. The anchor A B ¢, of the escapement,
is connected with an axis D, by the straight rod 8 p. This rod 3D
may be either the vibrating arm of a lever, such as g2, fig. 58,
kept in oscillation by the current acting on an electro-magnet, or
it may be connected with such a lever in any convenient manner,
80 as to oscillate simultaneously with it, and to have the extent of
play necessary for the action of the pallets A and ¢ of the anchor
on the teeth of the escapement wheel.

‘When the anchor is not in a state of oscillation, a tooth of the
wheel will rest upon one of its pallets, and the wheel and clock-
work connected with it will be stopped. When-the anchor moves
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from left to right, the tooth of the wheel, which was previously
stopped by the upper surface #’ of the pallet c, is allowed to escape,
Fig. 50. and in obedience to the
power of the spring or
b @ weight, which moves
the clock-work, it ad-
vances towards m’.
Meanwhile the pallet A
enters the space be-
tween two teeth of the
wheel, one of which
coming against its lower
surface, it stops its
motion. When the an-
chor moves back from
right to left, the pallet
¢ comes under the next
tooth of the wheel. In
thismannerevery move-
ment of the anchor to
the right lets a tooth,
which was stopped by
the pallet c, advance,
and afterwards the pal-
let A stops the advance
of another tooth, while
every movement to the
left lets the tooth
stopped by A advance,
«—ests and afterwards the

pallet ¢ stops the next tooth which advances on that side.

Thus each complete oscillation of the anchor, consisting of a
motion to the right and a motion to the left, lets one tooth of the
escapement wheel, and no more, pass.

Now if we suppose the pulsations of the current to impart to
the anchor by the intervention of the electro-magnet and its
appendages a motion of vibration, a tooth of the escapement
wheel, and no more than one tooth, will pass the anchor for each
pulsation of the current. If the current be suspended the move-
ment of the escapement wheel and the clock-work connected with
it will be also suspended, and when ‘the pulsation of the current
recommences, the oscillations of the anchor, and consequently the
motion of the escapement wheel, and the clock-work connected
with it, will also recommence.

1522621f the pulsations of the current be regulated (as they may
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be according to what has been already explained (129), by the
pendulum of a clock at any station, the motion of the anchor of the
escapement established at any other station to which the current is
transmitted, will be synchronous with that of the pendulum of the.
clock which governs the pulsations of the current, and thus a

regular motion may be imparted by one clock to another, provided

that between them there be established a conductor, and the pen-

dulum of the one clock regulates the pulsations of the current,

which govern the movement of the anchor of the escapement of
the other.

153. If the extremity of the lever, og, fig. 58, carry a pencil,
which presses upon paper, when the lever is drawn towards the
electro-magnet, and if at the same time the paper is moved under
the pencil with an uniform motion, a line will be traced upon the
paper by the pencil, the length of which will be proportionate to
that of the interval during which the lever og is held in contact
with the stop #. Now as the agent at s can regulate this interval
at will, by controlling the flow of the electric current, making
that current act for a short interval if he desire to make a short
line upon the paper, for a long interval if he desire to make a
long line, and for an instant if he desire to make merely a dot, it
will be understood how he can at will mark a sheet of paper at s,
500 miles distant, with any desired succession of lines of various
lengths or of dots, and how he may combine these in any way he
may find suitable to his purpose.

‘We have here supposed the pencil attached to the end of the lever
to be alternately pressed against the paper, and withdrawn from it
by the motion of the lever. If, however, the paper be so placed
that the lever shall oscillate parallel to it, the pencil presented
to the paper will remain permanently in contact with it, and will
trace upon the paper a line alternately right and left, whose
length will be equal to the play of the end g of the lever, to which
the pencil is attached. If while this takes place the paper be
moved under the pencil in a direction at right angles to the line
of its play, the pencil will trace upon the paper a zigzag line, the
form of which will depend on the relation between the motion of
the paper and that of the pencil. When the current is in this
case suspended, the paper being moved under the pencil at rest,
a straight line will be traced upon it.

Thus the paper will be marked either with a zigzag line,
or a straight line according as the current is transmitted or
suspended.

If the current be alternately transmitted and suspended during
intervals of unequal length, at the will of the agent, at s, the
paper at 8" will be marked by a line alternately zigzag and
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straight, the length of the zigzag and straight parts being varied
at the will of the operator at 8.

How these subserve to telegraphic purposes will be presently
more fully explained.

154. In the same manner, if a toothed wheel, moved by the
agent at s, produce a pulsation of the current by the passage of
each successive tooth, these pulsations will produce simultaneous
oscillations of the lever og, at the station 8", and if these oscilla-
tions act upon the anchor of an escapement wheel attached to
clock-work at s”, that wheel will be advanced in its revolution,
tooth for tooth, with the wheel at s, and if each of these wheels
govern the motions of hands upon dial plates, like the hands of a
clock, the hand of the dial at s" will have the same motion exactly
as the hand on the dial at s, so that if at the commencement of
the motion both hands point to the same figure or letter of the
dial, they will continue, moving together, to point always to the
same figures or letters.

Thus if the operator at s desiré to direct the hand on the dial at
8", to the hour of 3 or 5, he will only have to turn the hand upon
the dial, at his own station, to the one or the other of these hours.

It will presently also be apparent how important this is in the
art of electro-telegraphy. ’

155. If the- lever og, fig. 58, be connected with the tongue of
an alarum-bell, so that when og is put into vibration the bell will
ring, and will continue to ring so long as the vibration is con-
tinued, it is evident that the operator at s can, at will, ring a bell
at ¢, by producing pulsations of the current in any of the ways
already described.

An operator at 8" may in like manner ring a bell at s,

By this mutual power of ringing bells, each operator ecan call
the attention of the other, when he is about to transmit a dis-
patch, and the other by ringing in answer can signify that he is
prepared to receive the dispatch, as already stated.

156. If the lever og were in connection with the lock or other
mechanism, by which the powder charging a cannon is fired, the
operator at T could at will discharge a cannon at B, no matter °
what may be the distance of B from T.

157, It will be observed that when a bell is rung, or any similar
signal produced at the station s”, by means of an electric current
transmitted from a distant station, s, it is not directly the force of
the current which acts upon the object by which the signal is
made. The current is only indirectly engaged, producing the
result by liberating the mechanism which makes the signal and
leaving the force which moves it free to act. Thus in the most
usual case of a bell, it is acted upon while it rings, not by the
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current, but by the force of a mainspring or descending weight,
transmitted to the hammer or tongue in the same manner exactly
as that in which the force of a mainspring or weight of a clock is
transmitted to the striking apparatus. The current does nothing
more than disengage a catch by which the motion of the wheel-
work acted on by the mainspring or weight, is arrested. The
eatch once disengaged, the action of the current on the bell ceases,
and the ringing is continued by the action of the mainspring or
weight, and it may in like manner be stopped by the current
again throwing the catch between the testh of one of the wheels.

It will, therefore, be apparent that since the force which
impels the bell is independent of the current, a bell of any desired
magnitude may be acted upon by a hammer of any desired weight,
without requiring any more force from the current than that
which is sufficient to enable the electro-magnet to disengage the
catch by which the mechanism of the bell is arrested.

158. Although the bell mechanism used for telegraphs differs in
nothing which is essential from that of a common alarum clqek, it
may not be without interest to show one of the varieties of
mechanism in practical use.

In fig. 60 is given a view of Fig. 60.
the bell mechanism, as used on
the telegraphic line of the South-
Eastern Railway Company.*

A is the electro-magnet.

B its armature.

B e a lever attached at the
upper end to the armature, and
having at the lower end a catch,
¢, which when the armature is not
attracted towards the magnet is
pressed by a spring, f.

d a wheel having a tooth in
which the catch e is engaged by
the pressure of the spring £, when
the armature B is not attracted
towards the magnet, but which is
liberated from the catch e, when
the armature B is drawn towards-
the magnet. )

a a cylindrical box containing a strong mainspring, by which
the train of wheelwork is kept in motion so long as the catch ¢ is
not engaged in the tooth of the wheel d.

* Elect. Tel. Manip., p. 28,
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The actual contact of the armature B with the poles of the
electro-magnet is prevented by two small ivory knobs screwed into
the surface which is presented to the magnet. The play of the
armature B is so limited that the catch e shall be just disengaged
from the tooth of the wheel d, when the ivory knobs come into
contact with the poles of the magnet.

‘When the wheel-work is liberated by the magnet withdrawing
the catch e from the wheel d, the mainspring in the cylindrical
box a causes the toothed wheel attached to the box to revolve.
This wheel drives a pinion on the axle of the wheel 4; the wheel
b drives a pinion on the axle of the wheel ¢ the teeth of the
wheel ¢ are engaged with those of a pinion on the wheel d.
The movement of the train is stopped, when the catch e falls
under the tooth of the wheel d. The wheel s, which is engaged
in the anchor of the escapement g, is fixed upon the axle of
the wheel ¢, turns with the latter, and thus gives an osecil-
lating motion to the anchor, which is imparted to the hammer 4
of the bell . The bell is therefore acted upon by the hammer so
long as the magnet A keeps the catch e from falling under the tooth
of the wheel d. y

159. Since the magnitude, loudness or pitch of the bell is
independent of the force of the current, the telegraphic offices are
provided with various bells for special purposes.

Sometimes a special ‘wire is appropriated to the bell which is
acted upon by a special current.

In other cases the regular current intended to work the tele-
graph is diverted to the bell apparatus by the commutator. In
other cases again, the object is accomplished by the expedient
explained in (134), which is known as the skort circust.

160. Having explained the form and construction of electro-
magnets, we are prepared to show the manner in which an electrie
current may be produced by the mere action of magnets without
any intervention of a voltaic battery.

The electricity thus produced has been called MAGNETO-
ELECTRICITY,

161. Let a silk or cotton covered wire be coiled heliacally on a
roller or bobbin having a hollow core of sufficient magnitude to
allow a cylindrical bar to be passed into it. Let the covered wire
be coiled constantly in the same direction, beginning from A B,
(fig. 61), and terminating at ¢ . Let the extremities m n of this
wire be joined to those of a wire m 0 n of any required length,
stretched to any required distance. Now let the north pole
N of a magnet s N be suddenly passed into the core of the
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bobbin. An electric current will then be transmitted on the wire
mon, the presence of which may be rendered manifest by a
galvanometer. This current, bowever, will be only momentary,
being manifested only at the moment the pole of the magnet
enters the core of Fig. 6L

the bobbin. It
ccases immedi-

ely after that 5 _; : \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\W

Now if the §
magnetic bar '
after entering be
as suddenly
withdrawn, another current will be
produced upon the wire m o n, which
will also be only momentary, but its
direction on the wire will be con-
trary to that produced by the en-
trance of the magnetic pole.

Thus if upon the entrance of the
pole ¥ a current is produced, running
in the direction m o =, the with-
drawal of the pole N will produce a
ourrent running from % o m.

If the south pole 8 be passed into
the core and withdrawn, momentary
owrrents will in like manner be pro-
duced, but they will have contrary

ons.

If the wire mo terminated at o,
no matter what may be the distance
of o from m, were put at o in me-
tallic communication with the earth,
or with a plate or other mass of
metal buried in the earth, and if the
extremity n of the wire of the coil
were put in metallic connection with

the earth in the same manner at =,
the transmission of the instantaneous
ourrents would take place exactly in

the same manner as above described,
because in that case the earth would 0
play the part of a conductor between the end of the wire mo at o,
and the end of the coil wire #.
Butif the metallic continuity either of the wire m o n, in case it
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extended from m to n, or of m o if it were as described above in
connection with the earth at o, were anywhere broken, no current
would be produced by the entrance or withdrawal of the magnet.
It is therefore essential to the production of these phenomena that
the extremities m and n of the coil wire shall be in electric com-
munication with each other, by being united either with a
continuous metallic connection, or by means of the earth in the
manner already described.

The property in virtue of which soft iron acquires magnetic
properties, when the poles of a permanent magnet are brought
into proximity with it, supplies a very convenient method of
exhibiting the play of the phenomena of momentary currents above
described.

162. Let sox (fig. 62), be a powerful permanent horse-shoe
magnet, having its poles s, N, presented to and in close proximity
with a similar horse-shoe a b of soft iron,
wrapped with convolutions of covered wire
in the manner already described. Let-the
extremities m and n of the coil be sup-
posed to be placed in connection with two
wires, which may be extended to any dis-
tances, and whose extremities are in me-
in tallic communication with the earth in the
manner already explained.

‘When the poles s and N are brought into
proximity with the ends a and b of the
horse-shoe a b, the latter will, by the
inductive action of thé magnet soN, ac-
quire magnetic polarity, the end @, near the south pole s, having
northern, and the end &, near the north pole N, having southern
polarity. This magnetic polarity, however, of a b will anly con-
tinue so long as the poles s and N of the permanent magnet are
kept near to a and 5. If they be removed, that instant the
polarity of a b will cease. If the poles be reversed, N being pre-
sented to @, and s to b, then a will acquire south, and 4 north
polarity.

It appears, therefore, that by presenting the poles of the magnet
N 08 to the horse-shoe the same effect is produced as if the poles
of a magnet were suddenly passed into the axis of the coil, and by
withdrawing the poles N and 8 from a and b, the same effect is
produced on the coil as if the poles of the magnet which had been-
passed along the axis were suddenly withdrawn.

Fig. 62.
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163. THE momentary currents in the one direction or in the
other will, therefore, be produced upon the wire connected with
the extremities of the coil, such as have already been described,
each time the poles, N and s, are presented to and withdrawn
from the ends, a and b, of the horse-shoe of soft iron. If the
magnet, N 0 8, were mounted so as to revolve upon an axis passing
through the centre of its bend, and therefore midway between its
legs, its poles might be made to pass the ends of the horse-shoe,
the latter being stationary. During each revolution of the
magnet, N o0s, the polarity imparted to the horse-shoe would be
reversed.

‘When the pole ¥ approaches b, and consequently s approaches a,
south polarity will be imparted to b, and north polarity to a;
and when N passes a, and consequently s passes b, south polarity
will be imparted to a, and north polarity to 4.

The momentary currents produced by these changes of mag-
netism in @ and & will be easily understood by what has been
explained. When N approaches b, and s approaches a, the com-
mencement of south polarity in b, and north polarity in a, will
both impart to the wire a current in the same direction, because
the coils of the spiral as presented to s will be the reverse of
those presented to . When N departs from b, and s from a, the
cessation of south polarity in b, and of north polarity in @, will
impart currents in the same direction to the wire, but this
direction will be opposite to that of the former currents.

‘When N approaches @, and consequently s approaches b, cur-
rents will be imparted to the wire whose direction will be the
same as that of those produced by the departure of N from b, and
of 8 from a. When N departs from a, and s from b, currents will
be produced in the same direction as when N approaches b and s
approaches a.

If the direction of the currents produced when N approaches
b, and s approaches a, be indicated by an arrow directed to the
right, and that of those produced when N departs from b, and s
from a, by an arrow directed to the left, the changes of direc-
tion which take place in each revolution of the magnet X oc,
will be such as are indicated in fig. 63, where b and a
represent the ends of the horse-shoe, b a; N the position of the
pole in approaching, and N in departing from b, and N” its
position in approaching, and N~ in departing from a. The
arrows directed to the right express the direction of the two
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currents which are produced -upon the conducting wire, while ¥
makes the half revolution N m’ N; and the arrows directed to

Fig. 63,
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left express the direction of the two currents produced, while N
makes the half revolution ¥’ M N”,

Thus it appears that in each revolution of the magnet, X 0 s,
four momentary currents are produced in the wire, two in one
direction during one semi-revolution, and two in the contrary
direction. during the other semi-revolution. In the intervals
between these momentary currents there is a suspension of voltaic
action.

164. It has been already shown how electric currents may be
instantaneously suspended, re-established, and reversed in their
direction by means of commutators (111). By such an expedient
properly adapted, it is easy to understand that by suspending the
currents in one of the two contrary directions, while the other is
allowed to pass, an intermitting currént.always running in the
same. direction may be obtained. Or if the commutator be so
adapted that while the momentary currents in ome .direction are
allowed to run without interruption, those in the other direction
shall be reversed, we shall then have in each revolution four
momentary currents flowing in a common direction. The current
thus produced will be intermitting, that is, it will pass upon the
wire by a succession of pulsations or intervals of transmission and
suspension, but since in each revolution of the magnet there are
two pulsations,—that is, two intervals of transmission and two of
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suspension,—and since the rotation of the magnet may be made
with any desired rapidity, it follows that the pulsations will
succeed each other with such celerity, and the intervals of
suspension will be so brief that for all practical purposes the
current will be continuous.

165. Such are the principles on which is founded the construction
of magneto-electric machines, one form of which is represented in
fig. 64 (page 1). The purpose of this apparatus is to produce by
magnetic induction an intermitting current constantly in the same
direction, and to contrive means by which the intervals of inter-
mission shall succeed each other so rapidly that the current shall
have practically 41l the effects of a current absolutely continuous.

A powerful compound horse-shoe magnet, A, is firmly attached
by bolts and screws upon a horizontal bed, beyond the edge of
which its poles @ and b extend. Under these is fixed an electro-
magnet XY, with its legs vertical, and mounted so as to revolve
upon a vertical axis. The covered wire is coiled in great
quantity on the legs X, the direction of the coils being reversed
in passing from one leg to the other.

The two extremities of the wire proceeding from the legs x and
Y are pressed by springs against the surfaces of two rollers, ¢ and
d, fixed upon the axis of the electro-magnet. These rollers them-
selves are in metallic connection with a pair of handles » and X,
to which the current evolved in the wire of the electro-magnet
X Y will thus be conducted.

If the electro-magnet X Y be now put in rotation by the handle
m, the handles P and N being connected by any continuous con-
ductor, a system of intermitting and alternately contrary currents
will be produced in the wire and in the conductor by which the
handles P and N are connected. But if the rollers ¢ and d are
so contrived that the contact of the ends of the wire with them
shall be only maintained during a semi-revolution in which the
intermitting currents have a common direction, or so that the
direction during the other semi-revolution shall be reversed, then
the current transmitted throngh the conductor connecting the
handles P and N will be intermitting, but not contrary; and by
increasing the velocity of rotation of the electro-magnet x Y, the
intervals of intermission may be made to succeed each other with
indefinite celerity, and the current will thus acquire all the
character of a continuous current.

The forms .of commutators by which the rollers ¢ and d are
made to break the contact, and re-establish it with the necessary
regularity and certainty, or to reverse it during the alternate
semi-revolutions are various.

166. All the usual effects of voltaic currents mey be produced
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with this apparatus. If the handles P and N be held in the
hands, the arms and body become the conductor through which
the current passes from p to X, If x Y be made to revolve, shocks
are folt, which become insupportable when the current has a
certain intensity.

If it be desired to give local shocks to certain parts of the
body, the hands of the operator, protected by non-conducting
gloves, direct the knobs at the ends of the handles to the parts
of the body between which it is desired to produce the voltaic
shock.

167. For telegraphic purposes it will be sufficient to place the
line wire in connection with one of the handles ? or ¥, while the
other handle is in connection with the earth. A current will then
be transmitted on the line wire which will be intermitting, but
which may be rendered continuous by a combination of magneto-
electric machines,

168. It remains, in fine, to show how the chemical properties
of the electric ourrent can be made to supply the means of trans-
mitting signals between two distant stations.

‘When a ourrent of adequate intensity is made to pass through
certain chemical compounds it is found that these are decomposed,
one of their constituents being carried away in the direction of
the current, and the other in the contrary direction.

169. One of the most striking examples of the application of
this principle is presented in the case of water, which, as is
well known, is a compound of the gases called oxygen and
hydrogen.

Let us suppose that a series of cups, ok, fig.63, containing water are
placed so that an electric current shall pass successively through
them, commencing at the wire » and passing at o into the first

Fig. 65.
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cup ; thence through the water to %, and from /4 along the wire I
to o in the second cup; thence in like manner through the water
to &, and then along the wire I’, and so on to N, the wire P being
supposed to be connected with the positive pole of a battery, and
the wire N with its negative pole. The current will therefore
flow from P to N passing through the water in each of the cups.
Under such circumstances the water will be gradually decomposed
in each of the cups the particles of oxygen moving against the
§
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course of the current, and those of hydrogen moving with it, the
former are evolved at the points o, and the latter at the points k.

170. To show how this property of the currcnt may be made to
produce visible marks or signs, let us suppose a sheet of paper
wetted with an acidulated solution of ferro-prussiate of potash
to be laid “upon a plate of metal, and let the point of a metallic
style be applied to it so as to press it gently against the metallic
plate without piercing it. Let the style be now put in metallic
connection with the wire which leads to the positive pole of a
voltaic battery, and let the metallic plate upon which the paper is
laid be put in connection with the wire which leads to the
negative pole. The current will, therefore, flow from the style
through the moistened paper to the metallic plate, and it will
decompose the prussiate, one of the constituents of which deposited
on the paper will mark it with a bluish spot.

If the paper be moved under the style while the current flows,
this decomposition being continued under the point of the style a
bluish line will be traced upon the paper.

If while the paper is thus moved uniformly under the style,
the current is permitted to flow only during intervals long
or short, the paper will be marked by lines long or short,
according to the intervals during which the current flows; and,
since no decomposition takes place during the suspension of the
current, the paper then passes under the style without receiving
any mark. If the current be permitted to flow only for an
instant, the paper will be marked by a dot. The long or short
lines and dots, thus traced upon the paper, will be separated one
from another by spaces more or less wide according to the lengths
of the intervals of suspension of the current.

It is evident that the same effects will be produced, whether
the style be at rest and the paper moved under it as is here sup-
posed, or the paper be at rest and the style moved over it.

171. The paper may be moved under the style by various and
obvious mechanical expedients. Thus it may be coiled upon a
cylinder or roller, which being kept in constant and uniform
revolution by clock-work or other means, the paper would be
carried continually under the style, and unrolled from the cylinder
after receiving the marks. Or the cylinder covered with paper
might, while it revolves, receive a slow motion in the direc-
tion of its axis, so that the course of the style upon it would
be that of the thread of a screw or helix. The paper might be
out into the form of a large circular disc, and laid upon a metallic
dise of equal magnitude, to which a motion of revolution round
its centre in its own plane might be imparted by clock-work ;
while the style might receive a slow motion directed from the
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centre of the disc towards its edge. In this case the style would
trace a spiral curve upon the paper, winding round it eontinually,
and at the same time retiring constantly but slowly from its
centre towards its edge.

172. Whichever method might be adopted, the paper would be
marked with a continuous succession of combinations of lines of
varying lengths and dots, separated by spaces more or less wide.
These marks depending altogether on the succession of intervals
of suspension and transmission of the current, which intervals ean
be varied and combined at will by an operator supplied with the
means of controlling the current which have been already ex-
plained, it will be easily conceived that an agent at s can trace
upon paper placed at s” in the manner here described such a
succession of characters composed of lines and dots as he may
desire ; and that an operator at s”, being supplied with a key,
may interpret these charaecters, and thus translate the eommuni-
cation into ordinary language.

It is also easy to conceive that the agent at s can stop'the clock-
work which moves the paper at s” or set it going at will, in the
same manner as he can ring a bell or discharge a cannon.

173. It has been already explained that the intensity of the
«current transmitted by a given voltaic battery along a wire of
given thickness must decrease in the same proportion as the
wire increases in length. This loss of intensity due to ‘the
length of the wire is increased in the practical operation of the
telegraphs by the loss of electricity arising from imperfect insu-
lation and other inevitable causes. It has therefore become a
matter of great practical importance to discover expedients by
which the intensity of the current may be re-established, or by
which the apparatus may be worked by a very feeble current.

It was obvious that the intensity might be maintained at the
necessary degree of force by providing, as already stated, relay
batteries at intermediate stations sufficiently near each other to
prevent the current from being unduly enfeebled. But the main-
tenance of such numerous batteries in cases where great distances
must be traversed is expensive, and -it was desirable to discover
:some more economical expedient. .

174. The properties of the electro-magnet have supplied the
means of accomplishing this.

The lever g  (fig. 58) may be constructed so light and so free,
that it will be capable of being moved by a current of extremely
feeble intensity. But if this lever were charged with any of the
functions by which it would become an instrument for giving
:signals, such as the ringing of a bell or the motion of a style or
peneil, it would be necessary to impart to the electro-magnet and
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its other appendages much greater power. So long, however, as -
no more is required than to make it oscillate between the stops

t and ¢, it may be constructed and mounted so as to be moved by

the most feeble degree of magnetism imparted to m =’ by a

current of extremely low intensity.

Now let us suppose the axis o of the lever g & to be in me-
tallic connection with a voltaic battery placed near to it at the
station &', and let the stop # be in connection with the conducting
wire which extends to another more distant station s”. When
the end g of the lever is brought into contact with the stop ¢, the
current produced by the battery at & will flow along the con-
ducting wire to 8”; and when the lever deserts the stop #, and
is thrown upon ¢, the contact being broken, the current is
suspended.

Now it is evident that by this means the original current
flowing from the battery at the station s to the station s’ is the
means of calling into action another current, which flows from the -
relay battery at the station s’ along the conducting wire to the
station 8", and that the intensity of this current will not be affected
in any way by that of the original current from s to &, but will .
depend solely on the power of the relay battery at 8/, and the
length of the conducting wire from s’ to s. !

In the same manner another relay battery may be provided at
s", and so on.

In this succession of independent currents, those only which
have signals to work need to have a greater intensity than that
which is sufficient to give motion to a light lever, such as we
have described above.

It will be evident also by what has been stated that the pulsa-
tions given to the original eurrent at s, and the succession of
intervals of transmission and suspension will be reproduced with
the most absolute precision in all the succeeding currents, so that
all signals which depend on these intervals of transmission and
suspension will be made at the final station as promptly and
exactly as if the original current from s to 8’ had been continued
throughout the entire line of communication with all the neces-

sary intensity.

175. The lines of electric telegraph which have been constructed
and brought into operation in different parts of the world, like
the lines of railway, have been established in some by private
companies, and in others by the state. In the United Kingdom
and its dependencies and in the United States they have been in
all cases established by the enterprise and capital of joint-stock
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companies chartered or incorporated by the legislature, subject to
certain conditions. On the continent of Europe generally they
have been constructed and are exclusively worked by the state,
but are placed under specificd conditions and subject to regulated
tariffs at the service of the public.

176. The forms of telegraphic instruments to which a preference
has been given, in different countries are very various. In the
United Kingdom and the United States, the several joint-stock
companies by whom telegraphic lines have been constructed, have
been generally formed by the friends and partisans of the inventors
of particular telegraphic instruments, of which the companies
have become severally the patentees. To these instruments they
naturally have given a preference, in some cases irrespective of
their merits, and as a necessary consequence every such company
is more or less opposed, as well by interest as by prejudice,
to other inventions and improvements. It has been a matter
of complaint that such companies have sometimes become the
purchasers of patented inventions for no other purpose than that of
their suppression ; and it is easily conceivable that a company
having an extensive establishment in profitable operation may
find it more advantageous to maintain their existing apparatus
than to put them aside for others even of very superior efficiency.
This is, after all, no more than what has occurred in the progress
of all great inventions and improvements.

177. National feeling has, however, also had a considerable
influence on the selection of the forms of telegraph adopted in
different countries. Thus we find the telegraphs adopted in
England exclusively English inventions ; those generally adopted
in France, French inventions; and those adopted in the United
States, generally American inventions.

178. Amidst those conflicting motives directing the choice of
companies and of governments, several inventions of great merit
have necessarily been either wholly neglected, or bought up and
wilfully suppressed, or in fine, brought into operation on a very
limited scale.

The vast resources supphed by the discoveries by which physical
science has been enriched since the beginning of the present
century, and the fertility of genius directed to the application of
these resources in all countries, has produced a swarm of inven-
tions, even the least efficient of which possess great merits on the
score of ingenuity and address in the application of physical
principles, Our limits, the purposes to which this series is
directed, and the large and various classes to which it is
addressed, compel us to pass without notice many forms of
telegraph which have been contrived and constructed. We shall
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