A HISTORY

WIRELESS TELEGRAPHY
1838-1899

INCLUDING SOME BARE-WIRE PROPOSALS
FOR SUBAQUEOUS TELEGRAPHS

BY

J. J. FAHIE

MEMBER OF THE INSTITUTION OF ELECTRICAL ENGINEERS, LONDON, AND OF
THE BOCIETE INTERNATIONALE DES ELECTRICIENS, PARIS;
AUTHOR OF
‘A HISTORY OF ELECTRIC TELEGRAPHY TO THE YEAR 1887, ETC.

WITH FRONTISPIECE AND ILLUSTRATIONS

SECOND IMPRESSION

WILLIAM BLACKWOOD AND SONS
EDINBURGH AND LONDON
MDCCCC

AU Righta reserved Digitized byGOOSlG






54 | 82
JUN 12 1900

,

,,\ Q“ ) * ’,

- ¥ \4

PeBicated
TO

W. H. PREECE, Esquirg, C.B., F.RS,,

Past President, Institution of Klectrical Bogineers ;
President, Institution of Civil Engineers,
&e., &c.,
The First Constructor of a Practical
Wireless Telegraph,

AS A SLIGHT TOKEN OF ESTEEM AND PRIEXDEHIP,
AND IN ACKNOWLEDGMENT OF MAXY
KINDNESSES

EXTENDING OVER MANY YEARSs.

ounzeary GOOglE






viii PREFACE.

heard loud by him who has the electro-magnetic ear, but
will be silent to every one else. He will call, ¢ Where are
you?’ and the reply will come, ‘I am at the bottom of the
coal-mine,’ or ¢ Crossing the Andes,” or ‘In the middle of
the Pacific’; or perhaps no reply will come at all, and he
may then conclude the friend is dead.”

Soon after, in the course of a debate in the House of
Commons (April 2, 1897) on the Telephone monopoly, one
of the speakers said : *“ It would be unwise on the part of
the Post Office to enter into any very large undertakings in
respect of laying down telephone wires until they had as-
certained what was likely to be the result of the Rontgen
form of telegraph, which, if successful, would revolutionise
our telephonic and telegraphic systems.”

When cautious men of science spoke, or should I not
say dreamt thus, and when sober senators accepted the
dream as a reality and proceeded to legislate upon it, we
can imagine the ideas that were passing in the minds of
those of the general public who gave the subject a thought.
Well, two years have now elapsed, and the unbounded
potentialities of the new telography have been whittled
down by actual experiment to small practical though still
very important proportions; and so, those interested in the
old order can sleep in peace, and can go on doing so for a
long time yet to come.

Having in the course of many years' researches in electric
lore collected a mass of materials on this subject—for the
idea embodied in the new telegraphy is by no means new—
and having been a close observer of its recent and startling
developments, I have thought that a popular account of its
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PREFACE. ix

origin and progress would not now be uninteresting. This I
have accordingly attempted in the following pages.

At an early stage in the evolution of our subject, objec-
tion was taken to the epithet Telegraphy without Wires,
or, briefly, Wireless Telegraphy, as a misnomer (e.g., the
‘Builder,” March 17, 1855, p. 132), and in recent times
the objection has been repeated. Induction, Space, and
Ethereal Telegraphy have been suggested, but though
accurate for certain forms, they are not comprehensive
enough. A better name would be Telegraphy without
Connecting Wires, which has also been suggested, but it is
too cumbrous—an awkward mouthful. Pending the dis-
covery of a better one, I have adhered to the original
designation Wireless Telegraphy, which actually is the
popular one, and for which, moreover, I have the high
sanction of her Majesty’s Attorney-General.

In the course of a discussion on Mr W. H. Preece’s
paper on Electric Signalling without Wires (‘Journal
Socicty of Arts,’” February 23, 1894), Sir Richard Wehster
laid down the law thus: “I think the objection to the
title of the paper is rather hypercritical, because ordinary
people always understand telegraphing by wire as meaning
through the wire, going from one station to the other; and
these parallel wires, not connected, would rather be looked
upon as parts of the sending and receiving instruments. I
hope, therefore, that the same name will be adhered to in
any further development of the subject.” If thus the name
be allowable in Mr Preece’s case where, to bridge a space
of, say, one mile, two parallel wires, each theoretically one
mile long, are requisite, or double the amount required in
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X PREFACE.

the old form of telegraphy, it cannot be objected to in any
of the other proposals which are described in these pages,
certainly not to the Marconi system, where a few feet of
wire at each end suffice for one mile of space, or, to put it
accurately, where the height of the vertical wires varies as
the square root of the distance to be signalled over.

At the outset of my task I was met with the difficulty
of arranging my materials—whether in simple chronological
order, or classified under heads, as Conduction, Induction,
Wave, and Other or Miscellaneous Methods. Both have
their advantages and disadvantages, but after consideration
I decided to follow in the main the chronological order as
the better of the two for a history which is intended to be
a simple record of what has been done or attempted in the
last sixty years by the many experimenters who have
attacked the problem or contributed in any way to its
solution.

Having settled this point, the further question of sub-
division presented itself, and as the materials did not lend
themselves to arrangement in chapters, I decided to divide
the text into periods. The first I have called The Possible
Period, which deals with first suggestions and empirical
methods of experiment, and which, by reason of the want
of delicacy in the instruments then available, may not
inaccurately be compared with the Paleolithic period in
geology. The second is The Practicable (or Neolithic)
Period, when the conditions of the problem came to be
better understood, and more delicate instruments of research
were at hand. The third—-The Practical Period—brings
the subject up to date, and deals with the proposals of
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PREFACE. xi

Preece (Electro - Magnetic), of Willoughby Smith (Con-
ductive), and of Marconi (Hertzian), which are to-day in
actual operation. .

i- The whole concludes with five Appendices, containing
much necessary information for which I could not conveni-
ently find room in the body of the work. Appendix A
deals with the philosophic views of the relation between
electricity and light before and after Hertz, who, for the
first time, showed them to be identical in kind, differing
only in the degree of their wave-lengths. Appendix B
gives in a popular form the modern views of electric
currents consequent on the discoveries of Clerk-Maxwell,
Hertz, and their disciples. Appendix C reproduces the
greater part of Professor Branly’s classic paper on his
discovery of the Coherer principle, which is one of the
foundation-stones of the Marconi system. Appendix D
contains a very interesting correspondence between myself
and Prof. Hughes, F.R.S., which came too late for insertion
in the body of the work, and which is too important from
the historical point of view to be omitted.

In Appendix E Mr Marconi’s patent specification is
reproduced, as, besides being historically interesting ns the
first patent for a telegraph of the Hertzian order, it is in
itself a marvel of completeness. As the apparatus is there
described, so it is used to-day after three years’ rigorous
experimentation, the only alterations being in points of
detail—a finer adjustment of means to ends. This says
much for the constructive genius of the young inventor,
and bodes well for the survival of his system in the
struggle for existence in which it is now engaged.
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. xii PREFACE.

In the presentation of my materials I have allowed, as
far as possible, the various authors to speak in their own
words, merely condensing freely and, where necessary,
translating obsolete words and phrases into modern technical
language. This course in a historical work is, I think,
preferable to obtruding myself as their interpreter. For
the same reason I have given in the text, or in footnotes
thereto, full references, so that the reader who desires to
consult the original sources can readily do so.

I seem to hear the facetious critic exclaim, ¢ Why, this
is all scissors and paste.” So it is, good sir, much of it ;
and so is all true history when you delete the fictions with
which many historians embellish their facts. What one
person said or what another did is not altered by the pres-
ence or absence of quotation marks. However, the only
credit I claim is that due to collecting, condensing, and pre-
senting my facts in a readable form—no light task,—and if
my critics will award me this I will be satisfied.

Since the following pages were written, two excellent
contributions have been made by Prof. Oliver Lodge
and Mr Sydney Evershed in papers read before the Insti-
tution of Electrical Engineers, December 8 and 22, 1898.
These will be found in No. 137 of the ‘Journal, and,
together with the discussion which followed, should be
studied by all interested in this fascinating subject. Mr
Marconi has followed up these papers with one on his own
method, which was read before the Institution on the 2nd
of March last, and was repeated by general request on the
16th sdem. He does not carry the matter farther than I
have done in the text, but still the paper is worth reading
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A HISTORY OF

WIRELESS TELEGRAPHY.
1838-1899.

FIRST PERIOD—THE POSS1BLE.

o Awhlle forhear,

Nor scorn man's eﬂ‘orts ata nntural growth
‘Which in some distant age may hope to find
Maturity, if not perfection.”

PROFESSOR C. A. STEINHEIL—1838.

JusT mentioning en passant the sympathetic needle and
sympathetic flesh telegraphs of the sixteenth and seven-
teenth centuries, a full account of which will be found in
my ¢History of Electric Telegraphy to 1837 (chap. i),
we come to the year 1795 for the first glimmerings of
telegraphy without wires., Salvd, who was an eminent
Spanish physicist, and the inventor of the first electro-
chemical telegraph, has the following bizarre passage in
his paper “On the Application of Electricity to Teleg-

raphy,” read before the Academy of Sciences, Barcelona,
December 16, 1795.

After showing how insulated wires may be laid under

A
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PROFESSOR C. A. STEINHEIL 3

for an experiment of the kind with which we are dealing,
and had it been possible for Sommerring to have employed
a more delicate indicator than his water-decomposing appar-
atus he would probably have noticed that, notwithstanding
the shorter way, some portion of the current still went the
longer way ; and this fact could hardly have failed to suggest
to his acute and observant mind further experiments, which,
as [ have just said, might easily have resulted in his recog-
nition of the possibility of wireless telegraphy.

Leaving the curious suggestion of Salvd, which, though
seriously meant, cannot be regarded as more than a jeu
desprit —a happy inspiration of genius —and the what-
might-have-come-of-it experiment of Stmmerring, we come
to the year 1838, when the first intelligent suggestion of a
Wireless telegraph was made by Steinheil of Munich, one of
the great pioneers of electric telegraphy on the Continent.

The possibility of signalling without wires was in a
manner forced upon him. While he was engaged in estab-
lishing his beautiful system of telegraphy in Bavaria, Gauss,
the celebrated German philosopher, and himself a telegraph
inventor, suggested to him that the two rails of a railway
might be utilised as telegraphic conductors. In July 1838
Steinheil tried the experiment on the Niirmberg-Fiirth
nilway, but was unable to obtain an insulation of the rails
sufficiently good for the current to reach from one station
to the other. The great conductibility with which he
found that the earth was endowed led him to presume that
it would be possible to employ it instead of the return wire
or wires hitherto used. ~The trials that he made in order
to prove the accuracy of this conclusion were followed by
complete success ; and he then introduced into electric teleg-
Taphy one of its greatest improvements—the earth circuit.!

! For the use of the earth circuit before Steinheil's accidental dis-
covery, seo my ¢ History of Electric Telegraphy to 1837,” pp. 343-845,
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4 FIRST PERIOD—THE POSSIBLE.

Steinheil then goes on to say: “The inquiry into the
laws of dispersion, according to which the ground, whose °
mass is unlimited, is acted upon by the passage of the
galvanic current, appeared to be a subject replete with in-
terest. The galvanic excitation cannot be confined to the
portions of earth situated between the two ends of the wire ;
on the contrary, it cannot but extend itself indefinitely, and
it therefore only depends on the law that obtains in this
excitation of the ground, and the distance of the exciting
terminations of the wire, whether ¢t i8 mnecessary or not to
have any metallic communication at all for carrying on
telegraphic intercourse.

“An apparatus can, it is true, be constructed in which
the inductor, having no other metallic connection with the
multiplier than the excitation transmitted through the
ground, shall produce galvanic currents in that multiplier
sufficient to cause a visible deflection of the bar. This is a
hitherto unobserved fact, and may be classed amongst the
most extraordinary phenomena that science has revealed to
us. It only holds good, however, for small distances; and
it must be left to the future to decide whether we shall ever
succeed in telegraphing at great distances without any
metallic communication at all. My experiments prove that
such a thing is possible up to distances of 50 feet. For
greater distances we can only conceive it feasible by aug-
menting the power of the galvanic induction, or by ap-
propriate multipliers constructed for the purpose, or, in
conclusion, by increasing the surface of contact presented
by the ends of the multipliers. At all events, the phe-
nomenon merits our best attention, and its influence will not
perhaps be altogether overlooked in the theoretic views we
may form with regard to galvanism itself.” ?

In another place, discussing the same subject, Steinheil

! Sturgeon’s Annals of Electricity, vol. iii. p. 450.
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PROFESSOR C. A. STEINHEIL 5

says: “ We cannot conjure up gnomes at will to convey
our thoughts through the earth. Nature has prevented
this, The spreading of the galvanic effect is proportional,
not to the distance of the point of excitation, but to the
square of this distance ; so that, at the distance of 50 feet,
only exceedingly small effects can be produced by the most
powerful electrical effect at the point of excitation. Had
we means which could stand in the same relation to elec-
tricity that the eye stands to light, nothing would prevent
our telegraphing through the earth without conducting wires;
but it is not probable that we shall ever attain this end.” !

Steinheil proposed another means of signalling without
wires, which is curiously apropos of Professor Graham
Bell’s photophone. In his classic paper on *Telegraphic
Communication, especially by Means of Galvanism,” he
says: “Another possible method of bringing about
transient movements at great distances, without any inter-
vening artificial conductor, is furnished by radiant heat,
when directed by means of condensing mirrors upon a
thermo-electric pile. A galvanic current is called into play,
which in its turn is employed to produce declinations of a
magnetic needle. The difficulties attending the construc-
tion of such an instrument, though certainly considerable,
are not in themselves insuperable. Such a telegraph,
however, would only have this advantage over those
[semaphores] based on optical principles—namely, that it
does not require the constant attention of the obscrver;
but, like the optical ome, it would cease to act during
cloudy weather, and hence partakes of the intrinsic defects
of all semaphoric methods.” 2

! Die Anwendung des Electromagnetismus, 1873, p. 172. We now
have these means in “the electric eye’ of Hertz! See pp.181,256infra.
? SBturgeon’s Annals of Electricity, March 1839.  Acting on this
suggestion, in June 1880 the present writer, while stationed at
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6 FIRST PKRIOD—THE POSSIBLE.

EDWARD DAVY-—1838.

While arranging, in 1883, the Edward Davy MSS., now
in the library of the Institution of Electrical Engineers,
the present writer discovered two passages which he at first
took to have reference to some kind of telephonic relay;
but on closer consideration it would appear that Davy had
in view some contrivance based on the conjoint use of
sound and electricity, much as Steinheil suggested the joint
use of electricity and heat. The following are the passages
to which I refer :—

At the end of a long critical examination of Cooke and
Wheatstone’s first patent of June 12, 1837, he gays: “I
have lately found that there is a peculiar way of propagat-
ing signals between the most distant places by self-acting
means, and without the employment of any conducting
wires at all. It is to be done partly by electricity, but
combined with another principle, of the correctness of
which there can be no doubt. But until I know what
encouragement the other! will meet with I shall take no

Teheran, Persia, and while yet ignorant of Professor Bell's method,
worked out for himself a photophone, or rather a tele-photophone,
which will be found described in the ‘Electrician,’ February 26, 1881.
On my temporary return to England in 1882, I found that as early
as 1878 Mr A. C. Brown, of the Eastern Telegraph Company, was
working at the photophone. In September of that year he sub-
mitted his plans to Prof. Bell, who afterwards said of them: “To
Mr Brown is undoubtedly due the honour of having distinctly and
independently formulated the conception of using an undulatory
beam of light, in contradistinction to a merely intermittent one, in
connection with selenium and a telephone, and of having devised
apparatus, though of a crude nature, for carrying it into execution "
(‘ Jour. Inst. Elec. Engs.,’ vol. ix. p. 404). Indeed the photophone is
as much the invention of Mr Brown as of Prof. Bell, who, however,
has all the credit for it in popular estimation.

! That is, his chemical recording telegraph. See my ‘ History of
Electric Telegraphy,’ London, 1884, p. 379.
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EDWARD DAVY. 9

and Chemistry, and designed for the instantaneous convey-
ance of intelligence to any distance. After noticing some
of the greatest inventions of preceding times, Mr Edwards
undertakes to demonstrate clearly and briefly, in the work
which he has now in the press! the practicability and
facility of transmitting from London, instantaneously, to an
agent at Edinburgh, Dublin, Paris, Vienna, St Petersburg,
Constantinople, the Cape of Good Hope, Madras, Calcutta,
&c., any question or message whatever, and of receiving
back again at London, within the short space of one minute,
an acknowledgment of the arrival of such question or
message at the place intended, and a distinct answer to it in
a few minutes. In principle this engine is altogether
different from every kind of telegraph or semaphore, and
requires neither intermediate station nor repetition. In its
action it is totally unconnected with electricity, magnetism,
galvanism, or any other subtle species of matter; and
although the communication from place to place is instan-
taneous, and capable of ringing a bell, firing a gun, or
hoisting a flag if required, yet this is not effected by the
transit of anything whatever to and fro ; nor in the opera-
tion is aught either audible or visible, except to the persons
communicating. It may be proper, however, to state that a
channel or way must previously be prepared, by sinking a
series of rods of a peculiar description in the ground, or
dropping them in the sea; but these, after the first cost,
will remain good for ages to come, if substantial when laid
down,” 2 :

! In 1883 we searched for this book in vain. Under the name T.
W. C. Edwards we found in the British Museum Catalogue no less
than twenty entries of translations from Greek authors, and of Greek
and Latin grammars, &c. ; but nothing to show that the writer was
either a natural philosopher or a chemist.

? See also the ‘Mechanics’ Magazine,” vol. xiii., Firat Series,
p. 182,
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10 FIRST PERIOD—THE POSSIBLE.

From the concluding words of this paragraph it would
seem that the Auticatelephor was simply an application to
telegraphy of pneumatic or hydraulic pressure in pipes—
cautiously styled “rods of a peculiar description.” On this
supposition the last sentence may be paraphrased thus:
“It may be proper, however, to state that a channel or way
must previously be prepared, by laying down a continuous
series of hollow rods or tubes under the ground or along the
sea-bottom.” If our supposition be correct, and if Edwards
contemplated the use of compressed air, his proposal was
certainly novel ; but if he designed the use of compressed
water, the idea was by no means new. Without going
back to the old Roman plan of Aneas Tacticus, we have
its revival by Brent and others towards the close of the
last century, and the still more practical arrangements of
Joseph DBramah in 1796, of Vallance in 1825, and of
Jobard in 1827.

PROFESSOR MORSE—1842.

The idea of a wireless telegraph next appears to have
presented itself to Professor Morse. In a letter to the
Secretary of the Treasury, which was laid before the
House of Representatives on December 23, 1844, he
says i—

“In the autumn of 1842, at the request of the American
Institute, I undertook to give to the public in New York
a demonstration of the practicability of my telegraph, by
connecting Governor’s Island with Castle Garden, a dis-
tance of a mile; and for this purpose I laid my wires
properly insulated beneath the water. 1 had scarcely
begun to operate, and had received but two or three
characters, when my intentions were frustrated by the
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14 FIRST PERIOD—THE POSSIBLE.

of his constitution would have been bred a farmer. At an
early age ho evinced a great taste for reading, and every
moment that be could spare from his work as a linen-
weaver was devoted to his favourite books. Often, indeed,
he would be seen on his way to Arbroath with a web of
cloth tied on his back and an open book in his hands; and,
after dclivering the cloth and obtaining fresh materials for
weaving, he would return to Carmyllie in the same fashion.
Encouraged by these studious habits, Lindsay’s parents
wisely arranged that he should go to St Andrews Uni-
versity. Accordingly, in 1821 he entered on his studies,
and, self-taught though he had hitherto been, he soon made
for himself a distinguished place among his fellow-students,
particularly in the mathematical and physical sciences, in
which departments, indeed, he became the first student of
his time. Having completed the ordinary four years’
course, Lindsay entered as a student of theology, and duly
completed his studies in the Divinity Hall; but he never
presented himself for a licence, his habits of thought in-
clining more to scientific than to theological pursuits. In
the long summer vacations he generally returned to his
occupation of weaving, though latterly he took up teaching,
and thus enjoyed more time for the prosecution of his own
studies.

Coming to Dundee in 1829, he was appointed Science
and Mathematical Lecturer at the Watt Institution, then
conducted by a Mr M‘Intosh. Soon after, Alexander
Maxwell, the historian of Dundee, became a pupil, and this
is the picture he has left us of Lindsay :—

“ When I was with Mr M‘Intosh, I attended classes that
were taught by Mr Lindsay, a man of profound learning
and untiring scientific research, who, had he been more
practical, less diffident, and possessed of greater worldly
wisdom, would have gained for himself a good place
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JAMES BOWMAN LINDSAY. 15

amongst distinguished men. As it was, he remained
little more than a mere abstraction, a cyclopedia out of
order, and went through life a poor and modest school-
master.

“By the time I knew him he was devoting much of his
attention to electricity, to the celerity with which it was
transmitted to any distance, and to the readiness with
which its alternating effects may be translated into speech
—and I have no doubt he held in his hand the modem
system of the telegraph, but it needed a wiser man than
he to turn it to practical use. He also produced from gal-
vanic cells a light which burned steadily for a lengthened
period.

“His acquaintance with languages was extraordinary,
and almost equalled that of his famous contemporary, the
Cardinal Mezzofanti. In 1828 he began the compilation of
a dictionary in fifty languages, the object of which was to
discover, if possible, by language the place where, and the
time when, man originated. This stupendous undertaking,
which occupied the main part of his life’s work, he left
behind in a vast mass of undigested manuscript, consist-
ing of dissertations on language and cogitations on social
science—a monument of unpractical and inconclusive in-
dustry. In 1845 he published ‘A Pantecontagloesal
Paternoster,” intended to serve as a specimen of his fifty-
tongued lexicon.

“In 1858 he published ¢The Chrono - Astrolabe,” for
determining with certainty ancient chronology—a work on
which he had been engaged for many years; and in 1861
¢ A Treatise on Baptism,” which is a curious record of his
philosophical knowledge. . .

“In 1832 he obtained a situation as travelling tutor,
which was to take him abroad for some time. We loved
him as much as consists with a boy’s nature to love his

Digitized by G (0] 0816






JAMES BOWMAN LINDSAY. 17

Dundee Prison on a salary of £50 a-year, a post which he
held for upwards of seventeen years, till October 1858.
It is stated that shortly after taking up this office he could
have obtained an appointment in the British Museum, a
situation which would have been most congenial to his
tastes, and which would certainly have led to a lasting
recognition of his great abilities; but, being unwilling to
leave his aged mother, he declined the offer—a rare example
of devotion and self-denial. . . .

Lindsay was a bachelor, and lived alone, buried, it might
be said, in his books, collections of which, in history and
philosophy, science and languages, were heaped in every
corner of his dwelling—a small house of three apartments
(11 South Union Street). The kitchen was filled with
electrical apparatus, mostly the work of his own hands ; and
his little parlour was so crowded with books, philosophical
apparatus, and other instruments of his labour, that it was
difficult to move in it. To provide these things, he denied
himself through life the ordinary comforts and conveniences,
—bread and coffee, and other simple articles, forming the
principal part of his diet. His house in time acquired a
celebrity as one of the curiosities of Dundee, and men of
learning from distant parts, not only of the kingdom but of
the world, often came to pay him a visit.

In July 1858, on the recommendation of Lord Derby,
then Prime Minister, her Majesty granted Lindsay an
annual pension of £100 a-year, “in recognition of his
great learning and extraordinary attainments.” This well-
deserved bounty relieved him from the drudgery of a prison
teacher, and henceforth to the close of his life he devoted
himself entirely to literary and scientific pursuits.

Although never robust, Lindsay on the whole enjoyed
tolerably good health through life, but trouble came at last.

B
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18 FIRST PERIOD—THE POSSIBLE.

On June 24, 1862, he was seized with diarrhcea, which
carried him off on June 29, 1862, in the sixty-third year of
his age.!

Although languages and chronology took up much (I am
inclined to think too much) of Lindsay’s time, still electricity
and its applications were his first, as they were always his
favourite, study. Amongst some notes and memorands,
bound up with his manuscripts in the Albert Institute,
Dundee, he says:—

““Previous to the discovery of QOersted, I had made many
experiments on magnetism, with the view of obtaining from
it a motive power. No sooner, however, was I aware of the
deflection of the needleand the multiplication of the power
by coils of wire than the possibility of power appeared
certain, and I commenced a series of experiments in 1832.
The power on a small scale was easily obtained, and during
these experiments I had a clear view of the application of
electricity to telegraphic communication. The light also
drew my attention, and I was in a trilemma whether to fix
upon the power, the light, or the telegraph.  After reflection
I fixed upon the light as the first investigation, and had
many contrivances for augmenting it and rendering it
constant. Several years were spent in experiments, and I
obtained a constant stream of light on July 25, 1835.
Having satisfied myself on this subject, I returned to some
glossological investigations that had been left unfinished,
and was engaged with these till 1843. In that year I pro-
proposed a submarine telegraph across the Atlantic, after
having proved the possibility by a series of experiments
Inquiries on other subjects have since that time engaged
my attention, but I eagerly desire to return to electricity.”

The first public announcement of Lindsay’s success in

1 Norrie's Dundee Celebrities of the Nineteenth Century, Dundee,
1873.
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electric lighting was contained in a short paragraph in the
‘Dundee Advertiser’ of July 31, 1835; and on October 30
following the same paper published a letter on the subject
from Lindsay himself :—

“ Krecrric LicHr.

“Sir,—As a notice of my electric light has been exten-
sively circulated, some persons may be anxious to know its
present state, and my views respecting it.

“The apparatus that I have at present is merely a small
model. It has already cost a great deal of labour, and will
yet cost a good deal more before my room is sufficiently
lighted. Had circumstances permitted, it would have been
perfected two years ago, as my plans were formed then. I
am writing this letter by means of it, at 6 inches or 8 inches
distant; and, at the present moment, can read a book at
the distance of 1} foot. From the same apparatus I can get
two or three lights, each of which is fit for reading with. 1
can make it burn in the open air, or in a glass tube without
air, and neither wind nor water is capable of extinguishing
it. It does not inflame paper nor any other combustible.
These are facts.

“As I intend in a short time to give a lecture on the
subject, my views on the further progress will be unfolded
then. A few of these, however, may be mentioned just
now.

“ Brilliant illumination will be obtained by a light incap-
able of combustion ; and, on its introduction to spinning
mills, conflagrations there will be unheard of. Its beauty
will recommend it to the fashionable; and the producing
apparatus, framed, may stand side by side with the piano in
the drawingroom. Requiring no air for combustion, and
emitting no offensive smell, it will not deteriorate the
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Railway, twenty-two miles long ; and Bain in October 1842
employed it for working clocks. Similarly, the idea of
signalling with uninsulated wire and without any wire at
all was not new, for, as we have seen, the possibility of
doing s0 was in a manner forced on the notice of Steinheil
in 1838 and on Morse in 1842, but Lindsay was certainly
the first to combine the two principles in his daring pro-
posal of an Atlantic telegraph ; and this, be it remembered,
at a time when electric telegraphy was still a young and
struggling industry, and when submarine telegraphy was
yet a dream.

On June 19, 1845, a short paragraph appeared in the
‘Northern Warder,” Dundee, referring to a New York
project of communicating between England and America
by means of a submerged copper wire *properly covered
and of sufficient size.” This called forth the following
letter from Lindsay, which was published in the same
paper on June 26 following :—

“ ELECTRIC TELKGRAPH TO AMERICA.

“S1r,—The few lines I now send you have been occa-
sioned by a notice in your last in reference to an electric
telegraph to America. Should the plan be carried into
effect the following hints should be attended to: The wire
should be of pure copper, as otherwise it would be injured
by the electro-chemical action of the water. The wire
must not be composed of parts joined by soldering, but
welded together ; this welding can be performed by elec-
tricity. In order to prevent the action of water on the
wire, a button of a more oxidable metal should be welded
to it at short distances; the best metal for this purpose
would be lead. If soldered to the wire, it must be soldered
by lead alone. No third metal must be used. If welded,
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it may be done by electricity. In this way the wire resting
on the bottom of the sea might last a long time. The one
end of the wire is then to be soldered or welded to a plate
of zinc immersed in the ocean on the coast of Britain, and
the other end similarly joined to a plate of copper deposited
in the same ocean on the coast of America. In reference
to the expense, suppose the wire to be a ninth or tenth of
an inch diameter, then the length of 100 inches would con-
tain a cubic inch of copper, and three miles of wire would
contain a cubic foot, weighing 9000 ounces, of the value
of about £36 sterling. Owing to the inequalities in the
bottom of the ocean, the distance to America might be
3000 miles, and the expense £36,000 sterling—a trifle
when compared with the resulting benefit. The only
injury that the wire is likely to undergo is from sub-
marine eruptions. It may be broken by these. The two
ends, however, being accessible, the greater part of the
wire may be drawn up, and the necessary length of wire
welded to it. It should be remembered that this welding
must be done by electricity. To Calcutta, by the Cape of
Good Hope, the expense would be £200,000. The wire
from Calcutta to Canton would cost £70,000, to New
Zealand £120,000, to Tahiti nearly £200,000. A wire
might be placed round the coast of Britain, and another
along the coast of America. There might be stations at
different towns and electric clocks agreeing with each other
to a second of time. Each town might have a specific time
for intelligence. Suppose Dundee to have the hour from
nine to ten. From nine to ten minutes past nine, mes-
sages are sent and answers received between Dundee and
New York. From ten minutes to twenty minutes past
nine communication is made between Dundee and Quebec.
The rest of the hour is for intercourse between Dundee
and other towns. The same is done with Edinburgh,
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no man in the kingdom. It would be impossible, in the
limited space at our disposal, to give any vidimus of the
lecture ; we can only indicate the outline of a recent dis-
covery made by Mr Lindsay, involving a principle which, if
capable of acting irrespective of distance (and we see no
reason to doubt that it is), must by-and-by revolutionise
all our ideas of time and space. Mr Lindsay stated the
principle to be that submerged wires, such as those now
used for telegraphic intelligence between this country and
Ireland and France, were no longer necessary. By a
peculiar arrangement of the wires at the sides of rivers or
seas, the electric influence can be made to pass on through
the water itself. This proposition was certainly startling,
but he illustrated it on a small scale by means of a water-
trough, and, so far as the experiment went, it faithfully
developed the principle. Mr Lindsay, after concluding
these experiments, proceeded to point out the lines which
appeared to him most eligible for transmitting telegraphic
intelligence throughout the world ; and, having done so, he
wound up with a peroration of great beauty, in which the
wonders to be achieved by electric influence in the days to
come were eloquently set forth. It is a fine sight to see
this learned and philosophic man pursuing the studies of
science and literature, not for the sake of any empty
applause, but for those pure pleasures they are in themselves
so well fitted to bestow. At the same time it is gratifying
to know that there are many people capable of appreciating
the modest and retiring character of Mr Lindsay,—a fact
which was clearly evidenced on Tuesday evening by the
numerous and most respectable meeting which then
assembled to hear his scientific lecture.”

In the following August Lindsay delivered another
lecture (probably the same) in Glasgow, and so sanguine
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was he at this time of the practicability of his method that
he actually patented it on June 5, 1854. The following °
account, which I have condensed from the specification of
his patent, explains the modus operandi, and also shows
how well he understood the conditions of the problem :—

“My invention consists of a mode of transmitting tele-
graphic messages by means of electricity or magnetism
through and across water without submerged wires, the
water being made available as the connecting and conduct-
ing medium by the following means :—

“On the land, on the side from which the message is to
be sent, I place a battery and telegraph instrument, to
which are attached two wires terminating in metal balls,
tubes, or plates placed in the water or in moist ground
adjacent to the water at a certain distance apart, according
to the width of the water to be crossed (the distance
between the two balls, plates, or tubes to be greater than
across the water when practicable). On the land which is
sitnated on the opposite side of the water, and to which
the message is to be conveyed, I place two similar metal
balls, plates, or tubes, immersed as above stated, and
baving wires attached to them which lead to, and are in
connection with, another battery and needle indicator, or
other suitable telegraphic instrument. 4, A in the diagram
(fg. 2) show the position of the battery and instru-
ment on one side of the water, z; B, B, the battery and
instrument on the opposite side; c, b, E, ¥, metallic or
charcoal terminators; 6, H, 1, K, wires insulated in the usual
way, and connecting the terminators, batteries, and instru-
ments, as shown.

“As regards the power or primary agent, it may be
either voltaic, galvanic, or magnetic electricity, and the
apparatus for evolving the same, such as is used for ordi-

nary telegraphic purposes.
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will have two courses open to it, the one being directly
back through the water from ¢ to p, and the other across the
water from ¢ to E, along the wires I K, through the instru-
ment B, and back from r to p. Now, I have found that if
each of the two distances 0 p and E F be greater than c &
and p ¥, the resistances through ¢ E and » r will be so
much less than that through the water between ¢ and b,
that more of the current will pass across the water, through
the opposite wires, and recross at F, than take the direct course
¢D; or, more correctly speaking, the current will divide
itself between the two courses in inverse ratio to their
resistances. As cases may arise, from local or other causes,
such as not to admit of the distance between the immersed
plates being greater than the distance across the water,
I propose, then, to augment the force of the batteries,
and to increase the size of the plates, so as to compel a
sufficient portion of the current to cross. I prefer, how-
ever, when circumstances admit of it, employing the first
method.”

Lindsay’s first public trials were across the Earl Grey
Docks at Dundee, and then across the Tay at Glencarse,
where the river is nearly three-quarters of a mile wide.
Of the few friends who assisted at these experiments
Mr Loudon of Dundee is, I believe, the only one now
left. He tells us that Lindsay would station them on
one side of the Tay, enjoining them to watch the gal.
vanometer and note down how the needle moved. He
would then insert his plates in the water on their side
of the river, and, crossing over to the opposite side,
would complete his arrangements. With a battery of
twenty-four Bunsen cells he would make a few momen-
tary contacts, reversing the connections a few times so
a8 to produce right and left deflections of the galvano-
meter needle. Then he would return and compare the
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in transmitting signals across the mill dam, where it is
about 500 yards wide.!

Lindsay repeated these experiments at intervals and at
various places, indeed whenever and wherever he had the
chance, his greatest performance being across the Tay, from
Dundee to Woodhaven, where the river is nearly two miles
broad. On one of these occasions, and when an Atlantic
telegraph began to be seriously debated, the difficulty of
finding a steamer large enough to carry the cable was
discussed, when Lindsay quietly remarked, “If it were
possible to provide stations at not more than twenty miles
distant all the way across the Atlantic, I would save them
the trouble of laying any cable.”

In September 1859 Lindsay read a paper before the
British Association at Aberdeen “On Telegraphing without
Wires,” which drew from Lord Rosse, the president of the
section, special commendation. Prof. Faraday and (Sir)
G. B. Airy, then Astronomer- Royal, also added their
approval of the views enunciated. Prof. Thomson (now
Lord Kelvin) was also present, and, as is well known,
was then deeply engaged with Atlantic cable projects.
History does not say what ke thought of the poor Dundee

! These experiments were also noticed in * Chambers’s Journal’ for
September 1854, as follows: “ Again has an attempt been made to
send a signal through water without a wire—this time at Porta-
mouth, where it was attended with partial success. The thing has
often been tried : a few years ago, a couple of savants might have
been seen sending their messages acroes those minor lakes known to
Londoners as the Hampstead Ponds 1” Can any reader tell me who
these savants were ?

About this time experiments in wireless telegraphy were evidently
popular. Van Reese at Portemouth ; Gintl, the first inventor of a
duplex telegraph, in Austria; Bonelli in Italy, and Bouchotte and
Douat in France (and doubtless others), all were -engaged on the
problem, but with what results I do not know, as I have not met
with any detailed accounts of their experiments.
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lecturer, but, with the experience of forty years, we can
easily guess.

A brief abstract of the paper was published in the
Annual Report of the Association for 1859, but a fuller
account appeared in the ‘Dundee Advertiser,’ from which
I take the following interesting details : —

“The author has been engaged in experimenting on the
subject, and in lecturing on it in Dundee, Glasgow, and.
other places since 1831. Recently he had made addi-
tional experiments, and succeeded in crossing the Tay
where it was three-quarters of a mile broad. His method
had always been to immerse two plates or sheets of metal
on the one side, and connect them by a wire passing
through a coil to move a needle, and to have on the
other side two sheets similarly connected, and nearly
opposite the two former. Experiments had shown that
only a fractional part of the electricity generated goes
across, and that the quantity that thus goes across can
be increased in four ways: (1) by an increased battery
power; (2) by increasing the surface of the immersed
sheets ; (3) by increasing the coil that moves the receiving
needle ; and (4) by increasing the lateral distance of the
sheets. In cases where lateral distance could be got he
recommended increasing it, as then a smaller battery power
would suffice. In telegraphing by this method to Ireland
or France abundance of lateral distance could be got, but
for America the lateral distance in Britain was much less
than the distance across. In the greater part of his experi-
ments the distance at the sides had been double the dis-
tance across ; but in those on the Tay the lateral distance
was the smaller, being only half a mile, while the distance
across was three-quarters of a mile.

“Of the four elements above mentioned, he thought
that if any one were doubled the portion of electricity
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to determine this law, but, according to his calculations,
he thought that a battery of 130 square feet, immersed
sheets of 3000 square feet, and a coil of 200 Ib., would
be sufficient to cross the Atlantic with the lateral distance
that could be obtained in Great Britain.”

After the reading of the paper Lindsay carried out some
very successful experiments across the river Dee, in the
presence of Lord Rosse, Prof. Jacobi of St Petersburg, and
other members of the Association. In February 1860 he
made Liverpool the scene of his operations, but there,
strange to say, he had not the success which hitherto
attended him. The experiments failed, being “counter-
acted by some unaccountable influence which he had not
before met with.” However, in the following July he
was again successful at Dundee in his experiments across
the Tay, below the Earn, where the river is more than
a mile wide. In communicating these results to the
‘Dundee Advertiser’ (July 10, 1860), he says: “The
experiment was successful, and the needle was strongly
moved ; but as I had no person with me capable of sending
or reading a message, it [regular telegraphic signalling] was
not attempted.”

This was Lindsay'’s last public connection with the tele-
graph, but to the end of his life (June 29, 1862) he re-
mained perfectly convinced of the soundness of his views
and of their ultimate success.

J. W. WILKINS—1845.
Inthe New York ¢Electrical Engineer’ of May 29, 1895,
it was claimed for Prof. Trowbridge (of whom we shall

have more to say later on) that he was the first to telegraph
without wires in 1880.
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The paragraph in which this claim, unfounded as we
already see, was advanced, besides drawing rencwed atten-
tion to Prof. Trowbridge’s experiments, had the merit of
calling forth an interesting communication from our own
Mr J. W. Wilkins, one of the very few telegraph officers of
Cooke & Wheatstone’s days still with us, and whose early
and interesting reminiscences I hope we may yet sec.!

Writing in ¢ The Electrician,” July 19, 1895, Mr Wilkins
says :—

“Nearly fifty years ago, and thirty years before Prof.
Trowbridge ¢ made original rescarches between the Observa-
tory at Cambridge and the City of Boston,” the writer of
these lines had also researched on the same subject, and a
year or two later published the results of his investigations
in an English periodical—the ¢ Mining Journal’ of March
31, 1849—under the heading ¢Telegraph communication
between England and France’ In that letter, after going
into the subject very much like the American Professor in
1880, there will be found my explanation—also not differing
much from the Professor’s—as to how the thing was to be
done ; except that, in my case, I proposed a new and delicate
form of galvanometer or telegraph instrument for the pur-
pose, while he made use of the well-known telephone. I
sugsested the erection of lengths of telegraph wires on the
English and French coasts, with terminals dipping into the
earth or sca, and as near parallel as possible to one another;
and I suggested a form of telegraph consisting of ¢coils of
finest wire, of best conductibility,” with magnets to deflect
them, on the passage of a current of electricity through them,

which T expected would take place on the discharge of elec-
tricity through the circuits on either side of the water;

! Mr Wilkins is the author of two English patents: (1) Improve-
ments in Electric Telegraphs, January 18, 1858 ; and (2) Improve-
ments in obtaining power by Electro-Magnetism, October 28, 1853.

o
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anticipating, of course, that a portion of the current would
flow from the one pair of earth-plates—terminals of one
circuit—to the other pair of terminals on the opposite shore.

“1t may be interesting to relate how I came to think
that telegraphy without wires was a possibility, and that it
should have appeared to me to have some value, at a time
when gutta-percha as an insulator was not imagined,
or the ghost of a proposition for a submarine wire
existed. At that time, too, it was with the utmost diffi
culty that efficient insulation could be maintained in
elovated wires if they happened to be subject to a damp
atmosphcere.

“It was in the year 1845, and while engaged on the
only long line of telegraph then existing in England—
London to Gosport — that my observations led me to
question the accepted theory that currents of electricity,
discharged into the earth at each end of a line of telegraph,
sped in a direct course—instinctively, so to say—through
the intervening mass of ground to meet a current or find 3
corresponding earth-plate at the other end of it to complele
the circuit. 1 could only bring myself to think that the
carth acted as a reservoir or condenser—in fact, receiving
and distributing electricity almost superficially for some
certain or uncertain distance around the terminal earths,
and that according to circumstances only. A year later,
while occupied with the installation of telegraphs for
Messrs Cooke & Wheatstone (afterwards the Electric Tele-
graph Company), a good opportunity offered of testing this
matter practically upon lengths of wire erected on both
sides of a railway. To succeed in my experiment, and
detect the very small amount of electricity likely to be
available in such a case, I evidently required the aid of 3
very sensitive galvanometer, much more 8o indeed than the
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the poles. The first and larger portion will pass in a
straight line, a8 offering the least resistance; the rays will
then form a series of curves, growing larger and larger,
until, by reason of increasing distance, the electricity
following the outer curves is so infinitesimal as to be no
longer perceptible.

“These rays of electricity may be collected within a
certain distance—focussed as it were—by the interposition
of a metallic medium that shall offer less resistance than
the water or earth ; and, obviously, the nearer the battery,
the greater the possibility of collecting them. I do not
apprehend the distance of twenty miles being at all too
much to collect a sufficient quantity of electricity to be
useful for telegraphic purposes. If, then, it is possible, as
I believe, to collect in France some portion of the elec-
tricity which has been discharged from a battery in
England, all that is required is to know how to deal with
it so that it shall indicate its presence.

“The most delicate of the present telegraph apparatus,
the detector, being entirely unsuited for the purpose, I pro-
pose the following arrangement : Upon one shore I propose
to have a battery that shall discharge its electricity into the
earth or sea, with a distance between its poles of five, ten,
or twenty miles, as the case may be. Let a similar length
of wire be erected on the opposite coast, as near to, and
parallel with, it as possible, with its ends also dipping into
the carth or sca. In this circuit place an instrument con-
sisting of ten, twenty, or more round or square coils of the
finest wire of best conductibility, suspended on points or
otherwise between, or in front of, the poles of an electro,
or permanent, magnet or magnets. Any current passing
through the coil would be indicated by its moving or shift-
ing its position with reference to the poles of the magnet.
This would constitute a receiving apparatus of the most
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delicate character, for its efficiency would depend not so
much on the strength of the current passing as on the
power of the magnet, which may be increased at pleasure

“] hope some one will take up this suggestion and carry
it out practically to a greater extent than my limited experi-
ments have enabled me to do. Of its truth for long as well
as for short distances I am satisfied, and only want of
means and opportunity prevent me carrying it out myself.”

In a recent letter to the writer dpropos of this early pro-
posal, Mr Wilkins says :—

“T will just say that all thought of induction was absent
in my first experiments. I modified my views in this
respect a year or two later, but I did not attach sufficient
importance to the matter to follow up my communication to
the ¢ Mining Journal,’ especially as at that time a cable was
actually laid across the Channel, which I could not doubt
would be a success, and a permanent one too. I rather
courted forgetfulness of the proposition. Whatever my
opinion at the time was as to the source of the electricity
that I discovered in the far removed and disconnected
circuit, the result was the same, and the means I used to
obtain it the same in principle as those which make the
matter an accomplished fact to-day—rviz., elevated lengths of
wire, and the discharge of electricity from the one on to a
delicate receiving apparatus in the circuit of the other.

“As regards the form of receiving apparatus which I
suggested for indicating the signals, I did then, and do now,
attach great importance to the happy idea. It happens to
be the most delicate form of detector or galvanometer, and
is identical in principle with Lord Kelvin’s apparatus for
long cable working, which, in his Siphon Recorder Patent,
he says is as sensitive as his Mirror Galvanometer.”

This principle, as the practical reader knows, has been
largely used in telegraphy. Besides Lord Kelvin's appli-
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cation of it, wo have the Drown and Allan Relay, the
Weston Relay, and Voltmeter, and other contrivances of a
similar nature ;! but Mr Wilkins was himself the first to
put it in practice, and under the following interesting cir-
cumstances : In 1851 he went to America to assist Henry
O'Reilly of New York, a well-known journalist, who had a
concession from the patentees of the Morse system for the
crection of telegraph lines, at a royalty per mile. Disputes
soon arose, and the Morse Syndicate sought to prevent
O'Reilly from using their rclay, without which the Morse
instruments would be useless for long distances. In this
difficulty O'Reilly adopted Bain’s electro-cheinical apparatus,
and employed it for a time on the People’s Telegraph from
New York to Boston, vii Albany. DBut finding that it was
impossible to use this instrument in connection with inter-
mediate stations, O'Reilly was again in a difficulty, when Mr
Wilkins came to the rescue by saying he could devise a
relay which did not require an iron armature, or clectro-
magnet of the ordinary form, and which would therefore be
independent of the Morse patent. Very soon relays con-
sisting of movable coils of wire, suspended between the
poles of a magnet, were constructed in the workshop of
John Gavitt, a friend of O'Reilly’s, and then famous as a
bank-note engraver. The instruments were placed in the
circuit of the People’s Telegraph, and O'Reilly was saved—
but only for a time, as in the end he was beaten by his
powerful opponents.  The Wilkins relay was put aside and
soon forgotten, but forty-three years later it was brought
forward again by Mr Weston as an original invention.?

1 The germ of all these instruments, as well as the Axial Magnets
of Prof. Page and Royal E. House, was sown by Edward Davy in
England in 1837, See my ‘History of Electric Telegraphy,’ 1884,
pp- 356, 357.

% See the New York ¢ Electrical Engineer,” February 21, 1894.
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DR O'SHAUGHNESSY (arTerRwARDs SIR WILLIAM
O'SHAUGHNESSY BROOKE)—1849.

One of the first difficulties encountered in the early days
of the telegraph in India was the crossing of the great
water-ways that abound in that country; and it was this
difficulty which first directed the attention of Dr O’Shaugh-
nessy, the introducer of the system in India, to the subject
of subaqueous telegraphy.

In 1849 he laid a bare iron rod under the waters of the
river Huldee, 4200 feet wide, with batteries and delicate
needle instruments in connection on each bank. Signals
were passed, but “it was found that the instruments
required the attention of skilful operators, and that in
practice such derangements occurred as caused very frequent
interruptions.”

He next tried the experiment without any metallic con-
ductor, using the water alono as tho sole vehicle of the
electric impulses, but, though he again succeeded in passing
intelligible signals, he found that the battery power for
practical purposes would be enormous (he used up to 250
cells of the nitric acid and platinum form), and therefore
prohibitively expensive.

Although for practical purposes he soon abandoned the
idea of signalling across rivers with naked wires, and with-
out any wires at all, O’Shaughnessy for many years took
great interest in the subject. Thus as late as 1858 we find
him performing some careful experiments in the lake at
Ootacamund, and in his Administration Report of the Tele-
graph Department for that year he says: “I have long since
ascertained that two naked uncoated wires, kept a moderato
distance—say 50 or 100 yards—apart, will transmit electric
currents to considerable distances (two to three miles) suf-
ficiently powerful for signalling with needle instruments.”
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E. axo H. HIGHTON—1852-72.

The brothers Edward and Henry Highton, who were
well-known inventors in the early years of clectric teleg-
raphy, took up the problem of transaqueous communics-
tion about 1852. In Edward Highton’s excellent little book,
¢The Electric Telegraph : Its History and Progress,’ pub-
lished in that year, he says: “The author and his brother
have tried many experiments on this subject.  Naked
wires have been sunk in canals, for the purpose of ascer
taining the mathematical law which governs the loss of
power when no insulation was used. ~Communications
were made with ease over a distance of about a quarter
of a mile. The result, however, has been to prove that
telegraphic communications could not be sent to any con-
siderable distance without the employment of an insulated
medium.” ‘

On the other hand, Henry Highton long continued to
believe in its practicability, and made many further experi-
ments to that end. These were embodied in a paper read
before the Society of Arts on May 1, 1872 (Telegraphy
without Insulation), from which I condense the following
account :—

“TI have for many years been convinced of the possibility
of telegraphing for long distances without insulation, or
with wires very imperfectly insulated ; but till lately I had
not the leisure or opportunity of trying sufficient experi-
ments bearing on the subject. I need hardly say that
the idea has been pronounced on all hands to be entirely
visionary and impossible, and I have been warned of the
folly of incurring any outlay in a matter where every
attempt had hitherto failed. But I was so thoronghly
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thirty units [ohms}, it will retain an appreciable though
gradually decreasing charge for five or six minutes.!

“Since that time I have constructed an artificial line,
consisting of resistance coils, condensers, and plates of
copper in liquids, acting at once as faults and as condensers,
so that I might learn as far as possible to what extent the
principle of non-insulation can be carried, and I have
satisfied myself that, though there are difficulties in very
long lengths absolutely uninsulated, yet it is quite feasible
to telegraph, even across the Atlantic, with an insulation of
a single unit instead of the 170,000 units [absolute] of the
present cables.

“The instrument with which I propose to work is the
gold-leaf instrument, constructed by me for telegraphic
purposes twenty-six years ago,? acted upon by a powerful
electro-magnet, and with its motions optically enlarged.
The exclusive use of this instrument in England was
purchased by the Electric and International Telegraph
Company, but it was never practically used, except in
Baden, where a Government commission recommended it
as the best. One of its chief merits is its extreme light-
ness and delicacy. Judging by the resistance it presents
to the electric current, it would appear that the piece of
gold-leaf in the instrument now before us does not weigh
more than s5'55th part of a grain; let us even say that it
weighs four times more, or s3yth part of a grain. In
order, then, to make a visible signal we only have to move
a very, very small fraction of a grain through a very, very
small fraction of an inch. You may judge of its delicacy

1Tt does not appear to have struck our author that these effects
would militate against the practical application of his method.

2 A special arrangement of this instrument, adapting it for long
and naked (or badly insulated) lines, was patented February 13,

1873. For reports of its great delicacy see ¢Telegraphic Journal,
February 15, 1874.
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when I show you that the warmth of the hand, or even a
look, by means of the warmth of the face turned towands
athermopile, can transmit an appreciable signal through a
resistance equal to that of the Atlantic cable (experiment
performed). Amnother great merit of this instrument is its
ready adaptability to the circumstances in which it may be
placed, as it is easy to increase or diminish the length, or
breadth, or tension of tho gold-leaf. Thus, increase of
length or diminution of breadth increases the resistance,
but also increases the sensitiveness; and again, par-
taking as it does partly of the character of a pen-
dulum and partly of a musical string, the rapidity of
vibration is increased by giving it greater tension and
areater shortness, though by doing so the sensitivencss is
diminished ; so that you can adjust it to the peculiar cir-
cumstances of any circuit. Again, you notice the deadness
of the movements and the total absence of swing, which,
whenever a needle is used, always more or less tends to
confuse the signals. The greatest advantage of all is that
we can increase the sensitiveness without increasing the re-
sistance, simply by increasing the power of the clectro-magnet.

“ Having now explained the construction of tho instru-
ment, and pointed out its merits, I proceed to show by
experiment how tenaciously a piece of copper in water will
retain a state of electrical tension. Here is a tub of fresh
water, with copper plates presenting to each other about
14 square fect of surface. I charge theso plates with a
Daniell cell, and you see how they retain the charge; in fact,
they will go on gradually discharging for several minutes
through the small resistance of the gold-leaf instrument. I
now do the same with a tub of salt water, and the result
is still the samo, though loss marked. In fact, those
plates, with the water hetween, represent tho two metallic
surfaces of a Leyden jar, and the water retains the clec-
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tricity of this small tension with much more obstinacy than
the glass of a Leyden jar does the electricity of a higher
tension,!

“Indeed, it is a fact of the highest imnportance in teleg-
raphy that when there is a fault, electricity of a high
tension, say of twenty or thirty Daniell cells, will almost
wholly escape by it, and leave nothing for the instrument;
whereas clectricity of a small tension, as from a single cell
of large surface, will pass through the instrument with very
little loss of power. This is strikingly shown by the use
of an ordinary tangent galvanometer. I cannot well show
it to a large audience like the present, therefore I will
only inform you that when I have taken two currents,
cach marking 30° on the galvanometer, the one of high
tension from thirty Danicll cells, and the other of low
tension from a single ccll of small internal resistance, a
fault equivalent to the exposure of a mile of No. 16 wire
in sea-water will annihilate all appreciable effects on the
galvanometer when using the current of high tension,
whereas the current of low tension will still show as much
as 20°.  You sec, then, the importance of using currents
of low tension from a battery of large surface, and how a
faulty cable can be worked with such currents when it is
absolutely useless with currents of high tension.

“There are threc ways of signalling without insulation:
one, only feasible for short distances; a second, which I
think will be found the most practicable; and a third, in
the practical working of which for very long distances
several difficulties (though by no means insuperable) pre-
sent themselves.

! These experiments are not clearly described in the report from
which we are quoting. If we understand them aright, they are
rather electrolytic than Leyden-jar effects. In any case, as the tubs
were presumably fairly well insulated, they have no bearing ad rem
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very large plates, on the other side of the Atlantic. But
the trouble and expense would probably be much greater
than that of laying a wire across the ocean.

“The second is the simplest and most feasible plan—
namely, laying across the sea two wires kept from metallic
contact with each other, and working with that portion of
the current which prefers to pass through this metallic
circuit instcad of passing across the liquid conductor, using
currents of low tension from batteries of large surface.

“The third method is to lay a single wire imperfectly
insulated, and to place at the opposite end beyond the
instrument a very large carth-plate. Any clectrical tension
thrown on this wire transmits itself more or less to the
opposite end, and will be shown on any instrument of
small resistance and sufficient delicacy. There are certain
difficultics in this way of working, such as the effects of
carth-currents and currents of polarisation which keep the
needle or gold-leaf permanently deflected from zero, neces-
sitating special means of counteraction. I have no doubt,
from my experiments, that these difficulties may be over-
come ; but still I think the simplest and most feasible, and
not more expensive, plan will be to work with two naked
wires kept apart from metallic contact, using electricity of
a very low tension.”?

Soon after this Mr Highton turned a complete wvolfe
JSace, and went back to wires perfectly insulated, but at a

1 The following cutting from ‘Once a-Week’ (February 26, 1876)
is given here in the hope that some American reader will kindly sup-
ply details, if any are procurable: ¢ The ¢ New York Tribune’ gives
an account of what appears to be a very remarkable discovery in
electrical science and telegraphy. It is claimed that a new kind of
electricity has been obtained, differing from the old in several partic-
ulars, and notably in not requiring for transmission that the conduct-
ing wires shall be insulated. The difference is scarcely greater in kind
than between polarised and non-polarised light, or between ordinary
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G. E. DERING—1853.

The problem of wireless telegraphy was taken up about
this time by Mr George Dering of Lockleys, Herts, who
was, like his old Rugby tutor, Henry Highton, a prolific
inventor of electrical and telegraphic appliances, patents for
which he took out on eleven separate occasions between
1850 and 1858, and many of which came into practical
use in the early Fifties. His needle telegraph, patented
December 27, 1850, was in use in the Bank of England
early in 1852, connecting the governor’s room with the
offices of the chief accountant, chief cashier, secretary,
engineer, and other officials. About the same time it
was partially used on the Great Northern Railway, and
exclusively so on the first Dover-Calais cable (1851), where
it did excellent service, working direct between London
and Paris for a long time (including the busy period of the
Crimean war), until supplanted by the Morse recording
instrument.

In the same specification of 1850, Dering patented three
methods of carrying off atmospheric electricity from the line-
wires : (a) “ Two roughened or grooved metallic surfaces
separated by fine linen, one of which is included in the
line-wire circuit, and the other is in connection with the
earth.” This was afterwards (in 1854) repatented by (Sir)
William Siemens, and is now known as Siemens’ Serrated-
Plate Lightning-Guard. (b) “The attraction or repulsion
occurring between dissimilarly or similarly electrified bodies
respectively. Thus metal balls may be suspended from the
line-wire by wires, which on separating under the influ-
ence of the lightning-discharge make contact with plates
connected with the earth; or the separation may simply
break connection between the line-wire and the instrument.”
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(¢) “Introducing a strip of metallic leaf into the circuit, this
being fused by the passage of the atmospheric electricity.”
This very effective method has also been reintroduced in
later years, and always as a novelty, by various telegraph
engineers.

Dering’s telegraphic appliances made a goodly show at
the Great Exhibition of 1851, side by side with Henley's
colossal magnets, and reccived ‘ honourable mention.”
They were again on view at the Paris International Exhi-
bition of 1855, where they were awarded a medal for
general excellence.

Dering’s proposals for a transmarine telegraph are con-
tained in his patent specification of August 15, 1853, from
which we condense the following account :—

“The present invention is applicable to submarine tele-
graphs, and also to the means of communication by under-
ground or over-ground wires. Heretofore, in constructing
electric telegraphs where the whole circuit has been made
of metal, and also where the conducting property of the
earth has been employed as a part of the circuit, it has
been usual, and it has been considered absolutely necessary,
to cause the wires to be thoroughly insulated, the con-
soquence of which has been that the expense of laying
down electric circuits has been very great, particularly
where the same have crossed the sea or other waters, where
not only have the wires been insulated, but in order to
protect the insulating matter from injury further great cost
has been caused by the use of wire rope, or other means of
protection.

“Now, I have discovered that a metallic circuit formed
of wires, either wholly uninsulated or partially so, may be
employed for an electric telegraph, provided that the two
parts of the circuit are at such a distance apart that the
electric current will not all pass direct from one wire to the

D
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other by the water or earth, but that a portion will follow
the wire to the distant end.

“To carry out my invention, I cause two uninsulated or
partially insulated wires to be placed in the water or in the
earth, at a distance apart proportionate to the total length
of the circuit, the said wires being insulated where they
approach one another to communicate with the instruments,
in order to prevent the current passing through the dimin-
ished water or carth space between them. The batteries
(or other suitable source of electricity) employed are to be
constructed in the proportion of their parts in conformity
with the well-known laws which regulate the transmission
of electric currents through multiple circuits—that is, they
should possess the properties generally understood by the
term quantity in a considerably greater degree than is usual
for telegraphing through insulated wires, which may be
effected (in the case of galvanic batteries) by using plates
of larger dimensions, or by other alterations in the exciting
liquids or plates. The proper distance at which to place
the conductors from one another is also determined by the
same laws, all of which will be readily understood by per-
sons conversant with the principles of electrical science. In
practice I find that from one-twentieth to one-tenth the
length of the line-wires is a sufficient distance.

* Another method of carrying out my invention consists
in establishing circuits composed in part of- the uninsulated
or partially insulated conductors, and in part of the con-
ducting property of the sea, across which the communication
is to be made, or of the earth or the moisture contained
therein in the case of land telegraphs. For this purpose
the connections are effected at such a distance in a lateral
direction that a sufficient portion of the current will pass
across the water or earth space and enter the corresponding
wire connection at the other extremity. The connecting
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wires ab the termini must be effectually insulated as in the
first method.

“ A third method consists in placing in the sea or carth
two wires of dissimilar metal having the quality of generat-
ing electricity by the action of the water or moisture with
which they are in contact. If at one extremity the wires
be attached respectively to the two ends of the cuil of an
electro-magnet or other telegraphic apparatus, it will be
found that the instrument is acted on by the current
generated by the wires. If now at the other extremity the
wires be connected, a portion of the current will complete
its circuit through this connection, instcad of all passing
through the electro-magnet, where consequently the cffect
will be diminished ; and if means be adopted to indicate
this greater or less power, signals may be indicated at one
end by making and breaking contact at the other.  If de-
sirable, currents derived from galvanic batterics, or other
source, may be employed as auxiliary to those gencrated in
the outstretched wires.

“In the different means of communication which I have
described, if strong conductors are required, as in submarine
lines, wire rope may be employed, either alone or attached
to chains for greater strength and protection, or the con-
ducting wires may be attached to hempen ropes, or envel-
oped within them. The metal composing the wires may be
iron or copper or any other suitable kind, and it may be
coated with varnish, by which means the amount of exposed
surface will be diminished, and the metal preserved from
corrosion.

«T will now suppose the case of a line to be carried out
upon the principle which I have described, say from Holy-
head to Dublin, a distance of about sixty miles. It would
be necessary, first, to select two points on each coast from
three to six miles apart, and to connect these points on each
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coast by insulated wires. Next, the two northern points
are to be connected by a submerged uninsulated conduc-
tor, and the two southern points by a similar conductor,
unless the water be employed as a substitute in the manner
bofore described. Thus an oblong parallelogram of con-
tinuous conductors is formed, having for its longer sides
the uninsulated conductors, and for its shorter sides the
insulated wires along the coasts. If now these latter wires
be cut at any parts, and instruments and batteries be con-
nected in circuit, signals may be transmitted by any of the
means ordinarily employed with insulated wires.

“Or, to take the case of a longer line, say from England
to America, I should select two points, as the Land’s End
in Cornwall and the Giant’s Causeway in Ireland or some
suitable place on the west coast of Scotland, and corre-
sponding points on the American shore. Next, I should
unite the two points in each country by insulated wires,
and, finally, submerge two uninsulated conductors across
the Atlantic, or one if the water be employed to complete
the circuit. Then by introducing, as before, suitable tele-
graphic instruments and batteries the communication will
be established.

“From the foregoing description it will be seen that the
cost of laying down electric telegraphs, whether submarine
or otherwise, is, by this invention of employing distance
between the conductors as a means of insulation, reduced
to little more than the mere cost of the wires, together
with that of an insulated wire at each end; while the
numerous difficulties which attend the insulation of long
lengths of wire are avoided, as also the chances of the
communication being interrupted by accidents to the
insulation.”

At the time of this patent, and for many years after, the
difficulties just referred to were only too real. Many of
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stranded wire. “Had wo been wise,” writes Mr Dering,
“we should have abandoned the attempt with this un-
suitable material, but it was resolved to go on and risk it—
testing the wire as far as might be beforehand and removing
the weak parts. I, however, addressed a formal letter to the
board of directors in London, stating that the wire was so
unreliable I must decline all responsibility as to the laying
it down, but that I would do the best I could.”

After carefully testing the various lengths, removing all
weak parts and bad welds as far as they could be discovered,
and jointing and tarring the whole into one long length, the
wire was paid into the hold of the Albert. On November
21 a start was made, a shore-end wire was laid from Milisle,
carried out to sea, and buoyed. Next morning the Albert,!
piloted by H.M.S. Asp (Lieut. Aldridge), picked up the
buoyed end, joined it to the wire on board, and paid out
successfully for about 3} miles, when the wire broke at a
factory weld, and the ship returncd to Donaghadec “ in a
gale of wind.”

The next few days were occupied in some alterations to
the paying-out machinery, found by experience to be de-
sirable, and on the 26th another start was made. The
wire on board was joined to the buoyed end at 4 miles
from shore, and paying-out proceeded successfully as far as
mid-channel (about 12 miles) when the wire broke, again
at a factory weld, and the end was lost in 82 fathoms of
water. The ship then returned to the buoy and tried to
underrun the wire, but it soon broke again, and for the
moment further attempts were abandoned.

Previous to this two unsuccessful attempts had already
been made to connect Great Britain and Ireland by cables
made on the lines of the Dover-Calais cable of 1851, one,

! With Dr Hamel on board, the famous Russian scientist of Alpine
celebrity, as the representative of his Government.
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reference to which a lecturer of the period said :* “I have
not met one single gentleman connected with the science of
telegraphy who could understand his process, or its proba-
bility of success. I applied to him for some information,
but he is unwilling to communicate any particulars until
experiment has sufficiently demonstrated the practicability
of his plana.”

In the discussion which followed, Mr Cromwell Varley,
electrician of the old Electric and International Telegraph,
and the old Atlantic Telegraph, Companies, said : * Being
informed that Sir Fitzroy Kelly and the learned chairman
(Mr Grove) had seen Haworth’s system in operation, and
that the latter gentleman was a believer in it, he had tried
the experiment upon a very small scale in his own garden,
with apparatus constructed according to the instructions of
Mr Haworth. His two stations were only 8 yards apart,
and, although he used a very sensitive reflecting galvano-
meter, and twelve cells of Grove's nitric acid battery, he
could not get any signals, although the experiments were
varied in every conceivable way.”

Under these circumstances it will not be surprising if I,
too, after a careful study of the specification, and with the
light thrown upon it by a further patent of October 30,
1863, have failed to understand the author’s method. In-
‘deed, I feel in much the same mental condition towards it
as Tristram Shandy’s connoisseurs, who, “ by long friction,
incumbition, and electrical assimilation, have the happiness,
at length, to get all be-virtu’d, be-pictured, be-butterflied,
and be-fuddled.” However, I will do my best to translate
the terrible phraseology of the letters patent into plain
English; and if after this my readers cannot divine the
mode of action I will not blame them—nor must they
blame me! My description of the apparatus is based on

1 T. A. Masey, Society of Arts, January 28, 1863,
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percha, on which insulated copper wire, No. 32 gauge, is
wound in one continuous length from the first plate to the
last, and the ends arc attached to the binding-screws a, g,
and b, h, respectively.  “I fix binding-screws ¢, d, e, f, k,
and 7 in the positions shown, and connect them with the
wire upon the plates in its passage through the box. I
then pass from end to end of each compartment over the
plates, and lying on them, but well insulated from them,
another band of stout gold-foil, and connect each end of it
with the screws a, g, and b, &, respectively.”

E is another wooden box, containing a reel similar to B,
but divided into only two compartments, each of which is
filled with two copper wires, one covered and the other
uncovered, wound side by side, and all four of different
gauges from No. 18 to 30. The ends of one of the covered
coils are brought to the screws p, p, shown on top of
the box ; the ends of the other covered coil are fastened
on the outside of the reel; and the ends of the two
uncovered coils are likewise fastened on the outside
of the reel, “but in such a position that they can
never come in contact with any uncovered part of the
coated wire. Detween each of the layers of wire I place a
strip of non-metallic paper to insulate it from the layers
above and below, and when in winding I arrive within an
inch of the circumference of the reel I employ gutta-percha
tissue in addition to the non-metallic paper.”

o is a Smee’s battery, the size and power of which will
depend on circumstances, such as the distance to which it
is intended to convey the message; the strength and
direction of earth-currents; and even the state of the
weather—more power being required in dry than in damp
weather. “For a distance of ten miles, from Notting Hill
to Croydon, I have found a Smee’s battery of two cells
at each end, containing plates 3 by 5 inches, to suffice.
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For about fifty miles, from Notting Ilill to Brighton, I
have used with success a battery of three cells at cach
end; and from Notting Hill to Bangor, in Wales, I have
required six cells at each end. Generally speaking, I have
found that less power is required to convey a message from
north to south and from south to north than from cast
to west, or from west to east.”

The connections of the various instruments are shown by
lines, and an exactly similar set of instruments is arranged
at the place with which it is desired to correspond.

And now as to the modus operandi: when the handle
of the needle instrument, ¢, is worked in the act of signal-
ling, what happens? Here the trouble comes in. The
author, I regret to say, is silent as to what happens, and
I won’t be so rash as to make a guess; but I would sugycest
the question as a safe prize-puzzle for the Questions and
Answers column of some technical journal! Seriously, it
seems to me that the results, if any, must be a perfect
chaos of battery currents, carth-battery currents, carth-
currents, induction currents, and currents of polarisation
—all fighting in a feeble way for the mastery; and yet
some men, besides the author, believed these effects to
be intelligible signals!

The remarks of Mr Varley, quoted above, drew that
gentleman into an angry correspondence in the pages of
the old ¢ZElectrician' journal, from which I give a few
extracts. In the number for February 20, 1863, a student
wrote :—

“It is evident that Mr Varley must be imperfectly
acquainted with the electric laws relating to earth con-
duction, or, by simply replacing his delicate galvanometer -
by a few turns of stout wire, he might certainly have
obtained the signals. What is obviously required in an
experiment of this kind is to oppose as little resistance
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as possible to the current of derivation by which the signal
is produced. The resistance of a galvanometer ‘of the
most sensitive kind’ must clearly be enormous in com-
parison with that of the other paths through which the
electricity is free to pass.

“Since the question of signalling without wires was
first referred to in ¢The Electrician,” I have myself, with
a less power than twelve Grove cells, obtained siguals
through more than 8 yards of garden-ground; but it is
well known that signals have been transmitted without
wires through a much greater distance, both in England
and America.” . .

This is followed by a short letter from Mr Haworth,
which we need not quote, as it contains nothing in the
way of explanation.

Mr Varley replied as follows in the next number of
‘The Electrician’ (February 27, 1863):—

“I make it a rule never to pay any attention to anony-
mous correspondents. As Mr Haworth, however, has com-
mented upon the remarks I made a short time since at the
Society of Arts, allow me to draw attention to the fact
that, the discussion having been prolonged beyond the time
allotted for that purpose, the detail of the experiments
could not then be fully entered into.

“Mr Haworth paid me ‘one’ visit a short time ago,
when I asked him if he had any objection to his invention
being tested by actual experiment : he said he had not, and
pointed out to me how to arrange the various parts of the
apparatus. I have preserved the pencil sketch made at the
time, as indicated and approved by him. This was strictly
followed in the experiments.

“The apparatus used was constructed especially for this
purpose. The primary coils were thoroughly insulated with
gutta-percha, the secondary coils by means of a resinous
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compound and india-rubber. The plates of copper and zinc
at each station were but an inch and a half from each
other ; they were each 6 inches square. The two stations
were only 8 yards apart.

“The apparatus at each station consisted of a plate of
copper and a plate of zinc, connected to a flat secondary
coil containing nearly a mile of No. 35 copper wire. The
secondary coil was placed immediately behind the plates,
and behind this was placed a flat primary coil.

‘At the sending station the primary coil was connected
with six cells of Grove’s battery, and contact intermitted.
At the receiving station the primary coil was connected
with one of Thomson’s reflecting galvanometers, of small
resistance, no more than that of an ordinary telegraph
instrument.

“With this disposition of apparatus no current could be
obtained.

“Crossing a river without wires is an old experiment.
In March 1847 I tried experiments in my own garden,
and also across the Regent’s Canal, with a single cell of
Grove’s battery. Feeble but evident currents were sent
across the canal 50 feet wide. The current received was
but a minute fraction of that leaving the battery. In this
case the distance across the canal was but one quarter of
that separating the plates on each bank. When, however,
these plates were brought near together, as in Haworth’s
_ specification, no visible signal could bLe obtained.

“This experiment has been repeated by numbers in vari-
ous parts of the world, and with the same well-known
results. When tried by me in 1847, I was unaware that
the idea had occurred to Professor Morse, or any one else.

“To account for Mr Haworth’s assertions that he has
worked from Ireland to London, and between other distant
places, I can only suppose that he has mistaken some
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irregularity in the currents generated by his copper and
zinc plates for signals.

“If he can telegraph without wires, why does he not
connect England with America, when he can earn £1000
per diem forthwith, and confer upon the world a great
Dlessing ?

“Before speaking at the Society of Arts, I called at Mr
Hawortl’s house several times, and found him out on all
occasions. I wrote him more than once, giving him the
negative results of my experiments, &c. He, however,
paid no attention to any of my communications.

“T have not been able to meet with a single individual
who has seen a message transmitted by Mr Haworth ; and
every one of those who are reported to have seen it, and
with whom I have come in contact, positively deny it when
questioned.

“T have no hesitation in stating—1st, That Mr Haworth’s
specification is unintelligible : it is a jumble of induction
plates, induction coils, and coils of wire connected together
in a way that can have no meaning.

“2ndly, That he cannot send electric signals without
wires to any useful distance.

“3rdly, From my acquaintance with the laws of elec-
tricity, I cannot believe it possible that he has ever com-
municated between distant stations as stated in his speci-
fication, No. 843, 1862.

“4thly, Supposing for a moment that he could work, as
stated, any person constructing a similar apparatus in the
neighbourhood would be able to read the communications,
and they no longer would be private.”

In the number for March 6, 1863, Mr James M. Holt,
writing from Kensington Park Gardens, W., said :—

“I regret that Mr Varley’s experiments have proved
unsuccessful ; but this does not surprise me, as, if I read
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his letter correctly, he did not follow Mr Haworth's specifi-
ution closely—if, indeed, at all. It would seem that he
cnstructed  only parts of the apparatus, and did not
even connect those parts in the manner prescribed in the
specification.

“] have seen Mr Haworth’s apparatus at work repeatedly,
and have myself read off from the indicator the messages
which have arrived—and these irregular currents mistaken
for signals’ have consisted of words and sentences trans-
mitted as correctly as by the electric telegraph. My house
has been one station, and Brighton, or Kingstown in
Ireland, the other.

“I can certify that the delay in bringing out this
discovery arises from causes over which Mr Haworth has no
control. Accident has injured his apparatus. He will be
delighted to transmit signals across the Atlantic as soon as
the necessary machinery is ready, but he considers—not
unwisely—that it is most important to make success dpubly
sure by previous repeated tests and experiments.” '

This is followed by two letters from other eyewitnesses,
vouching for the success of Haworth’s experiments, and the

correspondence concludes with the following letter from Mr
Haworth himself : —

“8Sm,—Will you kindly allow me space for a line in
reply to Mr Varley? I never received his letter of the 27th
of January, and am truly sorry for any apparent discourtesy
on my part. I fear other letters have shared the same fate,

“From Mr Varley’s account of his experiments I find
several particulars in which there has been considerable
misapprehension on his part; but I cannot spare the time
—nor can I ask you for the space—to give further explana-
tions. Tt certainly is a new feature in electricity, if the
earth’s currents alone can register words and sentences on

B
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the dial-plate. I hope shortly to be able to convince the
most sceptical by ocular demonstration. For the present I
am content to wait, being anxious rather to perfect my dis-
covery than to push it.—I am, sir, yours truly,
“JoBN HAWORTH.
“March 8, 1863.”

After this we hear nothing more of Mr Haworth, though
no doubt the publication and discussion of his views kept
the subject alive for a time.! Thus, in ¢ The Electrician’
for January 23, 1863, the editor has a long article on “The
Earth as Part of a Voltaic Circuit,” in which he reviews the
problem so well that we cannot refrain from quoting him
largely. He says:—

“The case, communicated by ‘E. S.’ and corroborated
by Mr R. S. Culley, of a telegraphic circuit being worked
through a broken wire, the ends of which were in contact
with earth, appears in some quarters to have becn taken in
confirmation of the notion that electric signals may be
transmitted to any required distance without the use of
a metallic conductor. It may be necessary, therefore, to
point out that this supposed confirmation has no existence
in fact. There are no grounds whatever for supposing that
any case similar to those which have been noticed by our
correspondents is not susceptible of being readily explained
in accordance with the known laws of electrical science. It
is altogether different when we come to the practical pro-
blem of signalling by electricity without a conducting wire.
If we have hitherto been silent in regard to this question,
which seems to have latterly engaged some amount of public
attention, it is that the means proposed for its solution are,

)

1 In Béron’s ‘ Météorologie Simplifiée, Paris, 1863, pp. 936, 937,
there is a hazy description of a wireless telegraph, apparently based
on the same lines as Haworth's.
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J. H. MOWER—1868.

Of the next proposal with which we have to deal in
these pages, I find amongst my notes only a single
cutting from the New York ‘Round Table’ of (August
or September) 1868. I give it, in extenso, for what
it is worth, and hope some American reader may be
able to furnish details and further developments if
any :—

“Mr Mower has elaborated a discovery which, if the
description given by the ‘New York Herald’ is to be
relied upon, will revolutionise trans-oceanic, and generally
all subaqueous, telegraphy. For some years he had been
engrossed in electrical experiments, when the Atlantic
cable gave a special direction to his investigations into
generating and conducting substances, the decomposition
of water, the development of the electrical machine, &c., &c.
By this summer his arrangements had been so far perfected
that, a few weeks ago, he was able to demonstrate to
himself and his coadjutor the feasibility of his project,
on a scale approximate to that which it is designed to
assume.

“Selecting the greatest clear distance on an +east and
west line in Lake Ontario—from a point near Toronto,
Canada West, to one on the coast of Oswego County, New
York—at his first attempt he succeeded in transmitting his
message, without a wire, from the submerged machine at
one end of the route to that at the other. The messages
and replies were continued for two hours, the average time
of transmission for the 138 miles being a little less than
three-eighths of a second.

“The upshot of the discovery—on what principle Mr
Mower is not yet prepared to disclose—is, that electric
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currents can be transmitted through water, salt or fresh,
without deviation vertically, or from the parallel of lati-
tude. The difficulty from the unequal level of the tidal
waves in the two hemispheres will be obviated, it is
claimed, by submerging the apparatus at sufficient depth.
The inventor, we are told, is preparing to go to Europe
to secure there the patent rights for which the caveats have
been filed here. = At the inconsiderable cost of 10,000
dollars he expects within three months to establish tele-
graphic communication between Montauk Point, the eastern
extremity of Long Island, and Spain, the eastern end of
the line striking the coast of Portugal at a puint near
Oporto.

“The statement of the discovery is enough to take away
one’s breath ; but, with the history of the telegraph before
us, we no more venture to deny than we do to affirm
its possibility.”

M. BOURBOUZE—1870.

During the investment and siege of Paris by the German
forces in the winter of 1870-71, many suggestions were
made for the re-establishment of telegraphic communica-
tion between Paris and the provinces. Acoustic methods
were tried, based on the transmission of sound by earth
and water. A Mr Granier proposed a form of aerial line
which was thought to be feasible by the distinguished
aeronaut, Gaston Tissandier. The wire (to be paid out
from balloons) was to be enclosed in gutta-percha tubing,
inflated with hydrogen gas so as to float 1000 to 1500
metres above the earth.

Amongst other suggestions was one by M. Bourbouze,
a well-known French electrician, which only need concern
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us in these pages.! His proposal was to send strong
currents into the river Seine from a battery at the nearest
approachable point outside the German lines, and to receive
in Paris through a delicate galvanometer such part of these
currents as might be picked up by a metal plate sunk in
the river. After some preliminary experiments between
the Hotel de Ville and the manufactory of M. Claparéde
at St Denis, it was decided to put the plan in practice.
Accordingly, on December 17, 1870, M. d’Almeida left the
beleaguered city by balloon, descended after many perils
at Champagne outside the enemy’s lines, and proceeded
vid Lyons and Bordeaux to Havre. Thence the necessary
apparatus was ordered from England and conveyed to
Poissy, where M. d’Almeida regained the banks of the
Seine on January 14, 1871. Here, however, the river
was found to be completely frozen over, and the attempt
at communicating with Paris was deferred to January 24.
Meanwhile the armistice was proclaimed, and the project
was allowed to drop.

M. Bourbouze did not, however, abandon his idea, and,
thinking he found in the principle of La Cour’s phonic wheel
telegraph a better means of indicating the signals than the
galvanometer, he again took up the problem. Between 1876
and 1878 an occasional notice of his experiments appeared
in the technical journals, but they are all provokingly silent
on the point of actual results over considerable distances.?

1 On March 27, 1876, Bourbouze requested to be opened at the
Academy of Sciences a sealed packet which he had deposited on
November 28, 1870. It was found to contain a note entitled ¢ Sur
les Communications  Distance par les Cours d’Eau.” The contents
of the document, so far as I know, have not been published.

2 See, amongst other accounts, the ‘ English Mechanic,” September
8, 1876 ; ‘Engineering,’ April 13, 1878 ; and the French journal, ¢ La
Nature,’ July 8, 1876. For Bourbouze's earlier experiments, see ¢ La
Lumidre Electrique,’” August 19, 1879,
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electricity, and establishing an electrical current or circuit
for telegraphic and other purposes without the aid of wires,
artificial batteries, or cables, and yet capable of communi-
cating from one continent of the globe to another.

¢ As it was found possible to dispense with the double
wire (which was first used in telegraphing), making use of
but one, and substituting the earth instead of a wire to
form the return half of the circuit ; so I now dispense with
both wires, using the earth as one-half the circuit and the
continuous electrical element far above the earth’s surface
for the other half. I also dispense with all artificial hat-
teries, but use the free electricity of the atmosphere, co-
operating with that of the earth, to supply the current for
telegraphing and for other useful purposes, such as light,
heat, and motive power.

* As atmospheric electricity is found more and more
abundant when moisture, clouds, heated currents of air,
and other dissipating influences are left below and a greater
altitude attained, my plan is to seek as high an elevation as
practicable on the tops of high mountains, and thus establish
electrical connection with the atmospheric stratum or ocean
overlying local disturbances. Upon these mountain-tops I
erect suitable towers and apparatus to attract the electricity,
or, in other words, to disturb the electrical equilibrium, and
thus obtain a current of electricity, or shocks or pulsations,
which traverse or disturb the positive electrical body of the
atmosphere between two given points by connecting it to
the negative electrical body of the earth below.”

To test this idea, he selected two lofty peaks on the
mountains of West Virginia, of the same altitude, and about
ten miles apart. From these he sent up two kites, held by
strings in which fine copper wires were enclosed. To the
ground end of the wire on one peak he connected an electrical
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detector—presumably of the electrometer kind—and on the
other peak a key for connecting the kite wire to earth when
required. With this arrangement we are told that messages
were sent and received by making and breaking the earth
connection, “ the only electro-motor being the atmospheric
current between the kites, and which was always available
except when the weather was violently broken.”

So well did this idea ‘“take on” in the States that we
learn from the New York ‘Journal of Commerce’ (February
5, 1873) that a bill had passed Congress incorporating a
company to carry it out. The article then goeson to eay:
“We will not record ourselves as disbelievers in the Aerial
Telegraph, but wait meekly and see what the Doctor will
do with his brilliant idea now that both Houses of Congress
have passed a bill incorporating a company for him. Con-
gressmen, at least, do not think him wholly visionary ; and
it is said that the President will sign the bill; all of which
is some evidence that air telegraphy has another side than
the ridiculous one. The company receive no money from
the Government, and ask none. As we understand the
Loomis plan, it is something to this effect—and readers are
cautioned not to laugh too boisterously at it, as also not to
believe in it till demonstrated. The inventor proposes to
build a very tall tower on the highest peak of the Rocky
Mountains. A mast, also very tall, will stand on this
tower, and an apparatus for ¢ collecting electricity’ will top
the whole. From the loftiest peak of the Alps will rise
another very tall tower and ditto mast, with its coronal
electrical affair. At these sky-piercing heights Dr Loomis
contends that he will reach a stratum of air loaded with
electricity ; and we cannot say that he will not. Then,
establishing his ground-wire connections the same as in
ordinary telegraphs, he feels confident that he can send
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messages between the mast-tops, the electrified stratum of
air making the circuit complete. The inventor claims to
have proved the feasibility of this grand scheme on a small
scale. We are told that, from two of the spurs of the Blue
Ridge Mountains, twenty miles apart, he sent up Kkites,
using small copper wire instead of pack-thread, and tele-
graphed from one point to the other.”

At intervals in the next few years brief notices of the
Loomis method appeared in the American journals, some
of which were copied into English papers. The last that
I have seen is contained in the ¢Electrical Review’ of
March 1, 1879, where it is stated that “ with telephones in
this aerial circuit he (Loomis) can converse a distance of
twenty miles,” to which the editor significantly adds a
note of interrogation.

The fact is, however much Mr Loomis and his Wall
Street friends believed that dollars were in the ides, the
technical press never took it very seriously. This is shown
by the following cutting, which we take from the New
York ‘Journal of the Telegraph,” March 15, 1877:
“The never-ending procession of would-be inventors who
from day to day haunt the corridors and offices of the
Electrician’s department at 195 Broadway, bringing with
them mysterious packages tied up in newspapers, was
varied the other day by the appearance of a veritable
lunatic. He announced that that much-talked-of great
discovery of a few years ago, aerial telegraphy, was in
actual operation right here in New York. A. M. Palmer,
of the Union Square Theatre, together with one of his
confederates, alone possessed the secret! They had un-
fortunately chosen to use it for illegitimate purposes, and
our visitor, therefore, felt it to be his solemn duty to expose
them. By means of a $60,000 battery, he said, they trans-
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they are many—it has a language of its own, and opens up
to research a new field in meteorology.

The sound produced in the telephone by lightning, even
when 8o distant that only the flash can be seen in the hori-
zon, and no thunder can be heard, is very characteristic—
something like the quenching of a drop of molten metal in
water, or the sound of a distant rocket ; but the remarkable
circumstance for us in this history is, that this sound is
always heard just lefore the flash is seen, showing that
there is an inductive disturbance of the electricity overhead,
due to the disfant concentration preceding the disruptive
discharge. Thus, on November 18, 1877, these peculiar
sounds were heard in Providence, and the papers next
morning explained them by reporting thunderstorms in
Massachusetts. Sounds like those produced by lightning,
but fainter, are almost always heard many hours before a
thunderstorm actually breaks.!

The Bell telephone was tried for the first time on a wire
from New York to Boston on April 2, 1877, and soon after-
wards its extraordinary sensitiveness to induction currents,
and currents through the earth (leakages) from distant
telegraph circuits, began to be observed.? Thus, in August
1877, Mr Charles Rathhone of Albany, N.Y., had been ex-
perimenting with a Bell telephone which was attached to a
private telegraph line connecting his house with the Ob-

1 ‘Journal of the Telegraph,’ N.Y., December 1, 1877. See also
“Jour. Inst. Elec. Engs.,’ vol. vi. p. 523, vol. vii. p. 329 ; ‘The Elec-
trician,’ vol. ix. p. 362.

3 The disturbing effects of induction on ordinary telegraph wires on
the same poles had long before this been noticed. See Culley’s paper
and the discussion thereon in the ¢ Jour. Inst. Elec. Engs.,’ vol. iv.
p. 54. See aleo p. 427 for Winter’s interesting observations in India
in 1873. As far back as 1868 Prof. Hughes, at the request of the
French Telegraph Administration, undertook a series of experiments
with a view of finding a remedy. The results are given in his paper
read before the Inst. Elec. Engs., March 12, 1879.
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servatory. One evening he heard some singing which he
thought came from the Observatory, but found on inquiry
that that was not the case. He then carefully noted what
followed, and next morning sent a note to the newspapers
stating the facts and giving the names of the tunes which
he had heard. This elicited the information that the tunes
were those of an experimental concert with Edison’s singing
telephone over a telegraph wire between New York and
Saratoga Springs. It was then resolved to follow up this
curious discovery, and, accordingly, when Edison’s agent
gave another concert in Troy, arrangements were made to
observe the effects. A wire running from Albany to Troy
alongside the Edison wire was earthed with a Bell telephone
in circuit at each end. The concert was heard as before,
the music coming perfectly clear, and the tunes distinguish-
able without the least difficulty.

Later in the evening the instruments were put in circuit
on one of the wires running from Albany to New York.
Again the music was heard, and much louder, so that by
placing the telephone in the centre of the room persons
seated around could hear with perfect distinctness.

These observations were made on six separate occasions
between August 28 and September 11, and, strangely enough,
two other and independent observers in Providence, 200
miles away, noted the same effects on five out of the six
dates given by Mr Rathbone.!

Dr Channing, one of the observers in Providence, has
published a very interesting account? of his observations,
from which T will make a few extracts. During five

1 ‘Journal of the Telegraph,’ N.Y., October 1 and 16, and No-
vember 1, 1877. For other early observations of the same kind see
‘The Telegraphic Journal, March 1, 1878, p. 96 ; ¢ Journal of the
Telegraph,” Maxrch 16, 1878 ; ‘The Electrician,’ vol. vi. pp- 207, 303.

* ¢Journal of the Telegraph,’ December 1, 1877, and reproduced
in the ‘Jour. Inst. Elec. Engs,’ vol. vi. p. 545.

F
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evenings in the latter part of August and first part of
September 1877 concerts were given in the Western Union
Office, N.Y., for the bencfit of audiences in Saratoga,
Troy, and Albany respectively. The performers sang or
played into an Edison musical telephone, actuated by a
powerful battery, and connected with one or other of the
above-named places by an ordinary telegraph line, with
return through the ground.

In Providence, on the evening of the first concert, Dr
Channing and a friend were conversing through Bell tele-
phones over a shunt wire, made by grounding one of the
American District Telegraph wires at two places, a quarter
of a mile apart, through the telephones and several hun-
dred ohms resistance. At about half-past eight o’clock
they were surprised by hearing singing on the line, at first
faint, but afterwards becoming clear and distinct. After-
wards, during that and subsequent evenings, various airs
were heard, sung by a tenor or soprano voice, or played
on the cornet. On investigation, the music heard proved
to be the same as that of the Edison concerts performed
in New York.

The question how this music passed from the New York
and Albany wire to a shunt on the District wire in Provi-
dence is of scientific importance. The Edison musical
telephone consists of an instrument which converts sound
waves into galvanic waves at the transmitting station, and
another apparatus which reconverts galvanic waves into
sound waves at the receiving station. The battery used
in these concerts consisted of 125 carbon-bichromate cells
(No. 1}), with from 1000 to 3000 ohms resistance inter-
posed between the battery and the line. The line wire
extended from the Western Union office, vid the Harlem
Railway, to Albany. On the same poles with this Albany
wire, for sixteen miles, are carricd four other wires, all
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running to Providence, and also, for eight miles, a fifth
wire from Boston, »id New London, to Providence. All
these lines, including the Albany wire, are understood to
have a common earth connection at New York, and to be
strung at the usual distance apart, and with the ordinary
insulation.

At Providence six New York and DBoston wires run
into the Western Union office on the same poles and
brackets for the last 975 feet with an American District
wire. This wire belongs to an exclusively metallic circuit
of four and a half miles, having, therefore, no earth con-
nection. Finally, in a shunt on this wire, the telephones
were placed as before.described.

It will thus be seen that the music from the Albany
wire passed first to the parallel New York—Providence
wires ; secondly, from these to a parallel District wire in
Providence ; and thirdly, through a shunt on the District
wire to the telephones.

This transfer may have taken place by induction, by
cross-leakage, or, in the first instance, in New York by
a crowded ground connection ; but in the transfer in Provi-
dence from the New York—-Boston to the District wire there
was no common ground connection, and it is difficult to
suppose that sufficient leakage took place on the three
brackets and three poles (common to the New York and
District wires) to account for it. Without wholly reject-
ing the other modes of transfer, Dr Channing ascribes to
induction the principal part in the effects.

The next question arises, What proportion of the electri-
cal force set in motion in New York could have reached the
listeners on the short shunt line in Providence? Whether
induction or cross-leakage or crowded ground was concerned,
who will say that the New York-Providence wires had
robbed the Albany wire of one-tenth or even one-hundredth
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of its electrical force? When this reached Providence, did
the New York wires in the course of 975 feet give up to
the District wire one-tenth or one-hundredth of ¢heir force?
Lastly, when the District circuit had secured this minute
fraction, did the shunt, with its 500 ohms resistance as
against the few ohms of the shunted quarter-mile, divert
one-hundredth part of this minute fraction from the Dis-
trict wire? Plainly, the music reproduced in the Providence
telephone did not require one ten-thousandth, nor one
hundred-thousandth of the force originally imparted to the
Albany wire.

In December 1877 Prof. E. Sacher of Vienna undertook °
some careful investigations with a view of measuring the
inductive effect in telephone circuits. He found that
signals from three Smee cells sent through one wire, 120
metres long, could be distinctly heard in the telephone on
another and parallel wire 20 metres distant from it.!

Early in 1879 M. Henri Dufour tried similar experi-
ments, and with the same results. Two covered copper
wires were stretched parallel over a length of 15 metres, and
at distances apart varying from 15 to 45 centimetres. In
connection with one of the wires were the battery and the
ordinary Morse apparatus, the gas-pipes being used to com-
plete the circuit. The ends of the other wire were joined
to the telephone so as to form a complete metallic circuit.
The current employed produced a deflection of 60° on the
galvanometer. Under these conditions all the motions of
the key were distinctly heard in the telephone, and the
author was satisfied that a telegraphist would have under-
stood the signals, even when the distance between the two
wires was 45 centimetres.?

‘When we consider the shortness of these wires, the
effects are sufficiently striking; but before this, equally

1 Electrician, vol. i, p. 194. 2 Ibid., vol. ii. p. 182.
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striking results had been obtained on actual telegraph lines,
where there was no battery, and where the infinitesimal
currents produced by speaking into a Bell telephone on one
wire were able to induce currents in a parallel wire sufficient
to render the words audible in another telephone in its
circuit. Dr Channing found this to be possible ‘under
very favourable conditions.” 1

Another striking illustration is furnished by Prof. Blake,
of Brown University, U.S., who talked with a friend for
some distance along a railway (using the two lines of rails
for the telephonic circuit), hearing at the same time the
" Morse signals passing along the telegraph wires overhead.?

‘PROFESSOR JOHN TROWBRIDGE—1850.

Such are a few of the early instances noted of the
cxtreme sensitiveness of the telephone, by the aid of which
the problem of wireless telegraphy was now to be attacked
with a fair measure of success, and advanced a long way
towards a practical solution.

Mr J. Gott, then superintendent of the Anglo-American
Telegraph Company at St Pierre, was, I believe, the first to
suggest the employment of the telephone in this connection.
In a brief communication, published in the ¢Jour. Inst.
Elec. Engs.”’ (vol. vi. p. 523), ho says: “The island of

1 For a curiously similar case, the result of a wrong connection of
the line wires, see the ¢ Telegraphic Journal,’ vol. ix. p. 68.

2 The absence of insulation in this experiment recalls the fact that
a telephone line using the earth for the return circuit often works
better when the insulation is defective, as it is then less affected by
extraneous currents. Thus, in 1882, the Evansville (Ind.) Telephone
Exchange Company worked 400 miles of line without insulators of any
kind (the wires being simply attached to the poles), and generally

with better results than when insulators were used. (‘Electrician,’
vol. ix. p. 481.)
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St Pierre is, perbaps, better insulated than most places.
Hundreds of yards from the station, if a wire be connected
to earth, run some distance, and put to earth again, with a
telephone in circuit, the signals passing through the cables
can be heard.” ;

There are two offices on the island,—one used for
repeating the cable business on the short cables between
Sydney, C.B., and Placentia, N.F., and operated by the
Morse system, with a comparatively powerful battery ; the
other is the office at which the Brest and Duxbury cables
terminate, and is furnished with very delicate instruments
—the Brest cable, which is upwards of 2500 miles long,
being operated by Thomson’s exceedingly sensitive dead-
beat mirror galvanometer ; whilst on the Duxbury cable the
same inventor’s instrument, the siphon recorder, is used.
The Brest instrument was found seriously affected by earth-
currents, which flowed in and out of the cable, interfering
very much with the frue currents or signals, and rendering
it a difficult task for the operator to decipher them ac-
curately. The phenomenon is not an uncommon one ; and
the cause being attributed to the ground used at the
office, a spare insulated wire, laid across the island, a
distance of nearly three miles, and a metal plate connected
to it and placed in the sea, was used in lieu of the office
ground. This had a good effect, but it was now found that
part of the supposed earth-currents had been due to the
signals sent by the Morse operator into his wire, for when
the recorder was put in circuit between the ground at the
cable office and the sea ground—three miles distant—the
messages sent by the Morse were clearly indicated,—so
clearly, in fact, that they were automatically recorded on
the tape.

It must be clearly understood that the two offices were in
no way connected, nor were they within some 200 yards of
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each other; and yet messages sent at one office were
distinetly read at the other, the only connection between
the two being through the earth, and it is quite evident
that they could be so read simultaneously at many offices in
the same neighbourhood. The explanation is clear enough.
The potential of the ground at the two offices is alternately
raised and lowered by the Morse battery. The potential of
the sea remains almost, if not wholly, unaffected by these,
and the island thus acts like an immense Leyden jar, con-
tinually charged by the Morse battery and discharged, in
part, through the short insulated line. Each time the
Morse operator depressed his key he not only sent a current
into his cable, but electrified the whole island, and this
electrification was detected and indicated on the recorder.!

As the result of these experiences, Mr Gott gave it as his
opinion that ¢ speaking through considerable distances of
earth without wires is certainly possible with Bell’s tele-
phone, with a battery and Morse signals.”

Professor John Trowbridge of Harvard University,
America, was, however, the first to systematically study
the problem, and to revive the daring project of an Atlantic
telegraph without connecting wires, and the less ambitious
but equally useful project of intercommunication between
ships at sea.? In fact, Trowbridge’s researches may truly be

1 See now Salvd's curious anticipation in 1795 of this phenomenon,
p. 1, ante. The peculiarity, due to geological formation, is not con-
fined to St Pierre ; it is often met with in practice, though usually in
lesser degrees. See some interesting cases, noted by G. K. Winter
and James Graves, ¢ Jour. Inst. Elec, Engs.,’ vol. i. p. 88, and vol.
iv. p. 34.

? Mr H. C. Strong of Chicago, Illinois, claims to have suggested
in 1857, in a Peoria, Iil., newspaper, the possibility of communication
between ships at sea by means of a wireless telegraph then recently
invented by his friend Henry Nelson of Galesburg. See Mr Strong’s
letter in the New York ‘Journal of the Telegraph,’ August 15,
1877.
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said to form a new starting-point in the history of our
subject, for, as we shall see later on, it is chiefly to him
that Messrs Preece, Bell, and other experimenters in this
field owe their inspirations. His investigations, therefore,
deserve to be carefully followed.!

The observatory at Harvard transmits time-signals from
Cambridge to Boston, a distance of about four miles, and
the regular recurrence of the beats of the clock afforded
a good means of studying the spreading of the electric
currents from the terminal of the battery which is grounded
at the observatory. In all the telephone circuits between
Boston and Cambridge, in the neighbourhood of the observ-
atory line, the ticking of the clock could be heard. This
ticking had been attributed to induction, but this, accord-
ing to Prof. Trowbridge, is an erroneous conclusion, as he
shows by a mathematical analysis into which we need not
enter. The result goes to show that, with telephones of
the resistance usually employed, no inductive effect will
be perceived by the use of even ten quart Bunsen cells
between wires running parallel, a foot apart, for a distance
of 30 or 40 fect.

For this and other reasons, he says, it is impossible to
hear telephonic messages by induction from one wire to
another, unless the two run parallel and very close to each
other for a long distance. This distance generally exceeds
the limit at which the ordinary Bell telephone ceases to
transmit articulate speech. The effects which have usually )
been attributed to induction are really, he says, due to the
earth connections and to imperfect insulation.

Having determined in this manner that the echoes of the

1 They are given at length in a paper, “ The Earth as a Conductor
of Electricity,” read before the American Academy of Arts and
Sciences in 1880. See also ‘Silliman’s American Journal of
Science,” August 1880, which I follow in the text.
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time-signals observed on the telephone lines were not due
to induction, but to leakage from the clock circuit, Prof.
Trowbridge proceeded to study the extent of the equally
electrified or equi-potential surfaces of the ground sur-
rounding the clock battery. His method of exploration
was to run a wire 500 or 600 feet long to earth at cach
end, including a telephone of 50 to 60 ohms resistance.
Evidence of a current in this exploratory circuit was plainly
shown by the ticking sound which making and breaking
the circuit caused in the telephone, and the time-signals
could be distinctly heard in a field 220 yards from the
observatory” where one earth of the time-signal wire is
located. At a distance of a mile from the observatory, and
not in the direct line between that place and the Boston
telephone office, the time-signals were heard by connecting
through a telephone the gas-pipes of one building with the
water-pipes of another only 50 feet apart. In another ex-
periment at the Fresh Pond lake in Cambridge, signals
sent from Boston to Waltham (ten to twelve miles) were
heard by simply dipping the terminal wires of the telephone
in the lake, and some distance apart, where they mnust have
been far away (1 four miles) from the battery earth.

Prof. Trowbridge performed a large number of similar
experiments, varied in every way, all going to prove (1)
that a battery terminal discharging electricity to carth is
the centre of waves of electrical energy, ever widening,
and ever decreasing in strength or potential as they widen ;
and (2) that on tapping the earth in the way described at
two points of different potentials (not very distant, if near
the central source, and more removed the farther we recede
from the source) we can obtain in the telephone evidence
of their existence. Prof. Trowbridge then goes on to
Bay :—

«In a discussion on the earth as a conductor, Steinheil
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says:! ‘We cannot conjure up gnomes at will to convey
our thoughts through the earth. Nature has prevented
this. The spreading of the galvanic effect is proportional
. « . to the square of the distance; so that, at the distance
of 50 feet, only exceedingly small effects can be produced.
.+ . Had we means which could stand in the same relation
to electricity that the eye stands to light, nothing would
prevent our telegraphing through the earth without con-
ducting wires.’

“The telephone of Prof. Bell, though far from fulfilling
the conditions required by Steinheil, is nevertheless our
nearest approach to the desideratum.

“The theoretical possibility of telegraphing across the
Atlantic without a cable is evident from the survey which
I have undertaken. The practical possibility is another
question, Powerful dynamo -electric machines could be
placed at some point in Nova Scotia, having one end of
their circuit grounded near them and the other end grounded
in Florida, the connecting wire being of great conductivity
and carefully insulated throughout. By exploring the coast
of France, two points on surface lines not at the same
potential could be found; and by means of a telephone
of low resistance, Morse signals sent from Nova Scotia
to Florida could be heard in France. Theoretically, this
is possible ; but practically, with the light of our present
knowledge, the expenditure of energy on the dynamo-
electric machines would be enormous.” 2

Professor Trowbridge has suggested the applicability of
this method to the intercommunication of ships at sea

1 See p. b, ante.

2 A writer in the ‘ Electrician’ (vol. v. p. 212), commenting on
this passage, says : “ Prof. Trowbridge seems to overlook the advan-
tage of employing large condensers between the dynamo machines

and the earth. They would prove of great service in exalting the
earth potentials at the terminal stations.”
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1884, Prof. Trowbridge described another plan, using in-
stead of the telephone circuit a sensitive galvanometer con-
nected up to a cross-arm of wire, whose ends dip into the
water at each side of the ship. Wlen one vessel comes
within the arca electrically saturated by another, the galvan-
ometer will show how the equipotential lines are disturbed,
and if a map of these lines be carefully traced we can fix
the position of the approaching ship. He adds: “The
method could also be applied to saturating the water around
a rock, and you could take electrical soundings, so to speak,
and ascertain your position from electrical maps carefully
made out.”

In a later paper published in the ¢Scientific American
Supplement,’ February 21, 1891, Prof. Trowbridge discusses
the phenomena of induction, electro-magnetic and static,
as distinguished from leakage or earth conduction, and with
reference to their employment in wireless telegraphy.

The hope, he says, that we shall be able to transmit
messages through the air by electricity without the use
of connecting wires is supposed by some to indicate its
realisation at a future day. Let us examine how near we
are at present to the realisation of this hope.

He supposes that the chief use of any method by which
connecting wires could be dispensed with would be at sca
in a fog. On land for considerable distances it is hardly
probable that any electrical method could be devised in
which air or the ether of space could advantageously re-
place a metallic conductor. The curvature of the earth
would probably demand a system of frequent repetition,
which is entirely obviated by the use of a wire. If, how-
ever, an electrical or magnetic system could be made to work
through the air even at the distance of a mile, it would
be of very great use at sea in averting collisions ; for any
system of signals depending upon the use of fog-horns of
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Nothing could seem simpler than this, but, unfortunately,
calculation shows that under the best conditions the size of
the coils would have to be enormous. Prof. Trowbridge
has computed that to produce an audible note in the tele-
phone at a distance of half a mile, a coil of ten turns of
800 feet radius would be necessary ; but it is evident that
a coil of this size would be out of the question. Instead,
however, of increasing the size of the coil beyond the
practical limits of the masts and yard-arms, we could in-
crease the strength of the current so as to be effective at
the distance of half a mile; but, again, calculation shows
that this strength of current would be beyond all practical
- limits of dynamo construction, unless we discover some
method of tuning, so to speak, two coils so that the elec-
trical oscillations set up in one may be able to evoke in
the other sympathetic vibrations.!

Since, then, we have little, apparently, to hope for from
electro - magnetic induction in signalling through a fog,
cannot we expect something from static induction? This
form of induction can be well illustrated by an early
experiment of Prof. Henry. An ordinary electrical machine
was placed in the third storey of his house, and a metal
plate 4 feet in diameter was suspended from the prime
conductor. On the first floor or basement, 30 feet below
in a direct line, was placed a similar plate, well insulated.
When the upper plate was charged by working the
machine, the lower plate showed signs of electrification,
as was evidenced by its effect on the pith-ball electroscope.?

sound. De la Rive, in 1843, rightly traced this sound to the slight
elongation of iron under the magnetic strain—a fact which, in its
turn, was first observed by Joule in 1842. For Page's discovery see
the ‘ Magazine of Popular Science,’ 1837, p. 237.

! Prof. Oliver Lodge is now engaged on this very problem. See
p- 235, note 2, infra. )

2 See an excellent account of Henry and his work in the New
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needles, which were also connected with an interrupter that
interrupted the circuit about one hundred times a second.
Then I had -two needles conuected with a telephone : one
needle I fastened on the paper in the water, and the moment
I placed the other needle in the water I heard a musical
sound from the telephone. By moving this needle around
in the water, I would strike a place where there would be no
sound heard. This would be where the electric tension was
the same as in the needle; and by experimenting in the
water you could trace out with perfect ease an equipotential
line around one of the poles in the water.

“Tt struck me afterwards that this method, which is true
on the small, is also true on the large scale, and that it
might afford a solution of a method of communicating elec-
trical signals between vessels at sea.

“I made some preliminary experiments in England, and
succeeded in sending signals across the river Thames in this
way. On one side were two metal plates placed at a dis-
tance from each other, and on the other two terminals
connected with the telephone. A current was established
in the telephone each time a current was established
through the galvanic circuit on the opposite side, and if
that current was rapidly interrupted you would get a musical
tone.

“Urged by Prof. Trowbridge, I made some experiments
which are of very great value and suggestiveness. The first
was made on the Potomac river.

“I had two boats. In one boat we had a Leclanché
battery of six elements and an interrupter for interrupting
the current very rapidly. Over the bow of the boat we made
water connection by a metallic plate, and behind the boat we
trailed an insulated wire, with a float at the end carrying a
metallic plate, so as to bring these two terminals about 100
feet apart. I then took another boat and sailed off. In

(¢}
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this boat we had the same arrangement, but with a tele-
phone in the circuit. In the first boat, which was moored,
I kept a man making signals ; and when my boat was near
his I would hear those signals very well—a musical tone,
something of this kind : tum, tum, tum. I then rowed my
boat down the river, and at a distance of a mile and a
quarter, which was the farthest distance I tried, I could
still distinguish those signals.

“It is therefore perfectly practicable for steam-vessels
with dynamo machines to know of each other’s presence ina
fog when they come, say, within a couple of miles of one
another, or, perhaps, at a still greater distance. I tried the
experiment a short time ago in salt water of about 20 fathoms
in depth. I used then two sailing-boats, and did not get so
great a distance as on the Potomac. The distance, which
we estimated by the eye, seemed to be about half a mile;
but on the Potomac we took the distance accurately on the
shore.”

Later, in urging a practical trial of his method, Prof. Bell
further said: “Most of the passenger steamships have dynamo
engines, and are electrically lighted. Suppose, for instance,
one of them should trail a wire a mile long, or any length,
which is connected with the dynamo engine and electrically
charged. The wire would practically have a ground connec-
tion by trailing in the water. Suppose you attach a telephone
to the end on board. Then your dynamo or telephone end
would be positive, and the other end of the wire trailing
behind would be negative. All of the water about the ship
will be positive within a circle whose radius is one-half of
the length of the wire. All of the water about the trailing
end will be negative within a circle whose radius is the
other half of the wire. If your wire is one mile long, there
is then a large area of water about the ship which is affected
either positively or negatively by the dynamo engine and the
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electrically charged wire. It will be impossible for any ship
or object to approach within the water so charged in relation
to your ship without the telephone telling the whole story
to the listening ear. Now, if a ship coming in this arca also
has a similar apparatus, the two vessels can communicate
vith each other by their telephones. If they are enveloped
in a fog, they can keep out of each other's way. The ship
having the telephone can detect other ships in its track, and
keep out of the way in a fog or storm. The matter is s0
simple that I hope our ocean steamships will experiment
with it.” !

PROFESSOR A. E. DOLBEAR—1883.

Prof. Dolbear of Tuft’s College, Boston, was also, about
the same time as Graham Bell, engaged on the problem of a
wireless telegraph, and produced a very simple and workable
(at least for short distances) apparatus, which he patented
in the United States, and of which he gave a description at
a meeting of the American Association for the Advancement
of Science in 1883. I take the following account from his
specification as published in the ¢ Scientific American Sup-
plement,” December 11, 1886 :—

“In the diagram, A represents one place (say Tuft’s College)
and B a distant place (say my residence).

“cis a wire leading into the ground at a, and D a wire
leading into the ground at B.

“6 is an induction coil, having in the primary circuit a
microphone transmitter T, and a battery f’, which has a
number of cells sufficient to establish in the wire ¢, Which
is connected with one terminal of the secondary coil, an
electro-motive force of, say, 100 volts. The battery is so

1 Public Opinion, January 31, 1886.
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obvious, this may be done by either the batteries or the
condensers, I prefer to use both.”

Prof. Dolbear states that communication by this method
is quite practicable at a distance of half a mile at least, but
its possible range he had not yet determined.

In the article from which I am quoting the author gives
some additional particulars which are worth repeating.
“ My first results,” he says, ¢ werc obtained with a large
magneto-electric machine with one terminal grounded through
a Morse key, the other terminal out in free air and only.a
foot or two long ; the receiver having one terminal grounded,
the other held in the hand while the body was insulated,
thé distance between grounds being about 60 feet. After-
ward, much louder and better effects were obtained by using
an induction coil having an automatic break and with a
Morse key in the primary circuit, one terminal of the
secondary grounded, the other in free air, or in a condenser
of considerable capacity, the latter having an air discharge
of fine points at its opposite terminal. At times I have
employed a gilt kite carrying a fine wire from the secondary
coil. The discharges then are apparently nearly as strong
as if there was an ordinary circuit.

¢ The idea is to cause a series of electrical discharges into
the earth at a given place without discharging into the earth
the other terminal of the battery or induction coil—a feat
which I have been told so many, many times was impossible,
but which certainly can be done. An induction coil isn’t
amenable to Ohm’s law always! Suppose that at one place
there be apparatus for discharging the positive pole of the
induction coil into the ground, say 100 times per second,
then the ground will be raised to a certain potential 100
times per second. At another point let a similar apparatus
discharge the negative pole 100 times per second ; then
between these two places there will be a greater difference

Digitized by G (0] 0816



102 SECOND PERIOD—THE PRACTICABLE.

of potential than in other directions, and a series of earth-
currents, 100 per second, will flow from the one to the other.
Any scnsitive eloctrical device, a galvanometer or telephone,
will bo disturbed at the latter station by these currents, and
any intermittence of them, as can be brought about by a
Morse key in the first place, will be seen or heard in the
sccond place. The stronger the discharges that can be thus
produced, the stronger will the earth-currents be of course,
and an insulated tin roof is an excellent terminal for such a
purpose. I have generally used my static telephone receiver
in my experiments, though the magneto will answer.

“T am still at work upon this method of communication,
to perfect it. I shall soon know better its limits on both
land and water than I do now. It is adapted to telegraphing
between vessels at sea.

“Some very interesting results were obtained when the
static receiver with one terminal was employed. A person
standing upon the ground at a distance from the discharging
point could hear nothing; but very little, standing upon
ordinary stones, as granite blocks or steps; but standing on
asphalt concrete, the sounds were loud enough to hear with
the telephone at some distance from the ear. By grounding
the one terminal of the induction coil to the gas or water
pipes, leaving the other end free, telegraph signals can be
heard in any part of a big building and its neighbourhood
without any conmection whatever, provided the person be
well insulated.”

When we come to speak of the Marconi system, we shall
see how near Dolbear got to that great discovery in his
acute observation of the heightened effects obtained by pro-
jecting into free air the ungrounded terminal wires of the
sending and receiving apparatus.! His use of condensers

! Compare his sending apparatus with that of Marconi, fig. 41, p.
208, infra.
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travelling. Every time the engine passes a milestone, the
pointer on the dial moves forward to the next figure, a
sound or alarm accompanying each movement.

“ Not only this, but if two cngines are approaching each
other, by any casualty, on the same rails, then, at a distance
of a mile or two, a timely notice can be given in each
engine by a sound or alarm, from which the engineer
would be apprised to slacken the speed ; or, if the engineer
be aslecp or intoxicated, the same action might turn off the
steam, independently of his attention, and thus prevent an
accident.”!

In 1842 William Fothergill Cooke published his *Tele-
graphic Railways,’ descriptive of a crude system of train
signals, which was tried, in 1843, in the Queen Street
tunnel, Glasgow, and in the Clay Cross tunnel, Derby;
and, on a more extensive scale, in 1844, on the Great
Fastern Railway, between Norwich and Yarmouth.

Dujardin in 1845, Brett and Little in 1847, Edwin Clark
in 1854, Bonelli in 1855, and many others, proposed various
systems of train signalling; but as they are all based on
ordinary telegraphic principles and require connecting wires,
they do not specially concern us in this history.

Mr A. C. Brown, an officer of the Eastern Telegraph
Company, claims to have been the first to suggest, in 1881,
the method of induction for communicating with moving
trains. In a letter published in the ¢Electrician,’ March
21, 1885, he says:—

“My object was chiefly to provide an efficient means of
fog-signalling, by enabling the signalman to communicate
directly with the drivers or guards. I proposed to runa

1 See the writer's ‘History of Electric Telegraphy,” 1884, p. 407.
The most perfect block system of the present day does not do any-
thing like this. Davy’s plan was actually patented by Henry Pinkus!
See his patent specification, No. 8644, of September 24, 1840.
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wire along the permanent way, parallel with the rails, and
to wind a coil of wire round the engine, or carriage to be
communicated with, in such a way as to get as long a length
of wire parallel to, and as near to, the line-wire as possible,
%0 a3 to be well exposed to the inductive action thercof. I
then proposed to place in the signal-boxes a battery, sig-
nalling key, and rapid make-and-break instrument, or buzzer,
and to thereby signal to the train, using a telephone in
circuit with the train-coil as a receiver. By using an ordin-
ary carbon transmitter in the line-wire, I also found it quite
practicable to speak verbally to the train, so as to be dis-
tinctly heard in the telephone.

“This design was embodied in a paper which, in the year
1881, I laid hefore the managing director of the United
Telephone Company, but want of time and opportunity
prevented its being put into practice. It was experimentally
tried at that time, using wire coils, properly proportioned
in length, resistance, and distance apart to the conditions
that would be obtained in practice. It has since been
simplified and arranged to produce both visible and audible
signals on the engine or car by induction from a No. 8 iron
line-wire across a space of 6 inches, with a current of only
one quarter ampére, or such as can easily be produced hy
the ordinary Daniell batteries used in railway work.” !

In 1883 Mr Willoughby Smith threw out a similar
suggestion towards the end of his paper on “Voltaic-Electric
Induction,” read before the Institution of Electrical En-
gineers, November 8 of that year:2—

« Telegraph engineers,” he says, “have done much
towards accomplishing the successful working of our present
railway system, but still there is much scope for improve-

1 For another proposal of Mr Brown, see p. 176, infra.

2 Compare also his remarks, ‘ Jour. Inst. Elec. Engs.,” March 23,
1882, p. 144
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ments in the signalling arrangements. In foggey weather
the system now adopted is comparatively useless, and
rocourse has to be had at such times to the dangerous and
somewhat clumsy method of signalling by means of de-
tonating charges placed upon the rails.

“ Now, it has occurred to me that Volta-Electric induction
might be employed with advantage in various ways for
signalling purposes. For example, one or more spirals
could be fixed between the rails at any convenient distance
from the signalling station, so that, when necessary, inter-
mittent currents could be sent through the spirals; and
another spiral could be fixed heneath the engine, or guard’s
van, and connected to one or more telephones placed near
those in charge of the train. Then, as the train passed
over the fixed spiral, the sound given out by the transmitter
would be loudly reproduced by the telephone, and indicate
by its character the signal intended.

“One of my experiments in this direction will perhaps
better illustrate my meaning. The large spiral was con-
nected in circuit with twelve Leclanché cells and the two
make-and-break transmitters before described. They were
so connected that either transmitter could be switched into
circuit when required, and this I considered the signalling
station. The small spiral was so arranged that it passed in
front of the large one at the distance of 8 inches, and at a
speed of twenty-eight miles per hour. The terminals of the
small spiral were connected to a telephone fixed in a distant
room, the result being that the sound produced from either
transmitter could be clearly heard and recognised every time
the spirals passed each other. With a knowledge of this
fact I think it will be readily understood how a cheap and
efficient adjunct to the present system of railway signalling
could be obtained by such means as I have ventured to

bring to your notice this evening.”
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In 1885 Mr T. A. Edison had his attention directed to
the subject, and with his usual thoroughness he soon pro-
duced a very complete system, with the assistance of
Messrs Gilliland, Phelps, and W. Smith — to the last-
nmed of whom the original idea is said to be due.!

The inevitable awant-coureur appeared in the technical
Journals of the period, and as it is delightfully character-
istic of the great magician of Menlo Park, we venture to
reproduce it here: ‘Mr Edison’s latest invention, an
arrangement to telegraph from moving traing, is thus
described by a recent visitor to his laboratory : Overhead
was a board eight inches wide, suspended from the ceiling
by ropes fastened to one of its edges. One side of it was
covered with tinfoil, and was facing toward a wall 20 feet
distant. ¢That,” said Mr Edison, ‘is my rilroad signal ;
I make electricity jump 35 feet, and carry a message.
This is something quite new ; no induction has ever been
known that extended over 3 or 4 or 5 feet. This inven-
tion uses what is called static electricity, and it makes
every running train of cars a telegraph station, accessible to
every other telegraph station on the road. Messages may
be sent toand from conductors, and to and from passengers.
1t requires no extra wire, either under the cars or at the
side of the cars, but uses the ordinary telegraph just as it
is put up at the side of the track. This white board is a
receiver and transmitter. A board like it is to be fastened
lengthwise along the peak of each car, where it will be
out of the way and will not be a blemish. When the
train is telegraphed to, the message jumps from the wire

! Although I have not seen any acknowledgment of their indebted-
ness, Mr Edison and his coadjutors can hardly have been ignorant of
Mr Willoughby Smith’s very clear proposal, of which their contriv-
ance is but the practical realisation. Given the idea, the rest was
easy enough.
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has placed upon its top or side, or upon each side, a
metallic condensing surface running the entire length of
the car. This consists of a strip a of metal, say a foot
wide, well insulated by blocks of glass; or it may be thin
sheet metal or metallic foil secured to canvas, and similarly
insulated from the body of the car. To increase the total
condensing surface, all the carriages of the train are prefer-
ably provided with such strips, which are connected electri-
cally by suitable couplings ¢ when the train is made up.
A wire 1 is connected with this condensing surface, and
extends through the apparatus to the carriage-truck so as
to form an earth connection through the wheels and the
rails upon which they travel. The apparatus just men-
tioned consists of an induction coil B, the secondary wire
of which is of extremely high resistance, and is in the
circuit of wire 1, in which is also connected a telephone
c of high resistance. This is preferably an electro-moto-
graph telephone, the chalk cylinder of which is kept in
constant rotation by a suitable motor, electrical or mechani-
cal; but a magneto-electric or other suitable form of tele-
phone may be employed.

In the primary circuit of the induction coil B are a local
battery d and a revolving circuit-breaker p. This is a
wheel having its surface broken by cross strips of insula-
tion ; upon it rests a spring, the circuit being through the
spring to the spindle of the wheel. This wheel is kept in
rapid motion by a suitable motor, electrical or mechanical,
the current vibrations produced by it being a great number
per second and audible in the telephone receiver.

The circuit-breaker is shunted by a back point key E,
which, normally, short - circuits it and prevents it from
affecting the induction coil. A switch F short-circuits the
secondary wire of the induction coil when receiving, and is
opened in transmitting.
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The ordinary telegraph wires 2, 3, 4, 5, run on poles at
the side of the track, and, grounded at their ends, are util-
ised collectively for conveying the signals. They form the
other surface of the condenser (the strips on the carriages
forming one surface), while the intervening body of air is
the dielectric.

In signalling between trains, signals arc transmitted by
working the key E in the office upon one train. This
causes static impulses at the condensing surface upon the
carriages which affect the telegraph wires. These in turn
affect the condensing surface upon the carriages of the other
train, and cause impulses which are audible in the tele-
phone.

At each signalling station 1 there is erected between the
telegraph wires a large metallic condensing surface k (fig.
11). This may be attached to a frame supported from the
telegraph poles or from separate poles. A wire 6 runs from
this condensing surface to the station, where it is connected
to ground through the same character of transmitting and
receiving apparatus already described for the carriages.

Instead of using this condensing surface outside of the
station, a separate wire (7, 8, 9, 10, fig. 10) may be at-
tached to each telegraph wire (or to each of as many as it is
desired to utilise) and run into the station, where it is con-
nected to one side of a condenser L, of ordinary form. The
other sides of the several condensers L are connected to-
gether, and by a common wire 11 to ground through the
transmitting and receiving apparatus.

The telegraph wires are kept constantly closed for trans-
mitting the induction impulses by shunting the regular
Morse keys M by condensers N  These condensers do not
interfere with the carrying on of the ordinary telegraphing
over such wires, at the same time that they form constantly
closed paths for the induction<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>