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A brief sketch of the' measures conne 'ted with the cca-
struction of the Eleetric Telegraph in India will form the
most appropriae introduction to this ¢ fanual of Instruc-
tions.”

In April «nd May, 1839, the first lon line of Telegraph
ever constructed in ary country was - cected by the writer
of these pages in the vicinity of Calcuita. The line was
twenty-one miles in length, embracing 7,000 feet of river
circuit. The experiments performed on this line removed
all reasonable doubts r¢ garding the practicability of work-
ing Electric Telegraphs through enormous distances, =
question then, and for three ycars later, disputed by high
authorities, and regarded gencrally with cond mptuous
scepticism., "

It is never too late to achowledge an. ‘ g
the experiments then carried on I reccived the warm aid
and support of Dr. Wallich, then Supcrintendent of the
Botanic Gardens of Calcutta, now Vice-President of the
Roy:l Society of London.
5,°Onc terminus of the line was placed in his house.., All
the resources of his establishment and library were hajd
at my disposal. He saw at a glance the marvellous future

rs A2
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which these and simultaneous experiments in other
qomm Sforetosd, and with his high name he protected
the experimentalist from much of the derision which his
attempts excited in the co‘qunumty of Calcutta.

The experimentsehaving been.complctul a?d their re-
yults published,* the line was taken, down. ¢

In 1850, a despatcl;ﬁ%m the Court of Dircctogs to the
Government of Indla. re-calleé attention to the subject.
The (zovetnmcut a.d,dresscd the Military Board of Bengal,
«1f¥l reports wcre &Lﬁed for by the Board frqmn Llcut -Col. ’
Forbes, of the K {ngineers, and from myself.

On these repory, dated December, 1'85e,f'l)eiug placed
before (sovernmext, an experimental line of telegraph, half
subterrancan, ha overground thirty mlles in"length; was
difketed to be consti \ctod .

"Phiv line was commenced in October, 1851, and opened
te Diamond Harbour in December of that year. In the
tollowing May a branch was led to Moyapore. In August
«and December it was extended to *Kedgeree, %0 miles dis-
tent by the line followed and i in March, 1852, the rivers -
Hooghly and Huldee were crossod and the line.from Cal-
cpti  to the sea opened for oﬁicml,mgi public corre-

‘ W
8 having been duly reporled were under
the umsldoratmn of the Supreme Government of India
when ho&lme% commenced in Burmah. The services of
the tdograph were thus brought into instant aud practical
requisition, and its incomparable‘ capabilities tostels ewith
complctgggmooess. The “Rattler,” steam-frigate, bringitgs
iowelli iof the first operations of the war, had not passed
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the flagstaff of Kcdgeree, on the 19th of April, wben the
news of the storming and capture of Ranjoon Was placed
in the hands of the Governor-General in Caloutta, and
posted on the gates of the Telerraph Office, for the infor-
mation of the public.

On .he 14t} of April, 1852, Lord Dalhousic, 25 Governor,
of Bengrl, laid before the Govern.aent of India a long and
deeply-interesting Minute, in which his Lordship proposed
thc construction of lines from Calcutta to Agra, te Bombry,
" to Peshawur, sud M adras; and the deput :tion of the autho
of this Manual to England, to give evidence hefore the Court
of Dirtetors, and assist in the dispatch *» India of the re-
quisite materials and stores.

1 left India on the 3d of May, 1852 and reported my
arrival at the India Llouse on the 20 a of June. On the
same day I had the gratification to hear from the Chair;an
of the Court of Directors, Sir Jumes Weir 17ogg, that the
Governor-General's propositions, which arrived vid Mar-

gseilles on the 14th, had heen already sanctioned by the
urt of Directors, and approved of by the Board of Cor-

MM a despatch from the Court was alfes i

‘way w‘f oy ly to the Governor-Generals

Buch rapldxty i -the dispatch of an impoytq
is, perhaps, without a pnm‘ﬂ% agydey Y s bvetn-
ment. All subsequent steps were taken wn proporuonato
speed. The requisitc contracts were issued for all the
stores, before the 1st of August.  Sixty enlisted artificers
were. placed in training at Warley; an inspection of the
ome and forcign tclegraph lines undertaken, and com-
pleted by the 15th of November; collegtigns made of all
.the instruments in usc in Furope and Amet#s thesc pages
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prepared for the gmdance of the persons to be employed on
the works in Incua and voluminous reports, with estimates
and drawings, submitted from time to time on every step
of these proceedings. o

The accompanyisg list of the matena.ls and instruments
ordered or the 1st of August, 1852, will show th. enor-
mous scale on which tue operation was sanctioned, and
the rapid rate in which the. preparations have been

made :— . .
Tons werght.
Iron md. No. 1 galvanised, 5-16th inch; welght per wile, § a
; length, 5,600 miles . . . . . . . . . . 2,800
lrun screw piles, 46,00 each761bs. . . . . . : . . . . L1360
sutta percha covered -opper wire, 700 miley . e
Tron wire, galvanised, No. 8,500 miles . . . . 4 . . . . 100
Numbor
Oak brackets . . . e e e e e XL oL 48000
Gal¥anived wrought iron « ps e e e e e e e e e .. 48,000
Bmuing screws for ditto. . . . . . . . L e e . . 48,009
Stonewareinsulators. . . . . . . . . L. . . . . . . 96,000
Galvanised screws for ditto. . . . . . . . . . . . . . 96000
Straining machines . . . . . . .. L0 oL oy 90 g
Wire straightening ditto B
 utta percha tool chests . . . eu.h.
dets of sundry tools . . . . . . . .

Telegraphic instruments and samples of stores, du., fmm lﬂ Bnghsh
offices; slso from America, Francs, Baden, and Prussia.

-¢lg printing presaes, turning Wrﬂlmg machines,

, and Muﬁ*}inea from Hopkinson and

b ;nd "Ogy Manchester; Holtzappfel, London ;

1, Lofidon ; MF, ?hyuck, of London, &c. &e. 2t

Of all the above stores, and many others not included,
there was not a single itera manufactured or procurable on
the 1st of August, 1852.

Tn wll the stages of the requisite measures the utmcse
alacrity was evipced by every officer concerned. Having

* been much in ﬂfbersona.l communication with Mr. Juland

RN

%




PREFATORY NOTICE. A

Daavers, of the Secretary’s Office, 1 would desire to ex-
press my special obligations to lum for the facilitles which,
on every occasion, he afforded me in the transaction of the
business connected with that department of the India House.

To Mr. C. Manby, the Secretary of the lustitute of the
Civil “ngineers, cordirl thanks are due for valuable in-
formaticn regarding the best mode f obtaining supplies.

Mr. C. V. Walker, the eminent Superintendent of the
South Eastern Telegraph line, with great kindness guve
full onportunities for observing the Erglish system in nis
offices ; to Sir James Carmichael, and the Directors of
the Sub.arine Company; to Mr. Stalham, the Manager
of the Gutia Percha Works; Mr. Wollaston and Mr.
Crampton, the Engineers of the Subma ine Lines to Calais
and Ostend, I am aiso much inde'sed for the courtesy
and readiness with which they facilitated every iaquiry.
and permitted experiments to be made on tleir hines.

To M. Alphonse Foy, the distinguished Director-General
of the French lines; M. Breguet, of the Board of Longi-
tude of Paris; Mr. Kelsch, of the Strasburgh Telegrajh
Office ; the Baron Von Reisenstein, at Carlsruhe; M. Von
Oppenheim, ag/ Q" ne; and M. Vinchent,tat Brugsels, are
also due our w. owledgments.

I cannot close this list %@Wﬂ‘w to ‘thed
cordial kindness with which Colonel 1lay, Golonel Leslic, '
and their brother officers at Warley, handed over to the
telegraph service the sixty best men of the Depbt Batta-
lior, and to the good-humoured forbearance with which
'they allowed the trim parade ground on Warley Cowminon
to be disfigured by our unsightly lines and irregular en-

renchments.
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The artificers are now on their voyage to the East, and
in Octobér nexl twenty camps of construction will be en-
'ga.ged in extending the web of telegraphs all over India.”
The duty is a noble oney If it pfesents many difficulties
and some dangers shese will buteenhance the merit of the
success which cnergy and zeal andeattention will certainly
accomplish. The history of the Telegraph in India must
convince cvery onc emPloycd that, while unavoidable
falures are lookcd apon with indulgepce, successful exer-

“titn is certain | of Jroportionate reward. Let us all, then, vie
with each other m the exccution of our excmng task, and
indulge in the ho[f that we may be spared to witness the
miracle of Ca.lcutla and Bombay exchangm ‘dc-spatchcs in
minutes instead of weeks—whcn the ansv\er may drrive
fromone thousand u ;les before the 'mk is dry on the re-
cora of the question—and when persoms more than that
distance fromeeach other can communicate more quickly
thun the inmates of different rooms in the same house.

. In the extracts appended from “the Governor-General's
¢.1nute I have ventu:ed to omit the gencrous notice hw.
Lordship has been pleascd to take of my slight, sorviced,
Wlnle I have done so from a very nag&ml,fechng, which

will be the first to refpgae, I do not hesi-

v m %oses on me the honourable

duty of devoting all the exertions of my life to the justifi-
cation of the opinions the Governor-General has therein

expressed,

1 have only to add that, if in my notice of any En,lish
or foreign line or instrument, I have spoken in terms of
*slight commendation, it has simply been intended with re-
ference to their inapplicability in India. I am not so pre‘"f
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sumptuous as to obtrude opinions regarding the appropriate-
ness of any system or contrivan-e in Engjand. ,The emi-
nent engineers in charge of the English lines are the best
judges of what concerns their sphere of operations, as we
may in India claim v be in most matters regarding our

duties in that country.
W. B. 08,

London, 14th May, 1853.

-
3

ExtrAcTs FROM A MINUTE 1Y THE MoST NoSLE THE MAR-
QUIS OF DALWOUSIE, GOVERNOR GFNERAL ©F INDLA,
AND GOVERNOR OF BENGAL, DATED 141H APRIL 1852.
1. Dr. W B. O'Shaughnessy has submitted his last re-

port announcing the completion of the line of Electric Tele-
graph from Calcutta to Kedgeree. n all its parts, as well
in that portion of the linc which is carried underground as
in that which is conducted after the Européan manner, its
success has ".een complete.  Neither the heat nor the rains,
neither the violent atmospheric influcnces npr the thunde. -

‘sh‘una and hurricanes to which it has been gxposed during

the past tweiva months in a degree whic y will k

never be exceedeﬂ; interrupted the fallind oo

working of the line. va %ﬁ liffe 1t
carrying the wire in safety acfoss th ooghly,

Where it is
so liable to injury by the shipping, appears fo have been
fully accomplished. A mechanism and a system both
admirable for their simpicity, and therefore doubly valua-
bl: in India, and under the circumstances in which the
telegraph will be worked, have been devised o,:;d brought

"o operation.
Ad
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An establishment of young lads has been trained, and
have conductedfthe duties hitherto with regularity and to
the satisfaction of the Government and of the public. o

Financially the expenment may be regarded as quite
successful. The mpnthly chdrge, amounts to rupees 916,
while the receipts from private parties excegd‘ Tupegs 923,
leaving the whole of the Government business conducted
almost without ‘charge. In like manner, it appea.rs from
Dr. O'Shaughnessy’s letter, that the entire line, 80 miles
.ir length, has been tonstructed for & ‘sum lower than the~
estimate by 13,000 rupees. . T

2. Thave visite the line, and in commop with, hundreds
of others cafi bear testimony to the beautiful simplicity of
the work, to the regularity of its operations; and to the
peﬁ’ec!; success of it ¢s a national experiment of the highest
and most immediate moment to the intgrests of India. In
truth, the best of all testimony is borne to it by the
periodical delivery every three hours during cach day of
.intelligence from cach station between Calcuita and Ked-
geree up to the hour at which the intelligence is dehverad
here in Caleutta. i e
. » - » » D *

.copplete, success of thWﬁnental line has
wied% % ardm“desue I have entertained,
ever since the first report on the subject was submitted, to
sce the main line of Electric Telegraph bétween Calcutta
and Peshawur, Bombay and Calcutta, Madras and Calcutta,
fuirly commenced before I quit India next year. .

6. The vast advantages of such a communication, if
feasible, are apparent at a glance. The experimental lire

+has shown not only that it is feasible, but that it may }q

‘‘‘‘‘‘
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made easy of accomplishment, rapid in execution, cheap
of construction, and profitable in its retwps.

7. If additional proof of its political value were reqmred
it would be found in recent events, where the existence of
an electric telegraph would have gained for us days when
even hours were precious, instead of being dgpendant for
the conveyance of a material portion of our orders upon
the poor pace of a dik foot runner.

8. Since, then, the early establishment of the‘Elecgric
Telegraph is all important alike to tL.z Guvernment and, tp
the community in India—since it has been shown to be
practical, safe, cheap, and profitable—I untreat the Govern-
ment of India to second with all its authcrity my most
urgent peronal solicitation to the Honourable Court of
Directors, that they will authorise tle immediate construc-
tion of a line or lines from Calcutta to Agra, to Bombay, to
Peshawur, and to Madras, either simultaneously or as soon
as possible, in the order in which they are placed in my list.

9. Relyi..g confidently on the aoquiescance of the Gu-,
vernment of India in this request, I would beg to offer
Some mggesnons for expediting the subnnsﬁon of the ques-
tion to the wa't, and for giving effect to m consent, wlwh
T am satisfied wil 0ot be withheld as : :
shall Le convinced of thé' g ;
now about to lay before them. N

10. Everything, all the world over, moves ' faster now-a-
days than it used to do, except the transaction of Indian
busincss. What with tae number of ﬁmctlonanes, boards,
raerences, correspondences, and several Governments in
India, what with the distance, the reference for further
‘nformation made from England, the fresh correspondences
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arising from that reference, and the gonanltaﬁon of the
several awliorittss in England, the progress of any great
public measure, even when all are equally disposed to pro--
mote it, is often dncou.ragmgly slow. ‘

11. In the present, instarice the incohvéniences ushally felt
in this country have been obviated by causngr O’Shangh-
nessy to communicate digpet with the Government of Ben-
gal. His report of the completion of the linc has thus
begn considered by the local Government without delay,
and I trust it will be speedily forwardéd to the Colirt by«
the Governméht of India. I am very desirous & expedite
and facilitate its-sconsideration by the, a.uihqities in
England hd - .

12. To that end I beg leave respectfully te rqcommend to
ﬂleﬁovcmor-(}enerai in Council, that'Dr. O'Shaughnessy
shoyld be directed to broceed to England at once, simulta-
ncously with the transmission of the Re:port.

His presence will enable him to give cvery information

_to the Honourable Court respecting the systemvhe has esta-
blished and its operation. Iis accounts will enable the
Court to test the estimates for tlie extension of these lines
by eu‘nunatxon of past expenditures. All necessn:y for.n-
Sarentifto: Inia will be removed, q}dt’he ‘Court will be in

5 wm Won at once. '

» . »

13. T have already stated that I cannot doubt that the
decision of the Court will sanction this work. 1In that case
Dr. O'8haughnessy's presenee in Xingland will be cf, great
additional value; with the sanction and under the dif
tion of the. Court, he will be able to direct the preparation
‘of mpterials for the Electric line on very favourable termgy"
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and with that speec{ and in those quantities which alone will
lead to a speedy establishmeni of the vthole ne. This
could not be effected in India.

14. As I cannot dcubt that, if this line be carried on,
the past services of Dr. O’Snaughnessv will entitle him in
the eves of the Government to be sclected for the super-
intendence of the larger work, I3 visit to England will be
further valuable by giving him the opportunity of becom-
ing acquainted with the English, the continental, and eyen

the American systems and modes of corstruction.
* * »* * * L 4

Heartily commending this matter to ‘he favourable con-
sideration of the Governor-General in Courcil, I trust it
will meet with an early assent.

DALHOUSIE.

(Signed) J. W. DALRYMPLE,
Under Secretary to the Government quengal.-
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THE

ELECTRIC TELEGRAPH

IN

BRITISH INDIA.

The following pages arc intended to afford fitll and precise
practical inst-ucrions for the construction of the lihes of electric
telegraph in British Indin—the use of the instruments to be
employed — the arrangements of offices for correspondence --
the protection of ines and offices from lightning, &nd “the
measures of precaution to he adopted duriag the violent
gales by which India is frequently visited,

The prindples of ele-tricity and ma.gnetlnm are explained ,
to the full extent required for the instruction of the persans
employed in erecting the lines, and in arra.ngmg and carr)-
ing on the telegraphic correspondence.

The properties of all the materials used aie carefully de-
seribed, and in many cases their ordinary st and
market prices are specificd, with reference to the Bengal Iinc...

The text of each page is restricted to the directions and in-
formation appertaining strictly to the constructidn and working
of the Indian lines, as sanctioned by Government, after deliberate
consideration. But ample notes are appended in a smaller type,
or given under separate heads, which afford full information on
the wmethods adopted on other lincs, whenever such knowledge
may illustrate any point of interest in the Indian system.

It seems desirable to add, that these practical divections are
printed solely for use in India. Further, the brief exposition
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of the principles of electricity and magnetism with which the in-
structions (opeu, is given for the information of artificers, signal
pupils, and other imperfeetly educated persons, and is not
.intended for the higher class of officers who may be employed in
the department. oo L

e .
ELECTRICITY.

To understand . how tu construct lines of clcctx:ic telegraph,
and tg,= rrespond by sneans of this invention, it is necessary

é;n*;” the nagnre and sources of electnmty, the properms of
mc.gnetlc bodies, and of those substances cmplo; ed in the cdi®
struction of thé lines, and of the instruments usg/ in cure-
spondence.

The term Electncuy is emploved to denote a ]wculmr state
into whieh several substances are brought by various causes—
the state differing from their ordinary condifion, and ade
manMest by the oceurrénce of sparks, of shocks to living ani-
mals, of attraction or repulsion of moveable substances, by
chemical changes and magnetic action,

The clectric ‘statc is readily illustrated by the following ex-
amples :—

A cloud, when electric, darts flashes of lightning'to all bodies
wlrich it approaches,

A glass plate, when rubbed by silk{ cmits electric sparks in the
fame manner.

Sealmg wax, sulphur, resin, amber, lac, gutta-percha, are
capable iyters: friction of exhibiting similar phenomena.

1y & steam boiler be placed ou glass legs, and a jet of steam be
blown off at a high pressure through a wooden orifice. the hoiler
becomes powerlully eleetric, and gives off vivid sparks to metals
and hiving animals brought into its vicinity.

There are many animals, such as the torpedo and e}e( tric ecl,
which by their voluntary act can asdume this condltwn, giving
sparks and shoeks to other objects. e

In very dry countries most animals, but especially cats, can be
‘mude eleetric by rubbing or combing their hair or fur.

Chernical action is a common and important source of electri-
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city; thus, a zinc rod or plate, placed in dilute sulphuric acid, is
acted upon chemically, sulphate of zinc being formed. If a
plate of copper, silver, platinum, or gold be placed in the liquid
at the same time with the zine, it is easy to obtain the spark,
shock, and other phenomena of cle:*ric excitement.

Electric action ean also Lc caused by mrgnets, as will be sub-
scquently explained, and by cxposing arrangements of certain
metals to the influence of different temperatures ; lastly, the vi-
cinity .of 'a substance in electric excitement is wufficient to canse
¢lectric activity in others, a fact which is termed inducc.. - and
which has an important influencc on manv telegraphic arrange-
wents,

S.ch be'ng tne general nature of electrical excitement and
its sources, a closer study must be made of ¢hé facts which bear
on the constructio.: and use of the electric telegraph.

Eleecric act.on cexhibits two varieties, to which the tesms posi-
tive a1l nega*ive arc respectively applicd.  That ‘caused by the
friction of glass is positive; of resin, lac, gutta-percha, sulphur,
negative; a plate of zine, and another of gold, silver, copper,
or platinum, in diluve acid, are—the zine negative, theé silver,
&e., positive. »

The states are distinguished by positive bodies attracting those
which are n.gative, aud repelling those in the same state ns
themselves—and by certain chemical and magnetic effects, whith
will soon demand our carefi 1 consideration. ¥

Eleetricity further exhibits effects of two distipet kinds, when
in motion and when stationary—the former is §ermed the dy-
namic, the latter the static state. It is with dy*pmw eiectricity
chiefly tnat the telegraph is concerned.

The mectals, water, wet earth, and all wet substances,
are found to conduct clectricity from one plm’:c or body to
another ; resins, glass, sulphur, gutta-percha, esoutchoue. silk,
shell-lac, &e., either do not conduct electricity in any sensible
degre., or do so to a vel, slight extent. For that fc.m of
electricity eaused by the action of liquids upon metals, dry air,
wood, paper, or, indeed, all dry substances, not metals, metajlic
compounds, or carbons, are non-conductors ; while,on the contrarv,
metals act as conductors. The former are also termed insulators,

‘ B 2



4 - THE ELECTRIC TELEGRAPH.

as they insulate or confine the electric excitement to the body
through which it passes. .

Before proceeding to describe the construction of the voltaic
pile or battery, it is necessary to explain the nature of magnets,
which in various forms are cised as simple, and casily applicable
tests of the presence of dynamic eléetricity, eleetyicity in move-
ment, or the electric current.

¢
MAGNETEF,

= A . .

are some ores, or natural compounds of iron, which
when hung up by a thread, so as to move freely, always settlein
a determinate position towards the north and sputh ¢’noles of the
earth. ‘

_If a steel needle e placed in a line drawy betweer: the north
and sot‘x’th poles of the earth, which is termed the @agnetic
meridian, awl at a particular angle or dip, it saon, acquires mag-
netie properties, and if balanced on a pivet, will point north and
soath; and if disturbed from this position, will return to it after
a ceries of oscillations. The ends are teymed north and south
poles. . _

When two magnetized ncedles are brought near each other, it
is observed thaj: similar poles repel, issimilar polgs attract each
o‘ther. The north pole of A repels the north pole of B, and the
rorth pole of A attracts the south pole of B.

The earth is itself a great magnet. The earth has magnetic
poles, and it is by the power of these poles thut the needle is

“0iceg ¢n ~esnyme its determinate position.

+A declieate ‘pocket eompass needle, of one to two inckes long,
finely halanced, is a valuable instrument in studying the laws of
eleetricity and magnetism on which the telegraph depends.

VOLTAIC OR GALVANIC ELECTRICITY.

The source of electricity of most ﬁmportancc to the?eﬁgmph
student is that exerted by chemical action on metals, TIt.is
termed Voltaic or Galvanic, from Volta and Galvani, two illus-
trious Italian philosophers, to whom its discovery and first in-
vestigation are due.
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If two plates of different metals (zinc and copper) be placed
in o liquid which can act chemically, on one and not op the other
(such as selt water, or water acidulated with sulphuric acid), and
if the plates be joined by a metallic wire, electricity may be de-
tected moving or flowing as a currc~t in the wire, W, and from
one plate to the other, threagh the fluid (Fig. 1). 1f the wire

Fig. 1. Fig. 2.°

w
s —_——.“N

< z

i

be divided at N, so that the ends can be aepnmtc.d or joined at
pleasure, it is readily proved that the electric current ceases to
move when the wires are separated from each other. While the
action proceeds, the zinc is charged with negative, thg cogper
with positive electricity. The current moves from the zinc to
the copper in the fluid, and from the copper by the intermediate
wire to the zine. Thus the wire attached to the copper is posi-
tive, to the zinc is negative, in its effects, .5 )

% 3
Fig. 8. Fig 4. °

The test employed is the magnetic needle. Arrange the plates
and wire so that the wire points north and south. Separate
the ends of the wire, and place the needle immediately below it.
The needle remains at rest (Fig. 2). Let the wires touch
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the needle instantly moves, and tends to place itself east and
west (Fig.3). It is further seen that if the ends of the wires
be changed from one plate to the other, so that that which first
touched the zinc now touches the copper, the needle is deflected
in the opposite direction t that in ‘tllne Sformer arrangement
(F"y . 4)' © 4 ~

The deflection is caused by the clectrie current in the wire,
The wire is t'hereby rendere(.i magnetic; but its north and south
forces are not at its ends} as in the stcel magnet, but distributed
eqt?rund its circumference, so that any two opposite points
onsflis have opposite magnetic powers; and on changing _El-ls
order of contact in. th® wires, the magnetic force in the wirc 1s
also reversed, north becomes south, and south m')rth'. -

This is proved by glacing the testing needle in different posi-
tions regarding the wife—above, below, to the right, to the left.
Observe tod note the order of the deviations,  If the conducting )
wire be covered with silk and wound round a frame fdrming séveral
turfy, and the compass-feedle he placed i the centre,all the forces
combine in their effccts on the needle in direct proportion to the
nuntber bf turns. This arrangement is termed a mulliplier or gale
vanometer. 1ti¢ essentially the telegraph used on the Indian lines,
and is employed on the French lines (Boussole de Sinus) tomeasure
the intensity of the electric currents cirtulating in theé conductors.
A pinute description of this instrument is now required.

THE SINE MULTIPLIER.

KT ¥, G2img praduated circle placed on the circumference of
a clgeular frame of wood,'A, C.  In this frame is a circnlfir piece
of wool, a, b, ¢, which ean turn horizontally about its centre,
A, B, C, remaifting fixed. An index, i, placed on the circum-
ference of the moveable piece, serves to measure its rotation
on the divisions of A, B, C. D, E, is an open frame of
wood, placed perpendicularly to the#surface of the moveable
picce, and surrounded by several turns of copper wire covered,
with silk. In the centre of this frame is a very sharp point of

. hardened steel, serving as a pivot for the magnetic nccdle, «, y

(Fig.6). A needle of thin brass,=,?,is placed at right angles across
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the centre of the steel needle, the cross-shaped compound needle
being supported on & cap of agate, balanced exactly on the steel

Fig. 6.

pivot; r (Fég. 5) is a guide or stop to limit the vibrations of the
ncedie. Thus the central picce of wood, the open frame, the
needles, anl the stop, r, form a moveable system round the
centre. The whole is arranged so that the frame of wire Lies
north and south, or in the magnetic meridian, The steel needle
resting in that direction within the frame, the points of the brass
needle will be respectively cast and west, anu one of its ends
midway between the sides of the stops, 7. Fg. 7 shows a side
view of the instrument.

Fig. 7.

If an electric current be now made to ciretlate through the
wire surrounding the frame, the needle will turn on its pivot,
and the extent of its deviation will depend on the energy of the
curcent, although not i a direct proportional degree—that is,
suppose from two different sources we obtain successively two
currents, one marking 10 deg. and the second 20 deg., we still
cannot conclude the second current to have double the power of
the first.
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To obtain the exaet proportional measure of two currents, the
instrument is set—one current is passed, and the circle, a. b, ¢,
is turned i the same direction as the deviation till the brass
point of z ¢ rests in the centre between the stops. The
division of the graduated circle to whichethe index, i, now points
gives the angle which the needR®: ingits‘ actual position makes
with the magnetic meridian. This is noted. Suppode it 30 deg.
in a given cme. The second current’is passed®—suppote the
angle to be 46 deg. Theratfo of the intensities of the two cur-
rents is that of the two numbers, expressed mathematically as
the gaes, the values of which fre found in tables constructed for
the purpose. In these'tables it is found that the sine of 30<iegw
is = 050, and tkat of 45 deg. is = 0-70, the ratio is according'v
as b to 7. ‘

If the deviation be’ so great that the needleds forced’ beyond
the limit of the centre of the stops, recourse must be hrd to
frames or coils of wire of different dimensions, as wjll be subse-
queptly pointed out. ., .

FOr testing the strength of the current to be used on a line,
this amultiplier is constructed with fifty yards of copper wire,
covered with sill;, and #5th of an inch in diameter. For use
as a telegraph, the coil in the Indian instruments s of thirty feet
of silk-covered copper wire only ;],th of an inch in diameter. ~

Great obscurity exists in the descriptions given of the devia-
tion$ of the needle by voltaic conductqrs, chicfly from neglecting
to specify the exact relative positions of the plates in the battery,
the turns of the wire, and the face of the observer. Theoretical

~ PFEsMons emmnlso too often made use of, such as ascending
and *descending, positive and negative currents, &c. I the
following deseription the facts are minutely stated.

The battery iS arranged in the magnetic meridian with its
copper end to the south and its zinc end to the north. 7lhe
observer is seated with his face to the west, the zine end of the
batterv being opposite to his right band, and the copPer und
opposite to his left.  The wire from the copper cnd of the battery
is wound on a frame from lcft to right, in the same direction as
the motion of the hands of a watch, and a magnetic needle is
inclosed in the frame in such a manner that the wire turns round
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it from left to right, On making contact with the battery, the
north pole of the needle deviates to the west, On reversing the
poles of the battery, the north pole of the needle deviates to the
east.

The above description also spplies precisely to the facts
observed when the magnc.ic needle is placed below a single wire,
joining the poles of the battery, when battery and observer are
situated as above described.

The exact structure and experiment 1 use of this instrument
arc of such great importance, that the teacher is rcrommended
to pause here, and procced no further till this be thoro. shly
earned.

THE VOLTAIC BATTERY.

All the voltaic batteries used for telegri.ph purposes consist of
one ¢ mor> couples, of which zine is one, the second being
coprer, silve», platinum, or carbon, in various arrcngements.

Each couple is termed an element ; a series of such couples a
battery.

The liquid which acts on the zinc is generally water acidw.ated
with sulphuric acid, or containing common salt 1 solution.

Common zine contains many impurities, apd is irregularly
acted upon by acid; bit if the zine be moigtened with weak

acid, and then rubbed with mercury, an amalgam is formed,
hich is scarcely acted upen by dilute sulphurié acid, except the
ﬁ\tu be connected by a wire, forming a eirenit.  This amalga-
“inated zinc is a most important substance in telegraph arrange-
ments.

In every zinc battery in use the chemical actlon is ac('ompr‘ned
by the decomposition of water into its two gnseous elements,
aydrogen and oxygen.

The oxygen unites with a portion of the zine, forming oxide of
zine, the latter with the acid forming a salt of zine. The hydrogen
either escapes on the surf: »e of the copper, silver, platinum, or
carhon plaje, or in certain and very powerful arrangements it
is absorbed by nitric acid, oxide of copper, or chloride of silver,
as shall be subscquently explained. The removal of the hydro-
gen from the surface of the copper, silver, or platinum pole,

BS
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increases the power of the battery in an extraordinary degree,
owing, it m supposed, to hydrogen being a gas of very great
insulating powex'

The following kinds of batteries are those used on the tele-
graph lires now in practical gperation :->

Sand and Acid, .

A plate of cast zjnc (Fie. %, z), four inches square, and iths
of an inch thick, is joined by a copper strap, one inch broad, to a
thin~sopper plate (th 9, ¢),"four inches square. The zinc is
well amalgamated with mercury.

Twelve of these couples are
arranged in a trough of wood,
porcelain, or gutta-percha, and
divided by partitions« into
twelve water-tighg cells, each
11 mcheq tvide. The zine and
copper prescrve the same or-
zfme z ¢ der and difeetion throughout.
' When arranged, the trough is
filled with the finest white
sand, and then moktened with
watgr, previously mixed with 5 per 100, by measure, of pure
sulfhuric acid (Fig. 8).

The gutta-percha troughs madc by Mr. Statham are fitted w ith

close covers.
TlitMvrics s prepared remain in constant, though weak,
actian for several weeks, or cven months, They are nsed almost
exclusively on the English lines, and answer well for working
needle telegraplfs in fine and dry weather.  In fogs and rains, at
distances exceeding 200 miles at most, their action ceascs to be
sufticient for certain work, and a vast number of eouples must
be cmployed, 144 to 288 being frequeptly in use.  For %orking
instruments such as those used in France, Prussia, and America,
sand hatteries fail altogether, and in India they have been dis-
carded, after full trial, as in all respects inferior to other battcries
subsequently described,

Fig. 9.
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Daniel’s Battery.

.

This battery is named after its inventor, the late distinguished
professor of natural philosophy in King’s College, London.

Each element consists of a st-ap of copper, carrying a little
circular shelf of the same metal (Fig. 10, ¢), one inch wide, and six
inches long—a porous eup or Fig. 10,
cylinuer of unglazed carthen-
ware, two inches in diameter,
and six inches deep—a cylinder
of shect zine, with a thin eop-
rer strap to join it to the next
-ouple. The zine is not amal-
gamated. A glass tumbler
holds the entire, thus :—

F.om 2 !0 100 of thesc elements may be arranged in series,
and are thrs sct in operation, The vessels are filled with com-
mon water to within half an inch of the edge, #d about onc
ounce of crystuls of sulphate of copper (blue vitriol) placed on
the Listle cirenlar shelf. The ccll is now ready. The aadition
of a little common salt to the water in con.act with the zine
increases the power of the arrangement. :

To kee, this battery i 1 efficient action, a little sulphate of copper
must be added as the solution grows pale, so as to keep it of a
blue colowr. Once a week, at least, all the solutions should he
changed and the plates washed.

Sulphate of copper is made in all parts of India, and sold retail
at 20 rupees (£2) for 80 pounds avoirdupois. « s ue usual native
name is neel tulya.

A modification of the battery thus described consists in placing
a rod of cast zinc in the centre, and a cylinder’of copper outside
the porous earthen cylinders.  This arrangement is often useful
where sheet zine is not procurable. Every bazaer in India sup-
plies common zine (das. 1), sheet copper (tamba), mercury (para),
and copper wire, so that a hattery of this kind can always he
constructed when required. This is the more important as the
mineral acids, sulphuric and nitric acids, are only made at the
capitals, Bombay and Caleutta; and the danger and difficulty
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of their carriage render their cost at inland stations a serious
obstacle to their general use. |

In arranging a series, say of 20 couples, of this battery, it is of
the utmost importance that the glasses be kept dry outside, and
no liquid be spilled about the tgble or fyhe on which they stand.

When this battery has been som® tine inl activity, yew copper
is observed to deposit itself on the copper plates, from which,
from time to tfme, it may be stripped off, and reser¥ed for future
conversion into new,sulphate 8 ,copper, or sale to the makers of
that article. '

These sulphate of copper bafteries are extensively used on the
Frerch and German line¢. 60 couples suffice in France for tRe™
longest lines yet 8pen ; viz., from Paris to Bordeaix, 284 miles.
Paris to Strasburgh, 3124 miles; Paris to Brussells, 2314 miles ;
the signals not being refieated on the way. . '

CarbontBaltcries—-Bunnu’{. . ¢

In these a eylinder of prepared carbon: open at both ends, is
substituted for the copper. This carbon eyliftder is placed in &
glass or poreelaine/essel of about a pint mensurc.  Inside the car-
bon is a porous earthenware cylinder, closed at the bottom. In
this is placed a rod of amalgamated zine. ® Nitric acid 1fixed with
its own bulk of water is poured into the vessel in contact with the
carbon. A mixture of sulphuric acid ¢ part, water 25 parts, by
mensure, is pourcd into the porous cup in contact with the zine.

Fig. 11,

Contact is made by a strap of copper securely fixed all round
the top of the carbon cylinder, protected by a resinous cement
from the acid, and provided with a brass binding screw to receive
a wire from the next zinc element,
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This arrangement may be varied by using a solid eylinder of
carbon in the porous carthen vessel in the centre, and a zine
¢y linder outside next the glass (Fig. 11),

This is the method followed in the central office in Paris.
One battery of 40 such rouples srffices for working all the lines
from Paris, at the same mument. The batteries are cleaned and
fresh acid given every week. The arrangement is one of great
power.

In Prussia, carbon batterics are aiso much nsed, but no nitrie
acid is employed ; weak sulphuric acid (1 of acid to 2 of water,
by measure) is placed in contact with the zine, which is v.ell
umaigamated, and acid of 1 part sulphuric ecid to 9 parts wa‘er
is ased in contact with the carbon plate.

Nitrie Acid and Platizum.

The batter.es to be described under this head arc those used
at present in the several telegraph offices on the lines between
Caleutta, Diamond harbour, and Kedge.ee. »

Each clement consists of a cylinder of sheet zinc, three inches
deep, provided with a ecopper connecting wire ; a porous eartuen-
ware cell, and a picee of platinum wire, six inchcs long, of which
three inches are coiled into an open spiral, Balf an inch in
diameter.  rhe whole is placed in a half-pint glass tumbler.

The clement is charged by placing salt water in contact vith
the zine, which is not amalramated, and dilute nitric acid (equal
measures of strong nitric acid and water) in the porous vessel,
and into this the platinum spiral dips, the other end being wound
round the wire from the zinc of the next cell. Two of these cells
suffice to work a line of forty miles, totally uninsulated, anc. -
cluding the submarine crossing of the Hooghly River, 6,200 feet
wide. ?

The liquids require renewal every fourth day.

The platinum wire has many advantages over platinum foil,
whicu is used in America. The foil soon becomes brittle and
torn. It is much more expensive. The contacts are made and
maintained with much more difficulty. The liquids are also
changed, and the whole apparatus mounted and taken to pieces
with much greater facility when wire is employed.
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Each porous cell contains four fluid ounces of liquid. These
cells are made of ordinary brick clay, and are supplied by the
native pottérs at the rate of 64 for 1 rupee, or 2s.

In America, 30 platinum couplcs are used for evny 100 miles
of line.* i "

Fused Chloride qfé’ilver. .

“This battey, invented by the author, and ndt hithéMo de-
seribed, is, for mguy pwp(ﬁes connected with the telegraph,
deserving of attention'in this place.

The mode of preparation®of the fused chlonde of silver is
degeribed in the AppeRdix. -

* Fig. 12, * ~

cjs

Each plate of fused chloride of silver is two inches square,
antl half an inch thick. A silver wire 33 twisted rownd it thrice,
" as shown in Fig. 12, , and firmly fastened, so as to leave an end
of %about three inches long. A plate of this substance is asso-
ciated with a plate of cast zine of equal size, not nmalgnmugﬂd,
and the whole placed in a glass of weak salt water (Fig. 12, a).

~Aeczegs of these couples may be associated together in the or-
dingry way. .

This arrangement may remain’ for years without any local
action taking place, until the wircs are united by a conductor.
When the eircuit is closed, a current passes ; water is decom-
posed, the hydrogen acting on the chloride of silver, unites
with chlorine, and liberates metallic‘,silver, and form? hydro-
chloric (mmriatic) acid, by which the oxide of zine is dissolved.

. The metallic silver is reduced in a fern-like shape, com-

* Jones’s Mistorical Skotch of the Electric Telegraph in the United
Sfates, New York, 1852, Vide p. 96.
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mencing at the silver wire, and extending in all directions
(Fig. 12, ¢). Eventually the chloride is all reduced to the metallic
state. It is then inefficient, and should be broken up, well
washed with rain water to free it from salts of zine, and melted
into an ingot for recon-ersion into chloride.

The advantages of tlus battery are its absolute constancy and
uniformity of action—the total absence of local action—and the
great length of time during which it remains rcady for work,
provided the evaporation of the linuid be prevented. The
chloride of silver is costly, 25 per 100 less than nure silver;
but as all the silver is recovered, 1t is only the cost of the ritric
acii used in prepuring it, which is to bc taken into account.

In signalling power this battery is equal to the platinum and
enrbon arrangements, but its chief value is for local circuits, in
which its use wil' be subsequently point~d out.

Stoherer’s Charcoal Buttery.

Stoherer has madz a very constant brttery with zine and char-
coal, The zine is not amalgamated. A solution of alum is the
fluid used.

A wide jar of hard earthenware contains the pieces of charcoal,
each of which is wound ronnd with a eopper wite, .

In the middle of the jar is placed an earthgnware cell. All
the intervals are filled with garden sand. A pigee of zine, sheet
or solid, is placed in the earthenware cell, which is then ulled
with saud. The whole is watered, from a flower-pot, with a
solution of alum.

Schellen says he has seen u nine-clement battery of th
which had been used for telegraphic purposes for two years, and
was nearly as strong as when first made.*

Before we can understand the applications and uses of these
batterics, we must study the laws which affcet the intensity of
clectric currents in different conductors. These laws have been
mort si.ccessfully investigated by Ohm and Wheatstone, and the
following exposition is based upon that given by M. Bergon, in
the French official instructions published in 1851.

vied

* Der Electro-magnetische Telegraph, &c., p. 271, von Dr. H. Schellen.
Brunswick, 1850.;
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LAWS OF THE INTLNSITY OF CURRENTS.

A current cannot exist without an electric source and a con-
ductor. Its intensity depends«n the nsrure and the dimensions
of the materials of the clectric source and of the _conductor,
which must accordmgly be separately copsidered.

Let us first take a constant battuy and & varying conductor,
then a constant coruetor® and a varymg battery. The doflec-
tions of thé magnetic needle in the sine galvanometer afford
the following laws :—

I:gws of the Conductor, ¢

1. The battery being constant, the intensity of the current is the
same in cvery pomt of the conductors it passes through bowever
the cogposition of these ay vary.

2. For circuits of the Same naturc and eection the intensity is
in the inverse ratio of the length.

3. For circuits of the same nature and length the intensity is
in the direct ratid of the sections.

4. All else heing equal, the intensity vanes with thc naturce of

=che conductor.

Tke laws relative to the nature and dimensions of the materials
of the conductor are also applicable tot he nature and dimensions
of the materials of the battery; but the intensity of the current

s or diminishes with the energy of the chemical action
in tbe battery. M. Bergon affords apt :llustrations of these
laws—thus ;

1. Take a cegtain length (say ten feet) of iron wire, and
an equal length of copper wire, and pass a current through
this wire. Whatever point of this circuit we test by the mag-
netic necdle, the deviation will be always the same. :

2, Take two copper wires of equal tit.ckness, one of 10 yafde,
on¢ of 100 yards long. Pass successively through these wires
the current of a constant battery, The intensity is not exactly
ten thwes stronger than in the first case, and the Jaw seems to be
defective, But when we take into account the battery itself and
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the wire of the sine multiplier, it will be found that the lengths of
the two circuits are riot respectively as 10 to 100, but ps 10 4 3*
=13 to 100 + 3= 103. Let us now take two other wires, of
the same thickness as the first, but one of §, the second 50 yards
long, and use the currems from the same battery and with the
same multiplier. The mtensitics will be as b + 3 =8 to 50 +
3 = 53—that is, the battery and multiplier are as 3 to be added
to eacl. number; and, tnis correction being made, the law is
found to be exact.

3. Take two copper wires, one 10 yards long and %th of an
inch in diameter; the second 10 yards long, and 4th of an
inch in diameter. Pass the currents of ths same battery, and vse
the same multiplibr, and, correcting for this as before, we find
the deflectiou shows a current four times greater in the second
wire than in the first.

4. "ake » copper wire {sth of an inch in diameter and 12
yarde long; wass the current, and the sine multplier will give
say a deviation of 20 degrees. 1If we wich to procure the same
devintion, substituting an iron wire of the same diameter for the
copper, the length of the iron wire must be reduced to 2 yauds.
A certain length of iron wire produces, then, or the multiplier
the same effect as six times its length of copper wire of the same
dinmeter. The samec deviation would have been obtained by
having the same lengths, but the iron wire of six times grester
section than the copper. The conducting power of copper is
accordingly concluded to be six times greater than that of
iron.

Conducting Power.

A conductor is said to be superior to another when, with equal
diameters and lengths, it gives a more intense current from the
same source.

Motals arc the best cond etors, but vary in their range from
silver, which may be rated at 5,152, to gold, 3,975; copper, 3,842;
platinum, 855; iron, 700 ; mercury, 100.

* 3 = value of the battery and multiplier-wire.
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The temperature of the metal affects its conducting power.
Between 32 deg. and 212 deg, Fahr. that of iron diminishes one-
half, Charcoal in several forms is 2 good conductor, Acid and
saline liquids also conduct well, and solutions of metallic selts,
but the conducting power is inﬁnitelf weaker than in metals.
Thus, solution of sulphate of cobper is 2,500,000 tjmes a worse
conductor than platinum wire.

Resistance,

™While conducting power depends on the nature of the con-
dwector, resistance dep'ehds on the dimensions and nature of- the
whole circuit.

Thus, take two cjrcuits, one a copper wire Jith 6f an inch in
diameter, and 10 yar(’s long; the second an iron wire of the
same dimensibns—applying a constant battery to.each sseces-
sively, the eurrent will be found to be six time$ stronger in the
copper®han in the iron<irenit, and the jrdn is said accordingly
to have six times the reséstance of the copper.

Or, tuke two circuits, composed, one of '100 yards of ecopper
wire, Jth of au inch section. The sccond, an iron wire, 10
yards long, and 4th inch section. The iron circuit being ten
times shorter, and of twice as great suetion, although copper is
lixz times a better conductor, still the resistance would he fourteen
times greater in the copper than the,jron circuit.

cras L Laws of Complez Circuits,

fa these the intensity of the current varies in the inverse
ratio to the sum of the resistances of each part, or, in other
words, the residtance of a complex circuit is equal to the sum of
the separate resistances. Thus: Copper being six times less
resisting than iron of the same diameter and length, the resist-
ance of 1 yard of copper wire will ¢he represented as 1¢ that
of one yard of iron as G, and soldered, end to end, the com-,
pound wire will have the resistance of 7, and will produce the
seme effect on the battery current as 7 yards of copper wire
of the same section,
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Resistance Coils,

Guided by the laws above explained, we can readily undei«
stand the use of *resistance coils’’ for proving telegraphic in-
struments and other ex,‘erimenta’ researches. These coils con-
sist of verv fine copper wire, generallv ylth of an inch in
diameter, coated with silk, and wound in a bobbin, the length
being irom 500 to 5,000 yards in one continuous cvil. Each end
is attached by solder to a brass connec '.ing screw,

A constant current being passed through such a c3il, and its
effect noted on the instrument under trial, we are enabled theseby
to know through what length of iron line of known diameter the
same battery power will work the instrument.

Suppose 5,000 yards of resistance coil arc used, the resistance
in this is equal tc that of 1,000 yards ¢ iron wire of the same
diarter, cr ylsth of an inch, because copper is snperior in
conducting nrower to iron s 6 to 1.

But as an iron rod of f;ths inch scction contains metal equal
to 1,600 times that of the onc of }jth; and as the conduct-
ing power ingreascs directly as the maess, the fiths irdn rod is
L,600 times superior in conducting power to tL: wire under ex-
periment reduced to a value of 1,000 yards. The resistance coil
of copper wire of 6,00') yards of isth inch is therefore equal
to a telegraph line of 1,000 yards iron wire ysth inch, cr of
1,000 X 1,600 == 1,600,000 yards of f£th rod, or 909 miles
and 160 yards of the Indian telegraph line.

The inference regarding this length is, however, liable to modi-
fication in actual practice through the telegraph line being ex-
posed co the effects of rain, fogs, changes of temperature, and
other causes producing loss of the electric current, or increasing
the specific resistance of the line, But the resistance coils are
still extremely useful, as an instrument under trial, which cannot
be worked through a coil of great length, must fail altogether on
a proportionate extent of “elegraphic line.

Intensity of the Battery.
The intensity of a current may be increased by increasing the
number of the elements of the battery, and by increasing the
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chemical activity of the battery by the use of stronger acids. The
increase of intensity caused by, the addition of elements is most
remarkable on very long lines. On short lines of slight resist-
ance the effect is scarcely perceptible.

The Earth a Cunductir, and used as a part of ab Telegraph
. Circuits, . c

3

The earth has heen deserived as a conductor of clectricity,
and in all t:legraphic lines it forms a part of the circuit. To
understand this clearly, let us suppose a battery cireuit of a con-
tinsous wire extending from Caleutta, C., to Diamond Harbour,
D. ., and the wire returning from D. H. to C., 4 sine galvano
mcter being interposgd at D H., and a constant battery at C.
Distance \‘.lurl:y miles, .

.

Fig. 13, © el

< ;‘J
[J

The current from ¢ z produces a deviation of the necdle at
D. H. to a certain amount, say 15v.

Now cut away the whole of the sefond wire except a fow feet
at each end, which are connected by plates of copper with -the
daw), ¢arth thus—

Fip 14
fup 14,

The current not ouly passes as before, but actually has increased
in intensity, and the deviation will be found to be 307, double its
Rrevious amount,
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Thus the earth has apparently not only acted as 2 conduetor,
hut has actually given no resistance to the current. »

It is attempted t) explain this by stating that the great mass
of the earth renders it a conductor of less resistance than any
metallic wire, But muny experiments have failed in detecting
any cviderce of a current in the earth®etween the two buried
plates. * Many suppose that the earth absorbs the electricity eon-
ducted, to it by the wire. and, acting as a common reservoir, con-
ducts it no further. However it be explainc 2, the fact is one of
the greatest importance. It was discovered simuhancously by
Steinheils, of Munich, and by the author of these pages.
The experiments by the author were publiched in the Journal of
.he Asiatic Society of Bengal, in 1839, and extracts from the
article are given in the appendix to this rianual.

Derived Currents.

If in a ewrrent, C, g, ¢, b, you take two points, @ b, and joir
these by a conducting wire, @ ¢ b will be the derived wire, and
a d b the derwation, thus—

Fig. 15.

‘ ke )

If the current is completed by the earth, as in the case of the
Crleutta and Diamond Harbour line, and a ,derivation takes
_place at a to the earth, E, as the earth prescuts no resistance,
the case will be the same as if there were direet metallic contact
betweer. the point of derivation, a, and the battery at ¢ (Fig. 16).
® Wherever insulation is defective on a telegraphic line, there is,
during wet weather, a point of derivation to the earth ; and this
takes place chiefly at the posts on which the wires are supported.
Where these points of derivation are numerous, by shortening the
total circuit they cause the intensity in the battery and underived
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portion of the line to increase. This becomes a serious evil when
the currentsof each station age made to pass through its own
instruments, as is the objectionable practicg on all the English
lines.

{
Fg. s ! D.H.

cr———\l ..} ;p\.

n considering t!xe‘inliuence of derivation, it is, however, to be
remembered, that the electric current, whenever it has a choice
of paths, distributes LiSelf through all, pusm& through each in
the inverse proportlon to the resistance it offers. The larger the
condneting wue, the more of the electric it carrics, and the
smaller in proportion will be the loss by derivatioin. A{,am, if
the cBrrent have two or more cqual meiallic paths to traverse,
1t will divide itself equally between all,

Fig. 17,

The infinence of the earth in absorbing or condueting tele-
graphic cnrrents scems to be dircetly in proportion to the
moistiure it contains. A river between two stations is accord-
ingly found to afford far better communication than mere contact.
with the earth, or even immersion in a well. This has been
repeatedly proved by experiments made on the line vetwzen
Calcutta and Dinmond Harbour, in which stations the offices are’
elose to the Hooghly river.  Shifting the wire from the river to
awell by its side, is sufficient to diminish the strength of the
siguals in a very remarkable degree.
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Magnetisation by Currents—The Electro-magset.

Steel differs from iron in containing a definite proportion of
carbon. Ordinary, or so’t iron, is veadily rendered magnetic hy
contact with & magnetic body, but loses its magnetism as soon
as the contact is broken. Stecl is more slowly and diffieultly
rendere] magnetic, but it retains permanently the wagnetism it
has reccived.

Electric enrrents circulating through 4 wire of sy metal,
render this wire magnetic while the current flows, the mag-
netism ceasing the instant the current is interrupted. ‘

By covering eapper wire with silk we can wina a copper con-
ductor, in a spiral, round a rod of soft iron, Let the copper
wire be yth inch in diameter, the soft iron half an inch in
diameter, and two inches long. Connect the enas of the spiral
with au batterv of one or more of Danicl’s elem-~uts; the bar
instantly assuines powerful magnetie pro;.erties,

Haviug tested the polarity of each end by the pocket comg.ass
needle, change the order of connexion with the battery, so that
the wire which touched the copper shall now touch the zine
side—the poles of the iron bar will be fonnd to huve been
reversed.

Break contact with the “attery and all magnetism ceases in
the iron.

Arrange two bars so that by a cross picce of soft iron and
serews they ean be placed in a [1 form; contact with the battery
gives each leg of the iron opposite .."{l powerful polarity.
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Apply a cross piece of soft iron to the poles, it is attracted so
powerfully, that many pounds may be applicd and sustained.
The weight falls off when contact with the battery ceases.

Instead of soft iron apply sewing needles, pieces of clock or
watch spring, or steel wires, to the pol& of the iron magnet. On
discontinuing the curgent and removmg the steel this is found to
be permunently magnetic,

By making the iron cross-}nece open, s0 that the binding serews
pass through it, ag showh in the figure, the legs of this magnet
can be adjasted to the length of the pieces of steel we desire to
mhgnetise. By this very slmple apparatus, and a battery of six
Danicl’s clements, we hre enabled to prepare all the needles and
magnetic bars fequired for use in our telegraph §tations. .

Soft iron thus excited is termed an electro-magne!. Itis used
in several most imporant instruments. It i8 the chief agent in
the instraments used in France (Foy’s), in Morse’s, ased in* me-
rica, Prussia,*and Austria; and in nearly all thé sdarms used in
all cRntries. It is employed in the jpstruments patented by
Allan, Highton, Dering, Brett, and others, in England. Its
atténtivk experimental study is therefore strongly recommended.
All the propexties above deseribed are susceptible of easy
demonstration. The following laws should also be carefully
learned :— . :

3+ The magnetic force developed in the iron is in proportion
to the quantity and intensity of the gurrent.

2. The force, if the current be equal, is mdupcndent of the
thickness of the wire or shape of the iron.

3. Within certain limits, in & continuous coil wound in layers,
1ikt a bobbin of silk, the external turns are as efficacious ‘as those
close to the iron.

4. The total“action of the spiral is equal to the sum of the
actions of each turn.

Thus, by increasing the force of the battery so that its intensity
is augmented twofold, threefold, fourfpld, the force of the eléetro-
magmet increases in the same degree. .
* Whatever be the form of the eleetro-magnet, its foree will
remain the same so long as the intensity of the rest of the circuit
18 unchanged.
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Electro-magnets wound with long lengths of very fine wire,
say 1,000 yards on each leg, of inwulated copper wile yf; inch
in dinmeter, are extrelnely sensitive to feeble currents, which if
passed through thicker and shorter wires would fail to excite any
magnetic action on. the iron. On the other hand powerful
batteries fail to excite great magnetic forze if passed through
fine wires. This is well illustrated in Morse’s American Tele-
graph in which a fine wire electro-magnet receives the enfeebled
current from the distant station, perhaps 50C miles off. This
feeble current is just sufficient to enable the magnet 0 move a
delicately balanced piece of soft iron. This establishes the con-
tact necessary to cause a local and powerful battery to pass is
crrent through a second electro-magnet wound with thick
wire, gi-inch, and the force thus excited is s~ great, as to cause a
lever to strike powerful blows, indentin, marks_on bands of
paper and kzocking so loudly as to constitute a very efticient
alarum. ¢

The practical question of the length of dne wire to be used for
telegraph instruments is one which will be better discussed in
another part of this manual. 1t is necessary to advert heré to the
fuct that in ordinarysoft iron magnets there usually®mains a slight
degree of magnetisin after the battery has been removed.  This
is termed rescdual magnetis.n, or polarity. It interferes much with
the cfficiency of mauy telegraphic instruments. It is generaly
believed to proceed from the presence of particles of carbon in
the iron. M. Breguet accordingly submits all his iron to a very
ingenious process, by which all traces of carbon are removed,
aud this tendency to residual magnetism thereby, according to
his statcment, entirely prevented. The iron is placed in a muss
of powdered peroxide of iron, and kept at a red heat in a closed
iron crucible for twenty-four hours. All the carbon is thus
oxydised and removed, and perfectly pure iron procured.

To accomplish the same object Mr. Dering constructs his
electru-magnets so that the length is not greater than the
Jiameter, and makes them of disks of iron united by brass solder,
and dispenscs with the cross piece. M., Siemens uses hollow
iron tubes slit open from end to énd. Many other methods have
been p‘oposed by different experime. talists, most of which have \

c
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been tried fairly by the author of these instructions. In all the
same result has been observgd. The occwrrence of residual mag-
netism was postponed, not prevented, gid the power of the
electro-magnet was much diminished, especially in Mr. Dering’s
and M. Siemens’ arrangements.

It should not be pmitted that M. Breguet winds his spiraly
round thin brass tubes, and iuto these drops the iron cores.
Great mechanical facility i is thus gn'en for the immediate ex-
traction of an dcctm-ﬂmgnet which may have acquired this
residual #eate, and for the substitution of one devoid of perma-
nbnt magnetism,

Velocity of the Electric Current.

ve .

This qnestlon is oxe of the utmost scientific interest, and is
not s Jyct eomplutely decided. While Mr. Wheatstong, esti-
mnt the swiftuess of the current at 238,000 fijes in a secontty

I *Tizean and Gowuelle declare it Jo e 100,978 miles per
second in copper, and 57.789 miles in iron. The American expe-
ritnenthlists state it to be no more than 2,000 miles. As the
lowest velocity is infinitely swifter than is required for telegraphic
correspondence, we need dwell no longer on its eonsideration.

Chemical Effects of Voltaic Electricity.

To the preceding facts we have o‘nly to add a brief deseription
of the chemieal properties of the voltaic cireuit, in order to pre-
pare the student sufficiently for the duties he may have to dis-
charge in the construction and working of telegraphic Lihes.

¢ Fiy. 12,

Let B be a battery of twelvs ‘couples of Daniel’s elements ; 2w,
the wire from the zinc sid.} ¢ w, the wire from the copp‘er side.
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Let these wires terminate each in a slip of thin platinum. Let
these slips be immersed ina glass of water rendered slightly acid
by a few drops of sulpurie acid.

On contact being formed with the battery, streams of gas will
arisc from each platinum —from the zine side hydrogen, from the
copper side gxygen gas can be collected in tubes, and it will be
ohserved that the hydrogen is twice the measure of the oxygen.
Water lias thus been decomposed into its clements, oxygen and
hydro«nn, by the voltaic current,

Let a solution of sulphate of copper be placed in the glass, in-
stead of water: metallic copper will be deposited on the zifie
side wire. ’

If iron or copper be substituted for the platinum plate of the
copper side iu a vessel of salt water, the irm or copper will be
rapidly dissolved. If a little of the salt 2alled yellow prussiate
of petash be dissolved in the salt water previous to the immersion
of the platinrm and iron plates, and without the battery, no
action is perceptible. But the moment che battery is applied,
the iron plate causes the surrounding fluid to become of a deep
blue cclour, I'tussian hlue being formed by the solution’ of the
iron combining with one of the constituents of tiwe prussiate of
potash.

If a coppur plate be usc.,a fine chestnutocolourcd compound
is formed. :

There are many vegetable juices which give a blue colour to
porous paper, which colour 1s changed to a bright reu by acids.
The red hibiscus flower, common in every Indian garden, when
crushed, gives a blue dye of this kjpd.  Now, if paper be steeped
in a solution of saltpetre (nitrate of potassa), and then dyed biae
by the hibiscus, & slip moistencd and laid on a picce of platioum,
copper, or brass, connected with the zine side of a battery, a
platinum wire connected with the copper side of the hattery,
druwn over the moistened paper, will give a bright scarlet line
wherever it touches, and vroduce no stain when the battery
current is interrupted.

Ilow these facts are applied in the telegraphs of Bain, Bake-
well, and others, will be readily . uderstood as we proceed.
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PART IT

(4 .
CONSTRUCTION ‘OF THE LINES.

The lineg of electric telegraph to.be constrneted in British
India, as at present ordeyed,.are to extend from Caleutta to
Agra, following “the vaffey of the Ganges to Allahabad. From
Agra the Tine will proceed b Delhi to Lahore, # branch running
from Umballa to Simlah on the Himalayg. From Agra another
tine wili procged, vid Indore and Nassuck, to Bombay, and from
Bombay it will extend across Central India to Madras.

The exact direction of the line in cach provinee is still un-
determined, but the®total length to be constructed is about
3,200 rhiles of double line. .

'he countries to be traversed cmbrace great diversities of
ground, elevation, and climate, from the almost absolute level
adhesiye clays, or loose sand of Bengal, to the precipices of the
Himalaya at an elevation of 7,800 feet. In many districts great
tracts of jung},\e must be passed through. Inmumerable rivers
must be crossed, scarcely any bridged; some—such as the Soane,
the Hoogly, the Ganges, the Sutledge*-equalling or exceeding in
bieadth the chief rivers of the American Continent. Along o
great part of this inmense line, f:'om March to June the hot
winds blow with an intensity which stops all day labour; from
June to October the ruins pour down at anannual rate varying frée
78 inches in Lower Bengal, tosl20 inches or more on the inférior
ru"r‘lgcs of the mountains. During this period terrific thunder-
storms are of almost daily occurrence; and in May and October of
cach year a violent hurricane is calenlated upon as a probable
event Thus the ¢fficient operations of engineering and field works
are restricted to the fine season between October and March, five
months at most; so that, omitting gwenty-two Sundays, Christ-
mas-day, aud some native holidays of obligation, there are but:
120 working days available in egch season.

7 When to the natural and eistant difficulties above specified
we add the interruptions %hich in some districts snd seasons



OVERGROUND LINES. 29

must be anticipated from the visitations of epidemic disease,
wanough has been stated to show thyt every person enfployed in
the construction of the lines is entrusted with a duty which
demands his most strenuogs exertions. Accordingly men of strong
constitution and steady Habits gre those only who can hope to
retain employment. The duty is an arduous one, exposing all
employed to a gough life gnd occasional privations gnd dangers.
The indolent or unbealthy must failjn its performance, and such
persons are accordingly warned of fhe .uselessncss of their
seeking employment in these works, - .

The lines will be Yth overground and pubterranean, in pro-
portions to be decided by surveys now it execution. This
clapter is devoted to the overground lines exclusively.

The ovgrground lines to be constructedediffer in several im-
portant particulars from those in England*and Eurgpe generally,
chiefly in reSpect to the wire employed. This in England is
No. 8 guage, ojth inch in diameter; 485 yards wéigh 112 Ibs.,
being about five miles te the ton. For India it is rather a rod
than a wire. It is 1!0' 1 in the Birmingham guage, and weighs
1120 Ibs., half a ton, per mile. The difference has been sanc-
tioned by the Government and the Court of Dfectors on the
eaperimental evidence afforded by two lines of telegraph con-
structed by® the author. ®The first, twenty-one miles leng, of
ordinary wire, was erected in the vicinity of Calcutta, in Apsjl,
1839.* The second, eighty-‘wo miles long, extends from Calcutta

* The first line of overground line of more than one mile was erocted in

Exngland four yvears later, in 1842; and in America six years later, in
A)in‘ril, 1844. The patent for a mode of suspending wires in the air, was
taken out by Mr. Cooke on 8th September, 1842,
The fitst overground telegraph line actually put in operation in she
Dnited States was an experimental one, ten miles long, erected be-
tween Washington and_Bladensberg, in April, 1844.— Jones’ Electric
Telegraph, p. 66; New York, 1852.

“1n 1839, Dr. O*Shaughnessy conducted an extensive series of experie
ments in India, with the view to ascertain the most suitable form of elec-
tric tele;;mph for that country. To Dr. O‘Shaughnessy is dune the carrying
out of Dr’Watson’s method, now so generally adopted in Great Britain
and America, viz., of suspendin@the telcgraphic wires in the air from post

»to post. Dr. O‘Shaughnessy crected for his telegraph no less than twently-
one miles of wire; the wires were of iron. They were fastened to poles
of bamboo, fifteen feet out of the grqund, and were made to hang at dis-
tances from each other of about twelMyinches.

“ These important experiments of L} Watson and Dr O'Shaughnessy
set the matter completely at rest, and ren the idea of communicating |




30 THE ELECTRIC TELEGRAPH.

to Diamond Harbour and Kedgeree, crossing many miles of
swamp and jungle, and travegsing the llo?ghly river 5,200 fectys
and the Huldee, 4,800 feet wide.

The reasons for adopting anyspecial form of construction on the
Indian lines are given in detall upder cach head as we procecd.

The lines now ordered are to be overground cxcept where they
traverse great towns, arket places, apd similar, thoroughfares,
where the subterranean plap will be followed. Rivers will be
crossed wherever shis is pYacticable, by wire ropes suspended from
masts. When too broad for guch suspension the wire will be led
under water, protected by different methods specified in detail,

* The construction bf the lines involves three distinct stages.

Tirst, in order to open telegraphic correspondence as speedily
as practicable, a simgle iron rod will be run aeross'the country,
supported on hamboos? palm trees, guran polts, and other light

and chegp timbers available in the distriets. On this line noe

insulators wiil be used, and temporary cm'resl;on:iing stations
will be opened at such’distances as experiment may prove that
inulaﬁgn can be dispensed with altogether in wet weather.
This linc will obviously be exposed to interruption by hurricanes,
and will be to & considerable degrec liable to injury by accident
or wanton mischief. Nevertheless it will afford facilities for
commumication of very great value, and may be depended on for
usé on all ordinary oceasions.

Secondly, the flying or temporary, line is next to be converted
into onc of more substantial eharacter. Sixteen lofty posts of
the best timber procurable, each shod with an iron screp pile
penetrating threc feet into the ground, will be erected t each
mite. On these posts insulating brackets of great strength will
be secured, and the iron rod braced up by screws so as fo be at
the lowest point sixteen feet above the level of the ground, soasto
allow of laden elcphants to pass under the lowest part of the line.

Each post will be provided with a lightning conductor. In

intelligence between distant points, by snoans of electricity, no longer
chimerical or donbtful, but a matter of absolute cortainty.”— 4ide Memoire
to the Military Sciences, part 2, vol. iii ; London, 1852,
Dr. Watson’s experiments were gg7de in 1747, with two miles of wire,
on Shooter’s Hill, near London. , 7or. Watson was the first to suggest the
«use of electricity for telegraphifcorrespondence.—~W. B, 0'S.
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this state the line will be secure from interruption by wild
~nimals, and by the ordinary gales of each season. 1¢will suffer
little, if at all, from l'ghtning ; and, indeed, will be liable to few
interruptions but what may be caused by the wantonness or
malevolence of man.,

Thirdly, the lines will be campleted by tte erection of a second
rod, so as to permit of the nse of double instruments, and to
meet all the wants of the public and the Government. The
stations of corrcspondence will be multiplicc, and all the ex-
perience guined during the first and second stages of the con-
struction applied to render this as permanent as possible,

Assuming the requisite supplies of stores to be distributed so
that field work may commence in October, 1853, there should
be no difficuity in coustructing one mile of the flying line daily
by cach working party during the fine sewson. Three-fourths of
the whole hue may thus be constructed by twenty partics in the

. first fine ses-on, leaving onc-fourth to be completed by night
work from time to time, during the unfavourable months.

FIRST STAGE—CONSTRUCTION OF FLYING LINE.

This will consist of a single rod of {; inch galvanized irom,
extended on bamboos, palm-trees, guran posts, or auy similar
cheap timber procurable in each distriet.

The iron rod weighs 1,120 pounds per mile. It is obtainalle
from the arsenals in coils ‘our feet in dizmeter—each coil con-
taining one gnarter of a mile of rod in one length.

The bamboos or similar posts, previously painted with coal
tar, are to be planted 50 f2et apart, three feet deep in the
ground. The loftier the po: t the better.

Each coil of wire is unrol'2d and delivered in a straight length
by a machine’one of whivh will be supplied to each working
party.  Qf this machinc a lrawing is given in detail.

A circvlar frame or druz «, on which a coil of iron rod is placed,
is supported on upright b arings, so that it can move in a ver-

®tical plane; one end of tne wire is inserted in the opening
formed by the grooves on two horizontal rollers of hardened
steel; the end of the rod, being 'rawn through, is sceured by a
_ chain and eye-bolt to a trec, or stake. or post, firmly planted in
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the ground ; and a party of three men then draw the carriage
on which the machine is mounted, in the direction in which the
rod is to be laid. This machine, by the labour of four or five
_men, delivers the wire sf.rmghtened at the rate of eight to ten
miles a day.
When the first coil is unrolled, a second eoil should be
mounted on the drum, and its end jointed to that of the rod
just straightened by the zine ingnt joint next to be deseribed.

" Zine Ingot Joint.
~A hook is turned on each end of the rod by & strong iron
ey2-holt, into which tue rod is inserted tor about six inches.
By bending the rod a loop is formed. This loop, cut across by
a steel chisel, gives the link, thus:

.

Fig. 20.

The hooks are then erossed, and the ends hammered down close ;
the hammered bends must now be ¢ 1sely examined, and if any
cracks be detected, the piece must 1: cut off, amd a fresh hook
turned.

The link is now imserted in a mduld, Iike a bullet mould,
formed of two pieces with a cavity b each, and with hinges and
handles, to admit of its being opened and shut at pleasure. *

The mould being closed, melted zine is poured into it through
the opening, and the whole ~.owed to rest for two minutes,

1 when the mould is opened .nd the ingot trimmed by the chisel.
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The quantity of zine required for each joint is one pound two
ounces. The mould previous to the easting should Le curcfully
dried.

The zine is to be melted in an iron ladle on the common native
forge, with which each party will b. provided.

The strength of this joint is so great that the iron rod exposed
to strain will break more readily at any other place.

It is desirable to extend the line on the ground as straight as
can be, and to make all the joints 1ora Length ¢ four or five miles
before the rod is lifted on the posts, and the suspen.ion on the
poles should commence in the middle of the line. The great
mass of metal at each side thus equalises the tension, and a
nearly horizontal line is obtained on posts even 100 fect apart,
without the necessity of using any brasing screws or other
straining power.

The iron rod in this flying line rests simply in a notch cut on
the top of the namhoo, or in a groove in the paln. tree or other
timber post. The erection of the banboos, palm trees, and
other temporary posts, will be in all cases hest managed by the
village house builders (bildars and gramies), a gang of which
men, consisting of a sirdar and ten men, shoulC be entertained
with each working party.

Great cre should be t.ken to keep the line removed as far as
practicable from the proaimity of trees, by the fall of whicl. it
might be injured. This will often necessitate its heing led off
the great roads, on whici the timber is too valnable for its
shade to be sacrificed for the telegraph line.

In constructing this flying line, ench day’s work must be
tested oy the Ewropean se geant in charge of the party with
reference to its perfect con weting power, by tclegraphic signals
previously arranged with he persons rcmaining at the placc
from which the line comm nces.

The portable telegraph Hr testing the line, and for the use of
the working parties, is d scribed under the head of “Instru-
ments.” Sixty European . appers and Artillery-men have been
trained to its use at Warle - and three of these men will be
employed with each working pu “v.

Before the season of thunder-st. 'ns approaches, the gﬂicc or
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tent at each end of the flying line should be protected from
lightning Ly the following simple method ;—Ten yards of the
copper wire covered with gutta percha uged for subterranean
lines, and covered with tape and tar, as subsequently described,
are wound in a spiral coil roumlalnece of lwht round wood ; the
ends of the wire turn, up and are attached to an upright stick ;

the coil-picce has two cross pieces of light wood nailed to cach
end. The tetegraph rod is they connected by a copper wire to
one end of the coi? ; the lastrument in the office is joined to the
other, care being taken that the wires of opposite ends do not
coine in contact ; the whole is then floated on the surface of the

Fig. 2L

tank or well which supplies the post with water. A flash of
lightning striking the line, having to#* traverse this coil, will
explode through the gutta-percha to the water, and only so
small & portion of the electric fluid will pass into the office as
can cause no injury to the signallers ¢ * instruments. After such
an cxplosion the gutta-percha coating will be found to he torn
through for some inches. This portion is to be unrolled, so as

Fig. 22.

to bring it above the surface of /#ne water, and the conductor
replaced as before. The whol# arrangement is shown in the
'mexed cuts.
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SECOND STAGE—-STRENGTHENING TIE FLYING LINE.

To accomplish this object, sixteen strong posts of the best
timber procurable are erected at i.tervals of 330 feet. The most
durable timber which can be procured is to be employed, and
measures arc now being taken to obtain an adequate supply of
the 1on-wood of Arracan, which is known to be almost in-
destruetible by damp, fungus, or insec.s. It ‘s so hard as to be
cut with difficnlty by carpenters’ tools. Being of p.cat weight,
its transport in many places will be tedious and costly. ‘vhis
timber will be used as much as possible in its natural fo.m,
unsquared, in posts 24 feet high, 5 to 6 inches diameter below.
The thick cnd is to be tapered by the adze and planc, so as to
fit closcly into the hollow iron screw pi'e, in which it is to be
inscrted in the ground.

Where irm-wood is not procurable, or cannct be conveyed,
teak, saul, or any other good timber, may be used. TIn the
mountains oak and pine will often be available. Decp-rooted
trees oceurring on the line may be used frecly, the tree being
killed by the removal of its bark, and all brauches lopped off.
The toddy palm trec may in many places be used with great
advantage. Each post i to be branded with a number and letter
in a conspicuous place.

Previous to being placed in the iron screw pile, an insulating
cap and bracket is to be s curcly attached to each post, thus :—

The post is tapered so as to be 2} inches in diamncter at
the small end, and 3 inches in diamecter at 7 inches from the
top. The wood is to be oughened with a chisel so as to nold
the cement by which the ¢ ip is to be attached.

The eap (Fig.23) is of w dught iron, galvanized, 8§ inches high,
10} inches in circumferer e ahove, 12} inches in circumference
below, its lower cdge or im everted to 13} inches, closed above,
ana perforated to perm: the passage of & screw bolt 4 inches
long and 4 inch in diam er. Two strong metal studs, $ inch
in diameter, and ! inch Jon, are riveted on the cap, one at each
side of the screw, for the purp. -e of preventing lateral motion of
the bracket to be afterwards appn 4.

5
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The cap being inverted, the cement is thus applied. Three
parts by wesght of fine, clcan, and perfectly dry sand, with one
part by weight of the best pmc rosin, arc u‘i'c]t(-d in an iron pot,
and well incorporated by stirring. The consistence shonld he
that of thick mud. Enough of thls cement to oceupy half-an-
inch of the cap should be poured in and allowed to cool, which
takes about five minutes.

Fig. 23,4

The post is now imvested, and its small ‘end ])1:lt'.t‘d on the
hardeneq, cement, so that a clear space of half-an-inch remains
between tie wood and the cap all round. Mcted cement is now
poured in, so aw to fill up this space up to the brim. As the
cement cools, it contracts slightly, so as to become concave.
The post must be kept perfectly steady while the sement is
cooljng and setting, which occupies about five minutes. It is
now tcady to receive the brachet.

The quantity of cement used for ea 1 eap is 1 Th. 14 oz.

The bracket (Fig. 21) is of oak, 11iaches long, 4 broad, and 3
deep, perforated in the centre for the passage of the cap screw,
also- perforated at 13 inches from thei:nd for the passage of the
binding screws for the attachment of yhe irou rods, and having
on its lower surface two cavities, 1 i1 *h deep, 2 inch wide, to
receive the studs of the cap. On th upper surface a eircnlar
Lollow is sunk at each end, 3 inch deegland 14 inch in diameter,
to reccive the necks of the porcelainfnsulators, subscquerly
described. '

The bracket is now pl-.ced on thegeap, so that the studs sink
into the holes to receive them,#id the nut is firmly screwed
down, 50 as to countersink in e substance of the bracket.
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The post is now re.dy to be mounted in the serew pile; but
it is more convenient to deseribe in this place the apphestion of
the insulators to he used on the final completion of the double
line.

The insulators (Fig. 26) are of brown stoneware, glazed, and
consist of two pieces.  The larger, of the form shown in se~tion in
the catyis 3 inches high,including the neck; 2} inche s in diameter
above; the neck 14 inches dinmeter, perforated vertically to
allow the passage of a 3-inch screw, traversed by a groove
% inch wide, and 1 iuch deep, to receive the telegraph rud, and
hollowed out internally, so that after it is in it. place, and its
binding screw secured, the cavity may be filled with the melted
cement previously deseribed.

The insulators are placed in the brackets, as shown, and thoir
binding screws put in loose, ready to be used when the line rods
are sct in their position.

The line binding screws ar: 5 inches long, of 3-inch iron, gal-
vanized. They clasp the liner securely in their place.

These insulators arc not, } owever, to be used on the line iu
the second stage. This, it ; to be remembered, affects only
the erection of a single line, or which the metal cap insulator is
sufficient ; but in this case th hracket requires to be surmounted
by a piece of wood two in tes thick, fastened by screws, and
groovud on its surface. I to this groove, precisely over the
centre of the post, the line r is placed. It requires no binding
screw in this stage of the oper: ions, but a second piece of wood
should be cleated down on the first, after the rod has been
placed.- .

~
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¢ Scyew Piles, ¢ .

Iron screw piles are used for the doul.)le'purpose of protecting
the timber from decay and 'inst:cts, and for the great strength
they afford in resistjng displaccment by shocks and strains of
every kind.  While two men can readily pull down or displace
a post of cqunl size implanted in the carth without a_fhle, ten
men cannot. accamplish®tli® when the serew is used, without
the aid of¢shears and tackle, The screw pile also greatly facili-
tites the erection of the posts.

Tht screw pile to be’employed (Fig. 27),
Mitchell’s patent, is 3 feet 1} inches long, agd
7% dnches in diameter above, hotlow, conical,
its hand six-sided externally, round internally ;
thickness of iron, f inch., It tapors to a point
below. The serew flange confmgncees close to
the point, aud making three tuins, terminates
10 inches above the point. The diameter of the
screw flange at its greatest¥width is 12 inches,

The pile is screwed into the ground, by a
wrought iron bar, with a four-sided opening at
once end, in which th® neck of the®screw is re-
ceived. This is called a “spanmer.” It is 9
feet long, and fits closely to four sides of the
hexagon head of fhe serew.

The “spanner® is worked like a capstan
bar, and is very efficacious while the pile is
viot more than 18 inches in thelround. As it is thtn below
the easy reach of the men, in Nis case a round iron plug,
slightly tapered, and having a;\ ole through its diameter,
is inserted in the head of the scréy, so that the hole corre-
sponds with one in the neck of tl The plug is then keyed
or bolted into the pile, and squarfFheaded spindles, oné, two,
and three feet long, are successive!f inserted in an aperture ine
the plug. The moving power /4 applied to the spindle by a
cross-bar or lever of wroughtgédn, 10 fect 8 inches long, having
& square hole in the centrgaAd receive the head of the spindle.
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To screw down a pile, a party of ninc men is required.
One of the men cotamences hy making a hole in’the earth
with a crowbar. This hole need not be very deep, but, if the
ground is hard and pebbly, it must be 2 to 23 feet deep. The
screw pile is then placed quite upr.ght, with its end in this hole,
and the lever or spanner fixed on the pile to screw it round.
Four men are required at each end of the lever, and one man
should carefully attend to the screw, watching whether it goces
down straight. Everything being read,, the n .n now go round
steadily and slowly ; there must be no hurry, and eac must he
taken to work the lever as horizontally as possible. If the men
press downwards at onc time more than auother, the pressme
will make the screw go erooked. It is also a great object not to
let the pile ©“ wabble ” about at first, since th:sloosens the earth.

If the ground is very stiff, and the serw hites imperfectly, it
may he takcn up. and the hole wade somenhat decper -vith the
crowbar, or a nailful of water may be thrown into (he hole, and
one or more men should stand on the head of the pile, the
penctration of which is much aceelerated by their weight. It is
essential that the serew pile should be driven in straight,
beeause the least deviation will make the post, when fixed in it,
deviate from the perpendicular. The man who watches the
screw must attend to this; if he sces that it is entering crooked,
he wust sit nearly on the ground, place his arms round the sa-w
pile, plant his feet firmly before him, and thus draw the pile to
the straight position.

If this fails, then the men must, as they go round, press down
on that branch of the lever which is opposite the side towards
which the serew is heginni .g to dean; or the pile must ve
unscrewed one or two turns, .nd thus got in straight. Two men
at each end of the lever wil be enough at first, but as the screw
goes down the whole fow must work it, and the men should
remember that the neares they push to the end of the lever
which is away from the }. 'e, the more effective will be their
‘power.

The pile having becn serew: " into the ground within 6 inches
of the top, the posts are now to "« erected, the intervals being
exactly 330 feet, or half a furlong—i6 to the mile.
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This interval has been chosen after carefl trial. At that dis-
tance the hon rod employved can be braced up with case hy the
straining machine afterwards described, so that the deflection
from the horizontal line is no more than 18 inches, being scarecly
perceptible to the eye. At this span three men, weighing in all
over 30 stone (420 lhs.) have been supportcd on tbe rod in the
centre of the span without causing it any injury.

A certain number of posts, say 100, being erected, tue iron
rod is lifted fronnthe nekrest'nimboo and placed on the centre
of the pertlianent post. This operation should commence on the
middle of the line, each end of which should be previously
svcured to a tree by a'chain, or to a log ot timber, 8 or 10 feet
long, placed transversely in a trench four feet decp, and the
carth rammed in. These fixing points at the ends wre to be but
in temporary use whiles the rod is being equally suspended on
the posts. .

The bamb6os or temporary timber posts may be how removed,
except one in the certre of the span, 165 fect from each pile.
This intermediate light post may remain while trial is being
made oF the greatest distance through which signals can be
conveyed throdgh a line thus constructed. Where the iron rod
rests on the intermediate bamboo or other temporary post, it is
to be insulated by being coated with asspiral layer of.silk, satu-
rased with lac solution—thus ;=

A strip of the strong and cheap silk from Assam, Bagulpore,
&c., 13 inch wide and 36 inches long¢ is saturated with a solu-
tion of shell-lac in wood naphtha (p roacetic spirit). This strip
of silk is wound round 24 inche# of the rod smoothly in a
spiral, overlapping one-half in eadw turn. This is repeated till
a double layer is formed. i

When this dries, it constltuteso]a flexible non-conductmg
coating, which does not soften by ,he sun’s heat, and is not
affected by rain.

This silk and lac coating is also glim to the rod where it rests
on the permanent posts.

When a supply of the silk and eac solution is not procurable,
Madras cloth, or any similarlvostrong and porous fabric, may be

.used instead, being saturated with pitch softened with a smal}
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proportion of tar. ‘Lhis is, however, by no means equal to the
silk and lac envelope.

The rod, having now been placed in its position, is to be
cleated down on the bracket and secured by four screws, one
in each corner of the cleat, great cme being taken that the screws
do not touch the iron rod.

The post and bracket should now be painted with a mixture of
Gurjun oil and any of the earth paints, such as the Geru mittee,
or coarse Armenian bole, common m the India.. baznars. Coal
tar may he used, but white-lead, copper greens, or other metallie
paints, should be carefully avoided.

A lghtning conductor is next to be atta hed to caeh of the
pormanent posts, This conductor consists of a piece of iron rod,
the same as toc line, inlaid in a groove in czch permancent post,
penetrating between the post and the .crew pile for at least
6 inches, and 6 inches below the metal cap turning ovtwards,
0 as to keer 6 inches clear of the line rod, and then project
6 inches above the post. The conductor is secured in its place
by three iron staples driven into the post at equal intervals.
The ends of the lightning conductor are to be pointed and tinned.
If galvanised iron be not available, common iron rod, painted
with coal tar applied hot, may be used instead.

Besides uhis conductor attached to each post, each river line,
every office, and all the instruments, have special forms of pin-
tectors, which will be subscauently described.

THIRD STAGE—PE MANENT DOURBLE LINE,

A double line is regerded s essential, finally, to allow of the
use of instruments, which ¢ inot be worked with a single line--
to permit of long or throug’ correspondence with dixtant places,
free from local interrupti ns—and to enable one line to be
exclusivel devoted on cert: n occasions to the transmission of the
despatches of Government : 1d of public departments.

The extension of the seed 1d rod is effected, as in the case of
the first, by the straightening . achine already deseribed. When
the joints are all made, the rou is to he lifted on the bracket,
and the first rad removed from the centre to onc side, where it
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will rest on the groove of the stoneware £sulaMr, the binding
screws being dropped in loosg ; and prepaations are now made
to apply an equal strain to both Tods, sq as to bring these into
8 paralle]l and level state. «
‘Wherever a styong tree is available,
it can he made use of in the straining
operation. Jfit be negessary to strain
on, gue of the line-posts, four ¢ «tronfr
props should previously be applied,
to prevent its being drawn out of the
ground. The post is on no account
to be notched for the props, but a
cast-iron clamp is to be serewed round
the post, against which the props
may lean. A post, the collar, and two
of the props, arc showtd in the ac-
companying ‘eut (Fig. 28) ‘

The operation of strdining is very greesly fucilitated by the use
of , tempongry intermediate props.  As the flving line will afford
a large supply of bamboos or other light#imber, thesc may be
used crossed, ke “shears,” or the supports of lines for drying
linen. The greater the number of these employed. the easier is
the straining, and the less is this liabl§ to injure or dislocate the
pemanent posts.

It is necessary to state here as prominently as possible, for the
guidance of the artificers trained thf 3 year at Warley, that the
strong straining posts of oak, of vhich four were used on the
egperimental lines, were employed + >lely on account of the short-
ness of these lines, and such will m\ be used in India, Tt is the
more necessary to advert to tlns, a3 the straining posts at
Warley were all perforated for the 1 _ssage of the rods, while ne
perforation can be permitted or is }quu‘ed in India, where the
length of the lines allows of the sti ining being commenced in
the centre, not at the extremitics, an/" the flying line affords such

4 an abunianee of temporary prop; & almost to render straining
unnecessary.

When required, it is best - performcd ‘by the ercction of a
temporary but very substantial straining post of saul or teak

Fig. 98,
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timber 7 or 8 inches -quare. One of these, placed on a truck
with four wheels, shonld accompany each party. The beam is
22 to 24 feet high, shod by a screw pile 6 feet long, and has two
grooves at top, 4 inches deep, to receive loosely two double-eye
bolts, each 12 inches long, of haif-inch galvanised iron. The
post is erected under the lincs at a place convenient for the
erection of the scaffolding. and at the lowest part of the line to
be braced up. The post is screwed 6 feet in the ground, and
its top rises befween the two line-rods, whicl. are then firmly
clamped to the post by two powerful screws, which pass through
it from side to side. The screw-clamps are 4 inches apart, and
a wedge of iron is driven in between, to ail in preventing the
slipping of the rod.

A platform or scaffold of loose poles and “ards is now erected
about the post to support the workmen rnd the straining appa-
ratus. The post rises above and between the rods to th: height
which the line is lo be when braced tight up.

A straining screw gnd vice, shown in deuwil in the cut (Fig. 29),
are now sccured on the post below the eye-holts by the iron arm,
and both line-rods are seized in the jaws of the double vice,
which is then screwed up by the winch, thus bracing the
wires two feet. The jaws of the stationary vice, through
which, prev.ously loosencuy, the rods have moved freely, arc now
tightly screwed together, so as to retain the rads whilc the muin
screw and moveable vice- are looscned and returned for another
journey.

The portions of the rods between the moveable arm and the
post are now in loosc Joop: between the post-clamps and the
stationary vice. By relaxing one of the post side-screws, the
loop may be brought up :) that it can be eut in the centre*
between the side-screws, a « each end be passed through the
eye-boit resting on the’ gror se at the top of the post.

A second journcy of the bracing screw should now be made,
the portion of the rod gain ‘d secured, and the apparatus turned
in the opposite direction, to ‘rain on the other side. This alter-
nate straining should be carric * on till the line is braced, so that
the lowest purt subject to the stiain shall be 16 feet clear above
{:he ground,
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Temporary props being now placed undr the lines near the
straining pust, this és removed. The ends . f the rods are turned
into hooks on the eye bolts, shd an ingot of zinc is carefully cast
over each hook, in the manner already pownted out.

Fig. 29,

[

The te}pornry props and scaffolding are nw to be taken away.

This strainirg operation is to be performed as sparingly as
possible. Moderate curves on the line are not objectionable.
All that straining is required for is to elevate the lowest part
above sixteen feet from the ground. The application of the
straining apparatus once in a mile will be amply sufficient.

During the straining, men shou'd look carefully along the
posts, balf 8 mile at least nt each ide, to prevent any locking
of the rods on the insulators, or (?/stortiml of the brackets and
c-ps. When the bracing is com]lete, the screw holts on the
insulating caps shonld be screwed t. thtly up, sad melted cement
poured into the cavity; finally, a layer of cement, one inch
thick, should be poured all over the ‘.")p of the bracket.

OVERGROUND LINES N ENGLAND,

The Eaglish overground lincs ar constructed in all instanees
along railways. The wires arc . “best common” iron, gal-
vauized, five miles to theton. The posts are of fir or larch, 50 or
60 yurds apart, from 10 to 25 feet high, 4} to € inches in
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diameter, penetratin* 3 to 4 feet into the ground. At every
quarter-mile, on seve al lines, are straining posts, 7 to 10 inches
square, with ratchet-wheel winders for tightening the wires.

In the lines constructed by
Mr. C. V. Walker the dis-
tinguished superintendent of
the South - Bastern  districts,
the wires are attached to the
posts by side brackets, as
shown in the drawing (Fig.
30). Mr. Walker’s insulators
are of brown salt-glazed stone- {
-vare, of the hour-glass shape
shown.  Through these the
wire is threaded, and is braced
up tight witnout any fastening.
The insulate - itself is bound
to the bracket by severz] turns .
of wire passed outside the R
narrow part of the insulator, and entirely unconnected with t
telegraph wire within.

Mr. Walker has lately enclosed the wires and insulators, where
no more than four are used, in a thin wooden box, like a pigeon-
house—and this system, he informs me, gives more cflect.ve
insulation. .

The chief objection to the hour-glass-shaped cones is their lia-
bility to fracture. Every se ere storm displaces them in varying
numbers, and then the line 1 ust be cut to thread on new cones
or a much weaker form, ope  at the side, must be employed.

In India this form of con . could not be emploved, with refer-'
ence to the weight of the iron rod, and the means of fastening
this at each post. But the ¢ is another objection—in the liability
of all su~h hollow cones : nd similar openings to be built up by
spiders, ants, wasps, and countless other insects, some almost

¥ microscopic, which fill up ‘most immediately every tube |
crevice to which they can gaii. access.*

* Blowpipes, clarionet reeds, month-pieces of pipes, &c., left on a tablé:
Yor a few days, are commonly found to be filled up in this manner.
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The pigeon-house tops would be objectignable with us, for the
accommodation these would afford to dparrows, the Indian
minsh or starling, to squirrels, tree snakes, &e. Even on the
Tlastings lines the writer has seen the straws of sparrows’ nests
protrud‘ng from more than ote of the boxes.

Mr. Walker's inggnious llbhtnmg protectors will be more
appropriately described under the bead of Office arrangcments,

On the Eastern Counties, Great ﬂorthern, North-Western,
and Southamptex lines, and i those under the management of
Mr. Edwin®larke, the lines, ns regards the posts and wires, differ
in no 1mportnnt degree from those just described.

« The wires are astached to cross bmcke.ts, as shown in the
figure. L

The insulator is ¢ very strong stone-ware hook, open at the
side (see Fig. .31), so that the wire can be jfaced on the hook

without threading, and

the hooks can be re-
placed in casc of break-
ing, without cutting theh
wirf. This is further se-
curely fastened to cach
insulator by turns of
* thinner wir, twisted
round the hook and line
wire, like the wires on
a soda-water or cham-
pagne cork round the
neek of the bottle.  They are slso Hirther sceured by solder.
* It is attempted to keep the neck of the insulator quite dry by
-an inverted cap of zinc(Fig. 31), anV' the efhicacy of this arrange-
§ ment is strongly asserted, especmlly with reference to dews and
fogs.
On Indian lines these zine caps cogld not be used, on account
of the objections already described in noticing the hollow ‘cones
‘dopted by Mr. Walker. 2
On many of the English linesothe traveller notices a great
number of wires. These are used either for as many different
stations, for each of which a constaut communication wmav be

Fig. 31.

<
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desirable; or to cnablg, on busy commercial routes, double or
treble, or even tenfol {, the messages to be transmitted which
a single line eould convey.

The English lines are, on the whole, too slight and fragile for
imitation. Every gale damages them in exposed situations.
The joints in the wires are, generally speaking, made with but
little care.  On every line the writer has examined he has, in
many wases, secu joints merely of twisted wire wichout solder.
The association with railways is, ..tly, ¢ cause ~* very common
interruption. FEvery time a carriage or engine gets i the rail
the tclegraph lines are damaged ; and it thus happens commonly
that when their functions are most urgently required no signals
can be transmitted. The insulation is verg®imperfect, much
inferior to that in France and Prussia; and the distance of
dircet communicaticn in bad weather niuch shorter thun need be
the ease were a better system adopted.

In the lines between Dublin and Galway, Mr. Henley employs
insulators of thick gefta-percha plates; but as this substance
softens to the consistence of honey under an Indian sun, this
method requires no {urther observation here.

All the ahove objections arc so strongly felt—- ith rcfercnee,
morcover, to circumstances detailed under the head of the subter-
ranean lines—that there it now a strong tendency in England to
abandon altogether the present mode of construction—to adent
the subterranean plun—or to muke use of the common roads,
employing lofty posts, and -wore substantial materials of every
kind, as we shall presently find is done in Prussla, and still
more remarkably in Piedmon aud in India.

The total length of telegruph lines in England jn Augus,,
1852, was about 3.300 miles, cxtending from Dover and Ply-
mouth, on the south, to Dundce and Glasgow, on the north,
and from Lowestoft, in the east, to Holyhead, in the west.*

FRENCH LINES,

* The following remarks on {"ie construction of the French lines

are founded on observations made, under full official facilities
* British Almanac, 1868, p. 34.

E x
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on the lines connecting Boulogne and Paris, and Paris and
Strasburgh

'The lines are all overgrouhd, except in the principal cities, of
galvanized iron, No. 8 gauge, supportid' on fir or poplar poles
from 12 to 30 fect high, plutted 4 feet in the ground, the poles

pickled in a solutiop of sulphate of copper, which, by the expe-
rience of slx years, has been found a perfectly efficacious pre-
servative. The poles are painted a pale yellow colour,'und are
150 feet ay ~ The #umb&s of wires is never less than two,
but scv wires are frequently supported on the same poles.

In Paris, for the local service of the mmlstena.l offices—the
pohce, the fire bnga.des, and the military posts—wires are led at
immense spans d¥er the houses and streets, across the squares
and the river, the #Jistance, in some instances, being over 500
yards—for example, in the span from the Prefecture of Police
across-the Séine, to the corner of the Mint. .

Along the quays, from the esplanade of thé Invalides to the

fortifications, the line# are erected on hght cast iron columns, 12

feet high, let into the stone masonry of the parapets, and each
columfi carrying a top of ash or other tough wood, six feet high.
On this woodén piece the insulators and wires are supported.
The average cost of each of these compound pillars is 120 francs,
say £5. The weight of iron is 233}4bs. avoirdupoi..*

Insulation

On all the French lines insulati/; is now effected by means of
javerted cones of white porcelain, )]

, ‘Within each cone aniron hook is inserted, on which the line wire
is suspended. . The hook is twisted once or twice round the wire,
80 as to secure this from displacement by lateral strains. The
iron hook is cemented into the cup by sulpbur, for which
M. Vinchent, the director of the Belgum lines, has andxmously
uubstxtuted & cement of sulphur and iron, which sets to the

* The extraordinary rise in the pﬂcfof iron since August, 1852, renders
_i% “difficult to set a fair value on iron work at present, but in common
“#tates of the market the post.s above described t be cast and shipped

fue fourteen ghillings each.

} inches deep, highly glazed.
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hardness of stone, an possesses great meehanical st‘ength in
which snlphur by itsel is deficient.

The effect of these insulators is excellent. The inverted
conical form causes rain to run off, lenvmg the inner surface
dry.  The white colour and high
polish prevent the deposition of
dew which takes place so +apidly
on hrown glazed stoneware. Th~
price is, further, very moderate
—3d. to 4d. each, delivered at
Bordeanx.

The insulation effected by these

Fig. 82.

has himself witnessed, Paris com-
municates in the heaviest and most
general rain with Strasburg, 312}
miles, with Biassels, 2311 miles,
with Bordeaux, 284 milus, with-
out repetition of the signals on
the way, This is the mare re-
markable as the instruments used are by no means sensitive,
and the hatteries not more than 40 couples of the carhon, or 60
of Daniel’s elements.

The insulators above described are not strong mough X
heavier wires than those used in France; and as many cir-
cumstances, afterwards expli ‘ned, lead to the wse ig India of
metal nearly four times more massive, the French w@s cannot
be used except in some short lucal lives, or for river crpssings, .

Lightning Conductors on the Lines.

Besides the lightning protectors for offices and instruments to
be subsequently noticed, M. Foy, the eminent Director General
of the French Telegraphs, has introduced scveral admirable con-
f¥ivances, some of which have not been described in prmt, and
all of which he kindly permitted the writer to examine in detail,
and describe in these pages.

wTo guard the lines from lightning, at every fifteenth mﬂe an
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iron post js erected, carrying an iron plate, having as many round
apertures as there are wirgs, and through thesc apertures the
wires pass without touching. Lightning striking the line
having to pass through these holes, fla hes off to the iron plate,
and thus escapes harmlessly‘’to ghe earth.

This contrivance és further found, according to M. Foy’s ex-
perience, to jntercept to a great dogige the natural and ip*1ced
currents of clectnclt) ﬂomn&through the lines.

This isem ‘object: of great importance. In India we have
found that in all the telegwph lines running north and south,
in the finest-as well, a8 in bad weather, a strong natural current
of electricity is always flowing in the lines. 'This current deflects
the needle of the galvanometer telegraph hard up to the wet
and is accordingly the same as one from the zine sifie of a battery,
It is strongenough o give magnetism to soft iron, and when
reversed it strikes deep blue stuins on chemically prepared paper.
Onu the enst and west lincs it does not exist, as ‘fav as owr oppor-
tunities for obsetvation have extendeds

Agmﬂ every distant thunder-cloud affeets the line by induc-
tion, and every flash of lightning within at least fifty miles,
without stﬂkmu the line, causes an instantancous wave of in-
duced electricity to flow through the tclegraph system. This
wave is often so intense as to cause very startling éffects in the
‘slfices—sparks snapping with the noise of dctonating caps—
smart shocks to incautious assistants—deviations and derange-
ment of the needles—and permgment polarity in the electro-
magnets. The alarm bells are tl;{; commonly rung at night by
*he induced effects of thunder-chouds, the llghtmngs of which
re not visible at the station, and which do not even upproadx
the telegraph Jines.

The line and induced eurrents now deseribed have cansed great
difficulty in all the first trials of the Indian telegraphs. Under
the head of instruments this will again come under notice. M.
Foy’s system seems likely to conquer the difficulty altogether.
One of the first special experiments to be made on the Indias
lines will aceordingly be the trial of a sufficient number of the
m?erceptou on'M. Foy’s method.

But as lightuing dlschn:ges can never be totally withdrawn or
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carricd off by any lateral conductor, M. Foy provides the outaid¢
of each office with a sp.cial apparatus of much efficacy.

A box of cast iron, 18 inches square, opening in front, is pro-
vided with wooden shelv ‘s, one for each line. Thebox is con-
neeted with the earth by a rope of 1ron wire led into a well, and
ending in a copper plate. On each woode. shelf a thin copper
wirc is arranged so as to give about 100 turns, at each of which
it presents an acute angie close to the side of, but touching, the
iron box. A lightning charge cntering the.box na. *o travel to
and fro on this line, and at every turn the sharp points give off
portion of the charge to the iron box, snd #<arly the whole thus
passes to the carth before it can enter the office..

In the offices further precautions are adopted for each instru-
ment, which will be subsequently described.

A certain number of M. Foy's iron boxes will be provided for
trial and observation on the telegraph offices at presceat vpen in
Bengal.

It is, at the same time, but fair to state, that up to thi«
time the arrangements on the Calcutta lines have suificed fo
gnard the offices and signallers against all scrious injury, although
a single north-wester exposes them to greater danger than wonbl
the storms of an entire year, such as thosc experienced in
England or 1n France.

Lines on Common Roads.

Scveral lines exist in France on common roads. The poles i1
such cases are much bigher than ou the railways. hgtcmlptions
are seldom suffered, even in periods of great politienl eonmotion.
On common roads a watchman is employed at every ninth
mile. .

The crossing of rivers is in France invanjably cfected by lines
led above water and along the parapets of the bridges, The
Rbine is crossed at Strasburg on posts erected on the ice-guards
(brise-gluces) above the bridge of Loats, between Kehl and th
French side. :

D2
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4
THE PADEN LINE.

This at present extends from Manbeim on the Rhine, vid

Carlsruhe to Kehl and Stragburg. AW despatchies from Trieste

e for Paris and Londou

tig.83. now come by this route,

and ar¢, repeated- tght
times ou the way.

The line is of copper
wire, the posts very slen-
dev. and of themost com-
mon wood, unpainted,
but 100 feet apart. o

The insulators are of
a v:-ry coarsely glazed
eartheliwure, cemented on the top of the spar by plaster of Paris.
The wire is twisted round the neck of the cag. Where two
wires afy in nse, one is carried on an ifon hracket at the side of
the pole.* .

¢ Baden Lightning Conductors.

These are on the plan devised by Steinheils of Munich,
several ycars ago. Similar contrivhnees on a mach smaller
setle have lately becen patented by Mr. Dering in England.  The
oiFecrs in charge at Carlsrube speak of their efficicney in igh
terms. .

Two brass plates, each 8 inchesiin diameter, and each con-
neeted by a strong wire with the larth, are placed, one at cach
fude of, parallel to, but not touching, a similar hrass piate con-

" nected to the telegraph line. Lightning diseharges explode
across these plates and proceed by the outer ones to the carth
withont causing injury to the line, station, or instruments.

These plate conductors are used at each station, and placed
just over the door, 80 as to be sheltered from rain and fo he casily
aceessible, .

* These insulators are good in principle, but the material very bad.
3iy, Bourne, of Macclesficld-street, City Wharf-road, Londen, now makes
thyw, from the Jmtems given bim by the writer, of the finest brown
stofje~ware for 5. each.
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A very simple modification of this apparatus is used in the
Indian offices, and is described under that head. ’

Fru»kfort to Mayence.

The Daden line terrainates in nne direction at Frankfort, from
which city a short branch extends to Caste', oppositec Mayence.
The %ue is construeted in a very faulty and objectionable way.
The posts are shout, slender, and weak ; the line, a single copper
wire, unstrained, in many places hanging loosely 1. ™ the posts.
For insulation the wire rests on a noteh on the top of the pole
in a fold of Tudia-rubber. A picee of painted tin plate forms a
pent roof over the cntire. No lightning coaductors are seen
along the line. On the whole, this was the worst line which came
under the wrirer's notice.

THE PRUSSIAN LINES,

These are a.'mirably constructed in every way, and are well
seen at Deutz, opposite Cologne, from whence the system
radiates to Ilanover,
Belgium, and DBerlio.
One of the most inte-
resting branches is the
one now in construction
from Cologne to Ehren-
breitstein, opposite to
Coblenz, along the com-
mon road, and about 60
miles long. It is in-
tended chiefly for the
transmission of military
despatehies, and for cor-
respondence  between
Berlin an? the King’s
summer pelace at Stol-
zenfels on the Rhine.
The line is tople; the posts 20 feet high, 6 inches diameter,
120 feet apart, of the best timber, pamted above ground,
Aharred where they cnter the earth.  The insulators ave of white

Fig. 31
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porcelain, 4} inches high, 3} wide below, 4 inch thick, very
strongly Lupported on thick iron brackets, in the manner
shown in the unnexed figufes. Each post carries a lightning
copductor of pointed copper wire, conngted with the grouml..

In solidity and insulation thc§e lines are the best the writer
has seen, and ure stgted, on high authority, to be the strongest
in Ewrope.  Twelve carhon elements, without nitric ucid}‘\gprk
the Americahi instruments between Cologne ahid Bediri] 3903
miles, withggsrpetitiofs of e signals, 1t is gratifying to add,
that in mﬁ%iw:eness and styength, and quality of material, the
ndian lines will stil] far exceed the Pmssi'nn, leaving but little
doubt of our conrinuhicating distances, without repetition, ex-
tending to a proportionately greater length,

'BELGIAN LINES, )

At Vervicrs the Prussian system terminates, and we again
mect that of France. Belgium las no gpeeial system of its own.
Trom Verviers to the French fronticr the French mode of con-
struction ds followed, Between Brusdels ind Antwerp, and in
the direction 6f Holland, the posts and insulators are the same
as on the English lincs.

THE AUSTRIAN LINES.

These are described, on good authority, as closely resembling
the Prussian lines. In both countfies the subtcrrancan system
has been extensively tried, but aBandoned, owing to the exces-
¥lvely bad quality of the gutta-percha covered wire. (See neat

* chapter.)

PIEDMONT.

In this country, which the writer proposes to visit on his re-
turn to India, it is stated that some of the telegraphic arrange-
ments are of & highly interesting character. From Arquata to
Genoa, the wires have been carried from mountain to mountain,
over ravines)of vast depth, and are supported on masts distant in
some places more than three quarters of a mile apart, while oc-
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casionally they pass underground, as the level of the country may
require. M. Bonelli is the engineer.*

TH." AMERICAN LINES.

These are exclusively overground, cven in the largest cities,
where the wires are carried over the houses. The first line was
constructed in 1844, There are now over 18,000 miles in full
work. There are two distinet lines between Phiiadelphig and
New Orleans, about 2,000 miles Cstant  On pro<t lines a single
wire is used. Lofty pine spars are employed, wi. glass bell-
shaped insulators, of the same form as those figured under the
head of Baden. In lry weather, and durng frost, the American
lines convey signals through distances of 700 to 830 miles. DBut
the most recent writers state positively that, in rainy or foggy
weather, *“no relience can be placed on any line in the country.”
To the use of glass insulators this failure is ascribed, as these
are stated to coudense and attract moisture more than any other
insnlating substance. The writer we qote from recommends
the trial of shell-lae and wooden hrackets.t

We shall have to revert frequently to the American lines‘in
the sequel of this manual. The interruptions th~re experienced
are chiefly from tornadoes, thunder-siorms, and the falling of
lofty treex—casualties very likely to visit owr Indian lines also.
At present, in Ameriea, cach company employs men to guard
their lines.  In the populous districts of the north, one guard is
stationed at every forty or fifty wmiles. In the dense southern
forests the gnurds are stationed at intervals of every tv.cnty
miles, gaud their duty is to (xamine the lines incespantly, espe-
cially afier storms.} ’

In concluding this notice of the Indian and other overground
Yines, it is desirable to state in detail the facts and reasons which
have led to the sclection of the heavy rods of 1,120 lbs. per
mile, instead of the wires employed in other countries.

* Dritish Almanac, 1858, art.  Flectric Telegraph,” p. 41. ¢
+ Amerimn3 Tclegraph Mayazine, New York, No. 3, 15th December,
1852, page 123, i
I ¢ Jgug “ Historical Sketch of the Electric Telegraph, New York,
L 1852," page 95.
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In the lines constructed by the writer in the vicinity of Cal-
cutta in 1883-39, with ordinary wire, it was found that fraetures
were incessantly caused Dby*violent storms, by lightning, by
swarms of birds, aud by monkeys—byfrusting—and by mis-
chievous persons, .

In 1850, when ordery were gwen to constriict + line to Diamond
Harbour, partly subterranesn, partly overground, no wire jvas
procurable, biit there was an sbundance of rod ‘iron of $inch

available in thesSslcutta market: Bemg in lengths of only 13 feet
6 inches, difficulty was experienced in welding it up; still the
line was rapidly ereeted, and 80 miles of such materiul arc now
in operation. Thesc lines have withstood the terrible hurricancs
of the 24th Oetober, 1851, and the }th May, 1852, without a_
single fracture. Swgrms of birds ocenpy them vnthout damage.
If blown down, cattle, garts, buffaloes, and cten clephant\, pass
over them without injury. Monkeys, described ir the latest
official reports, as being almost as large as B(,nonlgcs, swarni on
the lmeinear Kedgerce. The rods egpmot be broken or cut
without ‘the use of smiths’ tools. Rusting causes but inap-
prcciable harm. Owing to the great mas$ of metal, the rods
present so litthe resistance to the eleetric ewrrent, that no i~
sulators whatever are required on the present lines, through
which we work without interruption dfring tropieal <cluges of
rai, with batteries of from two to six clements of platinum wirc.
In point of expense, the rods now adopted cost on our present
contract hut £7 per mile, and we obtain them now in lengths of
}-mile, so that the difficulty of welding is obviated. All these
facts arc on official record in the reforts of the several officers
- A[)IO) ed on the Bengal lines. An extract from that'by Mr.
Biddons, dated Calcutta, the 2nd June, 1852, well illustrates the
subject ¢

« The telegraph is going on as well as I could hope for under circum-
stances which have occurred since your depariure.

“ On the night of the 14th May, Calcutta and its vicinity was swept
by one of those devastating hurricanes which visit India once in fifty
veats. ] must refer you to the newspaper files, which I supjose to be
cadily procurable in any of the lurge towns in Englaud, for particulars
regurding this cyclone. I may, however, as well mention that we look
upox‘this hurricane as the most furious ever remembered in Calcutta. The
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wind fairly screamed for cight or ninc hours, and shook the very firmest
of our pucka buildings. To give you some idea of the forceof the wind,
the chief magistrate has officially reported the fall of forty-four pucka
houses, some thousands, of huts, and the destruction of an immense
number of trees of the L vgest and stateliest kind. The conservancy
department carted away 40,000 birds .he following morning, consisting
priuncipally of Lites anu erows, and these only from the collection made
from the compeunds of private houses. In addition to these accidents, I
res. ¢ to add th-t the loss ¢ human lifc has been grest both on shore
and afleat. The shipping suftered severely at the sand keads, and there
is scarcely a pinnace, bauleah, or dingee renwining od "leutta; the fine
boat we had from Dr. Chapman for our guard boat some months ago is
among the things that were,
“I\ow to return tc the hurricane. The wind upset several of the
bamboos between the place where the jron rod springs from the under-
. ground linc and Bishtapore. It also destroyed many of the bamboos at
this place, laicl in ruius the station-house at Bishtapore, and blew down a
part of the line between Bishtapore and Moyapore. The lads at Bishta-
pore did good service; for, when they found their station gone, they
joined the Diamend Ifarbour line on to Calcutta, which allowed us, with-
out more than I alf-un-hour's interruption, to keep up the communicsation ;
and as the Kedgeree line was in full work also, we did our work well,
and reported allethe disasters with great promptitude, which bad occurred
outside. Yor three Cays our office presented a curious scene (i.es the
outside of the officc) : tho street was crowded with carriages, buggies,
and cvery description of vehicle, with parties enxiously awaiting our
bulletins, which were placarded as the news was reccived.”

If we contrast the above report with the statements published
in the English papers regarding the damage to the Engiish
telegraph lines daring the storm of the 26th December, 1852,
and comparc the Calcutta interruption of half-an-hour st mid-
night with the total cessation of work for days ow' many of the
English lines, we find ample reason to conclude that the thick
rod system is the only one which affords a chance of establishing
overground lines of electric telegraph in India, '

Norte.~—In page 44 it has been omitted to state that the double wrench
handle of the straining apparatus can cnly be used while the wires are
braced for the first journey. After that a single lever wrenchi must be
employed, to prevent its being stopped by the wires.

Db
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PART III.

¢
. .
CONSTRUCTIQN OF SUBTERRANEAN LINES,

BiFoORE we enger upon the exact ands practical ;letails of4he
various steps to be followed in the construction of that part of
the Indian luﬁﬁlch is to run underground, it is neccssary to
giwe a sketch of the history offthe subterranean system.

In perusing the published aceounts of the progress of the
electric tclegraph, we find that nearly every one whose name is
associated with its advancement has attempted to employ the
subterranéan in prefefince to the overground lpetho('i. .

In 1809, the illustriou$ physiologist Socmmering proposed the
construction of an electric telegraph, consisting of, 35 conducting
wires, each to effect chemical decomposition, and <to be laid in
. glass or engthen pipes, each wire insulated with silk.

o In 1816 Mr. Ronalds, of Hammersmith, .constm(-ted a tele-
graph lme, partly subterranean, the wircs in the earth being en-
closed in glass tubes, surrounded by a wooden trough filled with
pitch. Ile proposed the tubes to be bugied six feet deep.

M. Trehouillet, in 1828, proposed an electric televx-aph to be
workéd by a single wire covered with shell-lac, then coated in
silk, and afterwards with resin. This insulated wirc was then to
be buried in the earth, in glass tubes, carefully luted and joined,
80 as to be water-tight.*

Ir May, 1837, Mr. Cooke took out a patent for an glectric

‘te]'ggrnph the wires of which were laid in iron pipes. This was
constructed on the London and Blackwall Railway, and was sub-
sequently tried, with slight success, on some short lines else-
where.

In April, 1839, the author, in a paper published in the“ Jqur-
nal of the Asiatic Society,” proposed a subterranean line for
India, to be constructed of wire, coated with pitch and cloth, and
buried in a trench two feet deep, along the common road.

" The Electric Telegraph. By Edward Highton, CE. p. 57.
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In 1842, Professor Jacobi constructed a subterranesn line
from St. Petersburgh to Tsarskoésoélo; the wires werc®conted with
Indian-rubber, and further encasec in glass tubes.*

In December, 1843, Vorse laid a line of ten miles underground,
in leaden pipes, on the road betwee.1 Baltimore and Washington.

Although, in all the attempts above referred to, the results
were unsuccessful, through failure of insulation—and although
the ovgrground system introduced by the writer in 1839, and
subscquently patented hy Mr. Cooke, it. 1842, ). ~me universally
adopted in Europe and America—nevertheless, the many obvious
advantages of a good subtcrranean system induced many tele-
graph enginecrs Lo continue their attempts ia this direction.

The discovery of gutta-percha, by Dr. Montgomerie, of Singa-
pore, in 1843, has supplied the material b the usc of which the
objeet so long sought is now successfully accomplished. It would
be tedious and profitless 1o describe the several stages of alter-
nating failure and success in the efforts to nse this invaluable
substance as an insnlator for subterrancan lines. The most re-
markable trial was that by M. Siemens, an eminent enginecrr in
the Prussian service, under whose directions some hundred miles
of wire, coated with gutta-percha, were laid down in Prussia, in
1849 and 1850. The gutta-percha used was, however, incorpo-
rated witl sulphur, and wois mixture proved fatal to the under-
taking. The lines fuiled altogether, and are now being repla~ed
by others on the overground system. The gutta-percha covered
wire accordingly fell into general disrepute, from which it pro-
bably would never have been rescued, but for the perseverance
and skill of Mr. Statham, the manager of the buttn—pérqha
Compauy’s works in London. By close and patierit study of v...
material, and by excluding all admixtures of other substances, M1+
Statham succeeded at length in producing goated wire, the excel-
lence of which has been conclusively demonstrated by the per-
fect success of the submarine telegraph line now in operation be-
tween Dover and Calais,

“Le pl;cement des fils conducteurs dans air n’est qu’un pis aller: leur
installation sous terre est lc seul moyen parfait ; mais je considere comme
une des fatalités de ma vie, la neceasité ol je me suis trouvé de mq'mg

de cet épineux probleme.”— Letter M, Jacobs to M., Breguet,
De Moigno's Treatise, 2nd cdit., p. 294, ~
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The introduction of wire coated in this perfeet manner is
cffecting a great cbange in the construction of telegraph lines.
But the high price of the article, and the heavy collateral ex-
penses attending its employment, preveyt, at present, its uni-
versal adoptmn For the Indian double line, the overground
method is found less costly than the sibterrancan, in the
proportion of 34 to 60, amounting to a difference of £78,000
in favour of tif: overground line, on thic scale and to the C\th
sanctioned by Gewernmen.

Costly though it be, accm-dmg to the present rates of manu-
falture, there are certmn localities in u}nvll the gutta-percha
covered wire must be employed especially it India.

In the great itics, such as Agra and Delhi, it would be found
exceedingly objectiongble, with reference to the habits of the
native community, to atfempt to lead the linesaboye the houses,
as in Pagis, or éven in their close proximity, as in the American
cities. And in many great thoroughfares, whcre'el.(-plmnts and
camels PY in considerable numbers, it would be impossible to
proteet telegraph posts from dangerous collisions,

The gutta-percha coated wire has been decordingly adopted
for use on the ¢ndian lincs to the extent of about 700 miles of
single line. We have, therefore, to study in detail the propertics
of this remarkable substance,

Properties of Gutta-Percha.

Gutta-percha is the milky juice of a large tree, the Jsonandra
JAndta, extracted by incisions in the tree, and dried befove the
sy, or by evaporasion at natural temperatures. Little care being
ohserved in the firocess, the gutta-percha is much mixed with
particles of bark, shreds of leaves, and other impurities, and is
delivered in commerce in blocks of an irregularly square shape,
and various sizes, of a yellowish brown colour, and contaiming
from 10 to 25 per 100 of moisture. Heated to 280°, it melts, or
rather softens, to the consistence of treacle. At 140° it is still
soft, but very tenacious and adhesive, and kneads together into
. p copsistent uniform mess. At as low a temperature as the
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freczing point it contiiues flexible, und frec from britticness, or
tendeney to eracking.  When purified, it is totally‘insoluble in
water or spirit of wine. It is no. acted upon by acids, alkalies,
or saline solutions, an is insoluble in fixed oil. It does not
unite with melted wax, suet, resi, or pitch. It is very ductile
when soft, but not elastic.

In chemical composition, gutta-percha is nearly the same as
caouﬁcl.\_uuc. or Indian-rubber,

Like caoutchoue, it is dissolved by sulph.a’~ ether, by the
liquid hydro-carbons, chloroform, and rectified oil of turpentine,
from all of which solutions it is recoverable in its original state ;
but gutta-percha thus dissolved and recovered becomes whitish
and brittle after a short time, and ceases to be applicable for the
numerous ) irposes which, when prepared as subsequently de-
seribed, it is so perfectly adapted.

When freed from impuritics, by the process of mannfacture
afterwards detailed, gutta-percha has been proved to remain
totally unaltered in tresh water for four ,cars; in salt water, for
more than two years; in wet carth, for five ycars. These facts
denote the great pobability of its continuing unchang.d in the
same media for an indefinite period.

Of all substanccs yet subjected to experiment, gutta-percha
proves to he the best ins.lator or non-conductor of electricity.
Caoutchoue and shell-lac approach it ncarest im this most
valuable property. Asphaltum, pitch, and the resins, are far
inferior to gntta-percha in insulating power.

As far as experiment has yet beeg carried, it is mot attacked
by white ants or other rodent inscets, but, like all tasteless sub-
stances of its consistence, it is liable to be gnawed by rats a~?
mice.

Gutta-percha is collected in various localities in the Malayan
Archipelago, in Borneo, and all the adjaccnt islands. Singapore
is the mart from which it is exported to Europe, and the quan-
Yity exported now amounts to 4,000,000lbs. annually. Its
price, delivered in London, during the last ycar, ranged from
€3 195, 4d. to £4 4s, 0d. per hundred-weight. 1t is free
from duty.
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BManyfacture.

The first object is to free the crude #rutta-percha from the
impurities ahove described.  'Thig is done by cutting the blocks
into thin slices by a heevy wheel of cast iron armed with blades,
like those on a carpenter's planc. The wheel revolves with
great velocity b\ stcam power. The blocks fall'on the, Knife
edges from an #Eltned shéif, and the shavings are carricd through
openings in the wheel. .

The slices and shavings are next placed ip warm water in an
iron cylinder, wjthin Which a shaft revolves armed with numerous
knives, which cut and tear it into shreds. Most of the impuritics
are thus separated, ar€ fall to the bottom of the cyltnder.

The shreds ape now beiled in an iron trough; heated by steam,
and are thence removed and dried. In this state they are com-
pressed by a “piston in a hot iron cylinder, through numerous
layers of Wire gauze, and are thus filtered from all remaining
lmpgmtu.s

The gu%ta-percha is now kneaded in cast-iron closcd boxes, by
massive fluted Follers, kept hot by steam, which thoroughly
incorporates the mass, and expels all adhering moisture. When
it: ceases to emit vapor, it is reqgdved frém the boxes ik a choco-
late=toloured, ductile, wax-like mass, and is now fit to be applied
as & coating on wire, to be rolled into sheets, which may be made
as fine as tissue paper, and to be compressed into objects of
infinite variety of form,

* ‘

L]
gpla
Covering of Copper Wire.

o

The wire used is No. 16 of the Birmingham gauge. One
English mile of 1760 yards, weighs 60 to 63 pounds avoirdupois.

The wires being mounted on a reel, one end is made to pass
through a brass o steel conical die or guide, centered exactly in
& brass box. A brass or steel tube of conical shape, encloses
this die, 1 an interval of the thickness of the gutta percha
coating. h this interval the gutta percha is squeezed
from a bﬁ& X, opening into a cast-iron cylinder heated by a



JOINTS, 63

steam jacket, by a serew impelled by steam power. The wire is
at the same time drawn through by a workman, who winds it up
in the covered state on a reel placed at the opposite end of a
long trough of water kept at the ordinary temperature of the
air. and through which the coated wire is delivered.

The wire thus obtains successively two coats of gutta-percha,
and these are applied of different thickness, according to the
object for which the wire is required.

That adopted for use on the Indiau lines is No. 3, double
conted. The weight of gutta-pércha on an English mile is 119
pounds. The thickness of the double coat is & inch. The
diameter of the coated wire is } inch. Its p.ice on the present
contract is £17 10s. per mile. Wire included, one mile, 1760
yards, weighs 176 ponnds = 10 yards per p>und.

The wire thus prepared, at temperatyres varying from the
freczing poirt to 1309, is frec from adhesiveness, so tha when
coiled up it is not liable to the turns sticking to each other, 1t
may be bent to an angle, however sharpiy or suddenly, without
cracking. Exposed to the sun’s rays it softens rapidly. At low
temperatures it is stitl so soft that it may be cut through by the
pressure of the nail. ‘

Joints. L
In preparing a continuous line of coated wire the joinfs re-
quire the most minute attention.
The wire itself has to be united metal to metal. The coating
has to be joined in a perfectly continuous mass of gutta-percha.
The gutta-percha is first stripped off from the ends of the
wires, which are to be joined together, to the extent of about 4 or *
b inches. The copper ends are then well cleaned with sand-
paper, to make the solder adhere. The wires are now placed so
us tp cross each other at right angles at the middle part of MP
copper end, leaving 2 inches of wire free. A man now holds the
wires, where they cross, firmly with & pliers; another man takes
hold of the free end of the wire (a) turned towards him with his
fingers, and seizes the end of the other wire (on his right hand
Vide) with a pliers; he then twists both ends round each other
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ina slnutin(:z direetion and evenly, for three turns, taking care to
keep the ends of the wires, as he turns them, at the same angle.

" Fig. 35. ? He next nips off the
ends of the wires quite
clos|e. and files them
down, until no sharp
point projects upwards;
after whieh he., dresses
the joint straight with
gentle taps of a small
i hmgmer.

The joint is mnow
gently heated over a
spirit-lamy;, and moist-
i ened‘with a solution of
the eldoride of zine to make the solder unite. This done, the
joint is touched liglltz_v with a stick of l.)ismﬁth solder, until

X Fig. 36. ¢

it looks as if it were tinned over. I too much of the solder
Bre heen applied the joint may be gently warmed over the spirit-
lamp, end the superfluous solder picked off with the end of
a wire.

Fig. 87. Fig. 88.

Y amm

While the wire is still warm, the ends of the gutta-percha:
should be pointed off conieally by pressure of the fingers nlo.ng
the wWiresy which will assist the after work. When the joint
has baen soldered, the man takes a strip of gutta-percha
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leaf about ¥ inch broad, and having gently warmed over the
spirit-lamp the joint and bare wire, he immedigtely applies onc
end of the strip on the pointed end of the a-perche, and
winds it round the wire and joint to the pointed end on the
other side.  Fach turn should oveslap the other about one-half.
This first covering must be pressed well on until it gets cool.;
after which its surfacc is very gently warmed over the lamp, and
a second strip of leaf is applied, in a direction the reverse of
the first one.  When this has cooled, « third siip of the leaf is
wound round as before. A picce of 4 inch thick gutta percha is
next taken, made soft by warming, and then placed so that the
parts covered by the strip shall min alonyg it. middle. The two
sitles of this piece are then pressed upwards with the fore-finger
gnd thumb 1. a gradual manuer, o as to wake the piece adhere
firmly to the coils of the lesf, and alse to the pointed part of
the original gutta-percha, which must be heated so as to ensure
perfect adbesion.

The superfluous parts are neat cut off with a scissors ; a blunt
steel blade is heated over the lamp, and with it the joints of the
last portion of gutia-percha are worked up together, antil ng
trace of n fissure ar juining cen be seen anywhueo, The tools
must not he heated too much, to avoid burning the gutta-percha,
and the v wkmen's hancs must be free from any dirt, oil, op
grease, which would prevent the surfaces of gutta-percha frow
uniting together. . '

Fiyg. M, Fiy. a0,

The tools employed in making these joints zre supplied ta
cach working party in a chest, containing a spirit-lamp and wood
naphtha, which is the best source of heat for this purposc;* a
blow-nipe s attached to the spirit-lamp, and is foyad very useful
in directing the flame of the lamp on the wire join®While solder-

ing. Blunt pliers for bending the wires; a blunt blade for
{ressing the warmed gutta-percha to a smooth surface; scissors

L * Spirit of wine may be used, but ol must never be employed,
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and pointc((i wires, are also included. A stock of gutta-percha
leaf and sheet, gufficient for 150 joints, is given with each chest
(See invaice U contents ofttool-chest, yiven in Appendix).

Where the gutta-percha wire is coated with lead, as is subse-
quently descrihed, the joiningf the wires is effceted in a ditfer-
ent way, which will be.pointed out as we proceed,

Testing Couted Wire,

. Before any wire is made nge of on the lines, it must be tested
on the spot to ascertajn—

L. If the metal be coltinuous.

2. If the coat'ng afford perfect insulation.

The test for the first is passing the current from-one. clement
of Daniel’s hatte:y throngh the wire placed in circuit with the
sinc gabvaometer described at page 7. The ends of the coil of
wire are freed from gutta-perche for one inch; one end is con-
nected wirjy the coppef side of the battery, the other end is
copnected with one terminal of the galvanometer coil; the
sccond t&rminal of this, &, is joined to a wirc which may be made
to touch the ziffe side of the voltaic element at pleasure, Each
eontace eanscs the needle of the galvnnomctcr to deviate hard
up to the stop, ¢

0

Fig. 41.

To test the perfect insulation afforded by the coating of gutta-
percha, a mage difficult process is essential. We shall first
describe thi it is actually performed at the gutta-percha
works in London, where it has heen applied by the writer to all®
the Wire manufactured for the Indian lines.

The battery employed consists of 360 cells (30 sets of 12) of
the sand and acid kind.
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i

The wirc to be tested is submerged for 48 hours n the canal.
‘adjacent to the factory.

The metallic ends of the subn.erged wires afe led into the
officc, and a plate of copper, D, connected with the copper side
of the battery, is immersed in the canal.

" The zinc side of the battery is connected with onc terminal of
a galvanometer, B.  For this the sine galvanometer deseribed at
page 7 may be ecmployed.

The sccond terminal of the galvanometer, B, is lef: free, so
that it may be touched at pleasure hy the operator, bolding either
cnd of the couted wire under trial.

Fig. 42.

1

The ends of the wire to e tested, G, II, arc kept out of the
water and perfeetly dry. I the eurrent of the battery be now
passed into the wire from the zine side, through the galvanome-
ter, it is obvious that the ncedle will be permanently deflected
if there be any fault, however slight, in the coating, as the cur-
rent will pass through the coating to the water, and by the water
to the immersed plate D, back to the battery.

In testing 110,000 yards of wirc thus prepared, on the 1st of

ovember, 1852, no permanent deflection whatever took place
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demonstratipg the absolutely perfect insulation by the gutta-
percha coating,* "
0

“ Charged” Lines.

But it always is observed tha't the moment contact is made

r« hetween one end of the wirc under trial and the bnttery
the galvanométer being included, the needle deviutes for a.. ine
stunt, and then viturns ‘o zero, or the point of no deviation.
'l‘lus is the result of what is termed the ekarge among telegraph
operatots, the nature of which must be advcrted to here in some
detail. o

The more perfect the insulation is, the more remarkably is
this charge observed.,, It is caused by the indugtiveaction exers,
cised laterally (as noticed in page 3) on the applied copper con=_
ductor,.and by this on the water, also an electric copductor, by
which the copper wire is surrounded, but which are kept from
contact with each other Gy the insulating coat of gutta-percha.

+ The wife being rendered, say positive, by contact with the
zine sidesof the battery, the water in its proximity is rendered
negutive by insuction. The positive electric charge sceking to
pmeet the negative, actunlly penetrates to a certain though very
\pinute depth into the substanec of tie gutta-perche coating.
O.able to pass through this, it returns to the copper wire under
tnal, but enough passes as a wave or current, through the gal-
vanometer, when contact is made with the battery, to cause the
deviation of the needle for a single beat.

The attentive observer tracing the diagram will kee that there
is mo complete voltaic circuit formed. The occurrence i. one of
charge and discharge in the wire itself. The same takes place
in the Leyden bottle, when its inside coating is charged by con-
tact with the prime conductor of a common electrifying machine.
In this instance the inner coating of tin-foil is separated from
the outer coating by gluss, as the copper wire is separited rom
the water or earth by guttn-percha. 1t is found, too, that the

. ‘The Prnman Govemment allow a loss of 3 §;th part of the electric
current employed in test.lmil for each mile of wire. With this laxity in

testinghit is.not qurprising that their subterranean lines should have failed
altugather,
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charge penctrates more deeply into glass than iitc the gutta< .
percha.  Glass. accordingly retains the charge longer, and parts’
with it more slowly. With a gutta-percha coating the discharge
or recoil is instantancous and complete.  If the wire were coated
with glass, and this ‘mmersed in water, the discharge wonld be
gradual, and would accordingly interfere suriously with the trans-
mission of telemraphic signals,

This fact of charge and discharge is noticed very remarkably
in working the subterrancan line, which extends from Caleutta
to Bishtapore, about 12 miles, along the Diamond Harbour roa.l.
In perfectly dry we-ther it is not observed, but when the earth
is wet, in the rainy season, a single contact of th> line with the
battery at Calcutta charges the line, so that when the Caleutta
telefrapl. is turned on to the line (as in recewving an answer from
Diamond Iarbour) the charge causes vhe needl: to deviate in
the smme direction es if a strong signal best had come from .
the opposite or Diariond Harbour end of the circut.

If several contactsbe made in the same order, that is, so as to
render the line, say 3 or 4 times positive in succession, as occars
in sigualling letter D, by four beats at one side, thus :—

it is founuin wet weather that the return discharge is so stronr,
that it is necessary in the last letter of the lasz ward signalied

to give one opposite and supcrnumerary beat, somewhat pro-
longed, in the contrary, say negative, direction, thuné;—-

/77N

to neutralize the positive state of the line. With thiéprecautione
which the signallers very soon learn the necessitv of,ghe answer-
ing signals are received without the least confusion, -
The line referred to is insulated by a triple costing of Madras
cloth, impregnated with pitch, and is further encased in a melted
cement of'$and and rosin, averaging one inch in thickness. lts
taking the charge is the best proof of its good insulation; but
the slowness with which the discharge takes place denotes.a
acility of penetrability which would cause the application of this
system of iusulation to fail on very long lines,
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As the talsting of the wires is best accomplished by a current

of the great intensity prodnced by a vast number of couplcs, the
sand and acid battery is the best for the purposc; but it is
manifestly impracticable to provnle such a cumbrous apparatus
at every station where a piece " of scoated ling may be under trial.
With the foliowing %imple apparatus, however, a current of
sufficient intensity may be generated by three or four of Dapicl’s
cells, to test thg wire as ccrtaml) as by the scrics “of 360
couples.

€ Fig. 43.

¢

Around a hollow cyjinder of wood, 1 izch in «Jlimmeter and
4 inches 18yg, wind a spiral of silk-covertdl copper wire, #th inch
in« diamgfer, and let this winding continug, till four layers, or
50 to 60 feet of the thick wire are wound on. Let the terminals
e connected with two screws, @ and . On the same bobbin,
wnd in the same direction, wind 200 yprds of the finest copper

jrc, covered with silk, say ; to 1}; inch diameter. 'fhe termi-
nsls of this wire are to be conuected scparately with two screws,
e and d. .

Within the wooden core place a bundle of common iron wire,
- each wire coated with sealing wax. The apparatus is now
complete.
. Nowlet @ be joined with onc end of & battery of four of
Danjel’s elements, and b be made to touch the opposite side of
the battery, contact being made and broken at pleasure. 1t ix
found that every time contact is made or broken an induced
current of electricity of enormous intensity flows in. the, fine
wire, the terminals of which, ¢ and d, may be used a@cording]y,
instead of the poles of the battery of 360 couples, employed in
the experiinents above described. It is to be noted carefully
that induced’ cwrrent takes place either by contact or by

“@; contact; but if the current of contact is positive, the
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current of rupture is negative, and if rapidly pasged i’ sycces
sion, thesc opposite currents would neutralize other in the
effect on the galvanometer. A steady contact, followed by
rupture, each lasting onme second, exhibits the effects en the
galvanometer, without confusion of the movements of the needle
in opposite dirertions. But these movenents are readily con-
founded with the effects of “charge,” already described, A
better test with this mstrument 1s the shock experienced by
placing one hand in the water m which the el under trial is
immersed, and the other hand m wontact with one of the fme
wire terminals, the secoud heing joined to one end of the wire
under trial. The shghtest defeet of insulation 1» detected by a
sharp shock transmitted through the costmg and the water,
through the observer's person, whenever contact 18 made or
broken hetween the thich wire terminal, £, and the battery.

MECHANICAL P™OTECTION OF COATED WIRRE.,

From the detailed account given of the properties of gutta-
perchs, it is evident that a coated wire, buried in the carth,
must be exposed to many causes of injury, unless protected by
some strong resisting envelope. i

The pressure of a sharp pebble, or of a fragment %f brick' or
pottery, the gnawing of rats and mice, the friction of rough
sand moved by the pressure of cart whecls, all these caunses
have proved in practice sufficient to injure the -percha
coating and exposc the wire. .

The obvious difficulty and delay which must occurén detect-
ing the exact place of injury on an extensive line, bu.ed in the
carth, aud the expense of opening aud refilling th~ *r~~%, g=2
additional and strong reasons for giving the coated wire, it the
first laying down, such efficient mechunical protection as may
be practicable within the limit of outlay prescribed for the

-work. ’ C

Restricting our observations at present to subteryanean lines,
and reserving the consideration of those which are to be led
urler rivers or the sea, we find very numerous plans proposed
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; effect for the protection of the wire, We shall
*ﬁm dgmibe those actually adopted, and subsequently those
pmpoaed 'lmtnot yet subjected to trial on a large scale,

Lcadm Tubes.

Ll

After many failures in attempting to coat the gutta-percha
covered wire with lead, Mr. Chatterton has succceded, and has
patented a procgss by which the coating of lead is applied on
¢he gutta-percha co/d. 30@Q miles of this wire have been lately
placed undergrouml &y the Danish Governgent.

128 miles of wire thus protected have been ordered from Mr.
Chatterton, chiefly for use in the great cities on the lines, such
as Calcutta, Agra,*Delhi, Bombay, and Madras, *in which the
wire will be Juried at . depth of three feet, in order to avoid as
much‘as possible the mterruptions and inconvenicnck of frequent
openings of ‘the ground in such crowded thproughtnrus.

The legding is marked 3 B in Mr. Chatterton’s scale.  The
weight ;%lead is 13 cwt. 3 qrs. per mile; cost of leading, £17
per mile ; thlckness of lead, 4 inch; dmmeter of coated wire,
o leading included, 4 inch.

\ - Fig. 44, *

« The article is delivered eoiled in drums, cach containing 500
yards ; weight, drum ineluded, 486 Ibs. The recls are about
1 foot thuck, 19 imches in diameter. At this curve the line
n.entl LMy, end without injury, the drum being mounted
on a temporary axle, with bearings and a supporting frame. As
the coils are but 500 yards in lengtk, each mile of this ling wil
reqwre three joints to be made, both in the. gntta-pcrcha :md
the lead tubing. 'This operation is & very delicate and critical®
ong, and shiogld in all cases ‘be,performed under the eye of the
. prmelpal @upennumdeut at enchiplage,: -

. ThéHoint in- the copper wire is not s twisted one, a3 beforc
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described, us ‘this would prevent the leaden tuba % hb Yelbie~
quently used from passing over the joimt. ', L

The joint ie thus made :~ -

1. With a sharp and strong pevknife bh&,ﬁdht cir-
cular eut, cut throngh the lead transversely, and ﬂﬂp’ \ﬂtoﬂ
two 1hes from the end of the tube, tuking «care 2ot £o touch
the gutta-percha.

2. Eeat the gutte-percha end gently over the Iswp, and re-
move the coatiag by the finger and thumb to within helf an inch
of the lead.

3. Clean the copyer wire with sond-paper, and with & fine flat
file reduce one cnd to the shape shown in the out

g

Fig 45,

—————

4. Over the end of one of the lines shde the joining tube,
shewn 1n the cut.  chese are supplhed of such dhamete. that they
poss smoothly over the leaden coatng. Th y are 5 inches
long, and an abundant supply accompanies cach cage.*

.

5. The free copper ends of the wires are now Jo be joined
with common solder, by means of the blow-ripg} chloride of
zime, aud soldering tools previously destribed (Fig. =/ «;.

6. A very fine copper wirc is wound in one tlose' spiral round
the suheed ends, fer the length of one inch, and touched with
solder over the lamp, In this step the utmpst eare must be
taken not to burn the gutta-percha st either side (Fiy. 47 ).

7. The wire joint is now to be M’Wi&%mqf

* The bresk Jine in mmm:o-hwmmw mmw
#ctual tube itself,



m;:emh ]euf and one fold of gutta-percha sheet, till the
couing be brought uniformly and smoothly to the same gauge,
Gméﬁy gs the rest of the line. (See dotted line, Fig. 48).

8. Tke sliding tube is now moved over the new joint, which
should be in its centre.  When in it place, an expert workman,
with thqgoint of a pen-«nife, removes a shred of the lead from
the inner edge of the tube all round (Fig. 49).
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9. A soldering tool of stout iron wire is now heated gently
aver the lamp, and with this, and a fine rod of fusible metal, a
slight film or ring of this metal is run into the bevelled edge of
the aliding tube, which is thus permanently soldered in its place.

'Che fusible mctal is composed of pure tin, 2 oz., Lismuth,
4 oz., purc ‘ead, 1§ oz., melted together, and run into thin rods.
The hismuth is melted first, the tin then added, and the lead last.

The harder or common solder used for the ordinary joint is
composed of equal parts of tin and lead.

x

Testing the Lead Joint,

!‘lns is to dzﬁermmc whether there be any metallic contact
betwveen the lend coating and the edpper wire, which would spoil
the ﬂ"whole Lirre. .
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For a short line, say of two miles, it is sufficient to use two P
three of Daniel's cells.  Attach the copper end by a wire o the.
end of the prepared copper wire, about an inch of which 'is left
free for the experiment. Round the lead tube twist a tarn or
two of wire, and join this to one terminal of the galvanometér.
Now touch the other terminal of the galv inometer by'a wire from
the ziue side of the battery. 1f there be contact between the
conted wire and the lead tubing, the necdle will be permanently
deflected, and the failure of the line is proved.

In this case the joints must be reopened, and made snew, Sll
the galvanometer is not affected, and tLe leaden envelope thus
proved to be completely insulated from the line wire.

Sixty Europeans have been trained at Warley to the manipu-
lations ~bove deseribed.  But the superiniendent of each circle is
bound to have these joints made und tested in his own presence.,

Duraticr of Leuden Tubing Underground.

The duration of the leaden tubing underground depends much
on the nature of wne saline matter with which the ground is im-
pregnated.  The presenee of sulphate of potish or soda in the
around retards almost indefinitely the corrosion of the lea ,
which ir sen-water, rmn water, or a soil containing nitre or alk -
line carbonates, would undergo very rapid disintegration. |

As the soil in Bengal usually contains an abundance of the
protecting sulphate of soda, there is but slight reason to appre-
hend the corrosion of the lead. But in all cases the tube should
be finally wound with a spiral envelope of Madras cloth, two
inches wide, saturated with pitch, softencd by Stockholm “tar.
The spirals should overlap one-half,

The tube is now ready to be laid in the treuch. v\hu-h for the
leaded line should be at least three feet deep. The carth, as
refilled, should be moistened with water, and beaten into the
trench at every six inches by heavy rammers.

LINES LAID IN RAND AND ROSIN.

At page 69 we have already noticed the subterranesn line, 12
miles in length, from Calcutta to Bishtapore, which, partly for
E2
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experiment, j artly from the want of other material, has been
constructed in e peculiar manner, which should be described in
detail.. - ¢
<, For these twelve miles the line is made of round rod iron,
§ ineh diameter, made up frdm scparate lgngths of 13 fect 6
__ inches each, welded tozether end to end. This was first done
"t the iron bridge works at Alipore, so s to form lengths of 200
feet. These, in bundles of ten rods, were earricd on' men's
shoulders along the road, laid cnd to end and welded up by a
paty of native blacksmiths, with a portable forge, in charge of a
Europenn scrgesnt. A mile daily was thus dene with ease.
The rod being supported on bamboo stakes, 3 feet above the
ground, was next coated with two layers of Madras cloth, satu-
rated with melted pitcH, softened with a duc admixtures of tar,
80 as to form a flexible cuating when cool.  These coatings were
applied t spiral bands, each 24 inches wide, wound rdund likea
surgeon’s bandage, and overlapping each othev in oposite direc-
tions, sBys to give four lzl'}'crs of a pliabke insnlating cnvelope,
©quit~ impervions to water and saline matters, not linble to decay
or to the attacks of white ants or vermin of any kind.

{ This coating was applied by a native tindal (hoatswain), with

t) renty lascars (sailors), at the rate of 2,000 feet ds nily.

protect the rod still further, chiefly from mechaunical injury,
it whs finally laid in a row of thin roofiug tiles, of semi-cylindrical
form (the koprile, of Bengal). These were half ﬁllcd with a
melted mixture of three parts dry sand and one part rosin by
weight, and, when laid, the whole was filled up with the same
mel¢ed mixture. When cold, the mass is ashard as brick or sand-
stone, and pcrfcctlv impermeable to water when well prepmd

'I‘hc said “used, for this process must he sifted to free it
sdw purvivica of straw, leaves, and sticks; next thoroughly
washed, to remove clay and saline matter; thirdly, dried per-
fectly. over a furnace of iron plates, heated by a strong fire
When qmtc dry and cool, it is stored in barrels for use.

The rosin and sand, weighed in separate bags of 10 1bs. rosin,
and 30 Ibs. sand, are sent on the road, and melted in iron bowls
(ku‘ays), on_temporary fire-places by the rondside. The mixture
is thoroughly incorporated during the melting of the rosin, and
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poured on the tiles from iron ladles with long hs ndles. This
part of the work demands the closest attention. If eazelessly
done, the mass is as porous as a sponge. It is tedious accord-
ingly, and required 50 men, under a European sergeant, to lay
down 1,500 feet daily.

On cooling, the surface frequently shows air-holes left by the
expulsion of gas through the meclted mass. These holes are

sealed up hy a little of the sume ccment before the trench is
refilled.

As stated at page 69, the insulation of this line is excellent,
and its wechanical solidity perfeet; but its retention of the
electric charge, described in the same page, renders it inappli-
cable to the construction of long lines. VFor short special lines
—say of teu mies—unconnccted with an; long circuits, the plan
presents several advantages —not the least of which is the
facility with which all the materials are procurable in most of
the native bazaars.

IRON PROTECTORS. .

Many forms of iron protectors have been useld. We proceed,
as before, to deseribe those at present employed on a large scale

Gus Pipes. ,

The old Electric Telegraph Company are at present laying
additional lincs through the streets of London sand the New-
road, in gus-pipes three inches in diameter.

The trench being opcncd tle pipes are luid for distances of
100 to 130 feet. An iron wire, No. 8, with a loap at each end,
is threaded through the pipe, the ends protruding, and the earth
is then filled in at once.

At every 100 or 150 feet the pipes are separated by an interval
of four feet, where the trench remains open.

The gntta-perchs covered wire, coated with tape and pitch,
in bunches of parallel strands, and in lengths of about 180 feet,
is drawn through each length of pipes by the iron wire pre-
viously inserted, and to which a rope is secured.

When two lengths are thus drawn into the tube, the ends of
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the guttn-peh‘ha wires are joined, and the joints coated in the
manner described in page 65.

An iron box, in two parallel pieces, is now placed in the
trench, 50 as to protect the joints thus formed. Wooden boxes
‘are often used instead of iron.

e ought Iron Tubes.

These are procumble from bhalf-an-ineh to two inches in
diameter, four to twelve {eet long, with screw joints. A $-inch
tube will receive three gutta-percha lines, not taped. An inch
tube will take four liaes, taped and pitched. The lines are
drawn through the tubes in the manmer above deseribed, The
present price of l-inch pipes, according to Messrs. Junes’s cir-
cular, is 7d. per foot,*with a discount of 25 per 100 en largs
dealings and cash paymests. Per mile, £154,

* <

. Flanged Iron Tubes. -

Thes®are formed of two semi-cylinders, with flanged edges.
ean piece 1s laid in the trench like a trough, the gutta-percha
wires placéd in position, and the upper side placed over and
ewed on. This is a very effective mode of protection. It
rmds the risk of injury to the wires m drawing through closed
pipes. It enables the wires to be laid with facility in Wngths of
hal®k-mile, or even a mile, without a new joiut being required.
But these pipes are very costly, bearing a patent or *‘royalty
price in addition to that of the metal.

Cast Iron Troughs.

Thesc troughs are shown in Fig. 50, They consist of an opeu
treugh, € &, long, 13 inches, square, with a socket end, and

bt 3

proyided with a lid of con-esponding size. They weigh 40

éfﬁﬂdﬂ to 2 yards, and receive 12 wires, A patent has, strange
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to say, been taken for this form of trough, and th s elevates its
price4o Is. 5d. per yard, £124 13s. 4d. per wile. It has been used

throngh London by the Submarit.e Company, from their office

in Cornhill, over London Bridge, the commencement of their

Dover subterrancan line. It is also employed by the company

working Mr. Henley’s patents for the London street works,

leading to their subterranean lines now in progress to Man-

chester and Liverpool.  Three years ago, similar troughs were

east for the Indian lines at the Cossipore gun-foundry, and
dravings are filed in the Calcutta Telegraph Office.  We shall

accordingly cmploy them extensively, making our castings in

the country, when the price of iron falls to a natural state. They
will be found particularly useful at street crossings, for small

bridges. cuiverts, and arched drains, in he course of subter-

ranean lines.

The Writer’s Iron Guards.

These guards are .hown in the euts, Figs. 51, 52, and are
applicable to subterrancan and also to many river lines. &

Fig. 51

Each piece is a hollow cylinder, 1 foot long, 1% inch in
diameter, 3 inch thick, open longitudinally by a bevelled cut,
J; inch wide externally, } inch internally ; diameter of hollow
eylinder internally, 4 inch. One end is concave, the othér con-
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vex, so that *plaecd in series, they fit ball-and-socket fashion.
Each end enlarges to 14 inch diameter, and is grooved trans-
versely to receive binding iron Joops.

These tubes being laid in series along the trench or dry bed
of the river to be erossed, a fe'v parnllel strands of tarred yarn
are introduced into the cylinder, through the side opening, and

-pressed in firm with a piece of, hard wood. The gutta-percha
wires are then l4id in, and covered with a second layer of tarred
yarn, also pressed in stronzly with the woeden wedge.

An iron §-inch rod is now dropped in and along the opening,
which it fills up sccurely, but through which it cannot euter so
as to press on the gutta-pereha wires.

The whole is ‘how seeured by two loops of }-inch round iron,
applicd on the transvegse grooves on each end of the joint. The
loops are slipped on opew, and then bent into the circular form
«qwired by a powerful pliers.

The ﬂe\nblhty of this jointed gunrd renders it applicable under
many gircumstances wheie a rigid trough could not be used.
@lany of the roads in India have parallel canals or trenches three
‘or fotr feet. wide, with water enough to pemhit of their being
made use of by wanoes impelled by poles, and carrying eargoes-
of. grain or merchandise. The Diamond Harbour road gives &
good instance of this kind. In many suck places it will Le found
verygpnvenient to use the guards now deseribed. They can be
applied at the side of the trench or canal, lifted up and dropped
in without injury to the wires; and they effectually resist any
mechanieal impact, collision, or friction to which they may he
exposed.

In' ordinary subterranean work, too, these guards enable us:
to yse a t}'gpe’\ only 6 or 8 inches wide, instead of 14 to 2 fect,
a_width secgssary waen men have to go into the trench to lay
pipes or troughs.

The weight of these iron guards is 2 Ihs. 1} oz per foot =
99 ewt. per mile, at 8s, per ewt. == £39 12s. to £40 per mile.

Galvanised Wiought Iron.

Measrs. Morewood and Rogers have, at the writer's request,.
prepared specimens of wrought iron flanged guards and lids, of
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which drawings are given. Experiment is required. and will be
carried on in Bengal, to determine the durgbility of this kind of

' Fig. 53.

protector in the ground.  Should it resiat corrosion, this form of
guard can he wade up with great facility, and at a very mode-
rate price. (Fig. 53.)

IWire Spirals.
Some mulex of gutta-pereha line thus guarded are now under
trial in the vieinity of Caleutta. (Fig. 74.)

The spiral tubes were prepared by coiling No. 8 wire round
an iron mandsil, § inch in dinmeter. The joints were made by
zine ingots, as shown in the cut. 9 inches of wire, No. 8, were
allowed for 1inch of gutta-purcba line; The wire guard thus
costs, at present prices, £54 per mile, which restricts the cm-
ployent of this plan to very few cuses. A line thus , vepared
is as flexible and manageable as an ordinary rope.

Mr. Henley has just taken out a patent for coating gutta-
percha wire with spirals of thin galvanised iron wire, exactly
similar to those now described.

Iron Ribbon Tubing.

A patcnt s becn recently taken out by Mr. H. V. Physick, for

protecting guttu-percha wire with a coating of tinned or gal-
. E 9
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vanised iroh, applied by a very ingenious machine, in the same
manner as the megpl tags on the ends of a stay-lace. The
specimens supplied to the writer by Mr. Physick are capable of
being coiled in a circle of 4 feet in diameter. It cannot he bent
safely st a sharp angle, or cuiled ipto a small circle. Its unrolling
is rather difficult. Mr. Physick informs us it is applicable to
®many places on the overground lines, where perfect insulation,
of much mechanical strength, is required. Its moderate priec,
£10 per mile, récomméhds it to free trial. For undergronnd
lines, if galvanised, or with zine protectors, it will last for a very
long time undergroupd, in any soil impregnated with saline
matter. In e.\"perixﬂenfs made by the writer in 1841, under the
orders of the Bengal Government, and published in the Journal
of the dsiatic Societyeof Bengal, vol. xii,, p. 1070, 1t was fonnd
that tizned irgn plateswere perfectly protected in sea water by
“*Hitich smaller quantities of zinc than were required by ‘equal sur-
faces of ironeplate. In hrine somewhat concentrated, tinned
iron sufigred no damage Yithout zine protectors ; but in perfeetly
:-freﬂm water the tinned plate was corroded a]ﬂl.ongh zine was used.

Thesc flcts justify a rather extensive trial of Mr. Physick’s
Ratent wire, and20 miles of the gutta-percha line for Bengal will
e prepared accordingly in this manner.

Mr. Physick’s apparatus may be uséd very convenfently for
costtag short lengths of wire with pure tin, copper, or lead, for
many special purposcs which will render its usc estremely uscful
in the principal labaratories and workshops of telegraph lines.

EARTHENWARE.

Glazed earthen pipcs'of the hest stoncware, three inches in

dfimetes; 878, it iy stated, to he employed by the old Telegraph

- #5y unth ofurale subterramesn line they are about to run from
London to Liverpool. These pipes, cost £60 per mile. The
gutta-percha wires must be drawn through them, as descriped
under the head of Iron Pipes.

These glazed stoneware pipes are, in the opinion of the author,
far ‘preferable to iron pipes. They afford all the mechanical
protagtion required, and are totally indestructible by corroding
ageuts of any kiund.
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Mr. Bourne, the manufacturer of the stoneware irsulators,
at the writer’s suggestion, prepared glazed stoneware trou
tubes, and cylinders, with side opnings, of all of which cuts are-
given. Any of these patterns can be supplied by Mr. Bourne,
at 13d. per foot, or £33 per mile. The rectangular pattern is
strongly recommended. It will hold si= taped wires, and may
he cfficiently and strongly closed by a layer of Portland cement,
or any other hydranlic preparation. This sets mpxdly, 80 as to
férm an adequate meehanical guard, from which the wires can at
any time be detached uninjured by slight blows of a hammer.

Fig. 65,

Unglazed tubes and trough: of ordinary brick elay, cap be
prepared on these patterns, in most parts of India, at an ex-
ceedingly cheap price.  From £10 to £15 a mile wu,, in must
localiiies meet the cost of any form which may L~ ~J-p42e ™
rectangular or tubular shape, open at the sxde, is to be pre-
ferred where hydrauhc cements are procurable. The closed
tubes, or pipes requiring the wire to be drawn through, are not
to be used when the other forms can be procured:

A very simple, cheap, and effective protection is afforded by
_common tiles of the shape shown in the cut, grooved along the
' centre, and applied break-joint fashion, with a thin layer of
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hydnullc or QVen common mortar. As the gatta-percha wire is
in @l cases to have an envelope of either spun-yarn or tape

saturated with tar, the parons and absorbent wature of the tiles
or unglazed tubes is no objection to their use. (Figs. 58, 59.)

N . SLATE. -

<Messgs. Dixon and Co., of the Royal Slate Quarries, in Bangor,
have, at the avriter’s application, made up pattems of slate
protecto '
¢ Thesc are 18 inches long, 2} broad, 1;‘ thick, with a groove
capalble of <ontaining 6 taped gutta-percha wires, The groove
is shghtly bevell®l, so that it can he closed by a slip of wood
£ ‘inch thick, and fastened by a peg let through the slate and
wood at each end. The wood is creosotéd. .

These protectors cost £11 per 1,000. delivered at Liverpool,
£38 14s. per mile.  Their weight is so great—29 pounds per
6 fect = 103 tons per mile—as to render freight to India and
transit in that country prohibitory of their use; but in many
loculities in England no better protector could be devised.

WOODEN PROTECTORS.

l"‘ixo writer's oﬂicml Report to the Military Board of Bengal,
dated 24th December, 1849, pages 25, 26, 27, it was propgsed to
Iny the subterranean lines in battens of teak, iron-wood, or saul
tiumber, coated with pitch ; the timber to be pickled in sulphate
of copper or chloride of zinc solution.

This plan is now followed in England on many of the great
lines. either finished or in course of construction.
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The wooden battens to be used for one or twe gutta-percha
lines are double (Fig. 60), each 24 inches broad, 1 inch thick, each,
grooved as shown in the cut, in an* lengths to which the timber

can be codveniently sawn., Iron-wood, wenk, or saul, are to be
used where procurable at moderate vrices.  The iron-wood need
not be pickled; all other timber requires that operation; and
any common timber, such as pine, or even mango-wood, can be
employed, provided the pickling be properly performed.

The sulphcte of copper is to be prefer-d in India as the
pickling substance, because it is easily procured or made in all
localities. Tt is very cheap ; it is efficient, through its off:nsive
taste, in keeping off rats and mice, as well as an's and other
insects. Its presevvative properties are proved by long expe-
rience on the French lines, and by facts observed in India.

" In pickling wooden battens for the Indian subterrancan lines,
the slips of timber must first undergo perfect arying. In the
hot scason this is accomplished by exposure to the sun, and
better still to the hot winus. In the wet or cold seasons, the
hattens are to be placed in an oven, and a current of hot air
sent through this till such picees cease to lose weight. This
operqgtion is essential to the success of the pickling.

The pickle is prepared by dissolving 20 pounds of sulphate
of copper in water in cach trougl. These are pmem{able from
the Arseual of Fort William, and arve 32 feet long by 1 foot
section.® The battens are previously arranged in the fiv. ~h so
that they are 1 inch apart from each other, and sec -red in t:. s
places by stone or brick weights. The copper solution is now
poured on, and the stecping is continued for two days, or until
the testing pieces show that the wood is thoroughly penetrated
hy the solution.

* These troughs formed part of the siores of the Gold Refinery formerly
attached to the Caleutta Mint.
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Testi:z_q the Woced.

This is done by taking a batten, drying it perfeetly, and
sawing it across. A few gralns should then be bored out of its
centre with a gimblat, and placed in a liquenr-glass of warm
water, in which a little prussiate of potash has been dissolved.
If the timber he effcetually penetrated by the selution, its
colour changes l)y the test to a fine chesnut brown.

« White arsenic dissolved i water may, under some circumn-
stances, be substituted for sulphate of coppgr.

Its efficacy in preserving the timber from decay by rot or
fungus is unquestionable, hut it is doubted hy many whether
white ants, rats antl mice, can be kept off by'any tasteless
compound. |, .

*Whierever arsenic is used, the pickling process isvthe same as
that above *described, 5 pounds of arsepic in esolution heing
used M each trongh.’ The test is a drop or two of a solution
of nitrate of silver applied to a trial horing, and after the silver
test is used the wood is to he touched with the stopper of u
bottle containing strong smmonia. The wood immediately
assumes a vivid yellow eolour if the pickling has been suc-
cessful * ‘ ¢

¢The chloride of zine is helieved, on very strong grounds, to
be as cfficient a preservative as arsenic; but its presence is
detected with difficulty, exeept by an experienced chemist# and

its affording protection ngainst rats and mice is exceedingly *

gaestionable.
Corrosive sublimate should not be used, as it is now proved

ot }1/55 depended on even for protection against whitc ants.

rl -
COATING WITH TAPE.
In the lines laid across the Hooghly and Huldee rivers, and

several smaller streams in Bengal, the gutta-percha wires havee
been coated with tape saturated in a composition of wax and

* The tests referred to are included in the medicine chest supplied to
euch working party.

3

Rl
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turpentine, the object being to protect the gutta-pereha from
the contact of water.

In England, for the same purpos., the subterranean lines are
now in most cases coated either with, tape saturated in tar, or
scrved with tarred spun-yarn.

Mr. Plysick has contrived a simple and effective machine, by
means of which one, two, or four gutta-percha wires are coated
spirally with tape & inch broad, and the spirals overlapping one
half. The wire, when coated and carefully examined, is wound
off the reel through a trough con*aining warm (not kot) tar,
mixed with a little turpentine and lime.  The lime is added to
neutralize the aeid of the tar. TFrom the tarring-trough the
lime passes into another trough containing dry sand, through
which it passes, taking up a thick conting, which affords an
excellent protection against wet, rot, and insects. Whether rats
and mice wili spare it is not quite certain.

One mile of gutta-percha wire takes three miles of tape at
£1 per mile,  Mr. Phys‘ck performs the taping on coutract at
£6 per mile.

Two of Mr. Physick’s taping-machines are to be supplied
to the central workshops, and this process, or that next de-
seribed, will he applied to the wholé of the Indian subterranean
lines.

Spun-yarn,~The lines in progress to Liverpool for the Mug-
netic Telegraph Company arc served with tarred -yarn, by
machines contrived by Mr. Henley. The cost of yarn aad
scrving is about £3 per mile. This plan is notiso much
recommended as the taping; but shen tapg is not procurable,
it affords a very uscful and cheap envelope. d

Horsehair Felt.—A coating of this substance has bec.. pro-
posed by Mr. Griffin for the protection of gutti. percha w..c.
It is applied cold in a semi-fluid state, and forced, under great
pressure, through dies. It becomes almost as hard as stone,
according to Mr. Griffin’s statcment, still remaining elastic;
Yrice ahout £8 per mile.*

The writer Las not seen specimens of this article, and doubts

* Mr, Griffin’s letter to the author, September 1, 1853.
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how far it might be depended upon against rodent inseets an
other vermin.
We now proceed to the important subjeet of the

LINES UNDER WATER,

These consist esseptially of one or more gutta-percha wires, ..
taped or served with tarred yarn, and protected from ships’
anchors, fish, drifting trees, &e., by guards of irom, in the
form of tubes, chain cables, spiral coatings, or parallel rods.

, In Iron Tubes.—Across the Rhine, at Cologne, the lines are
laid in the river, in a “rou,.,bt-lron tube, with serew flanges.
This was prepared alongside of the bndfre of boats, and then
lowered into the river. The plan bas proved completely suc-
cessful. Where thore is a bridge of boats, as at Allahabad
and Agra, it might be adopted with certain success, if a simpler
“vde~were not available. .

Iron Epirals.—A spiral coating, of which a drawing has heen
given TFig. 54), has héen used in the Huldee river, 4,800 fect
wide, but found too weak to resist the ground-tackle of the
native bdats, by which it Las becn frequently injured.

A
Parailel Rods.

These afford a most effective and easily-applied protection in
afl*rivers which are not navigated by ships of heavy burthen,
and which, under circumstances of danger, may have to drag
their anchors across the submerged line.

The writer, iu 1851 and ’52, laid several short lines of this
kénd across creeks and rivers in Bengal. They are thus con-
structed, The operation is commenced by cxtending the wire
R i . along one hank of the river, allowing such a

length as will provide for the curve of its bed.
The gutta-percha line is then served with
tape and tar, as already deseribed.

- If the stream be navigable, or liable to be
dragged by drifting trees, the iron guards®
should he of § inch iron, galvanised. Of
these, 6 are arranged with the taped gutfa

percha wire in the centre, as shown in the cut (Fig. 61). A
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every foot three turns of thin wire, No. 6, are firmly secured

round the compound rod.
The iron rods baving been welded and laid Gut in the Arst

place, a mile of this line can be prepared with ease, without

machmuy, in a working day.

(orices of August, 1852, stands thus »—
6 iron rods, cach 10 cwt., at £13 10s. per ton . . .£40 10 0O

Gutta-pvreha. amile . ., .

Tapmg

“lrefori)ln;lmgt M s e e s
Labour . .

L )

e e e e e e e e g e
Total per mile . .
1

Weiglit per mile, 3 tons 2 cwt.

.
PR
.

.

.
.
.

The cost, lccordmg to the

¥7 10 0
6

2
1

.£67 0 0

These parallel rod lines can he coiled into 6-feet circles, or
even less, aud unwound without injury, a property whieh much
facilitates their bung placed across deep rivers by rafts or boats.
Where a bridge of boats exists, or can be provided for the pur-
pose by hiring boats av a reasonable rate, the best plan is to
construct the line on the bridge, and then lower it, as has been

doune at Cologne.

wire,

Paruailel Guards, No. 8 Wire.
This is prepared exactly as before described, using 8 wires of
No. 8 galvanised iron, of the kind known as ‘“best common”

Fig. 62.

mile willbe aoconlmgly,

8iron guards . . . e e e v e e e e
Gutta-percha . .

Taping

abour

L T SR

Cost per mile. . . . .
Welght per mile, L ton 14 cwt.

This is now £28 per ton = to § miles.

erem-bmdm .'
® Lab R

The cost [
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According to present prices, this line is dearer than the one
last deseribed,to which it is inferior in strength, but it is much
more managesble, from its eomparative lightness and its greater
flexibility.

C'ham Cables. *

In the Hopghly and Huldee rivers, whieh are navigated, the
former by hem?' native craft, the Hooghlv by first-clpss India-
men, and in which rfvers vessels arc often compelled to drag’

+ their anchors, as their sole escape from urgent danger, it has been
found inpracticable to preserve any lin¢ from incessant injury,
except by attachihg it toa heavy chuin cable, in the angles of
which the guttn-percha wire is secured.

Chain cables have aceordingly been laid acréss the ITuldee
and Hooghlv rivers, 4,800 and 5,200 fect broad. The Hooghly

“Tubke is of 7 mnch iron, and weighs 18 t(ms 17 ewt. per mile ;
value at #2s, Gd. per ewt. (cost of galyaniseq irou chain, in
Augnsty 1852), £5242s, 8d. .

« Since the live has been laid in the Hooghly there has been
but oné interruption. The wire was broken by some violence, ~

» the cause of ‘which has not been discovered. The place of the
injury was detected with ease, and the repairs of the line
cffected nest day. The accident shows that the chain cable is
St an infullible protection, althongh it ix manifestly the hest
which can be adopted in great wavigable rivers, where the
violence of the tides and currents sometimes compels wessels to
drag their anchors.

e Under the rare circumstances in which n; msy be decmed
necessary to adopt this costly system of protection,’the guttu-
" perf wirc should have also the parallel wire guards of No.
wire, and itcshould be attached to the chain at every fourth hnk
by two or three turns of No. 8 wire,

SUBMARINE LINES,

Reserving the consideration of the crossing of rivers by masts
und overground wires, we now proceed to give some account of
the remarkahle lines which have been laid or attempted across
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" the stmits of Dover, between Holyhead and Howth, and Port-
patrick and Donaghadee. For specimens illustrative of these
details the writer is indebted to the kindness of Mr. Statham,
to whom the success of the first submarine line is mainly attri~
butable.
¢ The first attcmpt to cross the Channel wasir Auguss, 1850, Mr.
€. J. Wollaston and Mr. T. R. Crampton were the engineers. The
coppér conducting wire was No. 14 gauge, covered with gutta-
percha, so as to measure § inch diameter when complete. A
drum or roller, sufficiently large to centain the whole quantity
(25 miles) was erected, with suiteble bregks, &c., on hoard a
steam-tuy, the “ Goliath,” and on the "5th Augnst, one of the
wires heing made fast at Dover, the vessel steamed across, and
the same evenmg the other end was landed as Cape Grinez, on
the French eoast.  Messages were constantly passed during the
voyage, from Jhe ship to the English shore, and vice versd ; and.
from the two shores after completion of the undevtaking ; hut on
the following morning it v.as discovered that the want of seme
outer protection to the wire was fatal to permanent success. A
piece of this wire, washed up in December, 1852, is in the
author’s posscssion, its gutta-percha coating perfectly unaltered
after two years and three months’ immersion in the sen.

The fact of telegraph communication across the Channel
baving been effected, was sufficient plea for the pavties who ha;
risked so much in the experiment to apply to the French Govern-
ment for a renewal or extension of the grant, which was eonceded
conditionally that on or before September 1, 1881, a permanent
telegraph should be in working orcer, and sq continueito works
daily for three months. Some time previous to this date, the
Gutta-percha Company perfected the method of double dove. mg, *
by which bettersinsulation is produced with a much simgHer quans
tity of, gutta-percha. No. 16 gauge copper wire was selected, and
twice coated with gutta-percha, % inch; every coil being sube
jected by Mr. Wollaston to o test from a hattery thirty times as
strong as was needful for telegraphic purposes, and found ta be
faultless, Four of these wires were then laid together with a
slight twist. Spun-yarn, saturated in a mixture of Stockholm
tar, and a small proportion of pitch and il or tallow, being



92 THE ELECTRIC TELEGRAPH.

wormed into the interstices, and served round the exterior, so as
to form a perfect cylinder, around which ten galvanised iron
rods, No. 1, were laid or tyisted. (Fig. 63.)

The serving with spun-yarn and
govering of iron wire was per-
formed by Messrs. Newall and Co.,
of Gateshead, at their works at
Wapping. On September 24, at
noon, the coiling of the eable '
125 miles in length, and weighing
about 180 tens) into the hold of
an old man-of-war stcamer, the
“Blazer ” was completed, and
she was immediatelv taken in
tow by two stcam-tugs, which

esoveyed her from the Thames to the South 'Foreland, the
starting peint from the English coast, arriving ahout 3 a.m. on
the ®th. At 7 a.nmi. the tugs were attached to the ¢ Blazer,”
nd steamed away towards Calais, at the rate of aboat 4 miles per
hour. “This was found to be too great a‘speed for the wire to
be well uncbiled from the hold, and was conscquently reduced
to about 2} miles per hour. About 11 o’clock a considerable
swell of the sea, and some wind, which continnedr to inerease
wluring the remainder of the day, rendered the operation of pay-
ing out exceedingly difficult, and caused sundry mishaps, which
ounly proved the capabilities of the cable to withstand very
hard usuge. During the whole of the afternoon, the gale in-
.ereased, and about 6 o’clock, when within twp miles of Sanngate
(the intended terminus on the French side), it hecame absolutely
- necgseary that the * Blazer ™ should let go her anchor. This was
doue, and th¢ old vessel, now very light, roge for 24 hours
during a severe gale, when she was forced to throw overboard
the remaining portion of the cable, and sheer off the coast.
No time was lost, weather p(,rmitting, in hauling up the end
of the cab]e, and drawing it in as negr as possible to the shore.
eration was successfully accomplished i the afternoon of
; and as it wag ‘suspected that they might not be able
4o Bl the cable cloge enough to the shore to yuect the land

Fig 63,




SUBMARINE LINES. 93

wites to Calais, a quantity of the gutta-percha wires, laid to-
gether somewhat like the core of the cable, was securely joined
on. On bringing this ashore, and at.aching the wiies to the in-
struments, everything was found to be eminently perfect; in-
stant communication hetween th> two countries at once com-
.aenced, and has continued without interruption to the present
day. o
Througli the Lindness of Mr. Wollaston, the author has been
| permitted to witness the festing of this line on the 23rd July,
1852. The cable was cut for the purpose in the eave at the
South Foreland; and the insulation of each wire jroved, by the
process described at page 67, to be pcrfect in every r"spect .

The suceess of the Dover and Calais
submarine ‘clegraph gave great con-
fidenee to other projectors of submarine
telegraphs.

On June Ist 1852 Messrs Newall
and Co., having manufac.ured a small
cable (Figs. 64 a, 64 b. 65), secured one

“end of it in a eleft in the rocks near
Ilolyh d, and after a successful run

iy G4 B

across, telegraphed from Howth Harbour to London (the
destance across sea being 60 miles) the same evening. It is to
be regretted that'%&'ﬂmeceu of .this enterpnse was but brief.
Frofa some cause, #s yet unasogifiined, in onc weck all tele-
graphic communication between’ ﬁngland and Ireland ceased.
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This line contained but one gutta-percha wire. Near each
shore this was protected by six strong wires (Fig. 64 a), but
there was no inner serving, and the gutta-percha line suffered
extreme compession. Further out the line had a coating of
12 thin wires (Fig. 64 ). JFor the centre of the line there
were but six protectors of very thin wire (Fig. 65).

In the aufumn of the same ycar,an attempt was made by the
English and 1rish Channel Submarine Company to lay.a hempen
cable, enclosing two futta-percha covered wires, between Port-
patrick and Donaghadee;but here again the experiment failed.

Ahout the same period Messrs. Newall and Co. manufactured,
for the English ‘and Irish Magnctic Company, a eable sowmc-
what similar to the Dover and Calais one, but containing siz
of the gutta-perdirs double covered wires; but as only fen gal-
vanised iron wires ~ere applied outside, it was neccssary that
tnw rovering of gutta-percha should be thinner: In October,
Messrs. Newall attempted, in boisterony weather, to run this
eablMacross from Portpatrick to Douaghadee, and, having suc-

waceeded in safely depositing 17 miles of it, were compelled to desist.
The cable was consequently cut, communication with the Scotch -
coast having been kept up to the last moment. The prevalence
of winter tempests has prevented any attempt being made to
complete the communication. (Fig. &66.) "

Q.

_*A 3-wire cable is now in conrse of constriction, to be laid
i@voss the. Great Belt by the Danish Government, who have



SUBMARINE LINES, 95

already placed underground about 300 miles of gutta-percha
covered wire coated with lead.

A 6-wire cable, with 12 iron wives ungalvanised (Fig. 67),
as an outer covering, or protection, is now completed, and only
waits suitable weather, when it wil be submerged between
QOover and Ostend, by the Submarine and Furopean Telegraph
Company. The International Telegraph Company have con-
tracted for gutta-percha covered wire, intended to be laid he-
. tween Lowestoft and the Hague. In consequence of the great
(hstmce (120 piles), and the difficwlty-in obtaining & vessel
suﬂ’:elently large to carry safely a 'large cable of this length, it
is proposed to run o number of small cables (Fig. 68) across,
having say six of these twisted together, and laid out a few
miles from each shore, where there is danger to be npprehended
from vessels anchoriug,. . "

Fig. G8.

Each of tuese cables contains one gutta-percha double-coated
wire of No. 16 guage, of gutta-percha No 1, covered with tapd,”
piteh, and sand, by Mr Physick’s process; again served outsidc
this with six strands of yarn, soaked in Archangel tnmmd oil,
The outer wire covering eonsists «f ten (Fiy. 69) NQ; 8 best
charcoal galvanised iron wire, The diameter

_of the entire is } inch; the weight per mile.
1'ton 19 ewt. 2 qrs. Glbs. ; length of sea to be
crossed, 107 miles; greatest depth of water,
32 fathoms.

Several small cables for river crossings have
been sent to America, and are reported as
perfectly successful.

* In Fig. 70 is shown the section of one of these lines proteeted
by Siron wires, and intended for the crossing of the stmnppl.
above New Orleans. ¢
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‘SUBSTI‘!'UT\IS FOR GUTTA-PERCHA,

" The very ‘lugh price of the gutta-percha covered wire, and the
" yather precarious nature of the supply of this substance, have
* led to the institution of many experiments on substitutes,

The Eml_of Dundonsld has recently recsled attentipn to
uphnlhnn,mqa apr&gnmon of which substance he ’ha.sﬁlted '
some specimens 'of - “wire.: ’l‘he cost, it is stated, wouldbevéry
much below that of

Asphaltum:. pitch, und resing: of vmaus kinds, have Jeen
made the ‘ubject of experiments,on a very large and practical
scale, by the author and by others. The official reports show
that these experithents met with but slight suocess, and they
lead further to the inference that asphaltum is very inferior to
gmm-pe’iicha in insulating power, however carefully it may be
werufactuted. N

~Lidkility to cracks and fissures, difficulty of packing and

-@mnsmxsslon, are also dreaded so much as to render it neces-
kea.ry to sub_)ect all such preparations to very rigid trial on a
large scale before their adoption for extensive public works. At
least 20 miles should be submerged in a river for several days,
and then its insulation tested by 360 couples, il the mode
\létailed in page 67. Packages of onc mile or more should be
made up in cases, and cxposed for some weeks in an apartment
heated to 90° at least.  Such trials, if satisfactory, would
warrant much larger attempts, the success of which, from the
abundsnce and cheapness of asphaltum, would prove of the
highest importance in promoting the extension of the electric
telegraph. |

Dr. Ridde®, of Bombay, in a paper lately published in the
journals of that city, states that the milky juice of the Asclepias
or Calotropis gigantea (Mudar), a wild shrub common gl over
India, supplies, when dried before the sun, a substance lmvxng

-the pruperties of gutta~percha.

'l‘he gutta, {rap, the produce of an Artoaarpu (jack tree), at

S&glpore-—-the atti jegote (Ficus racemosa), and Mangegatu

(Figus Indica), of Vizagapatam—also the Kutimandoo, of the
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same locality, produced by an Euphorbia, are all mentioned in
the * Reports of the Jurics of the Great Exhibition,” page #4, as'
descrving of trial as substitutes for gutta-percha and caoutchoue.

When we remcmber, however, the close affinity in chemical
composition, and resemblance ‘n many properties, between these
two substances, and then consider that, for the object of our
!mntwn caovtchouc har failed as signally as gv'm-petcha has
ﬂeeeet.ed we are led to conclude that extreme caution is neces-
oy in affirming the existence of any substitute without sub-
Jeetmg this to experiments on @ wrglm-ys scale. The intro-
“aluction of the gutt~-percha tree into Bengal; and the promotion
of its cultiyation, dre ‘sneasures which would's gppur to deserve
the attention of Government. e
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PART 1IV.
R ,
. INSTRUMENTS AND OFFICES.

As the plan tdoptedfwtkeammtm of the grentlmes nbw
about to he commienepdhas been determined on, on the experi-
cnentsl data obtained fem the Calcutta and Kedgerec lines, so
the mstrumenutohemmaﬁmpdthe sysiem of
organisation of the officcs, rest upon the experience of the per-
fect and uninterrupted success with which the public service is
now carried on in the-several telegraph offices at Calenfta, Bish-
tapore, Atchegpore, Dismond Ifarbour, and Kedgerce.

Titese offices have heen open for correspondence smee the 6th
Octob‘ 8%71. The amount of business tljey traysact, and the
impotance of their functions to Government and the commumity,

<ohe practlcalh shown by the official ducuments quoted as we
proceed. *

¢ The instruménts and system in usc have been adopted on ex-
periments carried on from January to October, 1851, on the line
from Calentta to Diamond Ilarbour,' where two experimental
ofiiles were estabhshed for the observation of the cffeets of
lightning and rain on the working of the different mstruments
and batteries under trial.

By thesc obscrvations it was very soon found that, to work
agy linc uninterruptedly, and with that steady certainty of opera-
tion indispensable for public purposes, it was an essertnal con-
&ition that the instruments cmployed should be of the very
simplest kind,*so that their construction, adjustment, and re-
pairs might be effected without the cmployment of expert
mechanists and electricians—by boys fresh from school, knowing
little or nothing of mechanism or electricity—and only sided by
the rude blacksmith or carpenter of a native village.

The furious thunder-storms which prevail from March to
Ociober in Bengal, and the strong constant currents of natural
elecivicity flowing in the north and south lines, by deranging,

¢
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reversing, or destroyin§ the polarity of the magnetic needles, by
converting temporary into permanent maguets, and: byhu!‘ﬁﬁg
the fine wires of every kind of instrument, pioweiin‘aTew wetks
that to use the complex and delicate apparatus employed in
. England, France, and Americu, an experienced European me-

chanist should be stationed at each office. This, the extreme.
wthealthiness of many oat-stations, the paucit, of such . me-
chanics in Bengal, and the high value of their services, rendered
an impracticable arrangement. Qur sole wlternstive -became
accordingly the simplification of the msm?imta, or .abandon-
ment of the undertuking. '

The instryments. friéfl during the eq»en@h& season were
chiefly such as those in use in England and Alﬂwiea, and -others
on the smne principle as those ﬁunultuneousl) or“gubsequently
proposed in England and France, by Messrs. Heilgy, Dering,
Dujardin, and others. All proved alike unsuitable. ¥t mny be
said that these instruments having been ponstructed in Calentta,
not imported from Europe, did not afford fair results. Lﬁde
weight as can be a’lowed to this objection by any dienterestéd
or competent person, it has still been considered proper to send,
out {rom Europe a collection in duplicate of nearly all the-tele-
graphs now in actual us, or proposed on good autlprity, sup-
plicd by the best makers, in most cases by the in¥entors, gr
patentees. These instruments will be submitted to trial and
obscrvation during a sufficient period, and officially rdported on, -
in comparison with those in use at present on our limes. The
result will determinc which shall be preferred for final gdoption.

Meanwhile, for the provisional organisation of the effices and
correspondence, the system of the Calcutta lines will he adopted

“ill further orders. We shall accordingly desc.ibe minutely the
instruments and arrangements of the Caleutta and subordinate
officcs, as the guide to be followed in all those to be subse-
qucntly opened,

THE BATTERY.

hisis a sct of 6 to 10 elements of the.nitric acid and platinum

wire kind described at page 13, and of the several parts.of which °

o drawing is here given.
¢ r2
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The battery is placed on a teak-wood tray, and is enclosed in
& wooden cupboard, on a table, at the east end of the signal-
room'; this cupboard is les into the wall, through which an
aperture is made to permit the
Fyg. 71 * ©fumes from the battery to escape
g into the air. The cupboard is
kept closed, and thus all annoy-
ance from the acid is eflectunlly
prevented. Two thick copper
wires lead from the zinc and
platinim endg of the battery into
grooves in two wooden battens, nailed to the floor, one foot
apart. In these grooves the wires arc laid in melted piteh,
and are led to the right-hand corner of the table in the centre of
the room, onewhich the signalling instruments are placed.
The same arrangements arc made when sulphate of copper
batterigg axd uscd. (See page 11.)
¢ 'The line from Diamond Iﬁrbour, whlch we mll designate as
““the leleg{aph line, enters the room at the sgutll side ; also a wire
leading from & plate of iron sunk in the river Hooghly, outside
' the office door.
Both these wires are led into the o‘ﬁice, and laid on the floor,
m grooveﬂ wooden battens, and their cnds are led tv the left*
corner of the table.

It is evident that if the wires from the battery arg made to
touch those from the telegraph line and
the river in the direct course shown in
Fig. 72, the Diamond Harbour line will
receive a positive state of electritity from
its contact with the platinum side of the
battery, which would be shown by the
deviation of a galvanometer needle at
Diamond Harbour, say to the right side,
or from north to west. (See page 5.)

» But if the order of contact be reversed, so that the zinc side®

$In upeaking of the right or left side of any object, we mean that
oppopite to the same side of the observer: thus, the lefc of the table is
that side opposite to the observer's left band,
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wire touches the Diamond Harbour line, and the plat\num side
the river line, the Diamond Harbour rod will receive segatice

excitement, and the galvanome‘er " Fig. 18,

needle of Diamond Harbour will de- w

viate, say to the left, or from nurth $C X N
to east. (Fig. 73.) ~

The battery wires are accordingly
made to touch the telegraph and river
lines, either directly or crosswise, so - LA L1
as to send positive or negative cur-
rents along the telegraph line, and .
deflect the needle at Diamond ITar- J. 1
bour east or west at pleasure, by the
Reverser shown in the accompanying figur.e.

'

REVERSER.

The wires from the battery (Fig. 74) #re joined by two binding
serews to two wires inserted in a block of wood 24 inches square.
Four hollows, half an inch deep, sre cut in the wood, and these
hollows are joined diagonally by copper wires 1.t into the sub-
stanee of the wood, and most carcfully insulated from each other
by melt~d cement in tuc wood, but exposing a clean metallic
surface in cach cell. The battery wires are thus counest-d,
wire p with the cells a and b, and wire z with ¢ and d.

Fiy. 74.

ﬂ'_/ ’\‘\/‘._. >
—_— . N3
——pu / bﬂghi P

. The hollows are filled with mercury. It is obvious that if the
tclegraph and river lines dip into b ¢, the line to Diamond
Harbour, D H, dipping into b, will receive electric excitement
from the platinum or positive side. But if ‘the telegraph and
river wires dip into @ d, the Diamond Harbour line, D H, will
receive electric excitement from the zinc or negative side,
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The dipping of the wires into the mercury might be effected
by the hand directly, but this would be slow and irregular; the
telegraph and river wires, D H and R L, are accordingly fastened
by two binding screws to two *hrass pillars, each 4} inches high,
having a spiral coil of strong elaatlc brass wire 3 inches long,
% inch diameter, attachgd to its top at a right angle. The brass
‘spiral is joined by a screw to a fork with two s.teol points, 1%
inches long, anfl 2 inches apart. Thése steel points, when at
rest, are § inch abdve thessurface of the mercury in & & orea
a t cach side. The steel points must he brazed into the brass
Ppiece, not screwed in.

The forked termmhh ‘of hoth the brass spirals are borne on
the same axle, supported on two pillars. But the terminals must
be cmefully insulated .from metallic contact with each other by
an ivory collar on the axle.

Fig. 75,

A vertical hanc'l8 on the axle, completes the apparatus, The
handle is worked by_the -bent forefinger and thumb, and thus
the telegraph and river terminals may be made to touch the
battery terminals alternately in opposite directions ; and when
the .hand lngIﬂtdm, contact with the battery ceases alto-
gether.

With this apparatus opposite currents can be sent along the
lme with a rapidity in manipulation equal to that of a brilliant
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player on the piano. The instrument is very substantial, and
never réjuires further adjustment than an occasional tightening
of the screws, adding a drop or two of mercury to the hollow
receptacles, or cleaning the surfaces of these with a feathers It is
necessary to use steel points to the terminals, as brass or copper
would be rapidly destroyed by the merrury. The steel points
should be rubbed bright with sand-paper every morning. )

Thege reversers are very substantially made at the gun-foundry
at Cossipore, near Calcutta, to a undorm pattern, and cost
12 rupees, say £1 4s., cach. .

.
THE TELEGRAPH, *

This consists of a coil of fine wire, on a card or ivory frame ;
a magunetic needle, with a light index of puper pasted across it ;
two stops of thin shect-lead, to limit the vibratiors of the index;
a supporting board, eight inches square, and a square of window-
glass, in a f-ame of wood. or a common glass tumbler placed
over it as a shade, to prevent the index heing moved by cur-
rents of air.* -

The office hoys, with the assistance of a native' carpenter,
make up these telegraphs at a price not cxcceding two shillings
each. The documents appended to these remarks prove that in
delicacy and rapidity of action they arc at least equal to the
costly needle instruments in use in England. We now procéed
to describe their construction in minute detajl.t

The Frame.—~This is a piece” of teak or mahogany, 8 inches
square and 1 inch thick, with a hollow groove cut in its centre,
24 inches long, 3 inch wide, } inch deep. A ledge of the saae
wood, 1 inch wide and § inch deep, swrrounds the frame, leaving
the inner surface 7 inches square. This is stained black with
ink, to make the motions of the index more conspicuous.

* The use of the punkah, or suspended fan, in Indian offices, renders
this «lasc cover indispensable.

1 No credit whatever is claimed for the introduction of this simple
telegraph by the writer. It is, in truth, the original galvanometer of
Oersted, invented in 1819, with a slip of paper appended to indicate its
vibrations. Qersted’s galvanometer need never have been departed from,

; but, by making it vertical instead of horizontal, a legal argument was
found for claiming a patent right, as if for a new invention. The English
telegraph is nothing more than Oersted’s coil and needle.
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The Coil.

This consists of 50 feet of t}ae finest silk-covered copper wire,
wound on a frame of card 2 inches long, 4 inch broad, § inch
deep in the open part. An edge or flange of card, § inch wide,
is attached to it at each side, to *keep the'wire in its place.*

. Iig. 76.

- .
The frame mag be of ivory, or thin wood; sandal or satin-wood
answer very well.  Brass or other metal is objectionable, as any
fault of covering in' the wire may lead to casual contucts with
the frame. The windirfz of the wirc commences at the lower
left cornet, and the wire in coiling is led from Jeft 1o right, as
the hand® &f a watch would move in thesame plane. Each
o Wire lies close and parallel to the next, Without overlapping till
onc layer is laid. Thc winding then confinues in the samc
direction for a Second and third layer, and so on till the fifty
Yect are wound. :

Coils of this kind are prepared in a few minutes, and a dozen
or two are always kept ready in reserve. They are made by the
boys for four annas (sixpence) cach.

Two inches of cach end of the eoil wire are now stripped of
their silk covering, by being rubbed with sand-paper. Lastly,

the continuity of each coil is tested in the precise manner de-
L]

1'1_/ 7. .

y -\-r’-:—""r- —7—1‘
scribed at page 66, Fig. 41, substituting the telegraph.coﬂ for

that of the gut'ta-perchn wire.
The coil is mounted in the frame by inserting its flange in

* This wire is drawn and coated with silk by the native gold-lace men
for about one penny per yard.
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the groove, so that the floor of the open part of the coil is level
with that of the framc. (See Fig. 77.) It is now ready to receive
the magnetised needle, %

The Needle.

This is 1 inch long, 4 inch wide, of the thinnest steel, and
fitted with a little hrass cap, turned to a true cone, to receive ’
the poing on which it is halanced. These necdles are of hard-
tempered steel, and are maguctised by a siugle ‘contact with the
cleetro-magnet described at pages 23 and 24, excited by 6 of
Deniel’s, or nitric acid cells, The native jewellers and cutlers
wake these little magnets very neatly for ‘abolit fourpence each.
The brass cone should he carcfully examined, to ascertain that
it 18 smooth, and no burr on its inner surfac»

g, 78, Flg.79.
A

The magnet is now to be balanced on a steel point, § ineh |
high (these are nipped off with cutting pliers fromscommon
seving ncedles), soldered into a slip of thin ccpper, 3 inches
long, & inch wide. It will be found at first that the north end
of the needle dips conside.ably. To counteract this the south
end is touched with a feather dipped in lac varnish, which dmcs
vapidly, and this is repeated till equilibrium is attained.

Fig. 80,

® ‘The needle is completed for use by fixing to it an index -of
paper,* 2 inches long, tapering from } inch to a point, and

* Cut from glazed letter-paper.
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fastened at right:angles on to the needle with lac varnish, so as-
to be in equilibrium, and that- its sharp index end should be to
the east,. when the needle, placed on the pivot, settles north
and south, its north pole bting opposite the observer’s right

hand, the observer facing the west.
Fig. 6.

" The coil frame is piz-ed north: and south, and the needle is
now introducad by sliding the end of the copper strap into the
opening in the frame. It should now be carefully exmmined, to

ascertain that the movements of the needle are free in every
directior.

Fig. 82,

To limit the ribrations of the paper index a stop is placed at
each side. The stops are made of a strip of thin sheet lead, or
copper, } inch broad, 13 inch long, aud turned up at a right
argle, so that 1 inch rests on the board, and 4 inch is vertical.
For ordinary practice these stops are placed each at } inch from

the index, thus:
Fig. 88,

But the distanc. may be widened or narrowed at pleasure in an
instant.

A wooden lid, glazed with window glass, completes the in-
strument, and, when closed, makes it secure for travelling.+

£ Tn some of these telegraphs we have inserted a mirror inside the lid,
which, when placed at the angle shown, gives a vertical image of the
neertle index (hee dotted line in #%g. 84). This was done on the mistaken

idea that the movements of the English vertical needles were more easily
learned and read than with those placed horizontally.
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Our telegraph is now ready to receive signals, say from
Diamond Harbour, where we will suppose to be placed a bat~
tery and, reverser, this connected nt one side with the telegraph
line, another with a water line, the Hoogbly river.

By 84.

One end of the fine wire of the Caleutta coil®is now joined te
the terminal of the telegraph linc; the other end of the coil
wire is jeined to® the rifer line. The instant this is done the
index, previously pointing cast, deviates strongly to the =ight,
and remains hard up to the stop. This proceeds from a natural
current of clectricity flowing in the north and south lines, both
overground and subterranean, but not observed as yet in the
east and west lines on our eircuit.

To aounteract this deviation, and bring the index to the
centre, a small steel magnet is placed on or near the frame, and
approximated or removed, secording to the strength of the line
current, the south pole of this magnet being opposlte to the
north pole of that in the telegraph coil. The bar is 4 inches
long, 3 Inch broad, 1 inch hick.

Besides counteracting tHo line eurrent, the use of this magnet
gives great liveliness of movement to the signal needle, which,
when defleeted by a telegraph current, on this ceasing, is
brought back instantly to the neutral or middle point.
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We have now traced the arrangement in detail, and the
telegraph is ready. Every time the signaller at Diamond Har-
bour makes his reverser poings dip into the mercury at either
side, the index at Caleutta moves to either stop. When the
Diamond Harbour reverser is ut of the mercury, the Caleutta
index returns to the peutral or middle pomnt. We can count
any number of these deflections or beats at either side, or
alternately. In practice, no more than 4 heats are given at
one side in succession. * The alphabet is thus given: a right
**and or left hand beat is that opposite the right hand or left
hand of the observer; and the nonnectmg wires are all so
arranged that the mbvements of ‘the ‘top of ‘the handle of the
reverser, and the movements of the telegraph indices, are always
to the same side, a ~ight-hand movement of the ton of the
handle giving a right-band beat of the index of the distant

telegraph.

.
v

Alphabet. .
Fig.85. The first ten letters are founded on the
A /7 *lo \ TRoman numerals, wifh slight modifica-
¢ tion in the ninth and tenth letters.®
8 / M \\ The sceond series of ten letters is ex-
c 4 M W actly the reverse of the first.
b* /// o W\ Letter W is given in the natural order
vV hy four alternate beats—Ileft, right, left,
E P A right. This letter is uscd as the tésting
r WV |q /\ lctter in the adjustment of thefappara-
tus, to discover whether the wires arc all
G \// R /\\\ adjusted in the proper order.
H \// s /\ \  The reverse of W, or M, significs the
w Vit N end of a despatch.

This alplgbet differs much from that
k VW |w I\ used on't nglish lines. Being based
y \/ on the numcrals, it may’be said

w X/V \\\ \/ to be known¥elready by every one who
X z can read. We find, accordingly, that its

pructiqe is acquired in two or three days, while the arbitrary

* The tenth letter, % may be described as a double v, or fifth,
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English alphabet is always lcarned with difficulty, and many
Inds cannot master it at all* (See page 120.)

In commencing correspondence, glternate beats are given, say
for half o minute. This is termed a roll. It is answered by a
roll from the distant station. , @ :

»  Scven alternate beats are the dervice or yrgent signal.

The despately is then given word by word, each spelled in full,®
no congractions being permitted.  Even numbers are spelled,
like the sum in a cheque, to prevent the® possibility of mistake,
in $mportant communications. -

The alphabet is ngt cngraved gu.the instrument, as is done so
usclessly in England.  An alphabtt“is just as necegsary on cach
page of a printéd hook:+' No sizmaller is evet-allowed on duty
ou our lings until he can read without suchawsistance.

Kach word is separately acknowledged by thg signals V,
*understood,” or A, “not understood ;”’ but we must now ex-
plain by w hat.m'cans; the despatch and reply are altesnately sent
through the line. . ¢

The Turn-plate.
o L4
By this eontrivance the telegraph line is brought at pleasure
into association with the, battery, so as to send a mersage, or
with the félcgraph, 10 receive oue, thus ;—
Fig. 86. Fig.87.
Ljvv

R AT e REIEATY
1

|

;;91"#.[45 E €'5~f-:=

A\

A piece of hent iron wire is attached to a binding screw to
whichthe telegraph line is connected. This wire is bentso that
eit can be placed alternatcly in either of two hollows con-

. *In the English singlo needle alphabet, given in Mr. Walker's

Manual, p. 78, letter @ is given by two beats to the right, // ; letter dy,
the fou;'tll):. letter, by \/g, one left, one right beat. ﬁhe alphabet is en~

tirely an arbitrary one, and gives no clue to its recollection.
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taining mercury. One of these mercurial pools is connected
by a wire with the copper or platinum side of the battery, B.
The other pool is connected thh one terminal of the coil, T, the
second terminal of which proceeds to the river line, thus :—

If the line wire D H, from Dlumond Harbour, he moved into
the mercury pool B, it is in contact with* the battery through
<he reverser R, and is teady,to despatch a mgngL If the line
wire D H be rloved into the mercurial pool T, it is in contact
with the Calcutta telegraph, which is thercby made ready to

«receive a signal.

Thus the currents sent from Caleutta do not pass through the
the Calcutta_telegtapli, hut proceed direct from the battery to
Dismond Harbour: The currents fisu Disthond Harhour,
again, do not. entgy, the Calcutta battery, but pass at once
through its telegraph tp the river.

X

-

~
‘Ha

The annexed plan, Fig. 88, shows the battery, reverser, tele-
greph, turn-plate, and line sttachments, all in their relative
places. The signaller sits between the battery and telegraph,
with his face to the west.

In, the English offices, all the currents from a given station
pass through. their own mstruments before entering the line.
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This practice is most objectionable. It interposes the resistance
of two or more coils of fine wire; and if there be derived cur-
rents from imperfect insulation on the lines, the electric actiom
on the telegraph necdle at the flear station is so powerful as
frequently to derange its polarigy, and render it necessary. to
take out the needle*for re-manetisation.

The use of the turn-plate above deseribed obviates this evil.
Bemg made Of a picce of wood, 6 inches square, and 1 inch
thick, with threc binding screws, and @ few inches of wire, its
value may be fairly estimated at one rupee—two shillings. »

Steel springs and brass studs for contact might be used in this

turn-plate, and in® the reversers instea® of the mercurial pools.
But springs are Jiable t fracture, und can only be replaced by
expert worl\m(,n, while a bent wire and a ljttle mercury are pro-
curable in cvery village.

ROUTINE OF DUTY.

The usual routine of work in the €aleutts offices will beﬁt
exemplify the use of the above arrangements.

At gun-fire, half*hn-hour before sunrise, the signaller in charge
examines his battery and connecting wires, a%d sends a proe
longed roll to Diamond Harbour. This is answered, to show
that Diognond Harbour & in readiness, and that the line, hatte-
ries, and instruments arc in good working order. Questions are
then passed to and fro as to the strength of the beats; and the
distant stations request each other, if necessary, to add to or
diminish the battery power.

Each station then places its line wire in contact with its telg-
graph, and the signallers take their watches in turn, cach for
one hour, when he is relieved. The youngest lads on probatisa
take their tumn at this duty, and if unable td sead the signals
themselves, they ring a hand-bell, and call the “reader” on
duty the moment the needle is seen to move.

"At"9 a.m., at noon, and at 6 p.m., Calcutta time is telegraphed
along the line by 9, 12, or 6 beats, corresponding with those of
the Calcutta clock, and common American clocks are thus used.
‘with confidence to regulate the duties of each office. ’

At a quarter to 10 am., at & quarter to 12, at s.quarter to
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4 p.m., and at a quarter to 7 p.m., the state of the weather and
tide at the out-stations are signalled to Calcutta, and are pub-
lished in the printed bullctins issued at 10 a.m., noon, 4 p.m.,
and 7 p.m. . ‘

All the movements of shipping in the river are forthwith re-
ported, posted on the qﬁice gates, and printéd and circulated to
s8hscribers, at intervals of three hours during the day. Casual-
ties arc instantly mpde known to the Master Attendant. Arrivals
or departurcs of vesselg kzlonging to particular firms arc notified
#n the puties interested. .

Signal flag-staffs are crected on the roofs of the stations at
Atcheepore, Diamond Ifarbour, and Kedgerce. The signallers
at these offices are instructed in- Maryatt’s code of marine
signals, anil Captain Bedford's Hooghly River code. Com-
munication thus takes pjace by signal with the shipping. When
long ur'import:‘mt despatches have to be sent on board by boat,
4 "plain -ré& flag at the station is an imperative order for the
vessel passing to anchor or heave to, to receive the commumi-
cation.

During tae day despatches are incessantly flowing along the
T'ne on public or private business.

The first notice of every event in the Burmese war lias been
reccived through the Kedgerce and Diamond Harbour oflices—
a formidable test of their efficiency, subjecting these to the
immediate scrutiny and persopal observation of the highest
functionarics of the Governmen? of India.

Night Correspondence.

The evening gnn from Fort William closes the day duties of
the offices along the line. This takes place at 8 p.m., from the
21st of September to the 2]st of March, and at 9 p-m. in the
other months,

An alarm clock is now set, and the watching of the instrument
ceases. The senior signaller in charge, and one junior signaller,
sleep in the signal room, beside the instrument table. The
ringitig of the alarm never fails to arouse the sleepers.*

* Atout-stations it may be found prudent to post a sentry in the sigual
room by night, to call the signallers when the alarm rings.
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The Alarm Clock.

This is a common American elock, wound up daily. A small
clectro-magnet, surrounded with thick wire, is placed below a
moveable piece of tinged iron, 8 thht when thisis attracted, the
fly of the clock is released, and its bell toMs unceasingly while
the magnet is excited. '

Fig. 89,

el
—i — i

The clectro-magnet of the clock is excited by the battery ofe
the same station, which sends a powerful cui'tant through its
wire when a cirenit is completed through this by a wire index
moveid by a galvanometer coil, the same in all respects as the
tclc.grnf)h already described, cxcept that the index is of platinum

ewire instead of paper.

A copper wire is led from the platinum side of the office
battery to a screw soldered to one terminal of the alarm magnet.

Another copper wire is led from the second terminal of the
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alarm magnet to a screw attached to the copper strap and point
on which the telegraph needle is balanced.

A loop of platinum wire is substituted for the leaden stops.
and the end of this wire is connected with the zine side of the
station battery. The alarme telegraph is then set on the line,
just in the same manner as the day one, with its regulating®

o steel magnet, to keep the index m the middle, and free from
the stops. ¢

HO -

A current flowing along the line, by disturbing the telegraph
-necdle, eauses its metal index to touch the metal stop at either
side. This contact allows the whole current of the station bat-
tery to flow round the alarm magnet. Its keeper is attracted,
and the bell rings as long as the distant current is applied. .

The log-book of the Caleutta telegraph office contains nume-
rous official proofs of the certainty with which this systems
ensures night correspondence. As an instance, we may adduce
a-visit made by the Superintendent of Marine, Captain Rogers,
by order of the Governor-General, at 11 p.m., on the night of
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the 14th February, 1852, to the Calcutta office, to learn if the
“ Phlegethon” stcam-vessel had landed a despatch from the
King of Ava at the Diamond Harbour post-office. In four
miuutes the answer was obtained from Diamond Harbour,
although all the signallers were in bed and asleep, and no sentry
Yosted, when Captain Rogers entered the Calcutta office.

. Intermediate Stations.
[ ]

ITaving thus described the instruments, usual work, and
arrangements in the Calcutta office—all of which are the same
in any station at the%nd of any given linea-it is necessary now
to advert to those cmployed at intermediate stations.®

ialf way, bhetween Calentta and Dmmon.d Harbour, at the
missionary station of Bwhtnpor(' a branch Tine tums off to
Atcheepore, gn the Hooghly river, a {requented’ anchorage,
the site of an important powder magazine, and the place where

A

the overland uthils toand from Bombay cxass the river-= Y

Fig. 91.

This intermediate station was cs. ablished instead of mmnning
a direct line from Atcheepore to Caleutta, in order to afford »
practical idstruction to signallers in the management of similar
pluces on the great lines. .

L]
Fig, 92.

e A= oM.
e
[
The first peculiarity in the arrangements is that the telegraph
coil used at Bishtapore is inferposed in the line from Caleutta
to Diamond Harbour, and has no carth connection. (Fig. 92).
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" All signals to and from Caleutta are thus passed through the
-coil, and are legible by its index.

This énterposition of coils is common on the English lines,
especially those for the railway service—for instance, the North
Kent system, hanng five chief, stations on one line, and two
shorter groups of six and seven Stations cich on a sceond line.™

As the coils cmployed in the Enghsh offiecs, especially in the
instruments of the older pattern in usc in those refevred to,
consist of several thouband feet of the finest wire, the resistance
thus created is enormous, and the neccssity for perfect insula-
tion ahsolute. (See page 19.)

It has alrcady been stated that the coils used in Bengal
contain no more than fifty fect of wire, a length which has been
found sufficient to effect the requisite movements of’ the necdles
and indieators. Every foot of wire added to this is a uscless
resistance ; but, to diminish this resistance still further, the
cois of *terpos&tum are wound in a diflerent manuer. The
ffty feet of fine wire ‘are cut into five equal lengths. One is
wound on the card frame from left to n;.‘ht the second, third,
fourth, ahd fifth then added from left to rl"ht also, but cach as
a separate coil. The ends are then twisted together. Thus the
current subdivides itself into five streams; the resistance is thus
reduced to that of ten fect of wire of five times grea.cr section,
1See page 19.) 'The needles are still moved with the full speed
required.

Fig. 93.

|
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This instrument, like that at Calcutta, is watcked by the pro-
bationers by day in hourly watches, but its movements are not
rcad until its own special signal is noticed, which is the index
remaining hard up to the left side. When this signal is seen,
the reader is called, and Bishtapore is placed in communication
with Calcutta. (Fig. 94.)

* « The Electric Telegraph,” by C. V. Walker, Esq., p. 47.
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In a pjece of mahogany 1 inch thick and 6 inches square, :re,
three hollows, { inch deep, containing mercury (c, d, m). The, '
line from Calcutta dips by an iron wire in ¢, also one terminal
of the interposed telegraph. The line from Diamond Harbour
dips by an iron wire in d, also the Second terminal of the inter-

! posed coil. ' .
. _ Fig.o4. '

3

An iron wire from the Atcheepore line and tclegraph is Aljo
brought to this central apparatus. All thesc iron wires are bent,
30 as to be casily clongated.

Thus, by lifiing C and D H from their mercurial pools, aud
placing their ends in the pool.c, the Bishtapore telegraph is
thrown cut of the circuit, and Calcutta and Diamond Harbour
placed in direct correspondence. Whenever this is done, the
time is specified from the head station, for which the inter-
mediate one is to be excluded, say for five or ten minutes, when
the currept is to be again directed through the interposed coil
by replacing the line wires in ¢ and d.

If the wires C and A be inserted in the pool m, Calcutta and
Atcheepore are brought into direct correspondence.

If D H and A be placed in m, Diamond Harbour and
Atchecporc are in direet correspondence.
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“On the tsble where this central piece is placed iy also ‘the
terminal of an earth plate, which can be used at pleasure with
any-of the instruments, 3o that, for instance, while Calcutta is
‘eorresponding with Atcheepore, Bishtapore may communicate
with Diamond Harbour.* .

One alarm clock ¢uffices for an intermediate station, corre-
“sponding say with three others. The line wires are all placed
in contact with one terminal of the alarm coil. The second
terminal of this is joinfd to the earth.

S
o _elrrm. 8
==
;9 \
0 \\. S S, ] R
c e - X I

The arrangements thus described are all made with case ou
one table, the several wires being led to others in grooved
wooden battens on the floor. The table should be placed so
inat one observer can watch the entire.

* As the distance between the stations may be very great, the
description above given applies. as well to any other group. say
Benares corresponding with Calaptta to the S.E., Agra to N.W.,
Mirzapore to S. It has been found on our present lines that ™
an intermediate station of this kind requires two good readers
and three or four prubaﬂoncrs, or apprentxces, tv ensure its
éffigiency.

N - .
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) Double Lt'nes. ST

"We have now described the oﬁce arrangements and working
in fine weather. As for as ovr "obfsertations yet extend, fogs
8¢ rain do not affect the work, although norinsulators are used.
This procecds from the massiveness of the metal llne, and this
bemg a single rod, and cxempt from the dmmbm ol- the .cur-
" rents from other lines.

We reserve for future comsideration and dlmtmu on.the
completion of the first long sestion of pur double line, the
peculiarities of arrangement this will call for. At present it
suffices to say that the double linc will be genérally worked as
two distinet single lines would be, each Lm'mg its lepmtt
instruments and operators. s

Fig. 96.

LINE
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The English double needle instruments, and the French
doyble semaphore telegraphs, require ‘two line wires besides the
earth circuit, but may be regarded as two single instruments in
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one frame, one worked by the right, the other by the left hand.
Two sets of the Bengal instruments may thus be worked side by
side, but the use of the reverser with the left hand requires
much pructxce, and is with difficulty mastered. The turn-plate
in this case is also different. It consists.of two upriglit steel qv
brass studs, 1 inch Bigh, set on a picce of wood 1 inch apart.
A piece of strong clock spring is attached to tHe line wire; this,
in its ordinary state, rests against the stud T, and is thus
associated with thé telegraph. If pulled to the right, so as to
touch B, it is in contact with the battery. (See Fig. 96.) This’
movement is effected very conveniently by a cord attached to
the spring, and let over a pulley through the table, and ending
in a stirrup or pedal about an inch from the floor on which the
foot of the swmlller rests. He thus, by a slight préssure of the
foot at either side, tirns his right or left line on at pleasure, his
hands being left free for the manipulation of the reversers.
35y duf arrangemegt we maintain the advantagze of directing
,j the Mrrents on the lines without theit passing threugh our own
telegraphs. v

Instead of a steel spring, a common brass or copper wire may
be used, having an elastic spiral of brass wire, or a string and
weight, to bring it back to contact with the telegrnph stud.

.In the English system the alphabet of the single line differs
from that for the double line, and is so arranged that tbe same
Ietter in the double code may be represented by three beats at
mest, while in the single code some of the letters require four
or five beats. More importance is conceded to this than it
© deserves. A little practice enables a signaller to give even a five-
. beat letter in one second.clearly and distinetly ; while in the

 letters having szveral beats at one side, these are given more by
* a flutter or vibration than by a separate movement.

The acceleration really effected by the double-line instrument
is chiefly by its enabling the distant clerk, if he understamls 2
“ord as very frequently happens, by its first lctter or two, to'

“cutin” by the unoccupied linc and needle, and give the sign?
“ understood.”  In this way forty or even fifty words are tele-
graphed and read in a minute by first-rate operators. But in
all well-regulated offices the signallers are forbidden to cxceed

«
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twemky words per minute, as that is considered the limit of
accuracy in taking down in writing the message as received.

It will be scen, in the repart of experiments made at the Dover
station with the Bengal instrument, that in practised hands
this can be used to transmit,eightedn to twenty words in a
®minute. ' .

1t is the pracsice, however, on the English lines, to repeat back
all mesunges, in order to secure the accuracy of the despatch.
The offices charge half-price for this repd&ition, and without this
will not insure the accuracy of the message. The repetition is
effected ot a quickgr rate than the desppteh ; still, practically,
this reduces the total speed to ten or twelve words, per minute.
Repetitions of this kind have never been practised or required
in our Indign lines, and up to the last repotes we have not been
charged with any serious error in the tramsmissionsof despatches
for Governntent or for the public.

Codes or Cyphers.

Some remarks are necessary here as to the %sc of codes ore
cyphers for correspondence by the clectric telegraph.

For codes such as Mafyatt's or Bedford’s, or any other pre-
concerted between two correspondents, the needle telegfath
answers perfectly, provided the code be divided into numbered
chapters, scctions, and units, and each number telegraphed be
spelled in full.  Secret codes of this kind wil) be compiled
for the use of the different Government depurtments, which will,
cosure the transmission of despatches without their meaning
being intelligible to the signallers. . °

Another mode of sccret correspondence mth adopted i
Amcrica and in England is that of assigning to certain words a
different meaning from their apparent one. Thus “ Calico has
shrunk in width by onc hundred and twenty threads,” may .

omcan, “Opium has fallen in price one hundred and ¢y cnty’
rupees.” Mercantile firms may have their own special vocibu-
4 laries of this kind.
Using words having each n substantive meaning,” errors are «
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almost completely avoided. The context of the word gives
certainty to the signaller. But if meaningless words, or
irregular groups of letters, be employed, mistakes are certain to
occur. An opium speculator in Calcutta, soon after the opening
of the telegraph offices, instructed his correspondent in China to
land a despatch at our outside station at Kedgeree, dirccting the®
letter « to be telegraphed three times if opium had risen.in price.
The lad on duty in Uslentta receiving from Kedgeree the mes-
sage, “ Inform Mr.~——2" and not being prepared for this
mode of correspondence, telegraphed back, ¢ Not understood,”
and reccived an angry  z, 7, 2" in reply. The message was sent
in this state. Mr. purchased opium, and lost considerably.
A single & was his signal for a fall, z repeated three times for a
rise of prices. This casc is cited to show that it skould not be
attempted to convey sceret messages by the use of single letters,
or repetitions of the same letter, or by arbitrary groups of letters,
df'i‘"‘ ~¢ .ny actual meaning,

ATMOSPHERIC ELECTRICITY.—THUNDER BTORMS.

We have now to advert to the effects of atmospheric elec-
tricity and lightning on the instruments employed in vur offices,
and the mode of protecting these from injury. This subject has
already been noticed at pp. 33, 41, 49, 50, and 51, which the
reader is requested to peruse again in connection with the fol-
lowing observations,

‘We have there deseribed the general effects of lightning on the
lines and instruments, the lightning conductors to Le used on
‘he temporary and permancnt lines in connexion with the posts,
.nd oufside the tents or offices.

On the' experimental line constructed in 1839, the terminals of
which were placed in the library of the Botanic Gardzn of Cal-
cutta, the visitations of lightning were so frequent and terrible®™
that on more than one occasion it became necessary to detach?®
the line while the storm was raging.

. In the lines, partly subterranean, partly overground, at pre-
*sent iu operation, it is found that the subterranean line is abso-
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lutely exempt from liability to lightning discharges, beyond a
minute portion of a flash conveyed from an over-ground line, or
.he effects of currents, induced by lightning flashes striking the
earth in the vicinity of the line.

These cffects on the subters anean line are manifested in the
offices by small bright sparks on the protectors attached to the
instrunf@nts, by derangemeuts of the magnetic sta‘e of the ncedle
and electro-magnets, by smart shocks to the operators, and by
the ringing of the alarms at night. ’

Where the overground line is united with a subtcrranean one,
a flash striking the former cxplodes through the insulating coat-
ing to the nearest wet earth, tears off the coating for some fect,
and affects the uninjured part of the line by a fraction of the
direct discliarge which passes to the distant offices. This fact
was first observed in March, 1852, on a lifie laid ac10ss and below
the Huldee rive=. It has led to the construction of a floating
conductor, de.cribed at page 34, one of which should be wiwwdl 7d
to the commencement of cvery subterranean and river line, {»
that the lightning mny be intereepted, and the place of injury to,
the line found without difficulty.

At these points of junction of overground and subterrancan
lines a covered hut shoull be constructed, and a well dug for
the floating interceptor. This hut should be in charge of a
watchman, :

On the overground lines now in operation in Bengal, several
visitations have occurred, but beyond the splintering of a few

Fig. 97 hamboos, and the melting of coils,

1.0 injury has been done up to this

time, and the coils have escaped
all harm since *hé introductior

BN\ of the instrument protectors d

4 Y scribed as we proceed. The most

I severe effects have hitherto been
observed at the Bishtapore station,
where the instruments are inter-

posed in the line. The accompanying woodcut shows the effect

of u direct flash on the coil in use on the evening of the 21st

Murch, 1852, at half-past 8 p.m. The flash traversed the in-




124 THE ELECTRIC TELEGRAPH,
strument, burned the card frame, and melted the cnds o) the

wires into beads.*

By reference to Fig. 98, the construction of the lightning

Fig. 98.

protector used on our instru-
ements will be understood at a

glance. A strip of sheet cop-’

per, § inch bread, is @laid on
half the ledge of the tefegraph,
ond then cut by a fine file.
across the middle. The ter-
~ minals of. the telegraph coil
arc joined in metallie contact
to each of these copper straps.
A lightning dischaige of ligh

o

tension entering the station by

the line wire, cxplodes across

thp - aud only so small a portion traverses the coil as to do

+ t¥is no harm.
" Since this simple pro-
tector has been adopted
we have not lost a coil
in any of our offices.

, For the general pro-
tection of the persons iz
the offices the following
arrangement is adopted :

Along the edge, and
‘o the surface of the
. instrument-table, is -
id a strap of thin sheet
pper, 13 inch broad,
one end of which is at-
tached to the earth or
river line by a strong
and clean metallic con-
nection,

Fig: 99.

R

=
e~ e " b

1‘!

* Inless than ten minates, the signaller on duty, Charles Todd, placed

anotier coil in gear, and while the storm was ragi

, reported by tele-

graph to Calcutta what had taken place in his office.
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T e line wire reaching the table in the wooden batten, rises
to a binding screw at the corner of the table s, to which it is
~onnected. A fine silk covered wire, 20 feet long, wound in a
spiral coil one inch in diameter, is led from this screw and ex-
tended on the surface of the eopper stoap, to within half-an-inch
of its end, where it turns off to join the erd of the telegraph coil.
A sceggd stran of copper, preeisely similar to the first, is now
laid over the extended spiral, and frmly set in contact with the
lower strap by wooden or brass cleats sc.ewed on the table.

A flash entering the office has to pass ky the fine wire between
these two straps of copper, and will in every case strike off to
these through the silk couting of the mre, and cseape to the
enrth. A flash passing in this manuer, may perhaps burn the
silk, and bring the fine ‘wire into contuct -v'th the copper, thus
intereepting the telegraph currents. Should this happen, the
upper straj, can be removed by turning the cleats, and a fresh
wire spiral inscrted in less than two minutes, two or three spare
spirals being always kept ready for the purpose.*

The inner surface of the copper straps should be rouglwm
by coarse sand-paper, in order to present a multitud® of pointy
to the lightning discharge.

To resume, we have at page 41 described the lightning con-
ductor tc be attached to each post, 16 to the mile; at page 34,
the interceptors to be used outside cach office, and at eacl’sile
of cvery river or subterranean line; we have here shown the
protectors to be used in cach office, and for every instrument.
All of these are, morcover, of the cheapest and simplest kind,
and their efficacy proved by the experience of two years in g
tropical country, visited by terrific thunder-storms. The writer
has on many occasions witnessed, with deep and grateful satiy’
faction, the tranquil performanee of their duties by all pemI
cmployed in the offices, while the atmosphere was in a blaze of
lightning, and trees and animals struck down within a few paces
of the house.t But it must be emphatically impressed on the
attention of every one concerned, that neglect of the simple

* Theser ‘pxrals are made by coiling the wire round a common office ruler.
+ Thesefacts are on official record in the log-books of the Calcutta and
Diamond Harbour offiges.
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precautions described will inevitably, in India, lead to the host
disastrous results. A telegraph line is a snare for lightning.
We can, however, direet the meteor where we choose, or dimi
nish the risk to a degree compatible with the safety of all'’
employed, by the simple &pphances thus described. )

It is desirable to notice here the lightning protectors generally"
¢mployed in the Fnglish and other offices. .

Mgr. WaLkER's.—The annexed description and figures are
taken from Mr. Walkef’s * Electric Telegraph Manipulation,”
pages 63, 64 :— :

“ Fig. 100 represents the lightning conductor hglf full size. A is a
brass cylinder, 1-16 iuch thick (shown in section in the figure), in perfect
metallic communication with the earth by a stout wire, and insulated from
the conducting wire by a disc of boxwood and & boxwood bobbin. The

ends of the bobbin closely fit the mner “Fig 101+
Fig. 100. surface of the cylinder, but it isslightly 9
grooved in its course to reccive two or ¢
three layers of a silk-covered gopper
wire, finur than any elsewhere to be "
found in the instruments. The wire is
further furnished with two nuts fitted
with points made by gauge to approach
almost within hair’s-breadth of the
cylinder. The boxwood terminations
are also capped with brass discs. From
the upper disc points approach the earth
cylinder, and from the lower end of the
earth cylinder points arc presented to
the disc. The object of the coil of very
fine wire is, that, from its tenuity, and
from its juxtaposition to the earth

Eylinder, it shall have a better chance of being burned in an extreme
. case than either the wire of the bell coil or that of the needle coil.

o' The first set of these conductors were placed at Tunbridge Wells

ation, and not mmy wecks had elapsed before a lightning flash entered
the station, and it behaved with the apparatus as I had been led to expect.

It passed safely through the stout wire, and on arriving at the fine wire

it darted off to the cylinder, and by its explosion singed the silx and ex-

. posed the wire, In this case tho flash was moderate, and the wire was™

not burned.”

Mr. Walkér's protectors are used in all the offices of the
extensive district under his superintendence, and are also
adopted: on some other lines in England.-

v
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Mr. HigHTON, in his interesting work on the Teclegraph,
thus describes the very simple system which he has adopted :—

“ These disastrous effects are now entirely obviated. The plan pursued
by the author is as follows. A portion of the wire circuit, say for six or
eight inches, is enveloped in bibulous p per or silk, and a mass of metallic
filings in connexion wita the earth is made to surround such covering.
This arrangement is placed on each side of the telegraph instrument at
a statioe. When a flash of lightning happens to be intercepted by the
wires ¢f the telegraph, the myriads of infinitesimally fine points of
metal in the filings surrounding the wire at .. station, and having con-
nexion with the earth, at once draw off nearly the whole charge of
lightning, and carry it safely to the earth,

“This arrangemen* at once prevents any darger to the telegraph instru-
ment. Not a coil under the author's charge has been frsed where this
plan has been adopted. The cheapest method is as follows:—Line a
small deal box, say six or twelve inches long, with a tin plate, and put
this plate in connexion with the earth; fill this box with iron filings, and
then surround the wire (before it enters a tdlegraph iustrument) with
bibulous or blotting paper, as it runs through the centre of the box. All
high-tension e'ectricitv collected by the wires will at once dart through
the air in the bibulous paper to the myriads'of points in theiron filings,
and thenco direct to the earth, and thus the telegraph instrument will e
rendered incapable o being dumaged even during the most fearfu
thunder-storms that may occur.”

Mr., DERING proposes a conductor consisting af two pieces of
brass, each 2§ inches lo: g, 4 inch broad, % inch thick, grooved
on the surface, onc lon- Fig. 102,
gitudinally, one trans-
versely, separated from
each other by a double
fold of flannel, and one
connected with the line
wire, ! w, one with the
earth, e w, the whole contained in a solid piece nf mnhogany
figure is given of this arrangement, which differs in no essen
particular from that used by M. Steinheils on the Prussian lines.

French Method.

At pages 49, 50, 51, we have described the protectors adopted
on the lines and outside the offices. In the offices each instru-
ment has either of the following contrivances :—



123 THE ELECTRIC TELEGRAPII.

The lLine wire is led to a brass binding screw, from which is
led an exceedingly fine iron wire, 2§ inches long, passed through
a piece of thermometer tube to a second brass hinding screwy
the supporting picee of which has eight sharp teeth.® A

The carth wire has a wimilar brass picce with eight teeth,
screwed on the samecboard, the teeth all but touching thosc
of the linc wire.

e« Fig 108,

T

“discharge passing through this instrument will burn the
finc iron wirc, and the ekcess pass by the points to the carth.
' . Tor the double instrument, subsequently noticed, ir. Brequet
(mploys tht same arrangement, also doubld, substitutmg a coil
“of exceedingly &ne silk-covered copper wire for the iron wire in
the glass tubes. -

M. STEINHEILS, of Munich, has iftroduced on the German
lincsea very efficient protector, which we have deseribed at
page 53.

lp AMERICA, it is stated by the latest autherity t that
“interruptions from atmospheric clectricity have becn greatly
roduced of late; and it is confidently expeeted that they will,

. at no distant day, be entircly overcome. One of the means
\wd at present is by putting on a lightning arrester-near the
r?ording instroment.  This arrester is formed of a litfle glass
globe, surronnded by a semi-circle of smsll points like necdles,
that approach quite close to the hall. These poiuts carry off
the lightning to the earth beforc it reaches the instrument.-
The dimimation of interruptions by thunder-storms %has been
_ reduced-30er cent. by this means slone.”

* Thig-{ine wire is scarcely visible, and the engraver has omitted it in
the cui, t Jones, op. cit,, p. 107,
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TRIALS OF THE INDIAN INSTRUMENTS IN ENGLAND.

In conclusion of this notice of the Bengal instruments, it is
right to state here that these have been subjected to experiment
in England, with reference to the distav.ces through which they
can be worked, on lengths of line which we could not command
in Inlia. The results are shown in the annexed official reports,
which we conceive to afford fair reasons for our continuing
these instruments in use on our lines pPending the official trials
of other apparatus,

Experiments by Messrs. Statham, Brunton, and the Writer.

Gutta-pereha Cempany’s Works,
18, Whart-road, City- road, London,
July 7, 1852.

Trial of an Electric Telegraph Instrument, one of those which
have been in actual use at the Caleutta Office.  Presen.,
Samuel Statham, Esq., Director of Gutta-percha Work ;
Mr. Richard Iaw Brunton, Chemist to Gutta-percha Con -
pany ; Dr. W. B. O'Shaughnessy, Superintendent IL E. 1. C.
Ilectric Telegrapls lines,

st experiment, lengtu of line tried, 200 miles, No. 16 copper
wire, double coated with gutta-percha. submerged in Regept's

Canal; circuit completed through earth by the gas-pipes. Dat-

tery used, sand and acid ; plates 33 inches by 52 inches. A single

needle instrument of Cooke and Wheatstoue's in the circuit at

near end ; instrumnent on trial at distant end of line. With 1

cell the needle was deflected by ulternate beats, full range of

stops, one inch apart. '
2nd experiment, 300 miles same wire, not in water; 200 sub-
merged as ahove ; total, 500 miles; earth circuit. With 1 cell,
index moved ; with 2 cells, moved distinctly ;3 cells, very qis-
tinet, but slow, and not to full range of stops; 4 cells, ranged to
stops, but slow. Single ncedle instrument, Cooke and Wheat-
stone’s, gave no visible detlection up to this point, although at
near end of cirenit. With 6 cells, and the instrument under
experimeént, beats strong and distinet, and sufficient for practical
work ; 12 cells, too strong, index recoiled from the stops.
Certified to be correct.
SAMUEL STATHAM,
Ricnarp L. Brunton,
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Eazperiments on Submarine Line between Dover and Calais.

Submarine Teleygraph Office, Dover,
o 7, Clarence-place, July 23, 1852,
The four wires of the submafine telegraph between Dover
apd Caluis being joined together, making a length of about 130
miles of continuous wire, signals werc produced as follows, on
Dr. O'Shaughnessy’s instrument, oné of the East India Com-
pany’s single needles being included in the circuit.

One pair of, plates—signals clearly visible.
Two ditto—very fair.

Three dittor~good. .

Four ditto—strong and effective.

This experiment was tricd in the presence of Dr. O’Shaugh-
nessy, Mr. Statham, ¢f the Gutta-pcreha Company’s Works, and
A. D. Evans, telegraph clerk at Dover, who stated he could
without dufficulty communicate and read at the rate of twenty
woxgds per minute,* by means of instruments of the construction
adofited by Dr. O’Shaughnessy : of this I havz myse'f no doubt.
. CHARLTON S. WOLI-ASTON.

J ] 0
%‘etter from C. V. Walker, Esq., Superintendent, South Eastern
District.
South Eastern Railwgy, Electric Telograph Oflice,
Tonbridge, August 18, 1852¢

MY Dear Sir,—I have much pleasure in giving you my
opinion of the experiment tried here on the 7th and 11th insts.,
with your horizontal galvanometer, by yourself, in my presence,
and in that of my clerks and assistants.

Your instrument was inserted in the circuit of the through wire
ffom London to Dover (88 miles), and the effect of the signals
passing and re]lilnssing hetween the termini was observed on your
nezdle, On the 7th I saw it receive messages between Ton-
bridge and Loydon, as on the 14th between Tonbridge and
Duver, using our apparatus (in the absence of your working
key) for transmitting the clcctric force, but reading off from
your needle, which 1 did very successfully. I also tested your
horizontal needle against our usual vertical needle, with a.
weaker force, and found the sensibility in favour of yours. It
appears to me that if we can ourselves read off from an hori-
zontal needle, conveniently adjusted (which would be easily ac-

* Single needle; equal to forty words per minute with a pair or double
needie wire.—W. B, O'S,

ESrge
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eoin:zglished), we should gain in several ways. The needlc being
much smaller, on a pivot, is more delicate. It requires (as
you have proved to us) a very few feet of wire, instead of many

ards, for the coil, and each i\]'urd of wire saved is equivalent to
increasing the distance to which a given electric force can act
profitably. The great advantage of rn horizontal needle, which,
as a practical man; I can fully appreciate, is the facility with
which it can be renewed, and magnetised when affected by
lightning. This, with me, at this season, is # serious matter.
I have 80 tclegraphs and stations, and 211 needles, and have
but four stations with assistants competent to magnetise, more
from the difficulty of unshipping thc ycedle than aught else;
but with the use of such simple arrangements as yours (and I
do not know why it has been overlook>d hcretofore), we could *
get over this difficulty.

I am, my dear Sir,
Very sincerely yours,
CuanrLes V. WALKER.
To Dr. O’Shaughnessy. '

INSTRUMENTS IN USE IN ENGLAND AND OTHER
COUNTRIES.

But a Yrief notice is required here of the instruwsents in ur:
in England and other countries, the object of Ciese pages bein
solely that of directing the construction of the Indian lines, and
the first organisation of tne offices for correspondence.

Through the liberality of the Court of Directors of tho Bust
India Company, a fine collection has been formed in duplicate
of nearly all the instruments actually in use in England or other
countries; and some have been added which have not been as
yet tested by actusl experivmce, but which are considered.-gf
good promise. _ :

On the completion of the first long line in India, all th-se
instruments will be fairly tricd, and, according <o the result, the
best will be adopted for general use. ‘

TELEGRAPHS IN USE IN ENGLAND,

Cooke and Wheatstone’s Needle Telegraphs.
These instruments are employed almost exclusively on all the
lines worked by the old Electric Telegraph Company.
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This telegraph consists of a coil of fine wire, covered with silk,
Pplaced vertically, enclosing a small rhomboidal needle of mag-
netised steel, mounted on an axis, which alse bears an inderQ
needle nutside the coil. The vibrations of this index, checked
by a stop at either side, give the bpats required for the formatien
of the alphabet. ‘ " '

‘In the same frame is also contained the Cusrent Director,
which sends the battery current slong the line, cach rtation
passing its current throfigh its own as well ns through the dis-
taut instruments. This Nirector is a very complex arrange-
ment of metal cylinders aud springs, which could scarcely be
understood by, description or figures, without the opportunity of
dissccting the instrument itself,

These telegraphs ez cither single or double. A single one is
shown in the anmcxed, cuts. Fig. 101 exhibits the exterior,
Fig. 105 the interual arrangcments. The current procceding

¥ig. 108,

,-""ﬂ-' T

from the copper side of the battery enters by the brass strap 13,

gud proceeds by a spring to a metal cylinder, C, on a prolonga-

.tion of which outside the frame the signalling handle is mounted.

“Fro.n C .t passes to R, enters the coil B, circulates through it,
v
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and_leaving it by C, enters the line wire as indicated by the
arrows, passes on to and through the distewt instrument, re-
“nters the near one at V2, passes by the spring ¢, descends by
R, and rcturns to the zine side of tire battery by ¢! at 2.
The projecting studs on the eyiindr C are so arranged with
‘reference to the springs, that by deflecting the handles to the
right or to the left, you reverse the direction of the current oa
the lin~, and bring this into contact alternately with the copper
or zine side of the battery, so as to render the line positive or
negative at pleasure. '

The coil is made in two picees, one of whieh being moved
aside gives access to the magnetic necdle, for the purpose of
refreshing or changing its state of magnetism when this is de-
ranged by atmospherie clectricity, or by th- »iolent action of the
battery curreuts so improperly sent throwgh the near coil m the
practice of the English offices.

In the teleqraphs of this kind first used on the English lines,
the length of wire on the coils was enorthously great. Two mag-
netic needles were used, the external one being placed with its
poles in the oppusite order to those of the intersal one. Th
necdles were long and light, and, as at prescnt, so weighted thay
they always resumed the vertical position by the foree of gravi-
tation wlen the electric current ccascd to cause-a deflection to
cither side. v

The needle telegraphs now most in use have been much im-
proved by shortening the coil of wire to a few hundred from
many thousand feet—Dby shortening the inner needle— discarding
the external one, for wisich a light ivory index i¢ substituted-3
and mourting the coils so as to facilitate their being moved and
opened. : £

Notwithstanding these improvements, it is amusing to see
how the natural tendeney of patentees and instrument makers to
render their apparatus as complex as possible, has succeeded in
changing the simple and beautiful multiplier of Schweigger into
the diffienltly intelligible apparatus now before us. -

The best instruments of this kind which the writcr has seen
are manufactured by Mr. W. Reid, of University-street, London,
at £0 each for single, £12 for the double kind.
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The rate of signalling obtainable with these instruments by a
thoroughly practised signaller, reaches twenty words with the
single, forty with the double telegraph, in one minute. t
much of this * fast** signalfing is accomplished by bold guesm
and “cutting in,” sndethé English offices accordingly rcpeat
back all messages frqm the distant station, at a heavy additiond?
«harge to the correspondent, as the condition «on which alone
they guarantet the accuracy of the dkspatch. .

The double needle¢instrument requires the use of two line
wires, but has the advantage of being worked by one operator.

The alphabet in usc with these instruments in England being
an arbitrary, one, is learned with difticulty ‘by most persons, hy
many cannot be mastered at all. The necdles are excecdingly
apt to become derawged, and correspondence is then gencrally
interrupted till an expert person can be sent from head quarters
to open the coils, remove, remagnetise, and replace the needle.
If Qli causes serious interruptions in England, with its railway
speed of travelling and its well-manned head stations, we can
readily estimate what would take place with such instruments in
India, where travelling is considered fast'when it reaches six
miles an hour,‘aud expert mechanics are to be found only at the
capital cities.* .

Next in importance of the instruments in use in England, is

Bain’s Chemical Marker.

This instrument causes bluc dots and lines to appear on a
‘vand of paper unrolled by clock-work. The combination of
these dots and lines gives the alphabet, and the signels are thus
permanently recqrded. )

. The current Trom the distant station passing by a single wire,
is received by a small fine wire electro-magnet (see page 25)
placed horizontally, and before the poles of which ir placed a
small piece of soft iron, poised on delicate pivots, and kept
slightly apart from the electro-maguet by a fine hair-spring of *
spiral brass wire.

¥ * See Mr. Walker's Letter, page 181. R
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When the current passes, the attraction of this picce of iron
makes two platinum points touch each other. When the cur-
1-at ceases, the hair-spring removes the iron, and the platinum

é contact is broken.

These platinum points serve to es.abl’sh and direct the current
wom the station or near battery on the chemical marking nppa-
ratus. '

This consists of clock-work, which unrolls a tape of damp
paper previously soaked in a strong solutibn of equal weights of
nitrate of potash, yellow prussiate of pogash, and muriate of
lime. This band is unwound from a brass roller in metallic
contact with the zine side of the station battery.

A piece of iron wire, supported by a binding screw, rubs on
the upper rurface of the prepared paper. This iron wire is so
arranged with reference to the copper side,of the station battery,
that the muvement of the platinum points above described
causes the positive current of the station battery to pass by the
iron point through the prepared paper. The iron is corroded by
the nitric acid of the saltpetre, and Prussian blue is formed by
the prussiate of potash. A dot is produced by & momentary
contact, a line or dash when the contact is somewiat prolonged.

This is an excellent instrument, both in principle and in prac-
tical use. It is at present used for direct correspondence be-
tween London and Glasgow. From twenty to thirty words*cah
be transmitted and recorded by this apparatus in a minute.

The chief objection to its general use is the representation of
letters by dots and dashes intelligible only to a trajned operator.

The price is moderate : a pair made by Mr. Reid cost £32.,
The clock-work was substantial and good, but the arrangements
of the connexions for throwing the local battery eurrent on the
rarker were excessively and needlessly complex, snd had to be
replaced by a different one before the instrument could be made
to act with a single wire and earth circuit.

The instruments above described, with the double needle tele-

'graphs of Cooke and Wheatstone, are employed to the exclusion
of all .others on the great lines belonging to the old Electric

Telegraph Company.
Mr. Wheatstone’s step by step apparatus, which by a very in-
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genious arrangement of electro-magnets and eleck-work coused
a message to appear letter by letter on o wheel, or a rev ol,ving
pointer to pause before the letter required, is no longer in usegin
England. In a very modified form it may be still seca on

of the foreign railwayss» Ils movements were found to be too
slow and toe subject to derangement to permit of its generd
‘adoption. . ¢

Henlgy’s Induction Telegraphs.

These telegraphs arce in use on lines constructed for the pur-
pose between Liv erpool and Manchester, and between Dublin
and Galway. Lincs of subterranean conductors are also being
laid for the same company between London and Manchester.
In Henley’s tcleguamks the signals are given by the beats of a
ncedle to right or left, the index following the movements of a
small stecel magnet of peculiar form, alternately attracted and
remlled by a soft iron clu:tro-magnet when excited by a distant
current. “

The currents are supplicd by an induction appmtus, con-
sisting of' a very powerful compound maghet of steel bars, per-
manently magnetic. A piece of soft iron is alternately made to
approach and recede from the poles of this magnet by a handle.
The soft iron is wound with several thousand feet »f fine in-
julited wire. When the soft iron approaches the permancent
magnet it becomes a magnet for the time, and on being sud-
denly removed this temporary magnetism ceases. A very intense
electric current is thus generated in the fine wire, is dirceted on
<he line, and reaching the distant stafion, cicculates round the
signal electro-magnet, and canscs the deviation of its index.
¢ Thesc instruments arc excecdingly well made by the pa-
tentce, Mr. lhnley, St. Jobn's-road, Tslington, and cost £23
each. They are worked by two wires, and nced no voltaic
battery. According to the statement of the patentee, they, are
capablc of transmitting signals under circumstanees which
would stop the action of other instruments, such as defects ofe
insulation on the lines giving rise to loss of electricity by de-
rived currents.

The writer in 1839 made numerou: experiments on the trans-



TFLEGRAPHS IN USE IN ENGLAND. 137

mission of signals by indueed currents with apparatns different
in mo essential chnraetu- from that patented by Mr. Henley.
1" results werc not satisfactory. Aguin, on the lines now in
#peration between Calentta and Kedgerce, and en which 2o
insulation is resorted to, while induced carrents of high mtensity
are totally lost, very feeble voltaic currents work the instruments
perfectly in the thickest fogs and heaviest rain,
These facts render the suceessful application of Henley's tele-
graphs on the Indian linds a very, doubtfur question; but the in-
struments sent out shall have a careful andsfair trial.

Dering’s Needles.

Mr. Dering, of Welwyn, bas patented scveral “improve-
meats” in electric telegraphs, and some inst.cments of his con-
struction are now in successful operationeon the London and
Dover subtercancan lines.

In his needle telegraphs he places “the centre of gravity of
the necdle immediately below the eentre of motion, on the prin-
ciple of the short pendulum®’—a good arrangement, but by no
incans a novel one.  Needle instruments of this kind have been
made in Caleutta, and tried on the expcrimental lines from the
first.

Mr. Dc.ing also places the pivots in an angular opening, not
in round heles, and this he states diminishes the oscillatfon’
which the needle makes on returning to the vertical position.

Mr. Dering, in some instruments, uses coils so wound that the
needles are attracted or repelled by the sides of the coil, not dg—
flected in the usual manner. This is identical with the principic
and arrangement of Mr. Allan’s telegraphs subsequently noticed,
and both are but a modification of one of the commnon instrut
ments used by lecturers in demonstrating the prmelpl(-a of eloc;
tro-magnetism, and figured by Dr. Reget in the "Library of
Uscful Knowledge more than twenty years ago.

‘In the telegraphs by Mr. Dering now in use in the Londea
sand Dover offices, an electro-magnet is employed to defiect the
needles suspended as above described. He specifies in his
‘patent that the length of the soft iron is not to exceed the dia-
meter, and by this mesns, he asserts, all ‘residual magnetism
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is oompletely prevented. He farther-uses no connecting piece
of soft iron to form the legs of the electro-magnet, which
amounts to dismissing the horse-shoe magnet, and employn§
two bars in its stead.

For the results of ourcexpérience as to the inefficiency of thele
meaus in preventing residual polarity, the reader is referred t3
‘Pages 25 and 26.

Instruments in every essential respect the same as Mr. Der-
ing’s have been alreddy in usg on our lines, and given up in
consequenge of their 'iability to derangement by natural currents
and the effects of lightning. Nevertheless, in order to test the
plan with the utmost fairness, six of these telegraphs have been
purchased and sent to India at the very moderate cost of £40.

The contrivance Ly which Mr. Dering directs the battery cur-
rents on the. lines, ard alternately reverses their direction, is a
very great improvement on the complex plan adopted in the

Rordinary telegraphs, and figured at page 132.

There are many other inventions by Mr. Dering, which exhibit
great ingenuity, but which do not reqlm'e notice here, as they
have not been adopted in actusal use, and dre considered far too
* complex to be'employed in India.

Highton’s Telegraphs.

® Several patents have been taken out by the Messrs. Highton
for telegraphic instruments, and the British Electric Telegraph
Company bas been formed to work these inventions.
. At present Highton’s “ commercial telegraphs” are in use on
“% line between Leeds and Stockton. Lines are in construction
for the same company from Glasgow, vid Dumfrigs, Carlisle,
Newcastle-upon-Tyne, Leeds, and Manchester to Liverpool, and
gre thence to étend to London.

In an interesting little work on the electric telegraph, recently
published by Mr. E. Highton,* the inventions of that gentleman
and his brother, the Rev. H. Highton, are described generally,
but not in ‘sufficicnt detail to be readily intelligible withouts
drawings or actual inspection of the apparatus. .

* % The Electric Telegraph, its Hi and Progress.” By Edward
Highton, C.E. 12mo, pp. 1 9. Weale, Holborn, London, 1852.y
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Instead of needles Mr. Higbton employs small light stecl
magnets of the horse-shoe shape, which he states are far supe-
r'or to the old form.

‘ Mr. Highton’s “commercial telegraphs” cost £45 each.
They are remarkably ingenious, and the. writer regrets that Mr.
Highton’s numeroys engagements prevented the supply of a pair
requested for trial on the Indian lines, within the period allowed
for thei delivery.

Brett’s Printing Telegroph.

This exquisitcly-beautiful instrument is in partial use in the
London, Dover, and Calais offices of the Snbmurine Company.

Using one wire only, it prints its despatcbes in capital letters
on a band of paper delivered by a train of clock-work actuated
by weights. In practised hands ‘it prints about ten words, or
fifty letters, in a minute.

By a very s'mple rnd effective mechanism, on the printing of
cach letter, the train returns by a bound to the zero or starting
point, so that errors are very rare and only affect a single letter
" without deranging all in sequence, as was the case in the older

“step by step” apparatus.

This instrument consists essentially of a vertical electro-mag-
net, which, alternately by reversal of its poles, attracts and repels
a very light steel magnet of a double horse-shoe shape,® the
movements being about one-eighth of an inch in each direction,
and taking place in a horizontal plane.

Each movement is commu iicated by a vertical spindle to an
escapement pin, which liberates a train of clock-work, bearing’i «
small whee! with twenty-four types arranged on its circumference.
Enach movement of the escapement pin allows oue tooth or typé
of this wheel to present itself in succession at the top of the
wheel under a band of paper. While any letter is thus brought
into position, the axle of the type-wheel winds up a small
wcight, and simultsneously lifts the piston of s little water
®pump. When the letter has become vertical, the pause made by
the sigualler permits the water putpn to descent, and this hbe-
rates o second train of wheels, and a combination of eccentric

 levers, by which thé band of paper is made to touch the type, is



140 THE ELECTRIC TELEGRAPH,

drawn forward far enough for the next letter, and the small
weight previously wound up is Set free, bringing back the type-
wheel to the zero or starting point.

1t would be almost impossible, even with sccurate drawings;®
to render the mechanisne of “this most beantiful machine intelli-
gible to ordinary readers. A pair has been sgpplied for trial ift
India for £100, and Mr., Brett oﬂ'en all subsejuently ordered
for half that sum. .

The advantage of "naving despatches recorded in ordinary ,
characters, legiblc by all educated persons, and needing no pre-
vions training in the signaller, arc too self-evident to reguire
much comment. The mode of m'ranwement and sending of
despatches by Brett’s instrument can be learned by any one in
an hour. The plam moreover, allows of ablreviatious in words
and sentences, which «could not be permitted with instruments
Ieaving no record of their work, or onc in arbitrary symbols in-

igible only to a few trained signallers.

On lines much cmployed for the transmission of Government
deupatthcs on diplomatic, judicial, or financial business, the
printing system would prove of the utmost value. Despatches -

' may be convefed in any language. In India, Latiu or French
would be commonly employed for Govgmment purposes, and thus
the dcspatches made unintelligible even to the clerks on duty.

% "o balance these advuntages there is the extreme complexity
and delicacy of this macline, which would require two skilful
mechanies to be retained at every station where it might be em-
ployed.  Even in England this seems to have much impeded its

* fhtroduction. The American instrument of [Tousc, subsequently
deseribed, shows that Brett's telegraph might be much im-
$roved, simplified, and strengthened, if the intercats of the pa-
tentees permifted their combining in one instrument, parts of
the mechanism now used separately in both.

The next English instrument to be noticed is .

Allan’s.

These arc not as yet in actual use in working lines, but.a com--
pany is understood to be formed for their introducton.
In ene form of Mr. Allan’s inventions very small coils of wire
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are made to act externally on a compound cruciform steel magnet,
and by its alternate attruction and rcpulsion, actuate an index by
tl.e beats of which the signal is communicated.

! The most remarkable of Mr. Allan’s inventionsis one in which
u revolving pointer pauscs before the letter to be signalled in un
alphabet cngraved on the dial.

The pointer is moved by the attractions and repulsions alter-
nately cxercised on a magnetised piece of steel by an electro-
magnet, and communicated to a pair off small ratchet wheels,
very delicately constructed and pivoted, and on the axis of which
the pointer is mounted.

8hould an error arise in the receipt of a despatch, the receiver,
by turning off the distant current and using his own, sends on
the pointer to the starting letter, and at the same this is notified
to the sender by the cessalion of the movements of his own
index.

The power employed is an induced cusrent of very great in-
teflbity, gen-rated by an. electro-magnet ‘of soft iron excited by
thick wire, and a battery of three or four large couples. Out-
side the thick wire is a fine wire coil. The making or breaking
of the primary currents in the thick wire generates intensity cur-
rents in alternately opposite directions in the fine wire, and thesc
are directud on the line to the distant station.

Two sets of Mr. Allan’s instruments have been supplic® {8r
our collection, and for c.xpuiment. The needles at £21, the
lettering pointers at £50 the pair.

The earliest application to telngraphing of the mduced currents
generated by clectro- magnets, was by the writer of these pngca
in 1839, [His experiments are deseribed in the Journal of the
Asiatic Society of Bengal, published in Calcutta in that yem.
The arrangements by Mr. Allan are, however, nighly original,
and promise in practice to afford valuable results.

FRENCH INSTRUMENTS.

Breguet's. .
But two kinds of instruments are employed in the French
offices. One for railway purposes and short Jines,hows letters
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on a dial by a revolving pointer. This instrument is worked by
an electro-magnet and one witk, is difficult of adjustment, and
slow in its operation. But it has the advantage of beikg
available in the hands of ‘all persons who can read, without
tedious preparatory training:

For the purposes of Government and ‘the community genc®
tally, an instrument is exclusively used, the invention of M. Foy,
and made by’ M. Breguet, which is'admirably adapted to the
circumstances of a edantry which previous to the invention of
the “electric telegrapk possessed a most extensive and perfect
system of semaphoric lines, with a numcrous and highly efficient
body of sigpallers, and a complete system of codes, cyphers, and
private modes of correspondence, the inventions of the celebrated
brothers Chappe, znd uoknown in other countries. .

M. Foy, the Diregtor-General of the semaphore lines, with
M. Breguet's able aid, devised accordingly the clectric sema-
pWre now in use, which reproduces all the m’gqals of the old
masts and arms, and thus renders the officers and books of ghe
former system available for the public service, with all the ad-
vantages of the swiftness of electricity and its new application
to night correfpondence.

The telegraph of Foy consists of two electro-magnets, each
having a piece of soft iron balanccd before it. When excited by
dn tlectric current this iron is attracted. When the current
ceases the iron is drawn back by a delicate spiral spring of brass
wirc, the strength of which is regulated by a silk thread, made
tense or lax by the movement of a pin turned by a watch-key.

' = A spiral steel spring, like that of a clock, and similarly wound
up, is connected with an index which, moved by the spring, can
take any one of eight positions on a dial, by means of sn es-
capement with'four projections and four hollows. Every time
the electro-magnet is excited, one of these projections passes.
Thus the attractions by the electric action cause four, the re-
action of the brass spiral four, of the eight steps which each
index arm takes on the dial.

Thus, with two wires and by the use of two electro-magnets,
sixty-fonr positions may be shown. And we have the means
gf giving t@x}n}}abet and numerals, cach letter or number by
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its own single sign, there rémaining thirty signs still available
for the prefixes, terminations, conjunctions, &ec., of the most
ordinary occurrence.

Thirty words spelled in full are thus telegraphed with ease in
one minute.

These admirable instruments are now in use in the Snbmarine
office in Cornh.ll, in direct correspondence with Paris. They
are bess worked by the nitric acid or sulphate of copper batte-
ries, of the former 50, of the latter 100 t:ouples being required
for the longest lines.

A complete set of two of the lettermg or railway telegraphs,
two of the electric semaphores, a pair of loud alarms, with four
sine galvanometers, and various pieces of duplicatc magnets and
springs, hare been supplied for the Indian cJul 1ectlon by M. Bre-
guet at the following prices :— .

Franes.
Two semaphore telegraphs (recepteurs) . . . . . 820
Two contact arms (mabpipulatenrs) . 0. . . . . 440
¥ Two leutering telegraphs (recepteurs) . . . . . . 400
Two contact discs (manipulateurs) . . . . . . . 200
Two alarms . . . s e e e e e e e e e 480
Two sine gnlvanometers e e e e e e e e e 100
Two ditto, moresimple . . . . . . . . . . . 40
Two lightning conductors . . . . . . . . . . 100
Two ditto,more simple . . . . . . . . . . . 40 o @
Total frames . . . . . . 2,620
or .« . £104 16s. 8d.

AMERICAN TELEGRAPHS, «

We have next to notice the telegraphs employed in the Unite.l
States of America, the most remarkeble of which are also uled
in Baden, Prussia, Austria, and Russia.

These telegraphs are named after their mventors, Mr. Morse
and Mr. Royal House.

[ ] .
Morse’s Telegraph.

' This instrument is used in more offices and over a greater
Jength than is the case’with all the other telengoyed at



144 THE ELECTRIC TELEGRADIH.

this time. In the United States fone the lines worked by these
selegraphs are 15,835 miles in ngth.

It consists of two vertical electro-magnets. One, wousnd with
fine wire, receives the distaht current, and moves an iron armatur®
through a space of scarcely mpre than a hair’s breadth. This
movement, however, is sufficient to establish contact betweén

‘the wires of a second electro-magnet wound with thick wire, and
interposed in’ the circuit of a local Battery of four to eight large
elements of the nitri¢acid or sulphate of copper kind.

This second electso- mdgnet thus powerfully excited, attracts
with great force a massive iron lever ternumtmg in a sharp steel
point. Thys point strikes against the under surface of s band of
paper, delivered by clock-work, and ou this band the point in-
dents in relief a.acries of dots and lines from which a coun-
ventional alphabet isformed.

Signals are thus transmitted at the rate of twenty -five words
My 2 minute, and recorded as reccived.

The blows caused'by the secondary or local pagnet are so
powerful as to afford a loud alarm.

A vertival galvanometer needle is placed in circuit in the best -
instruments, 9n order to measure the intensity of the distant
current.

In the United States these instruments are commanly worked
thrBugh lines of 500 miles. In winter, when these are insulated
perfeetly by the frost, 1,500 miles have been signalled through
in a single circuit.

. A Morse telegraph made at New York, und procured for our
%cllection, cost £11, but is coarscly made and badly put to-
gether.

» At Fm'twwgen. in the Black Forest, about thut3 miles from
Strasburg, thése instruments are made in & very supcrior style
by Laurenz Bob, und soid at 120 florins, or about £10 10Us,
These telegmphs are fitted in glass cases, provided with recls
well filled with paper, and mounted on a substantial table, with
the requisite wire terminals and screws.

They are also very well made at Stuttgard, by Geiger, for 180
floring, about £,

'l‘wq ingfgmments in the East India Company’s collection were
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poctiteﬂ from Berlin, through M. Siemens, and bear the names
of “ Siemens and Halske” as tl 2 makers, Price, £54 the pair.
L. point of finish and compueteness of all the requisite fittings,
these instruments cannot be surpassed.

House’s Printing Telegraph.

This is one of the instruments in large Xctual operation, and is
now worked in America on 2,200 miles of,line. A very fine one,
manufactured by Messrs. Richards, of New York, has just been
veceived for the Indian collection, and successfully tested on the
London and Dover line of the Submaring Company.

This instrument was invented in 1848, ard, although patented
in England by Mr. Brett, in partnership,with the inventor, has
never been seen in operation out of America till the arival of
the specimen in' our collection.

In Awerica, it is staed on good authority, that about one
hundred telegraphs of this kind are now in operation, and seve-
ral important lines are worked exclusively by its meaus.

Like Brett’s telegraph, House’s prints its woc<k on a band ofs
paper in Roman capitals. But the instruments differ essentially
in all the'r details of construction and manipulation, and House
far excels Brett in rapidity of work, being cepablg,in praetised
hands of conveying sixty words, or 300 letters, fully prented in
one minute ! .

In this truly wonderful machine, the electric nt is trans-
mitted by & revolving cylinder of steel, which m and b
contact twenty-~cight times in each revolution with:ne termml
of & voltaic hattery. Each letter shown or prmud requires a
eqi’hm number of contacts and breaks; thus,\ffmA. 1, for B.
2, C. 3, and 50 on. The revolving cyliniler, starting from ~—

" or Zero, is stopped accordingly by ith cogs being. clnght by pine
pro;et'tmg from lettered keys, like those of a piano, Thus, if
the cylinder commence revolving at_A., and the sixth key P, be '
depressed, its pin will'eatch and lt.opa cog on the cylinder, when_ .
this has made and broken:contact six times with the battery, and.- -
thus send three currerts ﬁoﬂg the line, and cu;se three attrac-
. FA
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tions and three liberations, or,six vibrations, in the reeemng
magnet at the distant station. L ’

The receiving arrangement is vefy peculiar, and ealmqtl of%
vertical spiral of fine wire, about 3,000 yards long, wound round
a brass tube § inch in diameter, gnd 8 mches long.

Within this tube there slides a brass fube lined with tubes
Of soft iron in eight or ten separate pieces. Tnese pieces are
stationary, anll become magnetic whn a current passes in the
coil. Within th#se -tabes is suspended a brass rod, provided
with a series of light, concentric cones of soft iron, each cone
concspondmg with one of the external iron tubes, This brass
rod is lulpended from a horizontal wire stretched across and
above a massive iron eylinder, in which the whole is enclosed.
The use of this irom casc is simply to give stability snd protec-
tion to the delicate contrivances which it contains.

An electric current in the coil pulls down the suspended rod.
Onyghe current ceaamg this ascends by the reactnqn of the hori-
zontal wire. The plny or stroke of the rod is not.more than
&th part of an inch, is, indeed, scarcely visible, yet this suffices
to permit & jet of compressed air to gush alternately into either

'of two tubes from a small magazine of air into a small hori-
zontal cylinder, in which it blows to, and fro a highly-finished
shuttle of polished steel. The hollow centre of this shuttle
dloves the stem of an escapement fork, slternately to the right
‘and left, and thus every vibration of the rod and corresponding
movement of the shuttle liberates a tooth of a horizontal wheel,
on which the printing types are cut in bold relief. This wheel

: being kept antomatically wound up by an internal spiral spring, a
letter is shown by the recoil of the spring and rotatory progress
C: the type-wheel at every vibration, permitted and regulated by
the electrie cuttent.

* We have said that the condensed air is supplied by:a pump.
This is worked by a treadle or handle eonnected with & myusive
vertical fly-wheel placed under the table in 2 very solid iron
foame, and on the axis of which #, pair of bevel wheelsand a ver- .
hlml shaft give motion at the samme time 0 & horizontal wheel,
Tmm which separate bands impsrt rapid_rotation to the des

sy lingler, to an escapement esp, and to an eccentric arm,
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wltich, when the type-wheel pa: ses, passes the escapement and
draws against the type a ban\ of paper and an inked ribbon, also
unrolled by the same mechanism.,

To use this machine a man is employed to work the treadle
gnd fly-wheel, while. the sigualler despatches or receives a
meseage, which is printed off with a velocity and power quite
amazing to persons who first witness its operation.

The workmanship of this telegraph is most creditable, com-
bining the solidity of a steam-engine with'the minute finish of
the best clockwork. It is somewhat difficult to adjust it cor-
rectly, but, once arrnged and sccurely scrawed to a firm floor, it
is evidently but little liable to derangement.

The use of this machine can be learned in a day. Its
messages cun be transmitted at once in duplicate or triplicate,
or transferred instantly to stone for multlpilcatlonof copies. To
guide the receiving clerk the letter telegraphed, painted on an
cbony wheel, 's seer. for an instant at a square aperture above
the type-wheel. The receiver thus detects an error of spelling
in the message. When this happens he touches a key which
breaks the circuit. This is at once known at the despatch
station. Both operators, by pressing a spring, bring;their tele-
graphs to zero, or the —- -, and then start off again; This ad-
justment 1s readily effected in THREE seconds only. -

These telegraphs cost £108 each in America. W are happy
to add that while these pages are passing through thé press, the
Court of Directors have ordered eight such instrn%entl to be
procured for use on their Indian l'nes. 7

§

The only other telegmyh used in America is Bams Che-
mical Marker.”” This, by means of prepared paper and an irdn
'point, givés blue marks by the distant current directly on a
horizontal, disc, without the interposition of a local magnet.
The marks consist of dots and lines, and are made in a close
spiral live. The battery currents are transmitted at the distant
tionsby a comtact key, one touch of which gives a’dot, while
a more prolonged comtaet gives a line. By a very ingenious
apparatus, Mr, Bain is enabléd to prepire or compose the mes-
L[]
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sage to be telegraphed by punc’ing holes and spaces in a hand
of paper. This is made to pas ‘wifa great speed over a:brass
roller, while & steel spring, pressing above it, enters each hofe
and space, thus establishing gontact with the brass, and trans-
mitting the current at each contft. '

LA » ‘
« By this *“ fast method,” as it is termcd, in America, it has

been proved ynequivocally that over one hundred words may
be telegraphed or recogded in one minute, and by one wite,

In an cxperiment witnessed by the writer, the horizontal disc
revolved at the rate of* 16 times in a minute, and each revolution
recovded 35 distinet and accurate groups of marks, each group
representinga letter. This is equivalent to seven words in a
revolution, or 112 words in a minute.

These 112 word3‘were delivered through a punthed paper
band. which was foun& to measure 76 feet 3 inches.

The punching machine was found to prepare § méssage at the
rate 3 50 letters (cach of four marks) iv one minute at its

¢ maximum speed. This is no more than tern wonds, so that
eleven compositors would be required to pyepare in one minute

othe message which could be transmitted and recorded in that
time by a single wire.

Again, the record of onc minute’s evork is not deeypherable
i legs than ten minutes by the most practised reader. ¢

The strong cwrent of natural electricity always flowing in our
north and south lines in India would very much interfere with
the adoption of this method of dircet chemical printing. It was
ve}y extensively used in America, until a rseent decision of the

*Supreme Court of New York, which declares Bain’s patent to
he an infringement of those of Morse, and has thus excluded
it from the lings wn which it was formerly used, in length 2,012

miles. In England thove patents were, scveral years ago,

purchased by the old Electric Telegraph Company, and the
plan is employed in a few of their offices in the modified form
described at page 134, )

There is no other instrument st present in sctusl userwhich
dewands .notice here except a ‘révolving pointer and lettering
telegraph, by Kramer, of Halberstadt, which is employed og

q
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some of the Prussian railways. This is a modification of a most
elaborate apparatus iuvent»d "y M. Siemens, which attracted
much attention four years a0 in England and Prussia, but the
use of which has been abandoned in favour of Morse's instru-
ments, manufactured by M. Siemens, and bearing his name on
the maker’s plate.

M. Dujardin, of Lisle, has invented a recording telegraph, m
which induced currents are employeid to cause the repulsion of a

" small steel magnet carrying a silver pen, che point of which, on

3

each repulsion, rises through a cistern of ink, and marks a dot
or ling spirally on a cylinder covered with paper, moved by
elock-work above the pen.

The mechanism of this instrument is very ingenious. A pair
have been purchased for £31 10s. for depsit in our Museum,
and trial on our lines.

Copying Telegraphs.

In 1843, Mr. Bain proposed and patcoted a plan for copying
by chemical marks, in fac-simile, any message, whether printed
or written, the fac-simile being obtained at the &stant station
by chemical marks, and in dotted letters. :

The r.achine consisted essentially of two revilvmg vertical
eylinders, one at cach station, ascending on a scrgw centre, and
made to rotate at preciscly the same speed, and at velocity,
by clock-work, regulated hy pendulums. By w \Emg the mes-
sage on one cylinder in a non-( onducting ink, on & metallic sur-
face, and placing prepared paper on the other cylinder, the suc-
cessive cqntacts and interruptions with the batteky at one end
were dep:cted hy equivalent blue marks aand blunks at the Gis-
tant station, on the corresponding cylinder, by weans of an iron
pen touching this as it revolved, and commumcs.tmg the electic
current {o prepared paper.

The plan never came into practical use, nor can the writer
ascertain that it was ever even tried on any line.

In,1848, Mr. F. C. Bakewell, of Hampstead, also pntenfgdt_
.copying telegraph on the same principle as Mr. Bain’s, using
nearly the same mechanism and the same chemical reagengs,
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but placing the cylinders horizgjitally instead of vertically, and
causing the pen to move on 2 winsmdofthemending
motion of the cylinder, in the on of its own axis. hd

Mr. Bakewell states that Ife has made a successful trial of his
telegraph on the Londonand’Brighton line. He prefers to use
two wires, and with these he states he cail copy 280 letters, or
40 words, in one minute. With one wire he undértakes to copy
100 letters, or 20 words, in the same time. In two experiments
witnessed by the writef at Hampstead and at Warley the results
were unsatisfactory

- It is believed genm;lly that the inventions of Bain and Bake-
well have proved unmenageable through the “practical difficulty
of keeping the separate cylinders in rapid rotation at exact]y the
same speed. .

The writer believes this difficulty has been overcome bv expe-
riments he has just completed, and by which, by totally different
m and reagents, copying may be ;wcomyhshed at an
averaBe speed of 20 wofds per minute by the use of gne wire.

By the machine he has contrived, a letter or despatch, written

in a large bbld hand, in any language or claracter, is made to
weappear in fat-simile in a permanent form on paper at the
distant station. The mechanism by which this is effected is
very simple and cheap,* and its use may be learned m a few
mMuses. Should this telegraph prove efficient on trial on the
Indian lines, it will prove a valuable auxiliary to the needle
instruments or American printer, by its affording the means of
transmitting actual signatures and despatches in any language
and character, or in symbolic cyphers of any shape, such as
Egyptian hieroglyphics or Assyrian arrow-heads, for purposes
ofiabsolutely lecﬂ.:t correspondence.

[
¢ * Each machine may be made for £20.
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P: RT V.

L]
. MISCELLANEOUS DETAILS.
ON THE CROSSING OF RIVERS BY MASTS AND BUSPENDED
WIRES.

Rivers under 1,200 feet in breadth are to be crossed in this
manner in all cases where this is practicahle with reference to
the height of the masts of the vessels passing under the line at
the highest level in the rainy season.

It being impracticable to give precise pules applicable to each
case, it wil' best fulfil the object of these pages to give an exact
description of some remarkable river crossmgs effected in this
manner in Europe.

We are indebted to Mr. H. V. Physick for the following
details of the construction of the telegraph masts at Norwich.

The river is but 62 feet broad at high water, a.nd then nearl,
level with its banks. -

The —asts, one on each bank, each of two spars, are 150 feét
apart, and 100 feet above ground. The lower mast is 1 foo?in
diameter, 70 feet above ground, into which it penétrates 10 feet,
and is stepped in a buried frame of two beams, crabsed at a right
angle, each 20ft. long, 6 inéhe-: square, the ends cognegted by four
timber pieces strengthened at the angles by wrought iron staps
and bolts, There are four timber ktrutts, each 1Zfeet long, one
from each end of the cross piece, bolted to the mast, 2 feet be'ow
the ground. For the attachment of the stays there are 4 piles
"at equal distances, each 8 feet from the mast, 1 foot square, 12
feet long, shod with iron, and provided with iron caps and bolts.
A stay of 1 inch iron rope leads from the top of the lower mast
to each of these plles

The top mast is 36 feet long, and 30 feet above the lower
mast. The compound mast being 100 feet above the ground.

A cross stay of iron wire rope runs from mast to mast, {feet
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below the top. Two stays, also ¢F ixon wire rope, lead from the
same part of the mast to two piles 7 feet from'the lower mast,
and of the same dimensions as the fther piles. The topmast i8
secured by 4 stays of iron wire rope, attached to cross trees in
the usual mode of mast nggmg. a

A spindle and vaue, serving also as the point o"a lightning
cohductor of iron rope, completes the mast.

The telegrapli conductors are 6 wire§ of No. 8 galvanised iron
of the best kind. They are led throngh brown stone ware in-
sulators attached to the mast at its highest part and above the
stays. The wires are strained tight and led, gach set, to a tele-
graph post 100 feet from the mast, and 35 high. From these
posts the wires join the lines at each side.

Instead of the expeusive and troublesome plan of framing for
the underground work above deseribed, it will be far better in
India to employ the screw piles, 6 feet Tong, of which®a sufficient
suppiy has been provided.® These piles will .carry p. lower mast
35 to 40 feet high. Four of the ordinarysmall piles, 3 feet long,
are first screwed into the ground each at "0 feet from the spot
where the mast is to be erected. The mast fitted in its pile is
hised into its position and steadied, tent pole fashion, by 4
rope guys lashed as required to a short spar in the smaller pile;
4 loops of iron wire on an iron plate fitting loosely onu pin in
the miist, serve for the attachment of the guys, and keep the
mast perpendicular while it is screwed into its pluce. This is
effected by lashing & strong spar, by its middle, to the top of
the pile, by a piece of chain, and a party of five men at each end
man this spar, capstan manner. The serewing is easily accom.
plished in a stiff clay, sandy, or light gravelly soil, in five minutes.
Fotir iron rope or rod iron jointed guys should then be perma-
nently atiached* to screw piles - of the 3 feet pattern planted
obliquely in the ground. Each pile has a short wrought iron
link for the attachment of the guy, and each guy has a tightening
sorew to regulate its tension.
¢ A-lofty mast evected in this manner forms the conspicuoux
ﬂagstaﬂ in the magnifieent premises of Messrs. Ransome. and

" * These piles weigh 5 cwt. each price £2 5s. for casting, with £1 for -
gﬂ“lgt right, or £3 5s. each pile. ' &
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Simms, of Ipswich, where th™ screw piles fce the Indian tele-
graph are manufactnred.*\

TELEGRAPH MASTS FOR THE CROSSING OF THE ELBE,

. NEAR HaMBURGH.

For the atmexed details of this very remarkable crossing we

are indebted to Mr. Tupyper and to Mr. L Gerk, the engineer of
the line.
. For rivers averaging 1,500 fect in hrethh M. Gerk advises the
use of masts strongly and substantially built, and from 30 to 40
feet higher than the highest masts of the vessels which have to
pass below. This is necessary to allow for a deflection of ¥, in
the wire. which, when of the very best deseription, can be strained
no tighter, without great risk of fractyre by storms, or by the
weight of icicles in northern climates.

Five masts, such as we proceed to deseribe, have been erected
mn 1848 for the crossing of both arms d&f the Elbe.

Each mast penctrates 10 feet in the ground, and is there
wedged down between strong cross beams, and the &hole covered
with heavy stones or concrete. About 16 feet fgom the end of
cach beam a pile is driven deeply and obliquely into the carth
for the 1ttachment of the stays, which are to be ifon rods, 1 inch
diameter below, § inch in the middle, and 4 inch-ut top. Tuese
stays lead from the piles to the top of the lower mas, where
they are attached to a wrought.iron collar thh., four eye-bolts
and rings. At 9 feet frdm the ground each spy is provided
with & straining screw by which it is tightened tp the required
degree. :

The masts described and ﬁgured by M. Gerk are 180 leet
high, in several pieces bound.fogether by wrought iron rings, 2
feet in diameter at the ground, tapering to 4 inches at the fop.
The first set of cross trees is at 70 feet from the ground.
4 bearus, each of 36 feet long, are laid cross tree fashion at the

surface of the ground, the mast in the centre ; from each end of

* fThe order given of Messrs. Ransome and Simms is for 45,000 piles,

each 3 feet long, 76 pound.s welght cost patent claim included, 6yygpach,
200 such piles are finished da: ’



154 - THE nn&c'rmc TELEGRAPH.

these beams a proy is bolted to tae mast at 25 feet above the
ground, and stays lead from the nast at 70 feet high.

The first cross-trees for the supporff the shrouds, are four oaka
pieces, each 18 feet long. The second cross trees are 8 feet
long, and arc attached toothe magt 150 feet from the ground.
Above this point the spar rises 380 feet, axfd carrig;. 2 wrought *
iron cap and pin with a porcelain or stone ware insulator of the
Prussian pattem, figured at page 53. ¢

Mr. Gerk cmploys a.¢ompound wire of 3 strands of No 19
best charcoal iron, twisted together. According to his own
experiments wire of this gauge withstands strains, storms, and
casual pi-essurg better than any other kind.* ¢

Mvr. Gerk erects the wire in the following manner:—

The wire is held reggly wound on a reel, like that which rope-
makers use, mounted gn an axle, so as to let the wire run
freely off.

man who ascends the mast winds the end round his left
aﬂn a knot, taking cafe that in drawing it after hun it al]
runs free, especially of the backstays, When he reaches the top,
he draws th& end through the lignum vite sheave which is
piaced there, and either takes it with him below, or elsc fastens
it at once by means of brass double screws to the other end of
the conducting wire, which ascends fronf' the last bottom, peg, or
outcof the ground. In the latter case the point of councction
will be in the first or second cross tree. As soon as this is done,
two men, holding the reel by means of the staff on which it is
centred, get into the boat which is lying ready, and a third, or
the man on the mast, takes care that the wire runs freely off
during the passage over to the other side. If the river is broad,
and. there is a chance of ships passing by, the wire, of which there
must be at least {00 fect over length, is allowed to run free in
the water, whilst the person who remaincd behind at the first
mast holds fast, until all is so far in order by the other mast
that the fixing-on can take place. But if the river is harrow,
and there is no danger of ships passing by, the wire should be held
‘a8 long as possible above the water, because a possible entangle-

0. 19 wire, best oal galvanised, 1 cwt. contains 7,000 yards. .
meunrea inches. Price per ton, £561 10s.
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ment in the bed of the river vill thus be avc.ded. As soon as
the other bank is reached, abnut twice the length of the mast is

+ let run off the roller, or, it there is more on, the necessary quan-
tity must be drawn out of ‘the river. To avoid risk of the wire
breaking, two men go back in the boat, and, while one rows, the
other letsathe wird glide through his hands, in order to lift it
from the ground.

If,all is so far arranged, the mast-climber commences in the
same manner as before to ascend witk the end of the wire, in
doing which he, as well as those be]ow' ought to take care that
the wire runs free, and especially that it does not hook behind
the eyes of the backstays. As soon” as the end is brought
through the sheave, the man descends with it to the next cross
tree, binds a weight on and lets it glide down to the man who is
standing on the bottom cross tree, wﬁq takes hold of the wire
and remcves the weight. A strong iron pin must be fixed in &
sloping direction to the under cross tree, in such a manner that
the conducting wire mgay touch no otHer substance, and pa.rhen
larly no piecc of metal. The iron pin is covered with an insu-
lating cap, ronnd which the man below lags the wire, whilst the
one above climbs up as high as he can, and vhilst he lays Ls
breast against the top of the mast, stretches out his arms as far
as he can, and draws to him the wire, unhindered by friction of
any kind, out of the water or through the air ; whilst the Jan
below draws to him the wire thus gained, layy it round the
insulator, and holds it tight, to prevent its zli%ng back again.
If the wire is now so tight in its stretch across the stream that
the man above cannot pull it further in with his hands, he 8xes
a vice to it as far out as possible, with flat teeth, and pulls in the
wire as far as it will go without breaking. The proper meaanre
is naturally the height of the ships which nesé to pass under
with the highest high water, where a tide exists. If the Wire
has now its proper stretch, the man below wraps the same
seversl times round the insulator, nips the end which hdngs
over pretty long off, and makes the connection to the general
line. o

‘the most remarkiple masts hltherto constructed for
gmph purposes are’those at each side of the Hudson
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means of which { wire, nearly afmile in length, has been ex-
tended from New York to the New Jersey shore, The maits
are 300 feet high, and are stated » have cost 10,000 dollars.
= #£2,083. No detailed descriptioi of these masts has heen
published. . v

At pages 48 and 54 are noticed ‘the instances of great spans
of gvire which are observed in the city lines in B{rli-s, and in
those over Mont, Cenis and between Arquata to Genoa. In all
thesc instances the wire employed is No 8, best charcoal iron,
galvanised. )

With reference to the length of span in telegraphic construction,
the folloving table will be found to afford usefel information : —

.

PARTICULARS OF NO. OF FEET PER l-LB.; GAUGE AND
LENGTH PER CWT. OF WIRE, FROM x~o. 1 To 20,
GALVANISED.

No. of feet pm"lb. Gauge. Yards per cwt.
¥, in. about.
No. Meoerernes 48 cpinine o vecinnnes 240 galvanised

e 170 0,
e 210

2 verereee B v

e

8 vrrerger 6 evrernn

4 vvveeie T vvereens JB vereenens 240,
5 vveers 8 vevreene 2% i 275,

(iR | S
T eereonees 12 eninn,
TR |} S,
SIS 17 S
10 eevrens 213 crernenne
19 i 28 veenenns
43 e 41 iieeens 5 cenennn 1,420

14 e 850 i g e 1,908

15 wevrivees B6  eveenres ofyy ceeennnne 2,800

16 ceiienene 90 i oy ceeeenn 3,100 .
1 eeieenns 10.7 ceviennrnnsnennennnnnn 4,000

18 “vrveeerse 16.2 ceerninneniennnnnennnens 5,200

19 e 222 e 7,000,
Bs e ren 88.1uvesrrierneessennenss 10,500,

et 3200
e 400
reneee 450,
vevveeeee BB,
crveeane T30,
veereees 950,
v 150,

S 0 e S
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For these details we are iadebted to Messrs. Tupper and
C'm-, meon-house-phce\ Leadon.,

,  GALVANIZArioN of IRON.

The iq;-on is first prepared to receive the layer of zinc to be united
toit. +Thisis done in the {ollowing manner : —The iron is placed
for five or six minutes in a mixture of oke part muriatic acid to
six of water. It is then taken out and drigd iu: a furnace, heated
to a dull red. When the iron las attained this heat it is again
taken ont and allowed to dry in the air. The sceles of oxyde are
removed by percussivn. Any black- spots which remain on the
surface are separated by allowing the iron t~ remain ten or twelve
hours in water, slightly acidulated with, some fermented bran
which has been steeped in the fluid for eight or ten days. The
rods ave next agitated in water Loutmnm«r a few hnndredth parts
of sulpluwric acid. This done they are' ﬁnallv placed in water,
and rubbed with sand and tow, after which they may be kept in
water for use. Before immersing the iron in the zine bath it is
nccessary to dry it.  Messrs. Morewood and Rogers proposc
effecting this in un atmosphere of vapour, from which the air is
excluded as completely as possible. This they accomplish by
heating the articles in an iron case, the bottowy of which®is
covered about three inches deep with sal amiponiac. The
vapour of the salt drives out the air. The temperature mast
be gradually rased, since the object is merely te fill the case
with the vapour of sal ammoniac. . To coat the fron with #inc
it is slmply immersed in a zine bath, after having been prepared
as above,

The process of*’ﬂms covenng certain metals with zinc was well
described by Malouin in 1742 (Memoires Annexés a U Histoite
de, ' Academie Royale des Sciences, 1742, p. 110).

The zinc employed should be quite pure; and if carthen
vessels be used for the bath, they should be enclosed i .
or cast metal casings, and the intervals between the twd

thh fine sand or lead. A
If metal baths are’ used, an alloy of iron qnd zinc is M
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which perforates Lhe metal in abfew dnys and renders the bath

useless.

The baths are heated with coke coal; and the zine is pre~-
served from oxidation by covkring iv with a layer of sal ammo-
nige, rosin, or carbonate of séda., The time of leaving the iron
in the bath is short ; but it can only be leafned by practice. As®
300n as it is thought that the galvanization is eﬁ‘ecémihe object
is withdrawn from the bath and thrown into water in order that
the sudden change of emperature may remove any excess of
zine. Any prominenges are removed with a blunt rasp, and
the metal is then rubbed with pumice stone or sand.

Finafly, the process fs campleted by rubbing the surfaces ¥ith
moistened sand, and then with a rag moistened with a solution
of sal ammoniac.

The process of zmmqg is much facilitated by prevmusly giving
the iron a coating of tin. To effect this the iron, ¢leancd and
b tened as above described, is immersed in a “cak solution of

de of tin, two quaits concentrated .solutwu to 120 gallons
%nter, in a wooden tank. This quantity is enough for one ton
of shect irdh. The chloride of tin is prefared by dissolving
yranulated tin €n muriatic acid. Over every layer of iron is
placed a layer of granulated zine, on this more iron, then a
second layer of zine, and soon. In about two hours thegron will
be=fownd coated with an adherent layer of metallic tin deposited
by voltaic action.

.
*PREPARATION OF SUNDRY ARTICLES REQUIRED ON
TELEGRAPH LINES.

L3

Nitric Acid.

“Where sulphuric acid can be procured, nitric acid is easily
prepared by distillation from iron, earthenware, or glasn retorts,
by heahng together equal parts, by weight, of good saltpetre
IIIQ; sulphuric acid, and condensing the vapours in glass

enware vessels,
}Ifx aulphunc acid be not obtaimable, alum (native nhme,
. Phitk@i)can be vrocured in nearlv everv bazaar. 2 party of
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alum to 1 saltpetre, by weight,%heated to dull fedness in an iron
or éarthenware tubular retoyt, gjve off abundant vapours of nitric
acid, which can be conden‘d in the same manner as when sul-
phuric acid is employed.

A smart native blacksmithy wil be found able to weld up
*sheet-iron igto tubular retorts for this purpose. The bazaar
potters readily adjust the common earthenware vessels of the
conntry, s0 as to enables any person of common smartness to
make the acid for-himself. i

Muriatic acid is prepared in the same, manner, only substi-
tuting common salt for the saltpetre, and recciving the vapours
in a vessel half filled with water.

For the purposes for which these acids are employed in
telegraph Joffices, purity or uniformity of strength are of no
importance. .

Sulphate of ('opper

I sulphuric acid be av ailable, this salt 15 easily prepared Y
Leating pieces of copper to redness under & current Jof air, s0 ds
to cause scaley of oxide to form. These scales < ve a mixture of:
mctallic copper and the black oxide. This is dissolved by warm
dilute sifphuric acid, 1 pdrt acid, 3 water, and forms a blue solu-
tion. This, evaporated till a skin forms on the purface,ogst
fine crystals of sulphate of copper.

This salt (Neel Tutya, Bengal) is also made w@hout the use
of acids, in the following man 1er :—

Take pieces of sheet copper and heat these to;low rednéss.
In this state rub them with sticks of sulphur. ‘A black com-
pound, tht sulphuret of copper, is formed, contuining 16 sc'-
phur to 32 copper in every 48 parts. '

When cool, rub this in a stone mortar, or on a curry-stont,
with half its bulk of clean sand ; place the mixture on common
carthen daucers (Sanuck, Bengal), and heat gently over a char-
coal fire, the air playing on the surfacc. When the ¢ s
changes from black to grey, remove from the fire and
mixtqre to cool. If it be now washed with warm w
sulijaon will yield abundant crystals of sulphate of coppd
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roasting does not remove all the  copper, and the mixture, after
washing with water, may be heated sud washed three or four
times in succession, till the washinr s cease to yield the copper
salt.

Fusea Chloriae of Silver.

Dissolve common rupee silver in its own weight of nitric acid,
mixed with an:equal bulk of rain water. The black powder re-
maining after the solnton is gold, and should be collected. The
native goldsmiths will refine and melt it. Evcry 32 rupees
vontain about a rupee's worth of gold.

To tue solution, diluted with four times its bulk of water, add
a strong solution of common salt, as long as a white, curdy,
solid matter is formed. If this be doune in a large stoppered
bottle, and then be well shaken, the solid parts coagulate toge-
ther, and the hiquid may be poured off and thrown away. Water
slgou‘ be added, and several washings performed, till the liquor
comes off colourless aad tasteless. The eurdy niatter is then
placed on a smooth dvy tile, in a mass half-an-inch thick ; the
tile absorbssthe moisturc, and the drying may be completed on
a plate placed over a saucepan of boiling water.

This chloride of silver, heated to low redness in a platinvum or
silver cup, melts like wax, and can be cast into tublcts, the siu-
g-larselectrical propertics of which have been desceribed in this
Manual at page 14,

The Chloride of Zinc

i hest made by dissolving pieces of zine in dilute muriatic acid,
aud evaporating the solution to dryness. The chloride is of a
sty nature, readily attracts moisture from the air, aad is to be
kept in well-strppered bottles.

¢ This chloride of zine, dissolved in the smallest possible quan-
tity of water, is used in the soldering of copper wire Jomta, in
the manner described at page 64.

" Carbon Cylinders for Batteries.

(3o i coke is reduced to coarse powder, and made )1to a
ete with & strong solution of sugar, This is ram ued
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into, an iron mould, 6 inches long, 14 inches square, by blows
of an iron rammer, and the end: of the mould are closed with
fine clay or-bone-ash, and t} e whole heated to a white heat in a
forge. On cooling, the carbon is found in hard prisms, which
ring like metal when struck by a hard body. In this state this
substance is wsed for the Bunsen batteries, deseribed at page 12.

EXPERIMENTS IN PICKLING OF TIMLER IN ARSENIC, BY
MR. R. L. BRUNTON. v

With reference to the instructions at prges 85 and 86, on the
pickling of timber used as protectors in the subtcrranean lines,
the following experiments, kindly made by Mr. Brunton, at the
writer’s request, are deserving of attentive cousideration :—

Eaperunents with three picces of deal, each measuring 1 inch
by 24 inches by 18 inches, and numbered 1, 2, and 3. These
pieces were cut from an ordinary deal board, which had been
for some time exposed to the weather.

Desiccation.—Nos. 2 and 3 were placed near a steam-boiler
for fifteen hours; a thermometer in the same position indi-
cated from 120 deg. to 130 deg. Fah., and the desiccation was
aided by a constant cwrrent of dry air. Thesc pieces lost by
drying as follows :—No. 2, 12.3 per cent.; No. ‘3, 12.9 per
cent. 1t is probable the difference of 0.3 per cent. m the loss of
moisture arose from the pieces not being equall)i dry or wet
previous to desiccation, rather then frém any vurl,,,tlon in the
process

Immersion.—A bath was prepared by boiling su excess of
arsenious acid in distilled water, and when the solution had
cooled down to asbout 90 deg. Fah., Nos. 1, 2, and 3 were
placed in it, Nos. 2 and 3 being warm from ‘the drying process.
Ins this hath Nos:. 1 and 2 remained for twenty-four hours,
No. 3 for forty-four hours.

Results.—No. 1 having been immersed without any apti
«lesicgation, only absorbed about 13.72 per cent. of the ag
solut®n, being about 16 grains of ‘arsenious acid to ¢
foot of wood. A strip from the exterior of No. 1 gaves
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precipitate of loltmon of arsenic ‘when tested in an acid solution
of sulphuretted hydrogen. Btrips from the interior of Ne. 1
gave no trace whatever of havmg n reached by the solution.

No. 2 during its mmemon absorbed 33.57 per cent. of
the solution, being by calculstiontabout_ 50 grains of the arsenic,
to the foot of wood. :

*No. 3, although immersed for twenty hours longer than
No. 2, had obly tnken up sbout .4 per cent. additional of
solution.

Pieces from the exterior of Nos. 2 and 3 gave most abundant
precipitates of sulphuret of arsenic, and small strips from portions
of the wood, at the greatest distance from the outside, gave the
most decided evidence of having been reached by the arsenical
solution. v «

L4

PREC*UTIONS TO BE ADOPTED PREVIOUS To AN'D DURING
HURRI(,ANES ! .

In the introductory remarks in the ﬂrst page we ndverbed to
the measures of precaution to be adoptetf during the violent
“gales by which ‘India is frequently visited.

An instance is given at page 57, of $he occurrence of one of
these disastrous hurrieanes, on the 14th of Mey, 1852.: On the
25rd hnd 24th of October the previous year a similar, but less
destructive, storm took place. Each office being provided with
a baroweter, the fluctuations of which are noted fogr times
daily, the approaching storm was in both these instances fore-

«told by a remarkable fall in the mercurial column. Orders were
forthwith telegraphed to each of the out-stations to entertain
extra men to patrol the lines, chiefly in the vicinity ‘of the vil-
lages, and eachi man was provided with a few feet of copper
wire, pincers, a hammer and file, in order to establish a tempo-
rary junetion in case of any accident to the line. The best men

be employed under such circumstances are the native gramies
agcliers and bamboo workers), who are generally bold, hard-

g fellows, not easily driven from their duty by rough

Double the usual: dnys pay may be given fai ly on

ions, N
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During the hurricane of the 23rd and 24th Octoher all hands
remained on duty day and nigh, and bulletins of the state of
the shipping at the out-stations were posted every ten minutes.
No interruption whatever occurred. In the storm of the 14th
Of May the central station-hovse at Bi.htapore was blown down
at midnight: but the boys on duty, with the aid of the native
thatchers, got up a temporary shelter. The broken wires were
joined, and signalling was resumed in less than half an hour.

Assuming that all the arrangements, so minutely prescribed
as safe-guards against lightning, have heen faitbfully carried
out, the occurrence of thunder-storms must never be allowed to
interrupt the current duties of the offices. The signaller on
duty, like a soldier on guard, or a seaman on his watch, must
take his place at his instrument as usual. After a little expe-
rience he acquires the habit of observirg, without alarm, the
effects of lightning on the apparatus he is using ; he soon appre-
ciates the perfect protection afforded by the precautions em-
ployed, and business thus proceeds without interruption during
the most violent commotiouns of the atmosphere.

Were a different system permitted—were the s:gna]lers al-
lowed to leave their instruments during thunder-storms, or the
occurrence of bad weather of any kind admitted as an excuse
for cessa.ion of correspondence—it would be found totally im-
practicable to maintain regular communications on the Indian
lines during several months in each year.

Storms are often confined to narrow circles, and travel in very
eccentric paths. It frequently happens that a heavy thunder
storm with copious rain visits Barrackpore, and is scarcely felt at
Calcutta, but fourteen miles distant. In March, 18562, a re-
markable mstance of this kind took place in Calcutta. Whise
the whole European community were enjoying their evening
drive and promenade by the river side, a furious squall burst
upon them from the south-west. Several large ships were blown
on their beam ends or torn from their moorings. Great loss of
life occurred; trees were torn up and carriages upset on'%
course. In the midst of this turmoil (the doors and vsmdommla._
tbe (alcutta station were blown to pieces) the telegraph the d
repi rted quietly, * sérene weather at Moyapore — swf_

N
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overcast st Diantond Harbour, and the Rattler steamer passing
Kedgeree with a fair breeze from the south, and all sail set.”
The distances of these stations from Calcutta are respectively
14, 30, and 60 miles in a strmghtl ne.

On the completion of sthe ‘long lines it may be fairly mume’l
thnt these will be visited by storms, in some locafity or otber,
every hour of thc day, from March to October. Accordingly,
too much lmportanco can scarccly be attached to the: steady
maintenance of office duties during such local visitations, as the
only means of preventing the interruption of correspondence in
the whple system.

<

CIIARGES FOR DESPATCHES.

. English.

For all distances under 100 miles. 20 words, mc]udmg address and sig-
nature, 2s8. Gd.; over 100 miles, 20 words, 5s.; half tho above rates for
10 w3Rds over, or a charge f 8d. per word at (zptlon of sender. Messages

" gent from stations on foot, 6d first Lalf mile, and 6d. per mile additional,
By cab or hogse, 1s. first half mile, and 1s. per milg additional.

. “The public are informed that, in order to provide aganst mistakes in
the transmission‘of messages by the electric telegraph, every message of
consequence ought to be REPEATED by beingsent back from the station at
which it is to be received to the station from which it is originally sent.
Half the usual price for transmission will be charged for repeating the
message."— Official Printed Forms, received from Telegraph Company,
August, 1852,

.

. South Eastern Lines.

! éharges as above, with same stipulation as to repetition; and company
declare themselves not responsible for mistakes in the transmission of
a' message, even if repeated, nor for delay in transmission or* delivery, or
for non-transmise:ont or non-delivery of any message, whether repeated or
uhrepeated.— Official Printed Forms, August, 1852. .

While these pages are passing through the press, the pro-
spectus has appeared of & new company, designated the United

om Electric Telegraph Company, who intend, in the lines
A propose to construct, to charge but onc penny per word,
gspective of distance. They also promise to let out wigés on
% ‘the exclusive use of firms or individuals, at a y¢arh
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rent of £2 to £3 per mile. The lines of thi company are to
be underground

Amer. can Teriffs.

From g To Distauce | Worda Charge,

Miloa, Dol. e
New York......Pittsburgh........| 400 10 060 =

d
6

New York......Boston. ...... 240 10 020 = 010

LY

2
Nc‘wYork......Clncinnat.l........ R0 10 07 = 3 1}

0

1

Buain Line. Morse Line.

J,
2|

s ++ e« Buffulo. . Huo 10 043 = 93

f w .+ ....Boston..... 10| 020 = o10

l_ ' «o....Baltimore .. . 10 050 =~ 21

» ......Buflalo. ... 500 1n 040 = | 8

:5: » SHadifax, N.S. ... 1,090 1) 165 = 6 10]

; " ..Montreal, Canada. 10 08 = 3 6}

é n eeeees New Orleans. 1,966 10 240 =10 0

" e Quebee ....oen... 10 110 — 47

General average charge in United States, 20 words, 500 miics, 1 dollar —
4s. 20 = 2 rnpees.  Address is sent free. '

Tor l'lmss.—Reports of Jongress from Washington to ‘New York,
5 cents = 24d., per word, for cach of first 300 words; one-third less for
all words over 500 and under 1,000, and two-thirds reduction for all words
over 1,000 to any number.

New York to Boston, Press Charges, 4d. per word.

French Tariff, 1852,

e s e e S e o s 3 % e+ e o = e 1 1

1§ Wourns ' g 3

g Distance, | - — -7 ——=—= - e aim e | BO
PARIS to 1w | gt .uw'uso lﬂmlblw 71-« Alto |91 to | BF
20 | 30 | 40 w | |88

| | e [ | e o e | = e | o] - | ———— -

Mile. | Kil* |francs, france |francs francs. fnneqfrunu francs.' francs. | franes. | & d
Amiens. | 92 {147| 4 80 6 00{ 7 20{ 8 41| D aoixo 80{12 00{13 20{14 40| 4 0

Boulogne (170 | 27| 6 36| 7 95| 9 54|11 1312 7214 311156 90117 49/19 08f 5 3|
Calais. ..|236 |378] 7 56| 9 45/1134]13 23{15 12|17 01}18 90{20 7922 68| 6 3

fLyors. . [3173 508 9 12|11 40)13 68'15 96/18 24)20 52|22 80|25 0827 36{ T 7

* One kilometre is jths of an English mile.
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. Belgian Tariff.

[ {

DisrancEs. & ¢ [ 4

® kilometre = § En Flish mtle, for 76 kllo-}
metres = 4€} mile

8 sesscsesnnessnconein

From 47 t0 125 Mile8 ceulicceccnsaasosossnres | 4 2 8 4 |12 6

Above 125 Miles everssonessssiiannransienns [ 6 3 |12 6 [ 18 8

[ L

Submarine Telegraph Company's Charges.

114011962 50j2106

166]3 203 763130
|Milan ceveneed|l 1302 13 072 16 612 19 613 18 &

164 464 7134106‘l
Pargg....oceee:0 19 01 361 70t 1061 14 0/t 176/2 102 46/2 8O
Trifste.........|1 15 02 17 ol3 063 304 46/4 76/41004 1364166
Venjce.c...... !l 15 02 17 o:a 663 364 46

764106 136410 6,

7 64 10 6l¢ 13 6j4 16 o,

e M —— e e e Y
T T ) WORDS. |
LowboN to ....| m. |n wsol:uwtw 10 40.J51 to00.[61 to70 |72 e_nrn.1~1 »m’mu;l.w.!

- - J:I.d.ladll.ts.ﬂ.;'-:;lzl.d&s.'d..: u.\d.';sd.:.cad.'
Amstera’tm...l 5 01 17 u]'z 062 362 14¢217 «la o6l3 4 r,ls 7 el

YBerlin ........|l 13012 13 0.2 16 62 19 6[3 18 614 1 6{4 ania 7 r.| 10 o}
BordeauX seq(l 4 3,1 10 GII 1562 062 5062 62563 0 c, 5 Gi
Brussels ......|l 101 96112611562 26/2 562 86211 62 14 ‘;I
Calais ...ooow (012 60 01801 00t 20/t 401 61 801100
Frankfort ....[1 9 o2 502 8G211G3 §6i3 26/ 6315 ol3 18 6}
Florence ......{2 563 17 614 104 4 6l5 15 65 18 66 1 65 « 06 8 6
Tamhprgh....{1 11 ol‘ [ 0\2 1262 15 63 12 63 16 Gis 18 64 1 G'i:l 4 t‘.‘l
Kchl-Strasburgil 13 0‘2 13021662 1963 18 64 1 6;4 4 64 7 ﬁil 10 GI
Marseilles «ueefl 7 0| 2

4
1
[}
4
4

:Wenna.......ll 15 0:2 17 o{x 068 3654 46

{
v

% To provent mistakes evary message of consequence ought to be re-

,» peatod Double prices charged for repetition to or from France, Half

price for repetition to or from other parts of Europe. 'The Company deny

al} responsibility for mistakes, delay, non-transmission, or non-delivery of

any message from any anse whatever, even if message be repeated.”— Offi=
mff}’mud Form, 1st January, 1838. i'.

N ‘
ot
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PAY, PENSIONS, &C,, OF CLERKS AND MESSENGERS,
In ZEngland.

OLD E RIC TELEGRAPH COMPANY,
, OLD ELECTRIC co

Monthly equiva-

In England, Weekly sa lent in rupees,
£ 8 ny
IstClass . . . . .. . 2 0 e e e e . 90
2nd a. R 115 T ]
2nd d. 110 P
3rd e e e e e e 15 . . . bb
4th Assistant Clerks . . . 10 43
bth Junior ditto . . 017 . 86
6th . . . .. 014 . 80
7th e e e e 012 26
8h . ... .. .. 010 D e e .. 22
9h . . . . P 0 8 . 17

Messeng. rs' wages, 5s. to 18s weekly. D’ensions, none.

French Offices.
No one is employed under 20 years of age. Assistants are of
1 classes.

Annual salary Eq""’“:,m';;:‘;‘“""
IstClass . . . . . . £36 « e e e e . . 80
end 5, . ... . . 4 . ... ... 40
3rd 5, . . . . .. 60 ... .. . . 50

4th ,, . . .. L @2 .. .. ... 60 )
With pensions of one-sixth the salary after 30 years’ service, and
one thirtieth for every additional year. No assistant is por-
mitted to hold any other employment.

Each signaller is on duty half of each day. Two are allowed
for each telegraph. No alarms ever allowed. Nffices open from
7 am. to 9 p.m. No night-work except by special order of
Government.

American Offices.

» Each office on an average employs four young men as clerks
d signallers ; in places of small note, one or two signallers
only. The highest salary is 100 to 1260 dollars, say 2000 to
240C, rupces & year = 200 rupees permonth. The messenger
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boys, who earry from one peniy to sixpence for each message
they deliver, gradually acquire proficiency as signallers, and re.
ceive regular and higher wages as they become useful and trust-
worthy.

s

kAaws AFFECTING THE USE OF THE ELECTBIG-TELEGRAPH
INy ENGLAND, AMEBIOA‘ AND FRANCE.

The construction And use of the clectric telegraph having
fallen in England igto the hands of private speculators, the
Goverpment merely retuin the power of ordcxmg all messages
on her Majesty’s service to take preceden(e of all other com-
munications ; and in times of civil commotion, or other public
emergency, the Secvetary of State can take exclusive possession
of all lines and offices for the sole use of Government.

In case of wilful damage to their lines or pffiees, the com-

Wauies have the ordumr\, remedy of indictmgnt fur misdemennor.
¢ In accidental damage any magntrate has the smnmary power of
assessing its value, and seizing the defemlmn s goods for the
amount.— Yk Vict., cap. xliv.

Penalties dre inflicted for undue preference shnwn in the
transmission of despatches. For negleet of duty on the part of
signallers, a fine is inflicted of £20 for cach offence.e The law
Thtefferes little with reference to the maintenance of sceresy,
or prevention of illicit traffie in intelligence. The proprietors
of the lines are allowed to deal with such irregularitics as they
best can, by fines and by dismissal from their employment.

“In America, several of the States have passced stringent acts
reguiating telegruphic correspondence, although the lines are
frivate property. The law of Pennsylvania subject{ all persons

L4
employed in ttlegraph offices, who may be convicted of violation
of secresy, or ‘“‘in anywise impairing the value of any corre-
spondence sent,” to a fine of not less than 100 dollars (200
rupees), or imprisonment for six months, or both, according to
the circumstances and aggravation of the offence.

For the protection apd regulation of the tclegraph in France,
several laws have been passed by the Republican argl Im-
penal Governments. We give a sufficient précis of theiy en-
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actments, as published offieially by the Telegrapl. Administration
in Paris.

The Nutional Assembly of France, on the 3rd July, 18th

- and 29th November, 1850, adc nted the following law :—~

14

I

1. All persons whose identivy is estublished are allowed to
correspond by the Government Electric Telegraph, and by the
agency of the functionaries employed in the department.

2. Private correspondency: is always subordinate to the neces-
«sities of Government service.

3. Despatches, legibly written, in ordirary and intelligible
language, dated and signed by the senders, are, by them or
their representatives, given to the director of the telegraph, and
copied in full, with the addréss of the sender. This copy is
authenticated and filed in the office.

Atticles for newspapers and despatches on railway business
are excmpt fiom the copying rule.

3. The director of the tclegraph may, on grounds of public
order and morality, refuss to transmit a despatch. In case of
dispute, reference is to be made in Paris to the Minister of the
Interior; in the provinces, to the Prefect, Sub-Prefect, or other
constituted anthority.

On receipt of a despatch, the telegraph agent may withhold
it under li’.e circumstances and rules.

4. Private correspondence may be suspended by order of
Government.

5. Any public functionary violating the seeresy of corve-
spondence is liable to the penalties prescribed in Art. 187 of
the Penal Code, viz., imprisonment from three months to five
vears, fine of 100 to 500 franes, and total exclusion from public
service.

@ The State incurs no responsibility whatever for private
despatches.

7. Telegraphic despatches prepay a duty as follows :—

For 1 to 20 words, 3 francs, besides 12 centimes for every

wnyriametre. :

Above 20 words the tax is increased one-fourth for every ten
words, or fraction of ten words in excess, The address, date,
and s'gnature are counted. Figures are valued as if spelled in

: 1
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full. Every frlction of a mynametre counts as one myriametre.
Night despatches, when transwmitted, are charged one-half higher
rates.

Subseriptions, at reducégl rate,, may be conceded for railway ¢
business.

By paying double rates individuals mnv have fheir messages
repeated.

9. Besides the rates specified, thére is a charge of 50 centimes
(6d.) for each message delivered in the country towns, and,
1 franc (10d.) in Paris,

10. Despatches are transmitted in the ogder of their inserip-
tion.

If the despatch exeecds 100 words, it may be kept back, and
priority given to Shorter messages, although of later inseription.

Despatches affecting the safety of passengers by railway trains
in all cases take precedence of every other business.

A DeckeE regulating the service of private ,correspondence
by cleetrie telegraph, dated 17th June, 1852, by #he President
of the French Republic, establishes as follo\\s —

1. The offices to he open daily at tlu. hours figed by the’
Minister of “the Interior. The hours are posted at the office
doors. The time of every office isthat of the Obscrvatory of
Paris. ‘

2. Proof of identity is cssential, or knowledge by the director
of the signature to the despatch. Identity may be proved by
witnesses, passports, or other written evidenee ; signatures may
be proved by prefects, sub-prefects, magistrates, notaries,
‘mayors, commissaries of police, &e. &e.

3 to 7. Despatches mnust be written legibly in ovdinary lan-
* guage, dated an(l signed, and no abbreviation. If the dircetor”

sees reason” to refuse transmission, he states the rcasodd in

writing on the déspatch, which is returned to the person con-
cerned. .

The time of the despatch and of its arrival at its destination
- are entered in the office 1 register.

8. If the line is free, a despatch is instantly forwarded ; if tho
line be oceupied, the message takes its turn., t

9, 10, 11, regard the order in which stations oom:s]mnd
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successively with each other, half an hour beiug allotted to each
in turn.

12. No despatch once lodged can be withdrawn, except by
the same person who delivered ‘t.  No money is returned for a
despatch so cancelled. ,

13 to 20 inclusive, affect the local deliveries of despatches.

20 to 24 determiue the distances, théfBharges fer componnd
words, family names, and addresses; prepnyment for different
charges.

25 orders that the sum paid for & despatch shall be returned
m case of undue delay in delivery througl. interruptiont ¢ { the
line, throngh mistakes by the signallers, or by delivery being
prohibited by the authorities at the distant station.

26. The sender may pay for the answer, and make a deposit
on this account of the charge for 20 words,

27 to 33 regulate the mode of keeping the office books and
accounts—of Laying into the local treasvries all sums received
up to the 1st of cach month.

34 preseribes the mode of adjusting accounts with Foreign
Governments.

35, 36, and 37 subject the accounts of the telegraph depart-
ment to the gencral financ...] anthoritics of the State.

By a DecreE of the 27th December, 1851, by the President
of the Republie, on the report of the Minister of the Interior :—

Art. 1, orders that no line of eleetric telegraph ean e esta-
blished or eraployed for the transmission of correspondence
except by the Government, r on its authority.

Auy person transmitting, without anthority, signals from one
lace to another, whether by electric telegraph or any other
way, is liable to imprisonment from a wmounth t~ a ycar, and a
fine of from 1,000 to 10,000 franes; and the Government may
order the destruction of the apparatus and telegraphs employed.

2, Any sne accidentally or involuntarily interrupting the cor-
respondence of the eclectric telegraph, or injuring in any way

*the lines or apparatus, is liable to a fine of from 16 to 100 frunes.

3. Any one wilfully (-ausing such interruption, by injuring
the lires or apparatus, is punishable by imprisonment from
three mouths to two years, and a fine of 100 to 1,000 francs.

12
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4. A fine of ¢,000 to 5,000 francs may be inflicted on per-
sons convicted of injury to telegraph lines or instruments, or
forcible intrusion into offices, or of using violence or menaces
to signallers, or interfering y(it'h ﬂpm of lines, during periods
of insurreetionary moveinents. . °
+ 6,7, and 8 regulate the obligations of railway officers respect-
ing the teleggaph lines)

9 gives power to yemove trees or other impediments to con-
struction or working of lines.

10 to 14. Writtens statements by telegraph officers, authen-
ticated Dy police or enagisterial authorities, to be received as
evidence in all complaints ; also rules are given for civil proceed-
ings in all cases of crimes, contraventions, and recovery of
damages, ¢ .

Lastly. It is ordefed, by a subsequent decree, that all tele-
graphic despatches, duly authenticated, are toebe’ regarded ns
official and authoritatire, and te have all the foree and effect of
public documents, signed by the funétionaries ab the distant
station from whom the telegraph despatch proceeds.
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APPENDIX No.-1.

STATISTICS OF SCREW PILE MANUFACT'IRE FOR THE EAST
. INDIA COMPANY.

The quantity required is 45,296 ; form as per drawing, page 38;
weight, 76 Ibs. each; price six shillings. Contracted “or by
Ransomes and Simms, Ipswich, to be execuefh nine
months.

About tws months were occupicd in experiuents as to the best
method of preparing patterns and producing the castings accurate
and uniform, thrs leaving about twenty-eight weeks for the exe-
cution of the erntract, which would require their production at the
rate of abou* 1,700 scre~s, 56 tons, weekly, The patterns are
madec of iron polished and bronzed in the same manner as gun bar-
‘rels. The stalk of the pile pattern is in halves, of which when the
moulding box is parted, one half remains in the bottom and the
other is taken up in the top part. The screw part of the pattern
is formed ia 4 picces, and the octagon head in 2 picces, thus the
pattern is made to consist of 8 pieces, each of which is separately
removed, and a simple and ingenious contrivance is adopted for
withdrawing those parts of the pattern forming the screw, by
which, with a slight acquire.nent of sleight, they are wormed out
of the sand without breaking the edges.

The boxes are specially adapted to the form of the castings.

“These are puc together with turned pins in the lower box, fitting
into holes bored in the upper one, all to one guage, so that each
shall accurately it every other. ’

To form the cores or hollow part of the pile, boxes with the
exact form of the interior of the pile grooved in them are fitted

«avith sand lightly rammed, and provision is made in them for
leaving a free passage for the rapid expansion of the air when
heated by the melted metal surrounding it.

If thesc passages should be imperfeet so that the air did not

-y
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escape with sufficient rapidity, it would attempt. to force its way
through the liquid metal, ang the casting would be iwperfect
and hollow.

The plant required to ﬁnal!c
is 72 moulding hoxess 10 “co;

benches, each accommodating 3 trimmers.

The staff requisite : 36 moulders nnd assistants, 1 facing sand
maker, 13 core makers, 12 trimmers, 3 ladle carriers fer melted
2 wheelers, 3“pachers, 3 labourers to wait on the above.

metal, &

<

A

£

? APPENDIX No. 2.©

is quantity in the time stated
boxes, 18 patterns, 4 trlmmlng

LISTg STORES FOR ONEK MILE OF OVERGROUND LINE,
Indin Maunds

LIST

Iron Rod—wgight per mile, 10 cwt., in 4 picces . .
Screw Piles—16,at 75 1bs. . . . o . o . L L.
Zinc for4 joints, . . . . . . . . .6 8lbs
Caps, L.,.Jl\umsud won . ..o . L , 16
Oak Brackets® . . P (1}
Stoneware Insulators, insets . 5. . . . ‘.z
Cap Screws . - 16
Thsulator [ooks nnd Nuts. iron . .6 . . . 82
Spape Iron Rod for Lightning Conductors,
I6X30., . . . . . o . < . . 480 feet.
Rosin for Cement . . . . R
Sand, washed and dried . . o « « « o 481bs.

16 Posts of Teak, Saul, or Tron wood, 20 to 24 feet .ong.

16 Bamboos, each 24 fect

ol 50 W,
14
15

OF IMPLEMENTS REQUIRED FOR EACII WORKING

PARTY FOR OVERGROUND LINE.

1 Moveable Straining Post, with Screw Pile
(seep 43).

1 Straightening Machine . . .(seep 31)£I18 0 0
2 Bracing Screws. . . R 44,57) 1L 0 0
2 Spanvers and Nuts for ditte . . .

5 Wrenches for Screwing Nuts . . .
b ditto for making Lyes . . (sce p 32) 1

1 Cbain Holdfast, . . . . 012 0
3IngotMoulds . . . . . . (Bue P 3‘2) 2
Spurlarge Phers . . . . . . . . .

5 puir small ditto. . . . . . . . . . 010 0
beight-inchlLadles . . . . . . . . . 012 6
5 four-inch ditto. . . . . . . . . 050

£3719 6
Weight in case, 896 lhs; measuiement. 57 cubic fect.

Value.

-

¢
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Besides these, cach party will be provided with ordinary car-
peuters’ and blacksmiths® tools, and gutta-percha tool chest.

CARPENTERS.’ AND GENER'L TOuLS REQUIRED FOR EACIL

WORKING PARTY FCR OvERGROUND WORK.
¢

4 Spades ( Kodili: s). * 1 Crosg-cut.
4 Pickaxes. 2 Planes. v
4 Earth Rumwmers. 3 Auzers: 3. 4-in 5 f-m.
1 Measuring Tape Line or 1 dozen large Gimlets.
Chain, of 100 feet. 1 puir Cincers.
2 Hammers, 3 I’lu(tgh Jrons: 3, 3, 3-in.
1 Pulley Block. 1 Twé-foot Lule.
2 Adves, 2 T'enon Naws: 16-in., 18-in.
G Cold Chisels. l 4-in. aud J-in. Round Pl.nes.

) : g
2 Hand~aws. %

CONTENT'S OF TOOL CHEST FOR GUTTA-PERCHA JOINTS.

Blow-pipe, complete, with Stand, Spirit Lamp, and Joining Tools,
Furnace, with Npirit Lamp.

Gutta-percha Bottle £ Chloride of Zine ; Funael for filling L.amp.
T Bottle contaming L quart of Wood N, phtha,

1 1b. 'l Copper Wire, on Spool 4 1b. Solder.

3 Ih. Thick Sheet Gutta-percha 3 1 Thin ditto.

Small Hammer. 2 Knives.  File.

2 pairs Piiers: 1 cutting, | lat noso. 1 pair Seissors.

Kwery Paper and Ball of Cotton.

Mahogany Chest, complete, with handles, lock, and key.

Weight, 60 1b. ; price, £4 10s.; from Gutta-percha Works,
City Wharf-road, London.

APPENDIX No. 3.

RCLES FOR THE MANAGEMENT OF THE ELECTRIC TELE-
GRAPL, BETWEEN CALCUTTA, DIAMOND HARBOUR, AND
KEDGEREE, PASSED ON THE 18T OF DECSMBER, 1851,

1. Until further orders, the service shall be conducted by the
Superintendent, in direet communication with the Government
of Bengal.

2. The Telegraph Stations shall be open continuously, day

_and night. throughout the year, for the receipt and transmission
of correspondence.
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3. The officers; named on the margin, are authorised to have

Secretaries and Un-
der Secretaries to Go-
vernment.

Supermtendent of
Marine and his Secre-
tary.

Master Attendant &
his Assistants

Collector of Customs,
Deputy Collector and
Assistant.

their mgssages on public service con-
veyed, subject to pro formd charge at the
usuaf rafes. .aking precedence of all pri-
vete com mmtlons Other public Offi-
cers, having' messages on plblic service
to transmit, will apply to the Superin-
tendant or it emergent cases torone or
“other of the, Officrs above-named.

4. All ordinary shipping intelligence is to be transmitted, in
writing, hourly to the Superintendent of Marine and the Master
Attendunt. Important shipping intelligence i is to he transmitted,
immediately upon receipt, to the same Authorities.

5. Printed Reporte ofsintelligence are to be issued rt 10 a.m.,

Members of Govern-
ment, Secretaries to
RGovernment, Private
Secretaries to the Go-
, vernor Geueral and De-
puty Governor of Ben-

1' Supermte‘hdcnt of
+ Marine.

+ Master Attenduut.

+ Register of Seamen.

Board of Revenue,

,1' Collector of Cus-

f Supermtendenb of
Preventive Officers,

Military Board.

+ l‘ostmaster General

The Authorities mark-~
ed thus (+) will be
charged pro formd, as
ro tistered ‘iubsmbers

‘Officers not namedin
the above list, requiring

ublic service, par-.

tlcuur information on
occasions, should inti-
mate to the Superinten-
dlt:.nt the in c;lrm:uoﬂ
they require, which wi
be specially furnished
to tham, subject to pro

md charge at the
ulu] ritte,

«1pm., 4 p.m, and 7 pm. These will
be forwarded to the offices-of the Au-
thorities named on the margin, and to all
Firms and Indivéduals who gre Subseri-
bers. Arrivals after 4 p.m. are to be
notitied specially in Writing, to the Agents
of the Vessels, if Subscribers, without
extra charge, and to be posted outside
the office in a conspicuous placer

6. Special notice of the arrival of any
specified Vessel is to be sent immedi-
ately to the residence or office of any
person within Caleutta, requiring it, at a
charge of four annas (6d.) in the case of
a Subscriber, and one rupee (2s.) in the
case of any other person. .

7. In case of any irregularity, delay,
or interruption in the transmission of
messages, or the delivery of Notices or
Reports, on public or private service,
complaint should be made to the Super-
intendent.

8. Any Officer, Signaller, Clerk, or,
other person employed in the Telegraph
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Stations, disclosing improperly the particular: or tenor of any
message sent by Telegraph, whether on public or private service,

shall be dismissed, forfeiting all arrears of salary; and shall be
declared disqualified from se. ving Government in any capacity.
* 9. Messages will be transmitted at tne following rates :—

To any Station on the Diamond Harbour line, at four annas
for cach word of not more than two syllables, and one anna for
each acditional syllable.

To any Station beyond the Hooghly, on the Kedgeree line,
cight annas for each worl of not more than two syllables, and
two annas for cach additional syllable.*

Messages will be delivered on board of Vessels at the River
Stations, at a charge of eight annas for boat hire; and messages
will be delvered to persons in Calcutt‘it'nout charge for peon
hire to Subscribers, and at a charge for puon hire of four annas
to other pursnns. Messages will be delivered, at moderate
distances bevond Caleutts, to all persons, at the nccessary
extra charge for Kararchy hire, in addition to four annas for
peon hire.

10. Between sunset and sunrise the above charges will he
doubled, and the Superintendent will he allowed, at his discretion,
to divide the receipts on a ‘count of such night messages amongst
the Sign.llers who receive and trangmit the communication.

11. The transmission of messages gratuitously is prohibited on
penalty of dismissal.

1. Vessels in distress. 12. Messages will have precedcnce in

g Ilgluti,ll.Stse:mgzs. thi: order noted in the margin. y

& Private S:::ri:.; of 13. Persons using the Telegraph arc
Subscribers, admitted into the outer room of the

2 iq‘}::ggtl:‘zslzr::zm‘ office; but no personsg, whether pubhe

Individuals and Firms, Officers or private individflals, will he ad-
not Subscribers. mitted into the innér rooms. Visitors
can be allowed access to the Signal room only by the special
order of the Superintendent.

14.—No record or copy is to he kept of the nature or contents

* Taese high rates were assigned in order to prevent an inconvenient
pressure of business on the first opening of the offices The eharges on
the long lines will probably be assimilated to those in America.
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Message receivedfrom
Measrs A, B, for trans-

misgsion to Diamond
Harbour (or other Sta-
tion).

Words of

not more than
JLWo Syllables
at4amas... 000

ELECTRIC TELEGRAPH.

of any dc.spatch on private business, but
an entry will be made in the Station
Journal in the form shown in the margin.

15'—M1igfecs are to be paid in cash
beforé th despatch of the message. Adl
reccipts on this account are to he carried”
to the credit of Government, and to be

~—— Addition”

al Sellables .. 0 0 o .accounted forén Monthly Reports.

Boat hire ...... 000 ¢ 16.—Subscribers’ privileges are ob-
R‘;’_;.'y ot “:I‘;:;‘:: , tained by Firls and individuals, on pay-
]t.han two Syl- , ment of a subscription of eight rupees a
ables, at 4 ’
annas ...... 000 mot’l'th. . R
- Addition- 17.—The Superintendent is vested
al Syliables .. 0 0 ¢ . g ihth e
Pennt bire.n ... 0 03 .th he power of appointing and re

Total charge, - moving all persons employed on the es-
(Db‘.‘.m and Name of ¢yhlishment. Ile may inflict finés for
) ignaller) ¢
 negleet of duty, bug should such fines
\ amount in any month to more than onefourth of the sulary or
wages of the persons punished, the case shall be especially re-
a ported for the orders of Government. L

\

ESTABLISHMENT. .

[ ) [} -
. The Establishment, pending further orders, shall ceasist of a
Supérintendent, Assistants and Workmen,
. The Assistants are of four Classes.

First Class—Inspectors.

Qualifications.—A good English Education.

A correet knowledge of Orthography. -

A perfect knowledge of the principles, constructien, working, )
adjustmeht, protection and repairs of the lines of con-
ductors, and of all the instruments employed.

Quickness and correctness in despatching and receiving
Signals. :

Knowledge of Marryatt’s and Bedford’s Marine and River

+ Codes. ’ )
«#Good character for sobriety, diligence, and activity, and' good
habitual health.
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Salary, 100 rupees (£10) a month, with 40 rupees for travel-
ling expenses when employed out of Caleutta.

Second Cla:s— Readers.

Qualifications.—A good L glisl, Educatifm; correctness in
Orthography ; apidity and precision in transmitting and
reading Signals by Spelling, and with necdle Telegraphs.

Knowledge of the adjustment of instruments, a.ad of Marryatt’s
and Bedford’s Codes.
Salary, 55 rupees (£5 10s.) to 75 rupees (£7 10s.) a month.

Third Class—Signallers.
Apprentices.

Qualifications.—A good English Education; correctness in
tran mitting Signals, and profidenc, in reading Signals.
Salary, 27-8-0 (£2 15s.) a month.

Fourth Cluss—Probationers.

Qualifications.—A good English Educazion. A Guarantee from
a guardian, or parcent, of readiness to enter into apprentice-
ship according to Act XIX. of 1850.

Probationers receive no pay, but are permitted to learn th
practice of signalling at such stations as may be convenient, for a
periodf 3 months, whea they will be subjected to examination,
and discharged if not found qualified for admission on the 2 p-
prentice List. ®If employed at out-stations, or on temporary
duty, they will reccive pay at the rate of 16 rupees (£1 12s.)
per wmonth.

By order of the Hon’ble the Deputy Governor of Bengal,

J. P. GRANT,
Secretary to the Government of Beny ..

APPENDIX No. 4.
CONSTRUCTION OF COMPOUND POSTS WITH 1RON SOCKET
JOINTS.

It having been reported from India that much difficulty is
expericnceed in procuring, at a moderate cost, a large supply of
iron-wood spars ef the length required, experiments have been
instituted on the premiscs of Messrs. Ransome and Simms, at
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Ipswich, to deterpiine the best mode of constructing compound
posts from smaller picces of timber.

From these tria’s it is decisively proved that a perfect mode
of ncwmphshmg the object in \kewf is afforded by the use of a
cast iron double socket j6ining plgce, prepared and adJusﬁd as,
follows : —

Whe short spars available—say 10 feet long—are tapered at
each end by a maclnne, constructed fdr the purpose by Messrs.
Ransome and Simms, so that one end fits exactly in the screw
plle (see page 38), while the upper end is inserted into the iron
joining socket. .

This is of cast iron, 2 feet long, 5% inches diameter, 28
pounds weight, of the best Staffordshire metal, annealed. The
form is that of a doublescone or slightly hour-glass shape, the
thicknebs of the metal increasing towards the middle line. The
ower post is covered 10 inches by this cap; and the ‘upper post
—say 8 to 10 feet long—is inserted into the upper ~nd reversed

s one as a socket. ¢

In very numerous experiments with compound spars of this
kind, a dvnnmometer being included in the breaking tackle, it
'was found thit in every instance the straining power either
broke the post close to the screw pile, or fractured gge pile
itself ; but in no case was the iron socket injured or tht wpper

. spar bioken. When the strain was made on thegery top of the

vagpound post, this bent like a fishing-rod in an even curve.

These sockets cost two shillings each, and an ample supply

will he sent to India at once. By their use the abundent supply

of short iron waod or teak can be made available, and bam-

boos employed with great advantage as the upper spars, this

reducmg the cost of the compound pust below thatbf timber
in single pieces‘of equal length.

APPENDIX No. 5.
INJURIES TO THE CHAIN CABLE LINES ACROSS THE
HULDEE AND HOOGHLY RIVERS.
Since the article at page 90 has been printed off, a demi- .
ow report has been received of further injurics done to the
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Huldee and Hooghly river lines, protected by chain cables.
This system will accordingly be given up altogether, and cables,
prepared with the parallel iron rods and rings, described at
page 88, be substituted for “hamns the next time an interrup-
dion &kes place. .

APPENDIX - No. fi.

BUCCESSFUL LAYING OF THE SUBMARINE TELEGRAPH
CABLE BETWEEN DOVER AN" OSTEND,

This important undertaking has just been completed with en-
tire success. Through the extreme kindness of Sir James Car-
michael, the writer has had the advantage of witnessing the
whole operation, and is permitted to insert the annexed brief
narrative of its successive stages.

The cable, manufactured by Messrs. Newall and Co. (Fig. 67,
page 94), consists of six gutta-percha covered wires: five of
No. 2 gauge, one of No. 4 ditto. These are served with a thick
coating of hemp, spun-yarn, and tar, and enclo. »d in a spiral
casing of twelve iron rods, j-inch diameter, gauge No. 1, not
galvnniz(!ﬂ, but well coated with Stockholm tar. The weight

per mile is—
Tons. cwt. qrs. 1bs.

Gutta-percha coated copper wire . . . . 0 9 3 21§

Hemp, yarn,and tar . . . . . . . . 0 7 1 13

Tronrods, No.1 . . . . . . . . .. 518 0 2
Total permule . . . . . Tons 6 15 2 4

The length of the cable is 70 statute miles. Total weight.
474 tons, 7 cwt. 2 qrs. &
The ¢able was coiled, at Gateshead, on board the “ William
Hutt” iron screw steamer, all the lower decks, stanchions,
fittings, &c., having been removed, so that the cable was arranged
in three great coils, fore and aft. One end passing over a roller,
was led to and over an iron saddle, erected on a frame about
twelve feet high, attached to the mainmast ; from this saddle it
passe’d downwards te a cast-iron vertical drum, 7 feet 8 inches
diameter, round which it took three turns, and then proceeded
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over the ship’s stern, between two vertical rollers placed suffi-
ciently apart to allow of frec latergl play to the cable as delivered.

To the druin was attach(-doal wver and friction break, by which
its rotation could be checked or jotally stopped; also aget of
meashring wheels, with a*dial, to denote the length of ca® cx-,.
pended as the operation advanced.

The turns of the cable in the ship’s hold were separately lashed
together laterally by spunyarn, and ¢ich tier also attached by
similar lashings to the one below.  The whole arrangement thus
formed, as it were, a splid mass.  Hand-ropes, firmly sceured to
the croys-beams at intervals of a few feet, epabled the men to
hold on firmly with the left hand, while with the right each yarn
lashing wis cut in succession. The advantage of this prudent

¢ precaution was well firoved in the rough weather whicl? prevailed
during'i great part of ¢he undertaking.

The * William Hutt” amrived off Dover on thes 21id of May.
All being ready on the 3rd, the expedition started an the mom-

*2ing of the 4th, Cnptain Washington, ReN,, on hoad the mail
stenmer * Vivid,” being in charge of the nautical arrangements ;

Mr. Newall directing the paying out of the cable from the

“ Hutt,” towedl by the * Lord Warden” Dover steamer; H.M.
reserve steaner ““ Lizard,” Captain Ricketts, R.N., accompanying
cJose alongside. At 4.45 2 m. commenced landing the &ble end

X; for the cave at the South Foreland, with eight boats, the ship
%z shout 1,000 feet off the shore. This was completed, and
the end made fast ashore, at 6 am. The * William Hutt”
started under her own stcam, and towed by the “ Lord Warden,”

# af, 6.20 a.m. At 8.10 a.m. thick fog set in; passed close to the
South Sand floating light ship, and, further progress being im-
practicable, the sips anchored at 1.45 p.m., 31 miks of cable
having been given out. The fog cleared off towards evening,
and the squadron started again at 7.55 p.m., the * Vivid” with

a light pileting ahead, and the “ Lizard ” burning b'ue-lights
and rockets. At 2.30 a.m. anchored again in 14 fathoms, with
a stiff breezc from N.E., and heavy, confused sea. The “ Wil-
liam Hutt” now rolled violently, and her feed-pipes became so
choked that her own steam was no longer available. Started
aguin, in very rough weather, at 7.40 aan. of the 5th of May.
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The © Lizard” parted her chain cable and lost an anchor just
as signal was made to weigh. Ag 9.40 the * Lizard” took the
“ William Hutt> in tow, and the¥ Lord Warden ” cast off. At
10.20 the * Lizard's > towing hawser snapped, butthe telegraph
ship wéis secured almost instantly by tha Dover tug. At 85
a.m., off Duukirk, wcather more boisterons. Anchored off Middle-
kirk, five miles west of Ostend, in half a gale, at 1.30 p m.

The paying out of the eable was thus effected at the rate of
4} miles per hour.  No accident oceurred on board, and not a
single © kink ” or other casualty or derangement took place in
the cable itsclf.

At 11.50 am*n the 6th of May, thc remaining cable was
removed from the “Ilutt” on hoard a large Blan':enburgh
fishing smz -k, and attended by all the boats of the squadron. A
warp rope was sent ashore and sccured, an the smack, by under-
running the*wayp, hauled in through the heavy breakers, on the
beach.  All was finished at 1 pan. exactly ; the Belgian end of
the cable carvied in triumph to the Coast Guard House, on the
Seud Hill, and, the wires having been connected, messages were
sent throngh the cabie to Dover, Calais, and London at 2 p.m.

The cable was then formally delivered over by Messrs. Newall
and Co., amidst the congatulations and applause of all present,
to Sir Jaines Carmichael and Mr. Brett, dircctors, and Messrs.
Crampton and Wollaston, the@ngineers of the Submarine "fele-
graph Company.

"On the 7th of May, Mr. Wo'laston proceeded, in the writer's
presence, to test the insulation of the lines, and made numerous
experiments of extreme interest on their telegraphie capabilities.

To test the lines, a delicate vertical galvanometer was em-
ploved (wlich, with one sand battery couple, gave a deviation
of 35.00), and a sand and acid battery of 72 couples. With
this —

. o Wire No. 1 gave dcvmtlon orlossof . . . 150
2. ... e e e e . . L.50
3. ... ... . . . 150
4. . . ... e e ... LB0
C e e s e e v .. 150
: G(ccntre wire) . P K

A single needle telegraph having heen applied at each end to
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each wire in sl!-cession, the n;edles were moved distinetly by
the current from a single paip of plates; three pairs gave de-
cided beats, 8. 1 with 12 platgs signalling was carried on with
ease. : ‘v

wires were nowejoined, so that the current passed six
times to and fro in one length of 70 4 6 =420 miles. Through

tha. greeg, distance, all submarine, the signals passed strongly )
from 48 plates. The Calais submurine line was now added !

without impairing the result.
These experimentz demonstrated the perfect practicability of
telegraphing throug
and left no doubt on the minds of the obscrveéfs of double that
distance &eing as completely within the range of very moderate
electric power.  « »
ToN onclude, no operation on any scale could have been per-

, & submarine cable 500 !:iles in length,

formed in u more masterly or thoroughly suceesiful mamner. .

We hffve only to add_our warm wishes that thg enterprising
company to whom England and Eurepe are indgbted for so
great a benefit may reap a full measure of reward in the profit-
able working of the line thus auspiciously bpened.

¢

THE EUWD,

LONDON:
8 TAYLOR, PRINTER, {i, (RAYSTOKE PLACE, FETTFY LANI.‘



















