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H.M.S. ¢ Agamemnon ” in Lat. 54° N., Long. 30° W., on 21st Junc 1858 (sec p. 44).
(After the painting by Henry Clifford.)

H.M.S. ¢“ Agamemnon ” entering Doulus Bay, Valentia, Ircland, at 5 a.M., 5th August 1858 (see pp. 47, .
thus ce ‘q&'l}g the successful laying of the First Atlantic Cable.  (After the painting by Henry Clifford.
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For many a fathom gleams and moves and moans
The tide that sweeps above.

Nor where they sleep shall moon or sunlight shine,
Nor man look down for ever. . .

And over them, while death and life shall be,

The light and sound and darkness of the sea.

SWINBURNE : Tristram of ILyonnesse.
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PREFACE.

————

THE present volume had its origin in a scheme for an English
revision of Monsieur Wiinschendorff’'s famous, and almost classic,
work on Submarine Telegraphy.*

I soon found, however, that—owing to the lapse of time and
other circumstances—it would be impossible to deal with the
entire treatise, and bring it up to date, within the confines of a
single cover. The course I have adopted, therefore, has been to
prepare a fresh treatise—partly based on a portion of M. Wiin-
schendorff’'s. The scope—though of equal, if not greater, length
—is restricted to three of the five Parts which, in touching on
the fringe of the subject generally, were so admirably and
systematically put together by that author, from the available
literature and data—the former mainly consisting of early papers
dealing with the different aspects of Submarine Telegraphy.
It is thought that this is as much as could be done justice to at
all completely on the lines adopted here.

The three titles selected for our present theme are —(1)

* “Traité de Télégraphie Sous-Marine,” by E. Winschendorff, M.LE.E.,,
Directeur-Ingéniéur de Télégraphes de la Region de Paris (Baudry et Cie, Paris,
1888).
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History, (2) Construction, and (3) Working, of Submarine Tele-
graphs. This choice was not made without reason. In the first
place—strange as it may appear—notwithstanding the vast sums
at present invested in Submarine Telegraphy (far more than in
any other branch of electrical industry), nobody has yet attempted
to present to the reader in book form an account of the various
enterprises of this nature from the days of inception up to the
present advanced period.* I venture to hope that this omission s,
in some measure, made good in PART I.—to a great extent based
on original and official documents hitherto unpublished. Here,
the reader may observe that Submarine Telegraphy, like every-

thing else, is the work of many hands.

* Shortly before his death, the late Mr Willoughby Smith gave us an interesting
narrative of his extensive experiences, under title “The Rise and Extension of
Submarine Telegraphy ¥ (London: J. S. Virtue and Co.), but this is more in' the
nature of an autobiography of that distinguished pioneer.

Again, within the same month of the same year (1867), the late Mr Robert
Sabine and Mr Edward Bright, M.Inst.C.E., brought out works on “ The Electric
Telegraph,” treating the subject in its more general sense —the work of the latter
author being a revision of one of Dr Lardner’s now classic volumes entitled ““The
Museum of Science and Art.” Both works are published from the same office as
this book.

Finally, Mr K. S. Culley has produced periodic editions of his excellent
* Handbook of Practical Telegraphy ” (London : Longmans, Green, and Co.) ; and
Mr George Prescott’s ‘¢ Electricity and the Electric Telegraph ” (Spon) corresponds
to this in the States. Preece and Sivewright’s text-book of ¢ Telegraphy”
(Longmans) then completes the available book literature on the subject in its
broadest phase; but none of the latter can be said to be historical in the ordinary
sense, except perhaps ‘ Lardner and Bright ”—and that only in a very general way
up to the end of 1866.

To turn to the future, it may be stated that a more detailed history of matters
connected with the First Trans-Atlantic Cable than was possible here will be
published very shortly in the *Life-Story of Sir Charles Tilston Bright, C.E.,
M.P.” (London : Archibald Constable and Co.), wherein also will be found a fuller
account of the Telegraph to India.
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"Of late it has been rather the custom to question the utility of
history with reference to engineering in its various aspects; but
those who are inclined that way should remember that it is only
by a study of what has been done before that the repetition of
failures and wrong methods can be avoided.* In the historical
digest here furnished, a reference will be found to the commercial
and financial aspects of Submarine Telegraphy, as well as to
the part played by those men of business who were so largely
responsible for the success ultimately arrived at. It would be
well if Science, Capital, and Labour were equally ready to admit
each other’s claims for recognition in all such great achievements.
In this connection it may be stated here that there is a project
afoot to commemorate the Jubilee of Submarine Telegraphy when
it falls due in 19o01.t

In the preparation of this book, no pains have been spared to

* A somewhat striking example of the way in which history is liable to repeat
itself-—especially when unrecorded—is the Statham and Whitehouse patent of 1856
for a return wire. Apparently this was taken out regardless of the fact that,
previous to Steinheil’'s 1836 apparatus, all telegraphs were worked by a metallic
circuit, Dr Watson’s 1747 demonstration of the use of the earth having, it would
scem, been forgotten. .

T The Executive Committee of the International Submarine Telegraph
Memorial —formed in part to carry out this object, as well as to memorialise the
leading part taken by the late Sir John Pender, G.C.M.G., in the commercial
development and extension of submarine telegraphy throughout the world — is
composed as follows :—The Marquis of Tweeddale (Chairman), The Right Hon.
Viscount Peel, Lord Kelvin, G.C.V.0O., F.R.S,, Lord Sackville Cecil, Sir Robert
Herbert, G.C.B,, Sir Eyre Shaw, K.C.B., Sir Albert J. Leppoc Cappel, K.C.I.E,,
Mr J. C. Lamb, C.B,, C.M.G. (H.M. Post Office), Mr W. S. Andrews, Mr W. H.
Baines, Mr F. A. Bevan, Mr G. von Chauvin, Dr J. A. Fleming, F.R.S.,, Mr R.
Kaye Gray, Dr John Hopkinson, F.R.S., Dr Alexander Muirhead, Mr John
Newton, Mr F. C. C. Nielsen, Mr J. Denison Pender, Mr J. W. Swan, F.R.S., Mr
J. H. Tntton, Mr E. M. Underdown, Q.C., The Editor of the Electrician, The
President of the Institution of Civil Engineers (Sir J. Wolfe Barry, K.C.B., F.R.S.),
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give an accurate idea of the share taken by each in contributing to
“the foundation and perfection of this branch of electrical industry
and engineering.

According to my lights and to the best of my ability, strict
impartiality has been studied by me in all personal matters,
whether affecting the reputations and interests of private indivi-
duals, or those of business firms and corporations. The same
impartial attitude has been applied to nationality as to personality.
This, 1 believe, will be admitted by any foreigner who peruses the
book carefully, notwithstanding the obvious and necessary fact
that it is addressed chiefly to English-speaking engineers and
electricians, and deals with an industry which is at present almost
entirely in the hands of British companies.* However patriotic
the writer may be in his private sentiments, national prejudices
are quite out of place in a work of this kind. Two of the accom-
panying méps are purposely drawn up in French, partly because
that is still the lngua franca of modern nations, and also as being
official publications of the International Telegraph Bureau at Bern.

A further point remains upon which it seems to me that I owe

The President of the Institution of Electrical Engineers (Sir Henry Mance, C.1.E.),
and the author. Mr G. R. Neilson acts as Honorary Secretary.

It may be mentioned here in passing that one of the Commemorative Honours
conferred during the presént jubilee year was the baronetcy of Sir James Pender,
M.P.,—-in part a fitting tribute to the energies of his father.

* For example, it has, of course, been impossible to include detailed descrip-
tions of all the various Relay devices used on the extensive French land lines,
which the English electrician in connection with submarine cable work is never
likely to have occasion to use. Had space, however, permitted, it would have been
interesting to describe and illustrate these at length— if only on account of their
entirely novel and ingenious character. They almost demand a booklet to
themselves.
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some explanation to my readers. I refer to the matter of repeti-
tions in different parts of the book. Although from the purely
literary standpoint these repetitions are certainly blemishes, I am
inclined to think that their advantage for purposes of reference
will be found more than counterbalancing. Research is con-
siderably facilitated by enabling the student to readily find
information on the special point he desires under various
heads—possibly in one part of the book, possibly in another.*

Again, an additional matter calling for explanation is the free
use of the footnote system. This is partly to maintain a more
easy sequence of sentences, and partly to avoid thrusting items
of pure detail into the teeth of the not too inquiring reader.

No attempt is made here to give absolute recipes or up-to-date
constants. Anything of the sort is purposely eschewed, the tech-
nical portion of the book being only intended to give an insight
into the leading principles involved in the art of submarine cable
construction and working.  Moreover, formule, to be of any
pmcti‘cal value, should be obtained at the individual factories at
the time. Again, all reference tables, such as, strictly, only apply
for a short period and under certain conditions, are conspicuous by
their absence, on the ground of being misleading if not absolutely
up-to-date, and unless they can be made to refer generally to all
the materials known under the same name. A further reason for
this is that there are already several pocket, and hand, books which
profess to supply this class of information : appearing as they do

at frequent intervals, there is some chance of the data being con-

* Moreover, it is partly to meet the possible separation of these parts in any
subsequent publication.
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temporaneous, where ‘the same could not possibly be hoped with a
work of this character. For books of pure reference with tables,
[ commend the reader to the now somewhat classic “ Clark and
Sabine,”* besides * Munro and Jamieson”t of more recent date,
and also Kempe's} ** Pocket-Book.” For many useful and instruc-
tive articles connected with different phases of cable work, it is
additionally suggested that he should peruse the early volumes
of The Electrician and the Electrical Review (formerly the 7ele-
graphic Journal), as well as the Electrical Engineer of a later date.
His attention is further called to the columns of the Ewnginecer
(at one time the only applied science periodical), and, moreover,
to those of Engineering, more especially of a few years subsequently.
Some of these are alluded to further in the body of this book.

The parts of the subject which, for the present, are taken up
here are those which have been less, if at all, dealt with by Mr
Wilkinson and other recent authors, to whom I have referred the
student for full particulars regarding the laying,§ repairing, and
testing of cables, with which branches of Submarine Telegraphy
this volume only deals incidentally—énd mainly, in ParT 1., from
an historical standpoint — in quite a general way, as occasion
requires in connection with the subjects proper of the book.

I hope that the Index at the end will meet every requirement

* «Electrical Tables and Formula,” by Latimer Clark and Robert Sabine
(London : E. and F. N. Spon), 1871.

+ “Electrical Rules and ‘Tables,” by John Munro and Andrew Jamieson,
F.R.S.E,, M.Inst.C.E. (I.ondon : Charles Griffin and Co., 12th edition, 1897).

t+ “The Elecirical Engineer’s Pocket-Book of Modern Rules, Formula, Tables,
and Data,” by H. R. Kempe, A.M.Inst.C.E. (Crosby Lockwood and Son, London),
2nd edition, 1892.

§ Besides particulars regarding submarine survey and sounding work.
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for reference, no pains having been spared to render it in
every sense complete and a fitting companion to a treatise of
this character.

Though naturally a more or less technical work, intended for
the “cable-man,” I have attempted in the course of it to present
matter of general interest—z.e., of interest to a large reading public
ouside the confined circle of telegraph engineers and electricians.
There has been no want of material to work on. The difficulty
has rather been a superabundance, and the necessity of a severe
sifing of evidence.

The commencement and rapid development of the world's
electric nerve system constitutes, without a doubt, one of the most
marvellous characteristics of the Victorian Era. The laying of
the first effective submarine cable (1851) was almost exactly con-
temporaneous with the first great International Exhibition; and
telegraphy on Cooke and Wheatstone's electro-magnetic system
dates back to the first few years of Queen Victoria's reign.*
Thus the present year, in which we have been celebrating the
sistieth anniversary of Her Majesty's * Record Reign,” seems
0 me a particularly suitable one for the appearance of a book
like this.

In conclusion, I desire to express my cordial thanks for the
kind assistance I have received from many quarters in its prepara-
ton. As already observed, a part of M. Wiinschendorff’s treatise

—so carefully compiled and edited in French, albeit mainly from

* ¢ Introduction to the Catalogue of the Victorian Era Exhibition on Science
ad Engineering, 1837-97,” by Charles Bright, F.R.S.E.
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English sources—constitutes the original “stock” upon which
I worked a large part of mine. I have, moreover, availed myself
of a great many of the same blocks—some actually of French
origin—for my illustrations. To M. Wiinschendorff, therefore, 1
owe a debt of more than ordinary gratitude, and his connection
with this volume is too intimate for me to include him in the
ordinary catalogue of contributors of facts or ideas.

Next to M. Wiinschendorff, my special thanks are due to
Lieut. Anthony Thomson, R.N.R., C.B,, in regard to the original
scheme already referred to.

The following gentlemen have been good enough to render me
material assistance in various ways and in various departments
of the subject :—The Right Hon. Lord Kelvin, G.C.V.O., LL.D.,
F.R.SS. (L. & E.); Sir Samuel Canning, M.Inst.C.E.; Mr W.
H. Preece, C.B,, F.R.S., M.Inst.C.E.; Mr Latimer Clark, F.R.S.,
M.Inst.C.E.; Mr Edward Bright, M.Inst. C.E.; Mr F. C. Webb,
M.Inst.C.E.; Mr Henry Clifford, Mr H. A. C. Saunders,
Prof. Andrew Jamieson, F.R.S.E., M.Inst.C.E.; Dr Alexander
Muirhead, Mr Herbert Taylor, M.Inst.C.E.; Mr Alexander
Siemens, M.Inst.C.E.; Mr R. Kaye Gray, M.Inst.C.E.; Mr W.
Claude Johnson, M.Inst.C.E.; Mr F. R. Lucas, Mr Willoughby
S. Smith, Mr Frank Jacob, Mr P. B. Delany, Mr Thomas Bolas,
Mr W. R. Culley, and Mr Edward Stallibrass, Assoc.M.Inst.C.E.

For information or assistance of another character [ have also
to thank:—Lord Sackville Cecil, Rear-Admiral Sir W. J. L.
Wharton, K.C.B., F.R.S. (Hydrographer to the Admiralty):
Sir Douglas Galton, K.C.B., D.C.L., LL.D., F.R.S.; Sir C. L.
Peel, K.C.B.; Major-General Sir F. J. Goldsmid, K.C.S.1., C.B. ;
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MrB. T. Ffinch, C.1.E.; Captain A. W. Stiffe, R.I.M.; MrS. W.
Silver, Mr W. S. Andrews, Mr W. Shuter, Mr ]. Denison Pender,
and Mr William O. Smith; besides Mr Charlton J. Wollaston
—one of the very earliest workers in the field—and Mr T.
Hillas Cram>pton, the son of another.

There are also others to whom [ am indebted — mostly in
connection with matters to which their names are attached in the
body of the book. .

I desire, moreover, to express my gratitude for assistance
rendered by the following Government Departments, Firms, and
Companies :—H.M. Post Office, Admiralty, War Office, Foreign
Office, Colonial Office, The Agents-General for the Colonies, India
Office (Indo-European Telegraph Depértment), Patent Office,
Messrs Clark, Forde, and Taylor, The Telegraph Construction and
Maintenance Company, Messrs Siemens Brothers and Co., The
India-rubber, Gutta-percha, and Telegraph Works Company, of
Silvertown, W. T. Henley's Telegraph Works Company, Hooper’s
Telegraph and India-rubber Works, Messrs Dixon and Corbitt
and R. S. Newall and Co., Messrs Johnson and Phillips, Messrs
Easton, Anderson, and Goolden, Messrs Frost Brothers, Messrs
Brown, Lenox, and Co., Messrs Elliott Brothers, and Mr James
White ; also to the Anglo-American Telegraph Company, The
Eastern Telegraph Company, The * Eastern-Extension” Tele-
graph Company, The Eastern and South African Telegraph
Company, The Direct United States Cable Company, The
Western Union Telegraph Company, The Great Northern
Telegraph Company, The Brazilian Submarine Telegraph Com-

pany, The Western and Brazilian Telegraph Company, The
b

“ K
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Central and South American Telegraph Company, The West
India and Panama Telegraph Company, and the South American
Cable Company. '

Further, I am especially indebted to my brother, Mr ]J.
Brailsford Bright, M.A., of the Inner Temple, for legal and
general advice, assistance, etc., partly in regard to the various
patents connected with the subject. '

I also take this opportunity of thanking the Publishers, and
Mr R. M. Johns, of the Middle Temple, for their valuable and
earnest co-operation. |

Last—but by no means least—I wish to record my thanks
to Mr C. R. Wylie for the design on the cover of this volume.

In fully acknowledging assistance rendered to me in divers
ways with wﬂ]ing and unstinting hands, I desire to state that
the entire responsibility for all defects or errors must rest with

myself.

CHARLES BRIGHT.

53 WEST CROMWELL RoaD,
LoNDnON, S.W.  December 1897.

P.5.—1It should be understood that the term “ projected ” in the Map
facing page 208 does not include lines which have been discussed, but
which, so far, have not taken definite shape. Recent events seem, however,
to point towards the principal Powers being brought into direct and
independent telegraphic communication with their individual Colonies.
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INTRODUCTION.

———

THE idea of transmitting thought across the seas by means of the electric
fluid—that wonderful agent* which reserves fresh surprises for us every
day—dates back to the first years of this century. It was, however, only
realised practically a good deal later, when the application of steam to
industry, and the construction of the first electric telegraphs, had increased
the intercourse of different nations. Still, many disappointments awaited
the pioneers of this useful work, and the disasters (financial and otherwise)
which accumulated for several years reached such proportions that—but for.
the persevering energy of a few men, resolved to triumph over all obstacles,
and the genius of those eminent men of science who, for many years,
pursued, without ceasing, the solution of the very troublesome questions
which were presented by this new application of science — submarine
telegraphy would certainly never have survived its first reverses. By an
admirable interweaving of events, the industry which had been saved by
science, returned to her the services which she had received from her, and
contributed to secure for her a progress which, left to herself, she never
could have achieved for many yecars to come.

To-day, submarine telegraphy—although still susceptible of numerous
improvements—has, like other applied sciences, its laws and its routine. 1f
the enterprises necessitated by it are complicated by the formidable element

* Wonderful, indeed, were the things expected of electricity in those days—though
not very different, perhaps, from what is even now sometimes looked for. For instance,
there was actually a patent taken out by one Wagner (Specification No. 173 of 1854)
for “indicating a person’s thoughts by the agency of nervous electricity”! The wording
here is, at any rate, a curiosity in expression.



XXxil INTRODUCTION.

in the midst of which they have to be carried out, and if they still present
a good many difficulties—and sometimes even a good many dangers*—
 these difficulties are not insurmountable; and the millions which are
invested in enterprises of this nature testify alike to its success, to the
confidence which it inspires, and to the services which it renders to
humanity.

Sir Henry Mance, C.ILE., M.Inst.C.E., when, as President of the
Institution of Electrical Engineers, he delivered his Inaugural Address
at the beginning of this year, sketched out for us some of the more notable
features and landmarks in the step-by-step progress of submarine telegraphy
from its birth to the present timet This luminous address positively
bristled with interesting facts. It also touched on what may be termed the
romance of the subject, @ propos of the various travels involved in every
corner of the globe.

The author had occasion to refer more particularly to PART I. of this
work in his Prefacc. As to PARTS II. and III, on Construction and
Working respectively, they may appear to enter somewhat closely
into detail at times; but it was felt that having at hand the various patent
specifications connected with the subject, it would be well to shew, as

far as possible, everything that led up to the practical results arrived at
to-day.

* The Telegraph Ship “La Plata,” on her way (from London to South America) to
lay a cable on behalf of Messrs Siemens Brothers, along the Brazilian coast, was lost
with all hands on board, off the isle of Ushant, in November 1874—the peculiar nature of
her cargo having prevented her from being lightened quickly enough—during a hurricane
which caused a leak in her hull. A few months previously, the T.S. “ Gomos,” which
was destined for the very same work, had foundered on the Brazilian coast. The Anglo-
American Telegraph Company’s repairing steamer “ Robert Lowe,” in 1873, met a similar
fate near Newfoundland ; and so did the “Volta” belonging to the Eastern Telegraph
Company (1887), in the Archipelago.

But perhaps saddest and strangest of all was the fate which befell T.S. “ Magneta.”
This vessel, having just been built for the “ Eastern Extension” Telegraph Company,
sailed from London on 8th March 1885, and was never heard of again. It is supposed

that she capsized; but the mystery remains as profound as the depths of the sea
which hold it.

t Since the above, the author has endeavoured to summarise the advances made in
submarine telegraphy during the last quarter of a century in the Jubilee number of the
Electrical Review (see its issue of 12th November 1897, “Twenty-Five Years of Sub-
marine Telegraphy,” by Charles Bright, F.R.S.E.).



JNTRODUCTION. xXxxiii

Notwithstanding these years of submarine telegraphy — and that all
the information thereon is naturally of English origin—there was no book
in our language®* touching on the construction of cablest until an able
production of Mr Wilkinson’s! appeared last year, The subject of manu-
facture was partially dealt with there, though perhaps more fully in the
present volume.

With further reference to PART I, it is hoped that the chapters relative
to insulating materials may also prove interesting—if not actually useful—to
those engaged in electric light, power and traction work, more especially
as they touch on subjects only treated in a fragmentary manner in previous
publications of whatever description.

PART IIl.—on the WWorking of submarine telegraphs—is, as may be
imagined, that which contains the greatest amount of novelty.§ Here, it
has been found necessary to pre-suppose a knowledge and understanding
of electrical phenomena and terms, particularly in regard to telegraphic
problems. In any case, these can be readily gathered from such sources
as the work on Testing by Mr Kempe,| and. Mr Young’s forthcoming

* Since Monsieur Wiinschendorff’s French work (first published as a series of articles
in La Lumidre Electrigue), Signor E. Jona has produced (1895) an admirable little Italian
treatise entitled * Covi Telegraphici Sottomarini.”

t Itis scarcely surprising that those who practically had the field to themselves—or
nearly so—in early days (when the science and practice was still in an unsettled state),
should have been reluctant to open their professional treasures to the public gaze. Now,
however, the question rests on a different footing ; and it is doubtful whether any
individual or firm can lose as much as they can gain by free intercourse with their
neighbours, and by reasonable and honourably maintained publicity : the more so when
we remember that most of the mechanism involved has already been patented at some
time or another, and that patenting entails publication. Let us recognise too that a man
does not learn his business from reading books : that is merely ancillary to his practical
instruction and experience.

} “Submarine Cable-Laying and Repairing,” by H. D. Wilkinson, M.L.E.E. (London :
The Electrician Printing and Publishing Company).

§ Partly owing to nothing having been hitherto published thereon, except in a
disjointed form, from time to time, in the course of papers and articles. It may also be
explained by the comparatively recent application of automatic transmission to the
exigencies of submarine cables, as well as to other improvements and suggestions
regarding the apparatus generally.

[t “A Handbook of Electrical Testing,” by H. R. Kempe, A.M.Inst.C.E.,, M.LE.E.
{London : E. and F. N. Spon), 5th edition, 1892.
c
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treatise on the same subject, but more particularly with reference to t
routine of cable-work,* besides Mr Wilkinson’s, already alluded to.
Method and consistency have been observed as far as possible in t
electrical symbols and nomenclature adopted. In selecting these, co
sideration has been given to what is likely—by wont and usage—to
most familiar to the cable electrician, and what is least likely to lead
doubt or confusion. It is, perhaps, to be regretted—if only for the sake
uniformity—that Professor Jamieson’s suggestions in this direction ha
not so far received definite recognition.t In the present disorganised st:
many eminent authors use “F” for “ Capacity” and “V” for “ Potentia
On that principle, however, surely .they should also employ =
“ Resistance,” and “ A" (or a) for “Current,” thereby introducing yet anott
representation of Ohm’s law, which most of us prefer to remember

C= E To be consistent, they should further speak of the “Fw law”

speed, instead of the now almost classic KR law !

In the references to various patents it is hoped that some interest a
use will be discovered, this being the outcome of an exhaustive seai
through all specifications relating, in any shape or form, to submari
telegraphy from its inception up to the present time. A study of pate
specifications will be found eminently instructive. It is of great serv
if only in revealing to the would-be inventor that which has already be
published and patented (in some instances several times over)—there
chastening his too impetuous zeal, or, at any rate, focussing his ingenu
upon more original tasks and problems. In these pages certain compa
tive novelties will be found described somewhat in detail—usually for
very reason that they are novelties, and have not hitherto received put
notice. In particular instances again—as in that of the siphon recorde;

* ¢ Electrical Testing for Telegraph Engineers,” by J. Elton Young (74e Electric
Printing and Publishing Company).

Another forthcoming work on somewhat similar lines is “ Electrical Instruments ;
Measurements,” by Charles H. Yeaman (Griffin).

For several years past the French have had the benefit of Mons. H. Thomas’ “ Tr,
de Télégraphie Electrique” (Baudry et Cie, Paris), which deals largely with electr
instruments and methods of testing.

t *¢Electrical Definitions, Nomenclature, and Notation,” by Prof. A. Jamieson, F.R.¢
(Jour. Inst. E.E., vol. xiv.,, p. 297).

o
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some of the older forms of apparatus are more fully described than would
otherwise appear necessary, both because it is found that they are still in
use, and also on account of the instructive illustrations which they afford of
the manner in which most great inventions have grown up. On the other
hand, where an old device has no practical application, and is of no special
interest, silence—or, at any rate, quite a brief reference—is the order of
the day.

The person responsible for the construction of a submarine cable should
be one with an efficient mechanical training: similarly in regard to the
engineer attending to the design and setting up of the gear fitted to the
vessel for its proper submersion and recovery. The former should also be
an electrician, besides having a knowledge of the materials involved.

The person in charge of a cable (laying or repairing) expedition should
be largely a sailor, with plenty of self-possession and a power over men.
To do the work satisfactorily, on scientific principles, he should also be
an engineer with sufficient technical training, besides being a bit of an
electrician.  But, above all, perhaps, he should be a man possessed of the
less common feature—a power for administration—z.e., a capacity for ruling
others, and maintaining complete discipline amongst a more or less large
staff and body of cable-hands, sailors, etc.

An electrician with a proper training and a cool head is, under all circum-
stances—especially during repairs—absolutely necessary at the head of the
Testing department.

Lastly, the superintendents of the stations from which the cable is
worked require to be men who, besides the necessary knowledge of the
instruments and appliances they have in their command for turning to
account, must also have a capacity for organisation and business—not only
as regards staff and telegraph office, but also as representing the company
in dealing with others in the town and locality.

In conclusion, the author desires to call attention to the importance of
studying the specifications or shorter descriptions of patents—as much in
this as in the case of any other branch of engineering the student may desire
to become a master of. Plenty of food for reflection is furnished in the early
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“ Abridgments of Specifications relating to Electricity and Magnetism.”
These volumes are also provided with an introduction, which contains a
convenient and brief »fsum¢ of the leading early discoveries and inventions
connected with electro-telegraphy generally.

’ quite recently a good deal has been heard about the “New Telegraphy,”
and it may be observed with reference to this that a company has been
registered as the “Wireless Telegraph and Signal Company Limited,” which
proposes to acquire from Signor Guglielmo Marconi certain letters patent,
etc. etc. Though the Marconi system is certainly the most promising at
present before the public for solving the problem of telegraphic communi-
cation between outlying lighthouses or lightships and the shore—and a
description thereof wili, on this account, be found at the end of the book—
yet shareholders in cable-making companies need by no means tremble for
their immediate future. We have probably many a long day to wait for
the advent of that wonderful electrician who shall succeed (without cables)
in sufficiently centralising the Hertzian waves upon a given spot a thousand
—or, say, even a hundred — miles distant, for purposes of transmarine
telegraphy. . '

Meanwhile, vast improvements are still conceivable in the type of
submarine line (electrically speaking), and even in the signalling apparatus,
whilst oceanic telephony is yet in the making.
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SUBMARINE TELEGRAPHS.
PART [.—HISTORY.

CHAPTER L
EARLY SUBAQUEOUS AND SUBMARINE TELEGRAPHY.

SEcTION 1.—Experimental Telegraphs across Rivers, etc, by Aldini, Sommering,
Schilling, and Sharpe—Accomplishments by Pasley and O’Shaughnessy—Wheat-
stone’s Suggested Scheme—Work by Morse, Cornell, West, Armstrong, and Werner
Siemens—Walker’s Experiment off Dover, 1849.

SECTION 2.—Brett’s Negotiations for an Anglo-French Telegraph—The First Dover-
Calais (Unprotected Core) Line, 1850—The First Effective Submarine Cable, 1851—
Anglo-Irish Line—Anglo-Dutch and Anglo-German Cables—Denmark to Sweden.

SECTION 3.—Mediterranean Cables—Black Sea Unprotected Core Line.

SECTION 1.—THE EVOLUTION OF THE ART.*

A SPANIARD named Salvd appears to have suggested the feasibility of
Submarine Telegraphy as far back as 1795—a full century ago!—in the
course of a paper read at the Barcelona Academy of Sciences.

In 1803 Aldini, a nephew of Galvani, is said to have performed experi-
ments of this nature in the sea off Calais, and also across the river Marne,
near Charenton. It is believed, however, that no authentic records of these
are in existence.

Similar investigations were conducted jointly by Sommering and Schil-
ling in 1811 across the river Isar, near Munich. This was probably the
earliest instance of a soluble insulating material—sometimes described as

* For full particulars regarding pre-electrical telegraphy, and the first attempts at
electro-telegraphy, the reader curious upon those subjects may be referred to “ A History
of Electric Telegraphy to the Year 1837,” by J. J. Fahie, M.LLE.E. (London, 1884:
E. and F. N. Spon); also to “ Ancient Methods of Signalling” (Cornkill Magazine,
December 1897), by Charles Bright, F.R.S.E.; and “The Evolution of Telegraphy
during the Victorian Era” (Gentleman's Magazine, of the same month), by Charles
Bright, F.R.S.E.
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india-rubber—being applied to a conducting wire. The following year
Schilling executed the first attempt to ignite gunpowder at a distance, and
to explode mines across the river Neva, near St Petersburg, by means of
a subaqueous conducting wire, insulated as in the previous experiment.

In 1813 John Robert Sharpe transmitted signals through seven miles
of insulated wire submerged in a pond.

The earliest record of practical telegraphy under water, of which there
appears to be any particulars, relates to experiments made by Colonel
Pasley, of the Royal Engineers, at Chatham, in 1838. His method of
insulation—gutta-percha being then unknown—was to surround a conduct-
ing wire with strands of tarred rope, and then again with pitched yarn.*

In the following summer, Dr O’Shaughnessy (afterwards Sir William
O’S. Brooke, F.R.S.), the Director of the East India Company’s Tele-
graphs, made a series of experiments across the Hugli—a very broad
river—which he thus described in the Jowrnal of the Asiatic Society,
September 1839:—* Insulation, according to my experiments, is best

F16. 1.—O’Shaughnessy’s Line across the River Hugli.

accomplished (Fig. 1) by enclosing the wire (previously pitched) in a split
ratan, and then paying the ratan round with tarred yarn ; or the wire may,
as in some experiments made by Colonel Pasley, at Chatham, be surrounded
by strands of tarred rope, and this by pitched yarn. An insulated rope
of this kind may be spread across a wet ficld, nay, even led through a
river, and will still conduct, without any appreciable loss, the electrical
signals above described.”

In February 1840, Professor Wheatstone (afterwards Sir Charles
Wheatstone, F.R.S.) exhibited, at a Committee of the House of Commons,
the methods by which he thought it possible to establish telegraphic
communication between Dover and Calais. He scems to have been
unaware of Colonel Pasley’s and Dr O’Shaughnessy’s prior experiments

. * Cploncl (afterwa'rds Major-General Sir F. C.) Pasley, R.E., employed this system of
insulation, both experimentally, in the Medway at Chatham, and during the diving opera-

tiops he directed in 1838 in conncction with the wreck of the “ Royal George,” off
Spithead.
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referred to above, for his method of insulating with tarred hemp was
similar to theirs, with the exception that he omitted the pitching, which
tended to further increase the insulation, as well as the split ratan covering,
which in itself afforded some protection when laid.*

Wheatstone took, however, considerable trouble in the details of his
plan, which is worthy, therefore, of a full record. His cable was to be
composed of seven copper conductors, each of which formed the heart of a
strand of hemp thoroughly saturated with boiled tar; the seven strands
were then to be laid up together, and the whole covered with hemp treated
ina similar manner.t He prepared two sets of drawings, as in Figs. 2 and 3.

The first set of drawings (Fig. 2, Plate 1.) shews elevations and sections
of the following machines :—

a. Machine for covering the conductor with the insulating material.

4. Machine for simultaneously covering with hemp and laying up together seven such
similar conductors at one operation, thus forming a multiple-cored cable.

¢. Machine for binding together the sheaf of insulated conductors with hemp so as
to combine them in a single cable. On emerging from each of the above
machines the cable so far made was to be passed through a bath of
insulating substance, and the completed cable was to be finally taken on
board the ship.

The various stages above described, with the cable passing through the insulating

fluid and then drawn off aboard the ship, are shewn in section & of this figure.

The second set of drawings (Fig. 3, Plate I1.) shews—

a. The profile and plan of Dover Straits between the South Foreland and Cape
Grisnez, with the proposed landing-places and route for the projected cable.

6. A view of the vessel, in tow of a tug, laying the cable.

¢. An elevation and plan of the drums on which the cable was to be wound, and
of the paying-out pulley mounted at the stern of the vessel.

d. An illustration of the method of soldering together the ends of the sections
wound on the several drums.

e. A view of the ship underrunning the cable in order to recover a fault.

/- A section and a perspective view of the cable.

In 1844 Wheatstone made several trials of this method of com-
munication in Swansea Bay, and succeeded in cxchanging signals with
a neighbouring lighthouse from a boat.

As soon as gutta-percha made its appearance in England, Wheatstone
thought of using it for his cable; he proposed to enclose the wire so
insulated in a leaden pipe.

* Some years later it was asserted that Professor Wheatstone had been engaged in
correspondence on this subject as early as 1837.

t It is stated that in 1845 Professor Wheatstone contemplated employing gutta-
percha as a means of insulation, but no particulars are to hand as to how he intended to
apply it.

+ These drawings are reproduced from photographs, published in 1876, by the late
Mr Robert Sabine, in the Journal of the Society of Telegraph Enginecrs.
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The experiments he made with gutta-percha were, however, insufficient;
and he failed to discover a method of coating his conducting wires with
this insulating substance.

Professor S. F. B. Morse, the well-known inventor of the telegraph
apparatus which bears his name, also studied this question. Morse relates
that in 1842 he laid down in New York Harbour an insulated copper wire
through which he sent electric currents.* The following year he is said to
have submitted to the Government of the United States a proposal to
establish electric communication between Europe and America.

In 1845 Ezra Cornell laid a cable, 12 miles long, in the Hudson River,
to connect Fort Lee and New York. The cable consisted of two cotton-
covered copper wires, insulated with india-rubber, and enclosed in a lead pipe.
This cable worked well for several months, but was broken by ice in 1846.

Mr Charles West, associated with Messrs S. W. Silver and Co.—having
obtained permission, in 1846, from the British Government, to establish
telegraphic communication between Dover and Calais-—paid out a wire, by
hand, in Portsmouth Harbour, insulated with india-rubber, through which he
was able to telegraph from his boat to the shore.t This experiment was
witnessed by a large number of spectators. Mr West, however, was unable
to get the necessary pecuniary assistance he applied for from the Electric
Telegraph Company, such as would have enabled him to comply with the
stipulations of the French Government, and the project fell through.}

Two trials of wire insulated with gutta-percha were made in the course
of the year 1848 in different parts of the world—one in the Hudson River,
U.S. America, by Armstrong, who, emboldened by success, wrote to the
Journal of Commerce of New York proposing a similar cable to be laid
along the bottom of the Atlantic; the second was carried out by the late
Dr Werner von (then Mr) Siemens, in the harbour of Kiel, the wire being
used to fire submarine mines. §

* The method of insulation used here was described by Morse, later on, as hemp
soaked in tar and pitch, surrounded with a layer of india-rubber. Morse was a great
letter-writer, and records of this early work are solely based on his own statements, at a
time when he noted in his diary: “I am crushed for want of means. My stockings all
want to see my mother, and my hat is hoary from age.”

t Sir Joseph Paxton, original designer of the 1851 exhibition building (now the Crystal
Palace), and Charles Dickens, the novelist, are said to have been jointly interested in this
experimental line.

{ In these matters, whereas the English Government invariably grant leave for

~gitn

rR L AL

landing a cable at once without demur, the French Government have—perhaps wisely—- -

always demanded some definite assurance of the undertaking being backed up by the
required funds.

§ In 1846 to 1849, great lengths of gutta-percha covered wires were laid as
subterrancan lines for telegraphic purposes in Germany and Prussia, at the instance
of the brothers Siemens. Werner Siemens, in 1847, invented a machine for applying
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SECTION 2.—THE FIRST SUBMARINE TELEGRAPH CABLES.

On the 10th day of January 1849, Mr C. V. Walker, F.R.S, telegraphic
superintendent and electrician to the South-Eastern Railway Company,
laid a gutta-percha covered cable, two miles long, in the Channel. Starting
from the beach at Folkestone, the cable was joined up to an aerial line
83 miles in length, carried along the South-Eastern Railway, and
Mr Walker, on board the “ Princess Clementine,” at anchor, succeeded in
exchanging telegrams with London.

The First Dover-Calais Line.—On 23rd July 1845, the brothers
Brett addressed themselves to Sir Robert Peel, as Prime Minister and First
Lord of the Treasury, relative to a proposal of theirs for establishing a
general system of telegraphic communication — oceanic and otherwise.
Their original copy of the letter is reproduced here (Plate IIL.). They
were referred to the Admiralty, Foreign Office, etc., and gradually became
involved in a departmental correspondence—more academic than useful—
in which they were passed backwards and forwards from one Government
office to another.

In 1847, after considerable negotiations, the Messrs Brett * obtained
a concession from the French Government to establish a submarine
telegraph between France and England. However, not even the necessary
preliminaries being effected within the stipulated limits of time, the

seamless gutta-percha to a wire, similar in principle to the machine for making
macaroni, and practically the same as those now in use. Previously, Siemens had
covered his wire with strips of gutta-percha (probably the first attempt made public), but
much trouble was experienced by moisture penetrating at the seams where the strips met.

Following this, in 1851, came the extensive system of underground lines laid down
in England for the British and Irish Magnetic Telegraph Company, by their engineer,
Mr (afterwards Sir Charles) Bright, according to a patent of the Messrs Bright—besides
conparatively short lengths through tunnels and under towns by the “ Electric ” Company.

* Of the two brothers, Jacob Brett (whose death we have more recently lamented)
appears to have first become enthused with the idea of submarine telegraphy. On 16th
June 1845, he registered the first company having the above for its object, and the
original certificate of registration is here reproduced (Plate IV.), though the proposed
company was not ever formed. He became embued with the idea of adapting House’s
printing telegraph instrument to the purposes of cable signalling. These notions took
shape in a patent taken out on 13th November of the same year (specification No. 10,939,
AD. 1845), being mainly a communication from Professor Royal E. House, of America.

Mr Brett then induced his elder brother—a man of some wealth and business capacity,
formerly a dealer in curiosities—to become interested in the scheme, and from that date
John Watkins Brett always “ held the reins.” However, several of the actual concessions—
especially in France, where more was required—were granted in the name of Jacob
Brett alone. In France these concessions ensured sole landing rights for ten years. In
England it was merely a matter of permission, without exclusion to others.
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agreement was cancelled. It was again renewed on the 10th August
1849, for the period of ten years, on the understanding that communication
was to be established by the 1st of September 1850 at the latest.* A
company was formed under the title of the “ English Channel Submarine
Telegraph Company,” + and 25 nautical miles of line were manufactured at
the works of the Gutta-percha Company, having a central copper conductor,
No. 14 Birmingham wire gauge, covered with gutta-percha half an inch in
thickness. A single coating of gutta-percha was applied, in 100-yards
lengths, to wire which had not been annealed. These lengths were united
by twisting the ends of the copper wires together, and soldering over the
joint;} a covering of gutta-percha was then applied, the gutta being
softened by heat and compressed in a wooden mould, through which the
copper conductor was drawn. The cumbersome character of the joints
may be gathered from Fig. 4.§

The sections thus formed in convenient lengths were coiled up, placed
under water, and tested with a battery of twenty-four ordinary cells: if no
decided leakage was indicated, by a very crude form of galvanometer,. the

F1G. 4.—Type of Joint in First Channel Line (1850), 4th of actual size.

coil was accepted, placed on board, jointed to the length already manu-
factured, and wound on a large wood and iron drum. This drum, which
revolved on a horizontal axis, was placed on the deck of the *Goliath,”

* It may be remarked that this period of grace was none too long in the absence
of any data to go upon.

t This was brought about by personal subscriptions of £500 from Mr (afterwards Sir
Charles) Fox, C.E., Mr Francis Edwards, Mr J. W, Brett, and Mr Charlton J. Wollaston,
making in all £2,000, enough to cover the estimated cost for carrying out the enterprise.
Ultimately these gentlemen banded themselves together to be represented by a Socict?
en Commandite in Paris, partly with a view to limiting their liability.

1 In those days the copper conductor used to be joined by what is termed a bell-
hanger’s twist, and then further secured with soft solder. Gutta-percha in a plastic
state was then applied in a single coating and pressed into shape in a wooden mould,
the diameter of the finished joint being usually about two inches. Of course the joints
were not tested separately at that time, neither was any notice taken of the resistance or
conductivity of the copper, or of the resistance or electro-static capacity of the gutta-
percha.—* Résumd of the Earlier Days of Electric Telegraphy,” by Willoughby Smith,
1891 (Jour. Soc. Tel. Eng., vol. x., p. 312).

§ Taken from originals in the possession of Mr H. Marsh, of H.M. Postal Telegraphs,
formerly an officer of the Submarine Telegraph Company, and connected with cable
matters almost from the first.

| The insulation of this line is said to have been, on occasions, tested by Mr
Wollaston’s tongue, when no other apparatus was at hand or in working order.
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COPY OF A LETTER SUBMITTED TO THE GOVERNMENT IN JULY, 1845

PRINTEDBY BRETTS ELECTRIC TELEGRAPH

TO THE RIGHT HONOURABLE STk ROBERI' PEEL, BART.
LONDON. JULY, MDCCCXLY.

WE BEG THE HONOUR TO SUBMIT A PLAN FOR GENERAL CMMUNICATION
BY MEANS' OF OCEAN(C., AND SUBTERRANEAN. INLAND. LLBCTRIC TELEGRAPHS., FOR
WHICH PATENTS HAVE BEEN SECURED BY THE UNDERSIGNED AND FOR THE!R CONS
‘STRUCTION. ON CHEAP AND EFFICULENT PLANS

BY MEANS OFf- THIS TELEGRAPHE, ANY COMMUNICATION MAY BE INSTANTLY
TRANSMITTED FROM LONDON. OR ANY OTHER PLACFE AND DELIVERED IN A PRINTED
FORC ALMOST AT THE SAME [INSTANT OF TIME. AT THE MOST DISTANT PARTS OF
ek UNITED KINGLOM OR OF [HE COLONLES.

THE ADVANTAGE AND POWER OFFERED TO THE GOVERNMENT
'I’HIS INVE.N'I"ON RENDER LT OF THF. GREATEST IMPORIANCE THAT THBY SH()UID

YAVE IT UNDER THE(R QWN CONTROUL, AND ARRANGE. AND CONDUCT THIS PLAN OF
GENFRAL TELEGRAPHIC COMMUN{CATION,

THE FOLLOWING ARF A FEW OF THE ADVANTAGE6S OFFERED BY' THIS PATENT.

{ . THE IMMEDIATY COMNUNICATION OF GOVERNMENT ORDERS AND DESPAT-
CHES TO ALL PARTS 'OF THE EMPLRE AND THE iNSTANT RETURN OF ANSWERS
TOTHE SAME. FKOM THE SEATS OF LOCAL GOVERNMENT. ETC. ALL DELIVERED IN
AN UNERRING AND PRIWTED FORM.

I1. A GENERAL TELEGRAPHIC POST OFFICE SYSTEM UNITING ' THE CHIEF
AND BBANCH OFFICES IN LONDON IN CONNECTION WiTH ALL THE OFFICES THRU-
-UGHUUT, THE KINGDOM. FOR TRANSMITTING MFSSAGES OF BUSINESS. ETC, FROM
MERCHANTS RROUKERS, TIADESMEN. AND PRIVATE PERSONS. AT A FIXED RATE OF
g:ggg’[; X £HE:E COMNUNICATTONS WOULD- BF PRINTED ON PAPER AND AlLl, EN-
1

ED ENVELOPES, AND ADDRESSFED BY CONFLIDENT1 A S. AND
ISSUED BV SPECIAL NESSENGERS OR THE USUAL POST OFFICE ?L?%E'N

i1, HS ADVANTAGES OF THILS PLAN APPI.)ED ‘TQ' POLICE ARRANGEMLNT?
TAROUGHOUT THBE UNJTED. KINGDOM, ' AND ARMY, NAVY

EN° B 3T INSTRUCT’IONBD;E(![’(A;MT %F?orxwi;
BE At OBVIOUS TO THE GOVERNM f Y .
ED 1VS$:§'$ANWUSI Y. AND THE MOVEMENTS OF THE FORCFS SO KEGULATED THAT ANY
AYALLABLE NUMBER OF THEM MAY BE BROUGUT TOGETHER Al ANY GIVEN POINT,. N
THE SHORTEST POSSIBLE TIWE NECESSARY FOR THEIR CONVEYANCE

THESE ARE SOME OF THE ADVANTAGES. OTHERS REAPILY SUGGEST THEMSELVES,
NAMELY, GENERAL COMMUNICATION BETWEEX STATIONS ON. THE COAST - SUCH AS
LIGHT-YOUSES CHANNEL ISLANDS ETC. SO THAT ‘A GENERAL SUPERVISION OF THE
COAST ‘MIGHT.BE..OBTAINEL FOR THE USE OF THE NAVY, LLOYDS, AND FOR THF
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EARLY SUBAQUEOUS AND SUBMARINE TELEGRAPHY. 7

a small steam-tug on the Thames, and taken to the port of Dover. The
number and size of the joints prevented the cable coiling evenly on the
drum, so the spaces were filled in with wadding; small laths of wood,
adapted to the curvature of the drum, being used to separate the successive
flakes.

The shore ends were laid first, extending on the English side from a
horse-box in the yard of the South-Eastern Railway terminus out to a
structure of piles for the new Admiralty Pier in Dover Harbour; and on the
French side to just beyond the rocky ledge which stretches out a consider-
able distance from Cape Grisnez, a headland in the vicinity of Calais—but
away from the anchorage ground of that
town. This shore-end cable consisted
of a copper conductor, No. 16 BW.G,,
covered with cotton soaked in india-
rubber solution, the whole being encased
in a very thick lead tube.

On the 23rd of August 18350, the
“Goliath” left Dover at 10 A.M,,
escorted by the “ Widgeon” (a Govern-
ment surveying - vessel) to shew her
the way, previously marked out by A

. N\
a line of buoys*  The seaward p . . 1eciden Weight fastened to First
extremity of the shore end was picked Channel Line (1850) at 100-yards
up in a boat, and then joined on to the intervals.

. . N . Scale, } actual size.
main portion of the line, the paying
out of which was then commenced, Mr Charlton Wollastont being the
responsible engineer of this undertaking. At intervals of a hundred
vards a leaden weight (Fig. 5), weighing from 10 Ibs. to 30 lbs., according
to the depth,; was fastened to the cable§ to ensure it going to the
bottom.  They were made in two flat halves, secured together by
bolts, and the vessel had to be stopped each time one was put on.

* Mr F. C. Webb was probably the first to actively demonstrate the great virtue
attached to a system of buoying out the route for the line of a short cable beforehand. This
mrticularly applies where a heavy and expensive type is involved near an irregular bottom ;
or where it is of special importance that the conductor resistance and electro-static capacity
of the circuit should, for working speed purposes, be as low as possible.

t A nephew of Wollaston, the illustrious philosopher (who introduced the famous
dectro-chemical cell bearing that name), and a former pupil of Brunel.

. The maximum depth in the English Channel is about 30 fathoms. 1 fathom =6 feet.

$ It was gravely suggested by a prominent naval officer to thread the line through
ald capmonades lying idle at Portsmouth and other dockyards.

,”This was considered necessary, owing, presumably, to the large proportion of gutta-
p;/cba which went to complete the entire line, the comparatively small conductor being

"1 C
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The weather being fine, no accidents of a serious nature occurred
during the submersion (an idea of which may be gained from Fig. 6),
but some trouble was caused by the laths, which sprung up from
the drum when held momentarily by the cable at one end only. The
“Goliath ” anchored at six o'clock in the evening close to the buoy marking
the seaward end of the line to the shore on the French side. Before making
the joint, they tried to communicate with Dover, using Mr Jacob Brett’s
modification of the House printing instrument (Fig. 7), supposed to print,
in Roman characters, sixty messages of fifteen words per hour* As a

Fi1G. 6.t—Laying of the First Channel Line, 1850.

matter of fact, some few, more or less incoherent, letters appeared here

covered to half-an-inch with gutta-percha, which—with the purity of those days—usually
had a slightly lower specific gravity than salt-water. A light chain twined round the
insulated conductor throughout its length would no doubt have served the purpose better,
inasmuch as it would have also protected it from chafing, besides being less liable to
damage the core.

* The transmitting apparatus here was constituted by a keyboard in front of the
table (see figure), on which the receiving instrument stood. On the face of the latter was
an indicating dial (as shewn), the hand of which pointed successively to the letters printed
upon the scroll of paper by the apparatus behind the dial.

t From a drawing originally published in the ///ustrated London News for September
1850. About that time this journal also contained several other interesting illustrated

articles concerning the manufacture (as well as the laying) of the above line and those
which followed it.
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and there on the slip of paper, but intelligible words were conspicuous by
their absence.

As night was approaching, these experiments were suspended, and the
joint between the two ends was made in a boat. A Cooke and Wheat-
stone needle instrument and signalling apparatus was connected up with
the line in a bathing-machine on the beach at Cape Grisnez, and afterwards
at the lighthouse, where for several hours signals from Dover were anxiously
awaited. Ultimately signals were exchanged; one being sent to Louis
Napoleon Buonaparte* A few hours later communication entirely
failed. The situation remaining unchanged, it became evident on 3ist
August that the cable was broken.t Attempts were now made to pick

F16. 7.—House and Brett’s Type-printing Telegraph.

it up near the position of the final splice, but the weight of the leaden pipe
prevented this, and the line had to be abandoned. ]

* Shortly afterwards Napoleon I11., Emperor of the French.

t It subsequently transpired that a Boulogne fisherman had—accidentally or otherwise
—raised it to the surface with his trawl. Imagining that he had discovered a new kind
of brown kelp seaweed, snake, or coral  with gold in its centre,” he cut out a consider-
able length. As has since been abundantly proved, there was, indeed, gold in its heart,
though not in the literal sense. This fisherman has been aptly referred to by Dr W. H.
Russell as a piscatore ignobile, though probably only anticipating by a few hours the fate
to which such a line was surely doomed. \

} The carrying out of this enterprise excited little or no attention at the time. It
%as, in fact, looked upon as a mad freak—and even as a gigantic swindle—indulged
i only by wild minds. When accomplished, 7/4¢ Zimes remarked, in the words of
Shakespeare, “ The jest of yesterday has become the fact of to-day.” But a few hours
afterwards it might with equal truth have been said, “The fact of yesterday has become
the jest of to-day.”
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Nevertheless, the labours of Messrs Brett, Wollaston, and Reid,* in
endeavouring to facilitate intercourse between the Continent and their
own country, were not entirely thrown away. The feasibility of laying a
cable, and of transmitting electric signals across the Chaunel, for a distance
of over 20 miles, had been proved. This experimental line and the signals
obtained through it had, at any rate, the effect of eradicating the (at that
time) very prevalent belief that, if successfully submerged, the current would
become dissipated in the water, notwithstanding the insulating covering to
the conductor.t Although the above line was, practically speaking, never
turned to account, it was not by any means abortive, for it served to main-
tain the concession granted to the Messrs Brett in virtue of the signals that
had been conveyed.} It only remained to find a satisfactory method of
protecting the insulated conductor from injury during and after the laying.
The problem, once embarked on in a practical way, could not be very
difficult to solve.

On the 19th December 1850, the Bretts obtained a new concession
from the French Government, under the same conditions as before, which
was to be in force for ten years counting from the 1st of October 1851, and
to hold good only in case the submarine line was in working order on that
day. But the unsuccessful attempt in the preceding August had made
capitalists distrustful, and only seven weeks before the expiration of the
time limit the necessary funds had not been subscribed. The undertaking
was saved by the energy and talent of one man, Mr T. R. Crampton, a
well-known railway cngineer and inventor, whose name should always be
recorded in every history of the early days of submarine telegraphy. He
raised the necessary capital of 375,000 francs (£15,000), putting his own
name down for half this amount, and being joined by Lord de Mauley and

* Mr William Reid, sen., acted in the capacity of contractor, undertaking the equip-
ment of the “ Goliath ” with the necessary gear, and attending to the laying operations,
to the designs and instructions of Mr C. J. Wollaston, as engineer of the whole work on
behalf of the company he represented. Mr Reid additionally attended to the electrical
testing of the cable. He had previously contracted for the laying down of the Electric
Telegraph Company’s underground lines, and was skilled in the rough-and-ready tests of
those days. Mr Willoughby Smith was also aboard, for superintending the jointing of the
line as made by the Gutta-percha Company with which he was associated.

+ Some critics had actually supposed that the method of signalling was that of
pulling the wire after the manner of mechanical house bells, and pointed out that the
bottom of the Channcl was far too rough and uneven to permit of this being possible for
any length of time !

1 A series of clectrical tests conducted by Mr Marsh on a short length of this line,
when picked up after twenty-five years’ submersion, served to shew what excellent stuff it
was composed of.
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Sir James Carmichael.* Mr Crampton then settled the type of cable to be
laid—a type which has since survived, in all essential features.+

The construction of the cable was started by Messrs Wilkins - and
Weatherly, at Wapping, but owing to law proceedings with regard to a
manufacturing patent it was completed there by Messrs Newall and Co.,}
and on the 25th September 1851 successfully laid across the Channel,
under the supervision of Mr Crampton, by contract with the company.

The cable (Fig. 8) contained four copper wires of No. 16 Birmingham
wire gauge, each one covered with two layers of gutta-percha to No. 1
gauge; these four insulated conductors, or cores,§ were laid together, and

F16. 8.][—Dover-Calais Cable, 1851.

* Later on, in 1852, they formed a Socidt en Commandite, entitled “La Compagnie
du Télégraphe Sous-Marin,” with a domicile in Paris, in order to secure concessions
from the French Government. This was merged into the once famous Submarine
Telegraph Company, Messrs Crampton and Wollaston being the engineers, and later on
Mr J. Bordeaux, followed by Mr J. R. France.

t The general type of iron-wire sheathed cable, for submarine purposes, is said to have
been originally suggested to Mr Crampton—and formerly to Mr Wollaston—for the
purposes of the proposed Dover-Calais cable, by Mr William Kiiper, a colliery rope
manufacturer, the heart (or core) of hemp in a wire pit rope being merely substituted
by the insulated conductor. Mr Willoughby Smith is accredited with having made a
similar suggestion ; also Mr Edward Highton, Mr R. S. Newall, and Mr W. Reid.

1+ With reference to this the late Mr Willoughby Smith once wrote :—* Several miles
of the core and a few knots of the cable had been manufactured when everything was
suddenly stopped. A silence that might be felt held sway. Reports circulated that
Messrs Newall and Co., wire-rope makers of Gateshead, had a patent for inserting a core
of some soft material into wire ropes, with a view to rendering them more pliable and
more manageable. They, therefore, considered that this submarine telegraph cable was
an infringement of their patent, and obtained an injunction to stop its manufacture.

“It appeared strange—especially to the initiated—that this submarine telegraph cable
should be looked upon as belonging to the same category as a wire rope, considering how
different were their respective purposes '”

{ The term “core” will, in future, be employed throughout to indicate the insulated
conductor forming the heart (or core) of an electric cable.

- Unless otherwise stated, all the illustrations of cables in this book represent the
actual size of the type in question, and are, as nearly as possible, to scale—in dctail as
well as collectively.

B
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the interstices filled up') with strands of tarred Russian hemp; tarred spun-
yarn was then wound round outside the several cores thus laid up.* The
above work was carried out by the Gutta-percha Company, under the
supcrintendence of Mr Samuel Statham.t The outer covering consisted
of ten galvanised iron wires of No. 1 gauge, wound spirally round the
bundle of cores with a long lay, and was intended to protect the conductors
from the strains and chafing which had so quickly destroyed the cable laid-
the year before. {

This cable weighed about seven tons to the mile. It was put (in an
oblong coil) in the hold of the “ Blazer ”—an old pontoon hulk belonging
to Her Majesty’s Government—which was taken in tow by two steamers.
A third tug to stand by, and a small man-of-war steamer to act as pioneer
and shew the course, accompanied the expedition. The cable was laid
from the foot of the South Foreland Lighthouse towards Cape Sangatte,§
but the weather was not so favourable as on the previous occasion.

The weight of the cable caused it to pay out rapidly, although the
depths in this locality scarcely exceed 30 fathoms. Added to this, the
tugs drifted with the wind and tide, and being held back by the cable at
the stern, were unable to make a straight course for Cape Sangatte. Thus
when the vessels arrived within about a mile of the French coast, there was
no more cable left on board.

Communication was temporarily established with three gutta-percha
covered wires twisted up together, and on the 19th of October this was
replaced by armoured cable similar to that already laid. On the 13th of
November following the line was opened to the public. ||

* The helical method of laying up the several insulated conductors with the hemp
worming was, it is believed, at the instigation of Mr Wollaston. Strange as it may appear
nowadays, they would otherwise have been drawn straight !

t+ This was tested by Mr Wollaston, and its manufacture subject to his supervision,
on behalf of the Submarine Telegraph Company and Mr Crampton.

1 It will be readily understood that the conductor and insulation joints in vogue at
that time, already described in connection with the previous line, frequently became
damaged in passing through the lay plate of the sheathing machine, or at any rate often
required spoke-shaving to enable them to pass through.

§ Though involving a greater length of cable by five miles, this was decided on for
the landing-place instead of Cape Grisnez, owing to the latter having been' found to be
seriously pervaded with rocks. Whereas Cape Grisnez is some 13 miles from Calais (in a
southerly direction), Cape Sangatte is only about three miles distant. Several gutta-percha
covered wires had been laid underground between Sangatte and the Calais Telegraph
Office. Thus, when these were afterwards joined up to the several conductors of the
Channel Cable, direct communication was established between the South Foreland and
Calais town.

|| On 23rd October 1851, another (third) ten-year concession was obtained from the
French Government in favour of Lord de Mauley, the Honourable F. W. Cadogan, Sir
James Carmichael, Bart.,, and Mr J. W. Brett. It was under this that the Submarine
Telegraph Company proceeded to work the line.
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This 25-mile cable has since undergone numerous and extensive repairs,
and was not entirely renewed for many years.* Fig. 9 represents a
piece picked up in 1859 after being eight years under water. The
outside iron wires were partially eaten away, but the gutta-percha—of so
highly durable a quality, in those days of practically no competition—was
in excellent preservation.

Other Anglo-Continental Cables.—The success of Crampton’s cable
gave considerable impetus to submarine telegraphy. On all sides similar
enterprises started up, but many failures occurred before these operations
came to be looked upon as ordinary industrial undertakings.

In the course of the following year three unsuccessful attempts were
made to establish telegraphic communication between England and Ireland.
Firstly, by a line between Holyhead and Howth, near Dublin. We know
now that this cable was not heavy enough for contending with the rough

F1G. 9.—-Piece of 1851 Channel Cable picked up in 1859.

bottom, strong currents, and disturbance from anchors experienced in these
waters. This undertaking is mainly remarkable, on account of it being
the only attempt to do without any intermediate serving between the
insulated conductor (made by the Gutta-percha Company) and the
sheathing. The conductor was composed of a single wire of No. 16 gauge.
This was covered with gutta-percha to gauge No. 2, the completed core
being closed with twelve No. 12 galvanised iron wires. A few miles from
each shore the cable had larger iron wires—about No. 6—so that this was the
first cable with shore ends in the ordinary sense as now adopted. Messrs
R.S. Newall and Co. undertook the carrying out of the above work. On it
was also engaged Mr Henry Woodhouse. At that time they did not test

* The vitality displayed by this early line was very remarkable. The last piece in
circuit was a 4o-yards length on the beach at Sangatte. This was only cut out quite a
short time ago, and a new shore end laid.
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the cable wnder water prior to being laid. Thus, when it had been sub-
merged but a few days, the insulation proved to be so bad that signals
could not be made to pass, and all efforts to pick up and repair the cable
were unavailing.

A second attempt was made between Portpatrick and Donaghadee, the
cable consisting of a central copper conductor, covered, first with india-
rubber, then with gutta-percha, and hemp outside all. The cable, being far
too light, was actually carried away by the strong tidal currents and even
broken into pieces during laying. The undertaking had, therefore, to be
abandoned.

The third endeavour was made between the same two points for the
Magnetic Telegraph Company, with a cable of a similar character to that
successfully adopted by Mr Crampton in the cable he had recently laid

from England to Irance, but containing six
conductors.  Unfavourable weather was ex-
perienced, and the arrangements for checking
and paying out so heavy a type being inadequate,
more cable was expended than had been allowed
for by the engineers, so that there was not
sufficient to reach the opposite coast.
What the fate of submarine telegraphy
would have been had these three failures pre-
o ceded the establishment of the line between
Fi1G. 10.—First Effective Anglo- . R .
Irish Cable, 1853. Dover and Calais may be readily surmised.
However, in 1853, a heavy cable (Fig. 10),
weighing seven tons per mile, with six conductors, was successfully laid in
upwards of 180 fathoms* across the Irish Channel, between Portpatrick
(Scotland) and Donaghadee (Ireland), for the Magnetic Company, of
which the late Sir Charles Bright was engineer, with permanent success,
establishing communication with Ireland for the first time telegraphically.

Only a year elapsed before it became evident that another cable was
required to meet the traffic between England and the Continent, and in
1853 an additional line was laid—this time to connect us with Belgium—
from Dover to Ostend. This was a heavy multiple cable, similar to that
laid between Dover and Calais in 1851, but embracing six conductors
instead of four.t

* This was the decpest water in which a cable was laid for some time—i.e., up till
the date of the Spezia-Corsica line in 300 fathoms and over.

t In his *“ Museum of Science and Art,” published in 1854, Dr Lardner says, with
reference to this undertaking :—* The next great enterprise of this kind, of which the
accomplishment must render for ever memorable the age we have the good fortune to



EARLY SUBAQUEOUS AND SUBMARINE TELEGRAPHY. 15

Anglo-Dutch and Anglo-German cables followed in due course ; and in
less than ten years from the commencement of its operations, the Sub-
marine Telegraph Company was working at least half-a-dozen excellent

F16. 11.—Shore End of Anglo-Dutch Cable, 1853.

cables ranging from 25 to 117 miles in length, connecting England with

Iive in, was the deposition in the bed of the Channel of a like cable connecting the
cwasts of England and Belgium, measuring 70 miles in one unbroken length ! This

®lossal rope of metal and gutta-percha was also constructed at the works of Messrs
Newall”
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the Continent. That the business was highly profitable there is no doubt
whatever ; and- knowing what we now do about cable work the risk was
inconsiderable. .But it appeared to be far greater in those days, and much
praise is due to the courage and energy of the directors of the company,
who certainly, by these Anglo-Continental cables, paved and led the way
to the greater enterprises which have resulted in submarine telegraphy
throughout the whole world.

In 1853 the International Telegraph Company determined to lay cables
to Holland and elsewhere. Afterwards, when amalgamated with the
Electric Telegraph Company, they fitted out a ship for the first time in
a permanent fashion for cable operations. This was the old “Monarch,”* 500
tons, which did much useful work, and whose early gear was designed by
the late Mr Edwin Clark and Mr F. C. Webb as engineers to the company.

England and Holland were connected by seven small separate cables,
which were bound up together at the landing places (Orfordness, on the
Suffolk coast, and The Hague) so as to form shore ends (Fig. 11). These
were repeatedly broken by anchors and trawlers, being far too light, and
were replaced by a heavy cable in 1858.+

SECTION 3.—FURTHER EARLY ACHIEVEMENTS.

During the next few years submarine communication was established
between Denmark and Sweden; Italy, Corsica, and Sardinia; Sardinia
and Africa; and, finally, between Ireland and North America.

Of these numerous lines we shall only concern ourselves with those
which, by the importance of results obtained, or by the degree of difficulty
overcome, mark a stage in the history of submarine telegraphy.

Spezia-Corsica and Sardinia-Bona Cables }—These two cables, in

* A striking picture of this vessel is given in Mr H. D. Wilkinson’s recent book,
“Submarine Cable Laying and Repairing” (7%e Electrician Printing and Publishing
Company, London).

t For a given amount of telegraphic work, the relative merits of a number of separate
cables of light type, each holding its own conductor, and of the same total number of
conductors encased in one heavy “ multiple ” cable, may be summed up as follows :—
The former are more pronc to fracture or abrasion, but total interruption of traffic is less
liable to occur here than by the multiple core, especially if in the former the separate
cables are laid on different routes. With a very rough, irregular bottom subject to
anchorage and stormy currents, a fairly heavy cable is, however, practically essential,
and this being so, it may as well contain more than one conductor. Some form of
multiple-conductor cable is, in fact, the invariable custom for short distances involving
telegraphic inter-communication of the “heavy traffic ” order.

! This was the first undertaking with which Messrs Glass, Elliot, and Co. were
concerned, as a firm, after taking over the business of Messrs W. Kiiper and Co. They
had been more or less associated since 1831, when Mr Kiiper came over from Germany,
and manufactured several of the early cables, more especially those just referred to.
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conjunction with a short submarine line between Corsica and Sardinia,
and the aerial lines across the two islands, were to connect France
with its colony Algeria vza Italy. The cable laid from Spezia, and
also the one across the Strait of Bonifacio, contained six conductors
each, and were sheathed with twelve (ungalvanised) iron wires of No. 1
gauge, bringing the total weight of each to as much as eight tons per
nautical mile.” The depth of water between Corsica and Genoa being
over 300 fathoms, Mr J. W. Brett was provided with two drums
(Fig. 12), furnished with double sets of flanges, and placed in a line, one
in front of the other, and round each of which the cable was given five
turns. With this description of holding-back gear, and with the assistance
of Mr John Thompson, Mr Brett was able to lay the first of the above two
cables—100 N.M.*—in the course of the year 1854. With this, however,
the cable took charge in some 300 fathoms, about midway ; running out
with such velocity under the strain that it was bent nearly flat as it passed
round the brake drum. After anchoring by it for a day, the injured part
was hauled back and made good.

I— T

FiG. 12.—Paying-out Apparatus for Mediterranean Cables, 1854.

Shortly afterwards, an attempt was made to pay out a similar type
of cable between Bona and Chia, near Cagliari. But between these points
—distant about 150 N.M.—there are depths of 1,600 to 1,800 fathoms, and
the cable, which they were unable to restrain, ran out at a terrific speed.
Added to this, the small steamer “ Tartar,” towing the vessel which had
the cable on board, could go no faster, so that the impossibility of reaching
Sardinia with the remaining cable soon became apparent. The paying out
had been suspended, as was then customary, during the night, and they
were deliberating as to what should be done, when the cable suddenly
parted. It was passed out through a hawse pipe, sustaining a sharp nip
as it hung down at right angles, and, being unprotected against chafing,

* Throughout this work N.M. and “naut” are the abbreviations adopted for nautical
miles. By some the expression “knot” is used in this sense, but inaccuratelyso. A knot
is a velocity, or rate, rather than a measure of distance. 1 knot=1 nautical mile (N.M.)
per hour ; 1 nautical mile (N.M.)=2,029 yards—or approximately 1,000 fathoms—for
telegraph work ; 1 statute land mile (S.M.)=1,760 yards. Unfortunately, such high
authorities as Raper and Norrie have given currency to this misnomer by speaking of
“knots ” for nautical miles.
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the pitching motion of the ship had caused the wires to gradually wear
away at a point.

In 1858, under the direction of Mr Charles Liddell,* the “Elba”
succeeded in picking up about 60 miles of this cable from Bona sea-
wards, and thus the possibility of recovering and repairing a somewhat
heavy cable, laid in comparatively deep water, was practically demon-
strated.

On starting to make a second attempt, the expedition steered more in
the direction of Galita Island, following a line where previous soundings
shewed more moderate depths. During the night, however, they deviated
considerably from the proper track, thus wasting cable, and at daylight
found themselves off Galita, in 400 fathoms, unable to reach the island for
want of cable. The end was passed forward outside the ship and properly
secured, a vessel being immediately despatched to Bona for a buoy. At
the same time they telegraphed through to London asking that sufficient
cable to reach the shore might be sent out. Unfortunately, however, on
the fifth day, the cable parted, the continuous pitching and sheering of the
vessel causing it to chafe through on the rocky bottom.

Mr Brett having retired from the enterprise, Mr R. S. Newall took it up
in 1857, and manufactured a cable with four conductors, each consisting of
four copper wires laid up together, covered with two coatings of gutta-
percha. These insulated conductors were embedded in hemp,t and the
whole sheathed with iron wires of No. 11 B.W.G. for the deep-sea type, and
with twelve iron wires of No. 6 B.W.G. for those portions of the cable
which were to be laid necar the land. The weight of the deep-sea cable was
1.85 tons, and that of the heavier type 3 tons, to the mile.

The cable was coiled below the deck in a cylindrical iron tank, from the
centre of which rose a sort of cone (Fig. 13), secured to the bottom of the
tank, but free all round at its upper end. Four rings of iron piping were
suspended by ropes in a horizontal position round the cone. These rings
were of different diameters, largest at the bottom and successively smaller
towards the top. The cable was guided and controlled (against flying out
by centrifugal force) by passing up between these rings and the central cone,
being thus forced to uncoil uniformly and horizontally without kinking.
The two lower rings—one of which is shewn—were lowered from time to
time as the quantity of cable in the tank diminished, the bottom one being
kept pretty close to the coil to keep the outer turns in paying out from

* This gentleman and Professor Lewis Gordon were partners with Mr R. S. Newall.
t In those days the description “hemp” or “ordinary hemp” seems to have been
commonly applied to what, at the present time, we should term jufe.

. / »
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rising in too direct a line to the eye of the tank. From the preceding, it
will be seen that Mr Newall was the originator of the rings, or so-called
“crinolines,” forming a part, in some shape or another, of the fittings of all
cable tanks, provided for the purpose of regulating and directing the cable’s
egress from its resting-place.*

The cable passed up out of the tank through a small horizontal
ring placed centrally over the axis of the cone, and then through a
casting screwed above, whence it ran along a wooden trought which
was supported on trestles. Battens were placed across the trough
at intervals, to prevent the cable jumping up when being paid out
rapidly. The cable then passed between two flanged rollers, placed
one over the other, and again between two pieces of wood shod on the
inside with iron, the upper piece being hinged at one end. A long lever

F1G. 13.—Newall’s Cone and Rings for Cable Tank.

attached to the hinged piece enabled pressure to be exerted on the cable,
which could thus be held as in the jaws of a vice. Thence the cable passed
over a V-wheel} to the paying-out drum, round which it took seven
turns—the first turn being kept over towards the outer flange of the drum
by passing over a conical roller, and a knife § attached to the framework
forced the turns inwards and prevented them riding. After leaving the

* This device had formed the subject of a patent in 1855.

t The friction which the cable exerts against the sides and bottom of this open trough
assists the brakes in preventing too rapid egress from the ship.

* A v-wheel, or sheave, is an article peculiar to cable work, having a deeper groove
than an ordinary U-pulley, so as to form an extra safe bed and guide for the cable.

§ The term knife, as invariably adopted, is rather misapplied here. It would be
more accurate to describe it as a_fleef or skid, the object being to “ fleet ” the cable on the
drum—s.e., to press the table over, so that it makes way for the fresh turn, to prevent the
larter riding immediately over the previous one, as it would tend to otherwise.
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drum, the cable passed over another V-sheave and under a jockey wheel
forming a sort of dynamometer into the sea, over a cast-iron flanged
pulley at the stern of the vessel.

The brake, intended to check the speed of the cable when paying out,
consisted of a strong strap of sheet-iron four inches wide, which surrounded
the entire circumference of a brake wheel bolted on onc side of the drum.
By means of a bent lever this iron band could be tightened up or slackened
at will, so as to cause more or less friction between it and the revolving
drum.

At the last moment, on the advice of Mr (afterwards Dr) Werner
Siemens, the above form of dynamometer was fitted up and placed between
the paying-out drum and the stern of the vessel. It consisted of a flanged
pulley resting on the cable. and revolving at the after end of a wooden
lever, the other end of which was pivoted. Noting the deflection of the
cable caused by the weight of the pulley, the strain could be deduced
by a single calculation. To prevent undue heating by friction, a stream of
water was kept playing on the cable from a tank placed above the drum
and fed by a pump.

On the 7th of September 1857, the end of the cable was brought ashore
at Fort Genoa. Here it was firmly secured to two posts fixed in the bottom
of the trench which had been previously dug out to a depth of three feet.
At one of these posts the cable end was joined up direct to the aerial
line in communication with the fort. TUp to this date the necessity of
lichtning guards between an acrial line and a cable, to protect the latter
from lightning conveyed from the land line, docs not appear to have forcibly
commended itsclf. At 8.30 ., the “ Elba,” in tow of the “ Mozambano,
and escorted by two French men-of-war, left Cape de Garde, ncar Bona
paying out the cable. From time to time wires in the iron shcathing brok«
and sprung up out of the lay; becoming entangled, they soon formed a kinc
of skein round the cable, which then passed through the machinery witt
difficulty. Once, indecd, a sudden stoppage was caused in this way, an:
the cable would certainly have parted if the ship had not been going very
slowly at the time. The expenditure of cable when passing over the deej
water having exceeded the distance actually covered by more than a third
a change of the ship’s course was decided on in order to make Cap
Teulada, and the speed increased to six knots. In spite of these precaution:
the cable had all run out when the ship was still 12 miles from the land
but, the depth herc being only 8o fathoms, the laying was continuer
the next day by joining on a small single conductor cable, which, howeve:
broke, unfortunately, about two miles’ distance from the shore. Intt
course of the following October the end of the main cable was picked u:
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and a new piece of similar type spliced on, with which the shore was
reached, near Cape Spartivento.*

Electrical apparatus had been set up on board the “ Elba,” in order to
enable a constant test to be kept on the cable for continuity during the
laying operations. Mr Siemens also made some approximate measure-
ments of the time occupied by the current in passing from one end of the
cable to the other, as well as on the inductive influence of a wire on
neighbouring conductors. These effects were found to disappear when a
return wire was used so as to effect a metallic circuit.¥, By only two of the
conductors were good signals ever transmitted, and these two failed in as
many years’ time.! In 1860 Mr Jenkin, afterwards Professor Fleeming
Jenkin, F.R.S. (L. & E.), picked up altogether about 57 miles of this cable,
half on the African and half on the Sardinian side. A portion of the
recovered cable came up full of kinks, due to the excess of slack paid
out. He was, however, unable to reach the fault, and the work had to be
abandoned.

Black Sea Cable.—Following the Spezia cable in 1855, a gutta-percha
covered wire, No. 16 copper covered to No. 1 gauge, was laid§ in the Black
Sea,by Mr Charles Liddell, in engineering charge on behalf of Messrs Newall,
between Varna and Balaclava, for use during the Crimean War. It was,
however, sheathed with iron wires for about 10 miles out from each landing-
place. It was when fitting out for this expedition that Mr Newall had first
introduced the arrangement of central cone and iron rings, which has
already been described. This line, some 300 miles in length, was laid
with very little slack. Communication through it ceased a short while
after the taking of Sebastopol, and no efforts were made to restore it.

* A land line was afterwards established from Cape Spartivento to Cagliari, partly
in order to bring this cable into direct communication with that to Malta laid
subsequently.

t 1n 1856 Mr Samuel Statham and Mr Wildman Whitehouse had actually secured
provisional protection (specification No. 1,726 of that year) for the use of a return wire,
though this was originally the custom until Steinheil put Dr Watson’s “ metallic circuit”
mto practice !  No doubt Messrs Statham and Whitehouse had these inductive influences
and earth currents in mind when they abandoned using the earth as a “return.”

i Mr Siemens estimated the speed of the current in passing from Cape Spartivento
to Bona as being at the rate of o.25 seconds, z.¢., he found it took each signal impulse
that time to reach to the further end.

§ Great trouble was experienced in this owing to the length falling short, the
comparative lightness causing it to be drawn away out of its direct course. In the open
sta (subject to strong currents and boisterous water), it wonld probably have been
absolutely impossible to lay a line of this character except by using a length far beyond
that represented by the distance covered.
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The Sardinia-Malta and Malta-Corfu Cables.—These two cables,
each about 500 miles long, and weighing 18 cwt. per naut, were laid
in 1857, only lasting for a very short time, being far too light for the
locality. The Sardinia-Malta section, repaired for the first time in 1859,
failed about six weeks afterwards in much the same place. Further
attempts were made to repair it, but when five months had elapsed
the operations were abandoned. The bottom was very uneven, and both
breakdowns were attributed to volcanic action ; they were, however, more
probably caused by fishermen’s trawls.

The Malta-Corfu section ceased working in 1861, during a heavy
thunderstorm, although protected by a lightning guard. The tests shewed
want of continuity in the conductor, and the fault seemed to be about
20 miles from Corfu. Some parts of the cable were afterwards picked up,
and found to be in a good state of preservation.

From Punch; or, THE LoNDON CHARIVARI, 14tk September 1830 (reduced facsimile of cartoon).

EFFECT OF THE SUBMARINE TELEGRAPH ; ok, PEACE AND GOOD-WILL
BETWEEN ENGLAND AND FRANCE.




THE ATLANTIC TELEGRAPH CABLE WAS SUCCESSFULLY LAID,
stH AUGUST 18s8.

Two mighty lands have shaken hands
Across the deep wide sea ;

The world looks forward with new hope
Of better times to be ;

For, from our rocky headlands,
Unto the distant West,

Have sped the messages of love
From kind Old England’s breast.

And from America to us
Hath come the glad reply,

**We greet you from our heart of hearts,
We hail the new-made tie ;

We pledge again our loving troth
Which under Heaven shall be

As steadfast as Monadnoc’s cliffs,
And deep as is the sea !”

Henceforth the Fast and West are bound
By a new link of love,
And as to Noah's ark there came
The olive-bearing dove,
$o doth this ocean telegraph,
This marvel of our day,
Giive hopeful promise that the tide
Of war shall ebb away.

No more, as in the days of yore,
Shall mountains keep apart,
No longer oceans sunder wide
The human heart from heart,
For man hath grasped the thunderbolt,
And made of it a slave
To dou its errands o'er the land,
And underneath the wave.

Stretch on, thou wonder-working wire !
Stretch North, South, East and West,
Deep down beneath the surging sea,
High o’er the mountain’s crest.
Stretch onwards without stop or stay,
All lands and oceans span,
Knitting with firmer, closer bonds
Man to his brother man.

Stretch on, still on, thou wondrous wire !
Defying space and time,

Of all the mighty works of man
Thou art the most sublime.

On thee, bright-eyed and joyous Peace,
Her sweetest smile hath smiled,

For, side by side, thou bring’st again
The mother and the child.

Stretch on! O may a blessing rest
Upon this wondrous deed,

This conquest where no tears are shed,
In which no victims bleed !

May no rude storm disturb thy rest
Nor quench the swift-winged fire
That comes and goes at our command

Along thy wondrous wire.

Long may’st thou bear the messages
Of love from shore to shore,

And aid all good men in the cause
Of Him whom we adore :

For thou art truly but a gift
By the All-bounteous given ;

The minds that thought, the hands that wrought,

Were all bestowed by Heaven.

The British Workman.






Deck of H.M.S. ““ Agamemnon ” (see pp. 47, 48), shewing Paying-out Apparatus, 1858
(from the //lustrated London News).

CHAPTER 1L
THE DAWN OF OCEAN TELEGRAPHY.

SECTION 1.—Prospects—Experiments—New York and Newfoundland Company—New-
foundland Land Line—Gulf of St Lawrence Cable, 1855 and 1856—*1'elegraph Plateau”
—Raising of Capital—Construction of the Cable—Ships Employed for Laying—Pay-
ing-out Machinery—Setting out on First Expedition, 1857—Landing of Shore End
at Valentia—Accidents during Laying by the *“ Niagara”—Return of Expedition—
Storage at Keyham—Extra Length Manufactured—Improved Paying-out Gear—
Improved Electrical Apparatus—Paying-out Trials in Bay of Biscay—Second
Expedition—Mid-ocean Splice—Laying by Two Ships towards each Shore—Landing
of Cable at Newfoundland End—Landing at lrish End—Successful Completion—
First Message—Public Rejoicings in Both Countries—Gradual Failing of Insulation
—High Transmitting Power Employed—Engineering Success in face of Scientific
and Public Opinion—Knighthood for Mr Charles Bright—Wild Suggestions.

SECTION 2.—Red Sea Telegraph, 1859—Chatterton’s Compound—Tight Laying—Bad
Bottom—Successive Failure of each Section.

SECTION 3.—Board of Trade Commission on Construction of Submarine Cable, 1859-61.

SEcTiON 4.— Formulation of Electrical Standards and Units by British Association.

SECTION 5.—Malta to Alexandria Line—Testing under Pressure—Spontaneous Com-
bustion due to Alternate Wet and Dry Conditions— Laying of Sections—Successful
Working —Balearic Cables—Submergence in Deep Water—Mediterranean Lines—
Wright's Cable— Siemens Light Type—Paying-out Dynamometer—F ailures.

Telegraph to India—Persian Gulf Cables—Segmental Conductor—Organised
System of Testing at Factory—Tanned Jute Serving—Bright and Clark’s Com-
pound —Laying from Sailing Ships—Complete and Lasting Success.

SECTION 1.—THE FIRST TRANS-ATLANTIC LINE.

HITHERTO the efforts of the early projectors of submarine telegraphy had
been confined to the work of connecting countries divided only by narrow
<eas, or establishing communication between points on the same seaboard.
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The next step forward in the science of submarine telegraphy was a
gigantic one—no less, in fact, than that of spanning the Atlantic Ocean
between Europe and America. This was aptly characterised at the time,
by Professor Morse, as “the great feat of the century.” It was the first
venture in the direction of trans-oceanic telegraphy, so that there were
no applicable data to go upon. The vast difference between laying
comparatively short lengths of cable across rivers and bays, or in shallow
water, and that of laying a long length of cable in depths of over two
miles across an open ocean, will be evident alike to the sailor and the
engineer.* :

During the year 1855, the North American telegraph lines had been
extended as far as Newfoundland, while in Europc the wires of the
“ Magnetic” Company had, several years previously, been carried by their
engineer, Charles Bright, to various - points on the west and south-west
of Ireland, including Portrush, Sligo, Galway, Limerick, Tralee, and Cape
Clear.

The feasibility of uniting the two vast systems of telegraphs had
engaged the consideration of some of the most enterprising of those
occupied in their development on both sides. It had been already proved
that cables could be successfully laid in comparatively deep water; but the
nearest points between the British Islands and Newfoundland are nearly
2,000 miles apart, and the greatest length of submarine line which had
been successfully submerged prior to 1856 would form but an insignificant
part of such an enormous distance, and that too embracing depths of nearly
three miles.

Apart from the engineering difficulties entailed by this vast distance
and depth, the question was then undetermined as to the possibility of
conveying electric currents through such a length in an unbroken circuit,
and at a speed that would enable messages to be passed quickly enough in
succession to prove remunerative.

* The greatest depths in which any cables had been laid previous to this were those
in the Mediterranean and Black Seas, during 1854, 1855, and 1856. Some of these were,
temporarily speaking, partial successes, others absolute failures ; indeed, several of them
had met with disaster even in the process of laying. An example of this was the
cable between Sardinia and Algeria of 1854 (600 N.M.) in a maximum depth of about
800 fathoms. Again, the unprotected gutta-percha core laid from Varna to Balaclava in
1855 failed, as already shewn, not long after being submerged. In 1855 a cable was
successfully laid between Spezia and Corsica in water running into an outside depth of
3235 fathoms, the length being about 110 miles.

The greatest length of line which had been submerged in a satisfactory manner
previous to the first Atlantic cable was that between Varna and Constantinople—i171
miles —along the more or less protected Black Sea shore in 1855, the depth being
upwards of 100 fathoms.
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In the early experiments made by Professor Wheatstone with frictional
electricity on a short length of bare wire in a room, the subtle influence was
shewn to pass at the rate of nearly 300,000 miles in a second of time.
Later experiments with voltaic clectricity (7.e., that obtained from a voltaic
pile or battery), established the speed of transmission on bare overhead
telegraph wires to be about 16,000 miles per second.

When, however, the underground gutta-percha insulated wires laid by
the “ Magnetic ” Company in 1851, which extended between London and
Dublin 7z Manchester and Liverpool, were tested on this point, with
variously increased length, it was found that a far lower rate only was
attainable. .

In a paper read by Mr Edward Brailsford Bright, accompanied by
experiments, at the meeting of the British Association in 1854, the
velocity of ordinary telegraphic currents* in subterranean conductors was
given as not exceeding 1,000 miles per second,t and he shewed that the
gutta-percha insulated wire tended to retain part of the charge passed
into it. In fact, the similarity between the conductor and a Leyden
jar was on this occasion clearly set forth, in the sense of the induced
charge on the outside of the dielectric holding back as a static charge
some of the electricity flowing as current through the conductor, in
the same way that the charge induced on the outside plate of a Leyden
jar statically holds the primary charge on the inner plate, until either are
neutralised.

The doubts as to working across the Atlantic were, however, very much
modified by a series of experiments, instituted by Mr (afterwards Sir
Charles Tilston) Bright, and also by others independently carried out
on a larger scale by Mr Edward Orange Wildman Whitehouse.} Both
of these sets of experiments were upon the underground wires of the
“Magnetic © Company’s system,§ which were so connected on various
occasions as to afford a length of upwards of 2,000 miles in one con-

* It soon became evident that the rate of working was—on broad principles and
within certain limits—entirely independent of the nature of the generating agent or of its
power—i.c., was practically uninfluenced by the number of cells employed. However,
towadays, with automatic transmission, a somewhat higher electro-motive force often
renders signals readable which, owing to the ultra high speed at which the impulses
follow one another, would not otherwise be.

*+ Later on, it was demonstrated by Professor Thomson that electricity could not be
said to possess velocity, in the ordinary sense, at all.

+ Previously a surgeon at Brighton.

§ Mr Whitehouse’s conclusions were considerably more favourable than those arrived
aby Mr Bright, or any one else, for the proposed cable.

C
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tinuous circuit. According to Mr Whitehouse, “signals* were clearly
and satisfactorily transmitted over this vast length at the rate of 210, 241,
and 270 per minute, with a facility that would answer every commercial
requirement.” +

The difficulty in working that had been found to arise from the re-
tardation of the electric current, due to induction, was overcome, as it had
previously been in the magneto-electric instruments of the * Magnetic”
Company,} by using a succession of opposite currents. By this means the
latter or retarded portion of each current was wiped out by the opposite
current immediately following it; and thus a series of electric waves
could be made to traverse the wire, one after the other, several being in
the act of passing onward at different points along the conductor at the
same time.

While prior to, and during, 1855 the essential conditions and methods
of signalling through an Atlantic cable had been independently investi-
gated by Mr Charles Bright and Mr Whitehouse in England, the con-
nection of the United States and Canada with Newfoundland had at
last been brought to a successful issue.

In 1852 Mr F. N. Gisborne, a very able English engineer (previously
engaged in constructing the Nova Scotia telegraph lines), in concert with
an American syndicate, headed by Mr Tebbets of New York, obtained
an exclusive concession for connecting St John’s, Newfoundland, with
Cape Ray, in the Gulf of St Lawrence, by an overhead line. The idea
was to “tap” steamers coming from London at Cape Race, St John’s,
and pass messages between that point and Cape Breton, on the other
side of the gulf, by carrier pigeons. A few miles of cable were made in
England, and laid between Prince Edward Island and New Brunswick.
Mr Gisborne then surveyed the route for the Newfoundland land line, and
had erected some 40 miles of it, when the work was stopped for want of
funds. :

\When in New York in 1854, Gisborne was introduced to Mr Cyrus West
Field, a retired merchant, who became enthusiastic on the subject, and
formed a small but strong syndicate. Better terms were then obtained

* /., battery key contacts, producing single impulses.

t Professor S. F. B. Morse was also present at these experiments. He, moreover,
accompanied the first expedition, aboard the “ Niagara,” as electrician to the New York,
Newfoundland, and London Telcgraph Company, which was naturally largely interested
in the proposed telegraphic connection between Europe and Newfoundland.  Professor
Morse gave the scheme his entire support and scientific approval.

1 Devised by Mr W. T. Henley, and improved on by Messrs Bright,
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from Newfoundland, covering (with the idea of an Atlantic cable, suggested
many years before both in England and the States) exclusive rights to land
cables for fifty years, which monopoly they were able to get extended to
New Brunswick, Cape Breton Island, Prince Edward Island, Nova Scotia,
and the shores of the State of Maine.

In the meantime, Mr John W. Brett* had joined Mr Field’s syndicate, to
which he subscribed a considerable sum. A single-conductor cable of 85
miles was madet in England by Messrs Glass, Elliot, and Co.,} to be laid
between Cape Breton and Newfoundland, from a sailing ship to be towed by
an American steamer, “ James Adger,” with Mr Field, Professor Morse,
and many friends on board. Mr (now Sir Samuel) Canning§ was in
engineering charge on behalf of Messrs Glass and Elliot, but after 40 miles
were laid, in August 1855, rough weather ensued, and the captain of the
barque had to cut the cable to save his vessel.

A fresh instalment was sent out in 1856, and laid successfully across the
gulf, thus connecting St John’s with Canada and the Anerican lines. It
had one conductor, into which a great improvement was introduced for the
first time. It was made of seven small copper wires laid up in the form of
a strand, with a view to preventing a flaw in one of the wires at any
point entirely stopping the conductivity.|| The insulated conductor was
covered with tarred yarn, and protected by a sheathing of twelve outer iron
wires. The weight was 24 tons per N.M,, and it lasted a long time, being
successfully repaired ten years later.

* This gentleman, together with his brother, Mr Jacob Brett, had registered a
company as early as 1845 for uniting Europe with America by telegraphic communication
under the title of a * General Oceanic Telegraph Company.”

+ This was probably the first occasion on which the cable, as manufactured, was
properly coiled in specially constructed tanks at the factory previous to shipment.
Hitherto, the floor had been used for this purpose, and the coiling was of a somewhat
rough-and-ready order, leading sometimes to entanglements between the turns and flakes.

: This firm had lately taken over the business of Messrs Kiiper and Co., one of the
leading wire-rope makers (for colliery and other purposes), who had been associated
with several of the previous early submarine cables.

¥ Formerly a railway engineer under the late Mr Joseph Locke, M.P., F.R.S.

This substitution for the single solid conductor not only obviated the objection of
an imperfection in the copper at any one spot having serious results, but also lessened
the nsk of complete discontinuity due to any mechanical tension. It, moreover, gave
greater pliability, thereby reducing the chance of breakage under an undue lateral strain,
and also of injury to the insulating envelope.

Since the above occasion the conductor of a submarine cable has been invariably
built up by several wires stranded together.

This type of conductor was provisionally protected in 1854 (see specification No.
2,547 of that year) by Professors William and John Thomson with Professor W. J.
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Mr Cyrus W. Field, the Vice-President of the New York, Newfoundland,
and London Telegraph Company (formed by the above-mentioned syndi-
cate), then came over to England in July 1856, empowered by his associates
to deal with exclusive conccssions; and on the 29th September 1856, an
agreement was entered into between Mr J. W. Brett, Mr Charles Bright,
and Mr Field,* in which, on an ecqual footing, they mutually agreed

Original Station of the New York and Newfoundland Telegraph Company, 1855,
previous to erection of permanent building.

(as the “projectors”) to exert themsclves “with the view and for the
purpose of forming a company for establishing and working electric
telegraphic communication between Newfoundland and Ireland, to be
called the ¢ Atlantic Telegraph Company,” or by such other name as the
parties hereto shall jointly decide upon.”

The nature of the ocean’s bed had by this time become ascertained by
several series of soundings taken by Licut. O. H. Berryman, U.S.N,, from

Macquorn Rankine, though never completed as a patent. The main object with the
devisers was to enable a larger conductor to be used than was possible, for mechanical
reasons, with a single wire.

It should be remarked, however, that the mechanical advantages of a strand had been
previously appreciated and adopted in practice in various directions, including that of
lightning conductors, by Newall and others.

* Joined later by Mr Whitchouse.
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US.S. * Arctic,” and also by Commander Joseph Dayman, R.N. (H.M.S.
“Cyclops ), shewing that a gently undulating plateau of great breadth, at
a depth varying gradually from 1,700 to 2,400 fathoms, extended nearly
the whole distance between Ireland and British North America. These
depths, though great for the purpose in view, compared favourably with
the soundings of 6,000 to 7,000 fathoms that had presented themselves
further southward.

The soundings were taken with the ingenious apparatus of Lieut.
J. M. Brooke, U.S.N,, by which the weight was automatically detached on
reaching the bottom, while a small tube
still retained by the line brought up
specimens of the bottom, consisting of a
soft ooze formed by the tiny shells of
microscopic “infusoria,” borne along, while
alive, by the warm water of that “river in
the ocean ” the Gulf Stream, and dying in
countless myriads on the temperature being
lowered by contact with the more northern

seas.*
This table-land—thus seemingly raised gy, 14.—Infusoria at the Bed of the
at the bottom of the sea—was chris- Atlantic Ocean : Magnified 10,000

times.

tened * Telegraph Plateau” + by Lieut.
M. F. Maury, U.S.N,, Chief of the U.S. National Observatory.

* In those days soundings were effected by a hempen line offering enormous surface
resistance. Soundings by such means were unreliable on account of the slow rate
rendering it difficult to ascertain when bottom was reached. For the same reason
the process was a lengthy one. Sir William Thomson introduced his pianoforte wire
machine in 1872, and this has since been considerably improved on in the sounding
machines of Mr F. R. Lucas, Messrs Johnson and Phillips, and the Silvertown Company,
the latter having made a speciality of submarine survey.

* The specimens which were brought up from depths ranging between 1,700 to 2,400
fathoms, in the region of the so-called ‘ telegraph plateau,” bore a very strong resemblance
10 exceedingly finely powdered chalk. ‘Their appearance at the bottom of a glass vessel
was that of a light brown muddy sediment, in which were observed minute hard particles,
bardly any of which exceeded one-fiftieth of an inch in diameter.

To quote from the report made by Prof. T. H. Huxley, F.R.S., on the specimens of
the bottom obtained, and illustrated in Fig. 14 :—* Fully nine-tenths consist of minute
animal organisms, called foraminifere, provided with thick skeletons composed of
arbonate of lime. The species of the ‘foraminifera,” of which 85 per cent. of the
specimens consist, is called globigerina.”

The specimens shewn have been magnified about 250 times their natural size,
and were, as may be seen, of various dimensions and shapes, yet with general points
of ressmblance.

The actual words used, in this connection, by Lieut. Maury, in the course of his
report on the proposed trans-Atlantic cable, were:—* The bed of the sea between
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The question of suitable landing-places for the cable ends necessarily'/

arose, and Trinity Bay, Newfoundland, was considered eminently adaptecg,
for the purpose, being about the nearest point, and having a very deeg
entry guarded by banks on cach side. Thus, if icebergs grounded on cithe
bank—as frequently happened—they could not, when reduced in their siz
by melting, touch, while drifting, the greater depth of the main channel, it
the deepest part of which the cable would be submerged.

On the Irish side, Mr Edward Bright, the manager of the “ Magnetic
Telegraph Company, with some of his staff, examined the various harbour
and beaches between Dingle and Bantry Bays, on the extreme south-wes
promontory of Ireland, the nearest land towards America. Mr Brigh..g-f
chartered a .fishing-smack for the purpose; and after considering th"~
question of freedom from anchorage, rocks, soft protected landing
together with the available Admiralty soundings, he pronounced Valentia—
Bay as the most suitable locality. This selection has since been we
justified, judging by the number of cables subsequently landed there, ¢
in the immediate vicinity.

The actual route decided on for the entire line is shewn in the cha
facing this page, with the soundings referred to above.

During the above preliminaries a large number of specimens of types
cables were made by Messrs Glass, Elliot, and Co., and tested for strengt
in connection with their weight and other conditions.

On the 3rd of October 1856, the results of Mr Whitehouse's expes
mental researches—cxtending over several years—were shewn to Profess
Samuel Morse, LL.D,, the clectrician of the New York and Newfoundlat
Company, at the central office of the * Magnetic” Company, in Londc
and on the 2oth of that month the Atlantic Telegraph Company w—
registered.

Ircland and Newfoundland is a plateau, which scems to have been placed the
especially for the purpose of holding a submarine telegraph, and of keeping it out
the way.” —_—
In later years, the nccessity of soundings beiny taken in greater proximity to ¢
another having forced itself upon the minds of those enzaged in cable work, subseque
experience has shewn this bed not to be so plateau-like as was then supposed, thou
no very serious irregularitics occur on this route as against what may be foun¢
hundred miles or so south, where the * Faraday Hills” were discovered later on
S.S. “ Faraday,” when cable-laying for Messrs Siemens Brothers.
The above-mentioned supposed *platcau 7 was certainly made the most of at the ti™ "
in various diagrams and maps, purporting to shew the extreme evenness of the propoe
course in comparison with ncighbouring beds of the Atlantic. R

* Sometimes still spelt Valencia—7.e., in the same way as the place on the east co
of Spain. o
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The British Government encouraged the project by a guarantee of
£14,000 per annum (during the working of the cable), and promised vessels
to assist in laying it.

The £350,000 necessary for the work was then obtained in an abso-
lutely unprecedented manner. There was no promotion money, no
prospectus published, no advertisements, no brokers, and no commissions;
neither was there at that time any Board of Directors, or executive officers.

The election of a board was left to a meeting of shareholders, to be held
after allotment by the provisional committee, consisting of the subscribers to
the memorandum of association. Any remuneration to the projectors was
left wholly dependent upon, and subsequent to, the shareholders’ profits
being over 10 per cent. per annum, after which the projectors divided the
surplus.

The campaign was opened in Liverpool, the headquarters of the
“Magnetic” Company, the greater proportion of that company’s share-
holders being merchants and shipowners there, who foresaw the value of
the United States being connected telegraphically with this country and
Europe through their Irish lines.

A notice, issued by Mr Edward Bright, on a half-sheet of notepaper,
brought together a crowded meeting of the foremost people of Liverpool, at
the Underwriters-Rooms. on the 12th November 1856. The inspiriting
addresses of Messrs Field and Brett, accompanied by the scientific
explanations and answers of Mr Charles Bright, were exceedingly well
received.

The “ Magnetic” Company had prospered under Edward Bright as
manager and Charles Bright, their engineer; and the very grandeur of
the enterprise, coupled with Charles Bright's convincing experiments
and the facts so lucidly laid before them by Messrs Brett and Field
the latter acting subsequently as general manager), commended it to the
company’'s shareholders and friends, who may be said to have represented
the adventurous spirit of the mercantile and manufacturing pioneers in
the chief centres of Lancashire, Yorkshire, and Scotland.

In the matter of the Atlantic cable, Liverpool led the way. Charles
Bright, with the then Mayor and Mr Charles Pickering (of Messrs
Schroder ), headed the public subscription list, their example being soon
followed by many others. Similar meetings were at once held in Man-
chester and Glasgow, subscription lists being opened at the Magnetic
Company’s offices there, and at London, etc. In a few days the £350,000 *

* To meet the cost of additional cable and expenses, this capital was increased the
following year to £465,000 by the issue of * Debentures.”
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was raised by the issue of 350 ordinary shares of £1,000 each !—chiefly
taken by the shareholders of the “ Magnetic” Company and their friends.*

The board was then formed, including such names as the late George
Peabody, Samuel Gurney, T. A. Hankey, C. M. (afterwards Sir Curtis
Lampson, and Mr (afterwards Sir William) Brown, of Liverpool. Of the
number elected, nine were directors or shareholders of the “ Magnetic'
Company, including Mr J. W. Brett. Two names may be specially
referred to as destined, in different ways, to have the greatest possible
influence subsequently in the development of submarine telegraphy. M:
(afterwards Sir John) Pender, G.C.M.G., M.P,, was then a director of thc
*“ Magnetic” Company, and has since taken the most active and fore:
most part in the vast extensions—linking up the whole of the world—that
have followed, including the Mediterranean w#za Gibraltar, Malta, and
Alexandria; India v7a the Red Sea; China, Australia, Brazil, Africa (eas!
and west to the Cape), and a large proportion of the many existing trans.
Atlantic cables. He was the first chairman of the Telegraph Constructior
and Maintenance Company ; and is at present chairman of nine grea
telegraph companies, representing some £15,000.000 of capital, and mainly
carricd through prosperously by his foresight. influence, and indomitable
business energy.* ‘

Another director was Professor \William Thomson, F.RS. (L. & E.
of Glasgow University \now Lord Kelvin), who was not only a tower o
scientific strength on the board, but was an ardent believer in the Atlantic
cable—so much so that he had communicated his views as to its practi
cability to the Royal Society in 1834 His accession was destined to prove
of vast importance in influencing the development of the trans-oceani
svstem, for his subsequent experiments on the Atlantic cable, during
1837238, led up to his invention of the manne galvanometer, whereby the
mst attenuated  currents of  electricity, incapable of producing visibl
signals on other known electrical instruments, were, by the use of :
reflevtad beam of light, so magnitied in their effect as to be readily legible.

* Ultmatey by otar the largest imdnedual sedsemhers were Mr John Watkins Bret
and My Cvees Pieidl Dogh meen o Rorteme. TRy ealh ook zp twenty-five shares in th
fen eatanve Xt hoeh malinvad therr pemsonal Cziznest wery ceastderably before allotment
erdeads M Brent rmadocad Bso Sy RN and Mt Felld esdeavoured to get the sam
R S S e N S e X

PN nov Nese oy Wt weiizs N Tz Tenlar’s Limernied death has occurrec
A et 4oy W N sl ¢ '3 services to submarin
weg et e 2 Taz as dooe o muxch for the caus
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Mr (afterwards Sir Charles) Bright was appoinM chief engineer by
the board, with Mr Wildman Whitehouse as electrician, and Mr George
Saward, secretary.

The construction of the cable was taken in hand the following February.
The distance from Valentia, on the Irish coast, to Trinity Bay in New-
foundland, the two landing points selected, being 1,640 N.M., it was
estimated that a cable length of 2,500 N.M. would be sufficient to meet
all requirements. The Gutta-percha Company of London were entrusted
with the manufacture of the core, consisting of a strand of seven No. 22
copper wires (total diameter No. 14 gauge) weighing 107 lbs. per N.M,,
insulated with three coatings of gutta-percha (to § inch diameter) weighing
261 lbs. per N.M., the conductor being, in fact, covered to No. oo BW.G.*

After various experimentst with sample-lengths of different iron wires
made up into cable, the contract for the outer sheathings was divided
equally between Messrs Glass, Elliot, and Co., of Greenwich,} and
Messrs R. S. Newall and Co., of Birkenhead.§ The core was first sur-
rounded with a serving of hemp saturated with a mixture of Norwegian

F1G. 15.—First Atlantic Cable (1857-58).

(Stockholm) tar, pitch, linseed oil, and wax, and then sheathed with eighteen
strands, each containing seven Best (bright) iron wires of No. 22 gauge,||
the completed strand being No. 14 gauge in diameter. The cable (Fig. 15)

* This formed a much heavier core than had ever been previously adopted, and the
difficulties of manufacture were proportionately greater.

t These experiments were superintended at the works of Messrs Brown, Lenox,
and Co., the famous engineers of cable work appliances.

+ At Morden and Enderby’s wharves, the latter being rope-works just taken over by
this firm.

§ This subdivision of labour—by half the contract being eventually assigned to
Messrs Newall—was decided on in order to complete the work in the time, and with a
view to meeting threatened opposition.

| Thijs form of sheathing was the suggestion of that distinguished engineer,
the late Mr I. K. Brunel, and was, no doubt, to a great extent adopted as being a
“set off” to the heavy types which had just before proved so unsuitable for laying (or
recovering) in the deep waters of the Mediterranean. In the same way, some authorities
even advocated a hempen cable without any iron sheathing whatever. Brunel’s strand
armour of comparatively small wires proved beautifully pliable, and, when new, had many
points in its favour for cable operations, though the individual wires were somewhat
subject to breaking and getting loose from the rest. A large number of such small wires
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was then passed through (or received a coating of) a mixture of tar, pitch,*
and linseed oil.t Its weight in air was 1 ton per N.M., and in water only
13.4 cwt, with a breaking strain of 3 tons 5 cwt.,, equivalent to nearly five
miles of its weight in water. It was found that the process of galvanising
could not be applied to so fine a wire as that employed in the strand-
sheathing of this type.

For a length of 10 miles at the Valentia end, and for 15 miles out
from Trinity Bay, the sheathing consisted of twelve iron wires of No. o
gauge, making the weight of the shore-end cable 8.1 tons to the N.M.
(Fig. 16).

A part of this was furnished with an increased thickness of insulation so
as to cope with the rough work it was likely to be subjected to, and
thus imbue it with a longer life. OQutside the previously constructed

core it was further covered up to } inch with
an additional two coats of gutta-percha com-
pound, being a mixture of common gutta with
mahogany and wood-dust.} This part of the
shore-end type, with the core as above, is shewn
in the figure. The greater portion, however
(and all that subsequently laid at the New-
foundland cnd), had the ordinary core, the same
as the deep sea, and a lighter shore-end type
used for shoal water a little way out.
¥16. 16.—Shore-End Type. The cable had to be delivered in June
1857, which only allowed four months for
the entire completion of its manufacture! To give an idea of what
this meant, it will suffice to say that no less than 119} tons of copper

do not, however, make up a dwrablc type of cable, for the following reasons :—(1)
Increasced total area exposed to rust ; (2) greater serivusness in same degree of rusting
of each wire; (3) difficulty of galvanising so small a section. Moreover, on account of
the length of time involved in laying up the strands beforehand, this may be said to be
an expensive form of armour. It was certainly, however, a wonderfully good type,
mechanically speaking, for that time; and it is quite a question now whether it was not
preferable to that which followed over the cables of 1863, 1866, 1869, etc., in the same
waters. In 187 a portion of this cable was picked up from a depth of 2,000 fathoms in
very good condition, on the occasion of other repairs being effected ; also again in 1880
in 212 fathoms.

* New specimens of this cable are usually made up without any external compound
for reasons of convenience. This compound was again applied by brushes after the
cable had been coiled in the tank.

t A scries of interesting articles, descriptive and illustrative of the various stages
of constructing this line, appeared in the ///ustrated London Newos at the time.

I This was mainly intended as a further mechanical protection to the inner core from
the weight and stiftaess of the heavy wire sheathing.
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had to be provided for the construction alone. This copper had to be drawn
out into 20,500 miles of wire (providing for the lay); and seven parts
of this wire had to be laid up into a strand 2,500 miles long. For the
insulation, moreover, nearly 300 tons of gutta-percha were required to be
prepared, and applied to the conductor in three scparate coatings. Lastly,
and with a due allowance for lay, 367,500 miles of wirc had to be drawn
from 1,687 tons of charcoal iron, and laid up intc about 50,000 miles of
strand*® for the outer sheathing.t

Added to this, the ships had to be sclected and got rcady to reccive the
cable. Moreover, machines both for manufacturing and laying had to be
constructed as well as designed. }

This race against time was the outcome of an unfortunate engagement
(insisted upon by Mr Field in connection with his American arrangements)
on the part of the company towards its shareholders and the public.
Messrs Bright and Whitehouse urged that more time should be given, to
ensure greater care in manufacture, and the former advocated a different
type of cable, with a conductor morc than three times as large, and a much
greater thickness of insulation.§ But the contracts | had been given out by
the provisional committee before he was appointed to the post of engineer.

* The entire length of wire used in the manufacture of this cable was, in fact, enough
to girdle the earth thirteen times.

t The two firms engaged in the construction of this cable unfortunately applied the
sheathing wires with opposite lays. Messrs Newall adopted the more ordinary (right-
handed) lay, as had previously been the custom for telegraph cables as for ropes.
Messrs Glass and Elliot discovered, however, that fresh turns would be put into a cable
with such a lay in the act of coiling (right-handedly) into the tank of the laying vessel.
They, therefore, laid up the wires the opposite way, so that in coiling down, the turns sct
up in manufacture would be taken out again. They did not, however, advise the other
parties concerned of this change, and thus it was not known till afterwards. The
lefi-handed lay of Messrs Glass and Elliot is now invariably adopted in the construction
of telegraph cables.

{ The late Mr Willoughby Smith bore suitable and independent testimony to thesc
abnormally hurried conditions for the amount of work to be done in his *“ Résume of the
Earlier Days of Electric Telegraphy,” delivered to the Society of Telegraph Engineers
during their meetings at Paris on the occasion of the Electrical Exhibition in 1881.
{See Journal Soc. Tel. Engrs., vol. x. No. 38.)

y The type of core actually recommended by Sir Charles Bright was “a copper
conductor composed of seven equal wires of maximum purity stranded together, of such
a gauge as is equivalent to a weight of 392 Ibs. (34 cwt.) per N.M. This conductor to be
covered with three coatings of gutta-percha of a thickness represented by the same
weight per N.M. as the conductor.”

it The contract price for the entire length of cable manufactured for the First Atlantic
Line was £225,000, the core costing £40, and the armour £50, per mile.

An Atlantic cable of the present day runs into about half a million sterling. Gutta-
percha in those days was less scarce ; on the other hand, its manufacture was more of
a novelty, and there was less competition in the whole practice of cable-making.
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There was not time to provide proper buildings or tanks on shore, and the -
cable consequently was laid dry, and exposed to the sun’s heat, which
injured some upper layers that had to be subsequently cut out. Un-
fortunately no experience in these matters was at hand, or no doubt the
extreme importance of such questions would have been better appreciated.*

To carry through the then unprecedentedly heavy work devolving upon
the engineering department, Charles Bright associated with himself Messrs
Samuel Canning, W. Henry Woodhouse,t F. C. Webb,} and Henry Clif-
ford. The three former had been prominently connected with cable-laying
for some years, and the fourth was a most able mechanical engineer.

The British Government placed H.M. battle-ship “ Agamemnon” (ninety-
one guns) at the Company’s service. She had been Admiral I.yons’ flag-

U.S. Frigate *‘ Niagara,” used for laying the Atlantic Cable of 1858.

ship at the bombardment of Sebastopol, and was well suited for the
purpose, her tonnage being 3,200, and her two screw engines well aft, while
amidships she had a magnificent hold 45 feet square and about 20 feet
deep. In this capacious receptacle nearly half the cable was stowed away,
from the works at Greenwich, the balance being divided in two other small
coils. She was in charge of Commander C. T. A. Noddall, R.N,, and was

* Iron tanks were strongly urged by Mr Bright for stowing the cable in to permit of
it being kept constantly covered with water after manufacture, and until being submerged.
This recommendation was, however, only followed to the extent of keeping the core in
water during testing operations.

t Like Mr Canning, this gentleman was originally a railway engineer.

1 Mr Webb has probably had a greater experience in all phases of cable work than
any one ; moreover, he has taken prominent part in more of the early expeditions than
most of the pioneers.
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one of the finest of the line of battle-ships in our navy at the time. Mr
H. A. Moriarty, R.N., was to serve as navigating master. :

The other half of the cable, made at Birkenhead, was coiled on board
the U.S. steam frigate “ Niagara” (sec p. 36), Captain W. L. Hudson, lent
by the United States Government. She was the finest vessel in their navy,
of 5,000 tons, and had only recently been modelled by Mr Steers, the great
vacht builder of America. Her lines were in fact those of a yacht; and
it cost Captain Hudson a great pang when he discovered how much she
had to be chopped about to take the cable.

During the brief pcriod available, Mr Bright, in conjunction with
Mr C. De Bergue, of Manchester (a mechanical engineer of some note),
and with the able assistance of Mr Clifford, devised the machinery for
paying out the cable, the main principle of which is shewn in Fig. 17. It
included a Salter’s balance arrangement, intended to indicatc the strain on
the cable.*

The above application of a Salter’s balance as a dynamometer for cable-
laying did not prove satisfactory. The vibration of the levers and rigidity

P ) B

[ ——

Fic. 17.

of the friction-brake prevented it giving a steady indication of the strain,
such as could be read off with any sense of accuracy. The same plan had,
however, previously been adopted with some success when cable-laying in
the comparatively shoal waters of earlier cables.

. Mr Bright also had what was aptly termed a “crinoline,” + or cage of
iron bars, fixed round each ship’s stern as an external guard to prevent the
cable from fouling the screw, if necessity arose for backing the vessel. }

* This machine was constructed and set up on both ships by Messrs De Bergue and
Co. It was afterwards substituted by another, in the following expedition, designed by
Mr Charles Bright, with the co-operation of Mr H. Clifford, and Messrs Easton and
Amos, the makers.

t Nowadays known as a screw-guard, and fitted to the telegraph ship “ Faraday.”

t This was a particularly suitable precaution in this instance, owing to the fact that
on both ships the picking-up apparatus (as well as that for paying out) was at the stern.
On more than one occasion the cable was thus spared from coming into contact with the
ship's propeller.

The question of recovering and repairing a cable in deep water had not been much
gone into at that time. Thus, the picking-up gear, placed alongside that for paying out,
fmd worked by steam, was merely intended as an auxiliary for hanging on to, or hauling
inboard again, any short length in the event of a fault or any mishap occurring whilst
laying the cable, the paying-out apparatus not being fitted with any steam-engine.
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In addition, he devised an electrical log, completing and breaking the
circuit at every revolution. Here, by means of a gutta-percha covered
wire passed up the line, the log itself continuously signalled and recorded
the speed through the water.

It had been intended to start laying from mid-ocean from both ships,
one towards Ireland and the other to Newfoundland, so as to ensure a
quiet time for making the splice (for thus they could wait in the middle
and choose their weather), and also thereby reducing the period of laying
by one-half. This course was strongly urged by Mr Bright and his
experienced staff of engineers. However, the electrician, Mr Whitehouse—

The Lord-Lieutcnant of Ireland making a Speech on the Starting of the First
Expedition from Valentia Bay, 6th August 1857,

whose health did not permit him to go out on the expedition—urged
starting from Ireland. Owing largely to the anxiety of the board to have
continued reports of progress, Mr Whitchouse's views prevailed.

After valedictory speeches from the Lord-Lieutenant (the Earl of
Carlisle) and others (sce illustration from //lustrated London News), the
cxpedition started from Valentia on the 6th August 1857. It consisted of
the “ Niagara,” from which the first half of the cable was to be laid, and
the “ Agamemnon ”; and, as cscorts, H.M. paddle frigate “ Leopard,”
Captain J. F. B. Wainwright, RN, and the U.S. paddle frigate “Susque-
hanna,” Captain J. R. Sands, U.S.N., whilst H.M. sounding vessel “Cyclops,”
Commander Dayman, R.N,, preceded what became known as the “ Wire
Squadron ” to shew the way.
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The greater part of the heavy “shore-end ” cable had been laid just
before (see illustration below), by a small steamer, the “ Willing Mind,”
assisted by H.M. tender “ Advice” and several launches, from Ballycar-
berry, a little cove off Caherciveen, Valentia Harbour.*

The “ Niagara,” having three miles of the shore end on board joined to
the main decp-sea cable, spliced on to what was already laid, and then
started paying out, at the rate of two knots, the rest of the heavy
shore end. Three-quarters of an hour later, the shore end, owing to its
cxtreme rigidity, slipped off the paying-out sheaves, jammed on the axle,
and parted. It was at once underrun from shore, and spliced up again;
and, on the 7th, the “ Niagara” resumed paying out.

Landing the Shore End of the First Atlantic Cable by S.S. ¢ Willing Mind,”
at Ballycarberry, Caherciveen, Valentia Harbour, sth August 1857.

“For three days cverything procecded as satisfactorily as could be
wished. The paying-out machinery worked perfectly in shallow, as well
as in the deepest, water; and, moreover, during sudden transitions from
one to the other.

“ At four o'clock in the morning of the 10th, the depth of water began
to increase rapidly, from 550 to 1,750 fathoms in a distance of eight miles:
Up to this time, a 7-cwt. stress sufficed to keep the rate of paying
out ncar enough to that of the ship; but, as the water deepened, the pro-
portionate speed of the cable advanced, and it was necessary to augment

* A branch cable was also eventually laid from Ballycarberry (on opposite side of
river Caher) to Knightstown, Valentia Island, the distance being about 1} miles.
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the holding-back pressure by degrees, until, in the depth of 1,700 fathoms
the indicator shewed a strain of 15 cwt.,, while the cable and ship were
running 54 and 5 knots respectively.”

Mr Bright (as engineer-in-chief) wrote afterwards :—

“ At noon on the 10oth we had paid out 255 miles of cable, the vessel
having made 214 miles from the shore. From this period, having reached
2,000 fathoms of water, it was necessary to increase the strain to a ton, by
which the rate of the cable's egress was maintained at the required pro-
portion (to yield the required slack) to that of the ship’s speed. At six
o'clock in the evening some difficulty arose through the cable getting out
of the sheaves of the paying-out machine, owing to the tar and pitch*
hardening in the groovet and a splice of large dimensions passing over
them. This was rectified by fixing additional guards (or scrapers), and
softening the tar with oil. It was necessary to bring up the ship, holding
the cable by stoppers until it was again properly disposed round the
pulleys. This event was of some importance, as shewing that it is possible
to ‘lay to’ in deep water without continuing to pay out the cable, a point
upon which doubts have frequently been expressed.” }

The laying proceeded with regularity till daylight of the 11th. Then,
during the temporary absence of Mr Bright, the brakes were put down by
the mechanic in charge at the wrong moment. There was a heavy head
sea at the time, causing the ship to pitch very much, and a sudden scud
broke the cable 20 fathoms below the surface. The depth where the
accident occurred was 2,050 fathoms. The distance made good was 274
N.M,, and the cable expended 334 miles.

Only 916 miles of cable now remained on board the “ Niagara,” making,
with 1,250 miles in the “ Agamemnon,” a total of 2,166 miles. This not
being considered sufficient for the distance to be covered, the expedition
returned to Plymouth. The cable was taken ashore at Keyham,§ well

* This is, to a great extent, explained by the fact that the inner serving compound
oozed out of the hemp through the stranded armour, under pressure during paying out.
It was the hottest time of the year, it must be remembered, and the cable had not been
cooled in water at all. This compound consisted of an undue allowance of pitch (in
proportion to the quantity of tar), with the result that, being somewhat heavy and
sticky, it gave much trouble both in the tank and on the drum during paying-out opera-
tions. It was responsible, indeed, for many an anxious moment.

t+ The unequal accumulation of compound on the grooves of a part of some of the
sheaves, in an irregular fashion— causing them practically to present varying diameters—
had, moreover, the effect of introducing continually unequal rates for the cable at different
parts of the apparatus ; and this alone would be cnough to result in the cable jumping
off the sheaves.

+ Mr Charles Bright’s Report to Directors, based on Engineer’s log.

§ At that time forming a part of the present Devonport Dockyard, near Plymouth.
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tarred, and left dry for fear of rusting the iron sheathing wires, which, for
reasons already mentioned, were ungalvanised. The faulty portions were
cut out, and a new length of 700 N.M. manufactured by Messrs Glass,
Elliot, and Co., which, with 39 miles recovered of the 1857 cable, brought
up the total amount of available cable to 2,905 N.M.

The paying-out machinery was entirely altered by Mr Charles Bright.
The four wheels over and under which the cable passed in the form of a
figure eight, as shewn in Fig. 17 (p. 37), were dismounted and replaced by
a brake gear, constructed to the orders of Mr Bright on lines agreed on
with a committee called together by him on behalf of the Atlantic Com-
pany.* Figs. 18, 19, 20, 21 (Plate V.), shew the details of the machinery
which was eventually mounted on board both ships in substitution for the
previous gear. Two drums of large diameter, A and B, each having four
deep grooves, were placed tandem fashion, one in front of the other.t Two
smooth brake wheels, placed side by side, were “keyed” on to each drum-
shaft and partially surrounded with wooden blocks, which were held in
place by strong bands of sheet-iron.

One end of each band was secured to the framework, and the other
connected up to a bent lever N. The lever arms, to which weights could
be attached, were raised or lowered as required, to regulate the pressure of
the blocks on the brake wheels, and to control the speed of revolution.
The two pairs of brake wheels were coupled together by large spur wheels
on the outer ends of their shafting, both of which geared into an inter-
mediate pinion wheel E. The cable coming from the tanks and passing
under a lightly weighted jockey,} was guided by a grooved pulley or
V-sheave L, along the tops of both drums in the outer groove, then threce
times round the two drums, passing finally along the top of both, in the
inner groove, over a pulley F, and thence to the dynamometer. By this
arrangement the cable only touched the outer half circumference of each
drum. The dynamometer consisted of a grooved pulley  and crosshead
0 sliding between two upright guides on the framework. From the cross-
head 0 a rod was suspended, to which weights could be attached, and which

* This committee was constituted as follows :—- Thomas Lloyd, Chief of Steam
Department, H.M. Navy ; Joshua Field, of Messrs Maudsley and Field; and John Penn,
of Greenwich. Mr Bright also conferred with Mr Appold and Mr Amos (of Easton and
Amos), as well as with Mr Everett and Mr Clifford, on the subject.

+ The V-sheaves of the 1857 machine were replaced by grooved drums, as giving more
control over the cable, thereby rendering them especially useful in an emergency. The
same principle had previously been turned to account in Bright’s picking-up apparatus
of 1857, which was now practically modified to the requirements of a paying-out gear.

! The cable here was led through a guide (with a jockey-weight as a compressor).
This arrangement, whilst leading the line on to the drums, at the same time checked it
shyhtly. It is shewn at J in the figure.

D
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terminated in a piston, working up and down in a cylinder filled with
to lessen the jar of the descending weights under sudden variations
strain. From the top of the pulley F, the cable passed under the moval
sheave of the dynamometer, then over a second sheave fixed at the sas
height as F, and so into the sea. Vertical scales, graduated for the differt
weights in use, were set up on the dynamometer frame, a pointer attack
to the moving crosshead, or carriage, indicating by its rise and fall the va
ing tension of the cable. This species of dynamometer was designedag
Mr Charles Bright, and is to be seen on all telegraph ships at |
present time.* N

Near the base of the dynamometer was placed a hand wheel W, similagf 0%\
those in use for steering purposes. On the barrel of this wheel was WOE
one end of a chain, which passed over two pulleys, R and Q, secured to
outer arms of the bent levers N. The assistant stationed at the w
(see illustration at head of chapter) easily followed the indications of
dynamometer, and, by turning the wheel in the required direction, cc:
regulate the strain by lifting or lowering the weights attached to :
bent levers, and so opening or closing the brakes. In Fig. 18,sisaw
(or oil) cylinder with piston-rod and weights v regulating the pressure
brakes attached to paying-out drums. T is a water cylinder with pisf’
rod and small weight attached to brake of sheave guiding cable y
one turn from the jockey lever J to the drums.

This friction gear for controlling the speed of egress is usually spo
of as “ Appold's brake.”+ As may be seen from the foregoing descript
and still better in detail from Figs. 22 and 23, the above ingenious

L

* A dynamometrical arrangement of the same principle, but of a somewhat he?
character for the greater strains experienced, is also employed in the operations conn{
with the recovery of submarine lines. Here, in dragging for a cable, the dynamo!
apparatus may be said to take the same part as the float does in fishing—by
warning of any nibble, so to speak. In the case of cable work, a bite, during grapj
is indicated by a tug on the line to the extent of something like three tons additional s

t The late Mr John George Appold had previously invented a brake on this pris
(Patent No. 13,586 of 1851), for “regulating and ascertaining the labour performq
manual or other power.” This was intended more especially for application to the
done by prisoners on the crank, by means of which the exertion of turning it co
absolutely regulated from outside the wall to meet the varying strengths of pris T
It was also used later for measuring the power of agricultural and other portable eng
The actual brake apparatus, described in the text above, and shewn in detail,
dynamometric connection, in Figs. 22 and 23, was an improved modification of
embodied in the patents of Mr Charles Bright (Nos. 990 and 1,294 of 1857), adapte Cable ¢
cable operations, and referred to earlier.  Fig. 24 shews the brake-drum, in section st
ning through the tank of water. This modification was mainly due to the lat
J. C. Amos, an engineer of great ability, of that eminent firm, Messrs Easton and .
(now Messrs Easton, Anderson, and Goolden), who not only constructed and fitted
the cable gear for this undertaking, but also took an active part in the arrangements
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of brake is self-relieving—indeed, in certain senses, self-adjusting. By its
means, though the strain could be reduced at a ‘moment’s notice, it could
not be 7ncreased by the man at the wheel.

This entire apparatus has since been universally adopted for submarine
cable work, with the exception that a single flanged drum fitted with knives
{end view of Fig. 22), takes the place of the grooved drums as a rule.*

Fnd Elevation. Side Elevation.
FiGs. 22 and 23.—D:tails of Appold Friction Brake, Dynamometer, etc., as applied to Cable

Work by Bright and Amos.
Mr W. E. Everett, US.N,, chief engineer of the “ Niagara,” who had
joined Mr Bright’s staff, and Mr Clifford, superintended the construction
and installation of all the cable machinery.

F1:. 24.—Appold Brake running through Tank of Water to Prevent Undue Heating.

In April 1858, Professor William Thomson (afterwards Sir William,
and now Lord Kelvin) had designed his first marine galvanometer + (Letters

* Besides the fact that the grooves introduce extra friction to the cable, there are,
even nowadays, several reasons for preferring this form of gear to any apparatus in which
aknife is introduced as a guide to “fleet ” the incoming turn.

+ A higkly sensitive modification of Gauss and Weber's very heavily constructed reflect-
ing telegraph of 1837. In virtue of its extreme sensitiveness, it had the effect of materially
reducing the length of time taken by a sufficient force of electricity reaching the further
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Patent No. 328), an instrument of extreme delicacy, adapted both for test-
ing purposes—especially aboard ship during cable expeditions—and for
receiving signals through long submarine cables *

Successful Expedition of 1858.—After some preliminary trials of
paying out and picking up cables in 1,800 fathoms in the Bay of
Biscay during the spring of 1858, H.M.S. “ Agamemnon,” Captain G.
W. Preedy, RN, and -U.S.N.S. *“ Niagara,” Captain W. L. Hudson,
U.S.N,, proceeded out (after a fearful storm, during which the “Aga-
memnon” nearly founderedt) into mid-ocean, between Newfoundland
and Valentia. Here the splice between the two portions of cable was
made ; and on the 16th of June the ships separated, the “Agamemnon”
laying towards Valentia, and the “ Niagara” in the direction of Newfound-
land. Whilst paying out, the cable parted three times in succession, and
each time the operation had to be commenced over again, 540 miles of
cable being lost in this way. After putting into Queenstown for supplies,
the expedition sailed again for mid-ocean, where once more work was begun
in the same way. To effect the splice aboard the “ Agamemnon ” between
the cable ends on the two ships, in the middle of the Atlantic, the following
was the course of procedure. In the first place, the end on the “ Niagara”

was passed to the “Agamemnon.” Owing to the outer wire covering
of each cable being laid in reverse directions, the ordinary splice was
impossible. A special, and naturally weak, form was involved; and pro-
vision had accordingly to be made to avoid any undue strain coming on
it. Two halves of a wooden frame, with a groove cut in each, were employed

end, such as was capable of actuating the indicating apparatus. This was the forerunner
of what we now term the mirror-speaking instrument, and may be said to have been the
means of first rendering ocean telegraphy a fai? accompli from an electrical and com-
mercial point of view. The latter fact will be appreciated, when it is stated that the best
instrument, contemporaneous with the Thomson mirror galvanometer, could scarcely
receive two words per minute, where the working rate of the “mirror” was ten to
twelve words, and with a subsequent improvement this was increased to a capability of
twenty per minute. Moreover, it required considerably less power.

It was a matter for regret that the electricians did not avail themselves of this beauti-
ful instrument until after the cable had been laid some time, and all other signalling
apparatus had failed, following on a few weeks’ use.  The asafic reflecting galvanometer
was not invented by Professor Thomson till some years later.

* This was an entirely different form of marine galvanoncter to what is at present
distinguished by that name, which was brought out by Professor Thomson in 1863—
about the same time as the astatic reflecting galvanometer.

t+ See Frontispiece, upper portion, from an original drawing by Mr Henry Clifford,
which was reproduced at the time by the ///ustrated London News. A life-like descrip-
tion of this event also appeared in Z%e Zimes shortly after the occasion.  During this
memorable storm the ship rolled to an angle of 435 at times, occupying over ten seconds.
The height of some of the waves from crest to hollow was said to be over 4o feet.
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for the two spliced ends to lay in, as illustrated in Fig. 25. The union of the
ends—by what is sometimes described as a “ball splice”—was the first
operation. This merely consisted of the wires overlapping each other bent
backwards and forwards — the only possible form for two cables with
opposite lays. This splice was then laid in the lower half of the frame, the
cable on each side resting in the groove. The arrangement of each end
in the frame is shewn here. The part forming the loops (served with
spun yarn and fitted securely in the groove) tended to prevent any strain
coming upon the splice, intermediate between them, by themselves
taking all the stress. The two halves of the frame (covered over with
iron boiler plate) were then bolted together, and thus formed a solid protec-

F16. 25.—Frame for Mid-Ocean Splice of First Atlantic Cable, 1858.

tion to the splice. A wire-rope ‘stay was sccured to the cable, and this
prevented any undue strain coming on the splice frame. The weight
attached to the frame was to prevent the frame and splice turning over
under tension. The whole arrangement has been characterised generally
as extremely ingenious. The “ Agamemnon” started paying out as soon
as the splice was lowered into the sea. After paying out a certain length
a signal was made to the “ Niagara” to do likewise. Then both ships
continued to pay out until the splice was supposed to have reached the
bottom, when each vessel proceeded on her course at 1 .M. on 29th July
1838, paying out cable in lat. 52° ¢° N. and long. 32° 27 W. The
“Niagara” steered towards America, with Mr Bright’s assistants, Messrs
Woodhouse and Everett, in charge respectively of the cable and machinery,
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whilst Mr C. V. de Sauty* was in control of the electrical department.t
Mr Cyrus Field was also on bozid;} and H.M.S. “ Gorgon,” Commander
Joseph Dayman, R.N,, escorted the * Niagara.” She had an uneventful
voyage, in fine weather, and was met by H.M.S. “ Porcupine,” Captain
Henry Otter, at the entrance to Trinity Bay, to pilot her to the landing-

Landing of the First Atlantic Cable in the Bay of Bull Arm, Trinity Bay,
Newfoundland, 5th August 1858.

place. Except for cutting out a fault in the wardroom coil on the 2nd
August, all went well, and the cable was landed (as shewn above) in a little

* After the expedition Mr De Sauty became superintendent at the Newfoundland
station.

t Besides Mr De Sauty, there were also on board either the “ Niagara” or the
“ Agamemnon,” as assistant clectricians representirig Mr Whitehouse and warking for
Professor Thomson, Mr J. C. Laws, Mr Whitchouse’s chief; Mr E. G. Bartholomew,
representing Professor Thomson on the “Agamemnon”; Mr F. Lambert, who afterwards
became a prominent electrician and member of Messrs Bright and Clark’s staff, and later
attached to Messrs Clark, Forde, and Taylor ; Mr H. A. C. Saunders; Mr Benjamin Smith,
now an authority on all electrical matters connected with cables, and superintendent
at the Eastern Company’s Alexandria station ; Mr Richard Collett; and Mr Charles
Gerhardi. Mr Whitehouse himself was not able to go on either expeditions on account
of his health. Mr Samuel Phillips, sen., was closcly associated with Mr Whitehouse in
most of his early rescarches ashore. Mr Saunders has since taken a prominent part in
the extension of submarine telegraphs in the capacity of chief electrician to the Eastern
and Eastern Extension Companies, besides acting as consulting electrician to other of
the allied companies. Mr Gerhardi has for many years represented the Direct Spanish
Company as its manager; and Mr Collett is the sccretary of the Brazilian Submarine
Campany. ’

# The expedition was additionally accompanicd by Mr Nicholas Woods, representing
The Times newspaper.  Mr Woods wrote a number of articles for 7/%e Zimes during the
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bay, Bull Arm,* at the head of Trinity Bay, Newfoundland, at 5.15 A.M. on
the sth August, when they “received very strong currents of electricity
through the whole cable from the other side of the Atlantic.’+ The tele-
graph house at the Newfoundland end (see illustration at foot of this section,
p- 56), was some two miles from the beach, and connected to the cable
end by a land line, as shewn.

The voyage of the “ Agamemnon,” laying the cable towards Ireland,
piloted by H.M.S. “ Valorous,” was by no means so prosperous, as she
experienced very rough weather and heavy head winds nearly all the way.
It was only by the constant watchfulness of Mr Bright and Messrs Canning
and Clifford that accident was avoided during the violent pitching of the
ship. On one occasion a fault was discovered only a very short distance
from the paying-out machine, Professor Thomson reporting that centinuity
had ceased. “The ship was stopped, and the splice was worked at as men
only could who felt that the life and death of the expedition depended upon
their rapidity. All their zeal was, however, to no purpose. As a last and
desperate resource the cable was stopped altogether, and for a few minutes
the ship hung on by the cable. The strain was continually rising above
two tons, and it would not hold out much longer. Fortunately it was only
for a few minutes; so as soon as the splice was finished, the signal was
made to loos<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>