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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.

Digitized by G (0] 0816



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
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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

(¢}

Digitized by G (0] 0816



98 S8ECOND PERIOD—THE PRACTICABLE.

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
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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.

Digitized by G (0] 0816



110 SECOND PERIOD—THE PRACTICABLE.

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 impulses independent of the
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by numerical signals in accordance with an established
code.

Speaking of the potentialities of his system, Edison, early
in 1886, said : “ The outcome is easy to predict.  Special
correspondents may, in the future, wire their despatches
straight to the offices of their journals. Railway business
will be expedited to a degree undreamt of as things are,
and the risk of accidents will be largely diminished by
knowing the position of trains and the cause of delay or
accident, if any, at every stage of their route. Ships at
ses, many miles apart, will be able to communicate by
means of balloon-kites, soaring several hundred feet above
their decks. Messages can be passed from ship to ship, and
a casualty like that of the Oregon telegraphed to the nearest
land. In times of war the applications of the air-telegraph
system are obvious. Regions now remote from telegraphs
could be brought within the civilised circle by means of
mountain or forest stations equipped with the new apparatus.
Even the man of business of the future may communicate
with his employés as he journeys to and from his office, and
save time or make money while he is literally on the wing.
Not the least interesting feature of this new departure in
telegraphy is the thought that, in its turn, it may be the
harbinger of still more wondrous modifications of the
system which has girdled the earth in a space inconceivably
short when compared with that imagined by the fairy
romancer who created Puck.” 1!

The Edison system was first put in operation at Staten
Island, U.S.; then, a few months later, on the Chicago,
Milwaukee, and St Paul line; and by October 1887 it was
established on the Lehigh Valley Railroad, as related in the
following paragraphs :—

“The success of what is called ‘railway train telegraphy’

1 Weekly Irish Times, April 10, 1886.
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is now assured, and October 6, 1887, will be a red-letter day
in the history of the electric telegraph. On that day a
special train left Jersey City with about 230 members of the
Electric Club and guests of the Consolidated Railway Tele-
graph Company, in order to witness the working of the
system on the Lehigh Valley Railroad. The system is a
combination of the best features of the inventions of Edison,
Gilliland, Phelps, and Smith, and although the speed often
reached the rate of about sixty miles an hour, messages were
sent from and received on the train without difficulty,
although the current or the ‘induction’ had to jump from
the train to the line wires, a distance of 25 feet. About
four hundred messages were sent as the train ran from Perth
Junction to Easton, amongst them a rather long one from
Colonel Gouraud to Mr John Pender in London.”!

“One of the most interesting triumphs of invention has
been achieved on the Lehigh Valley Railroad during the
snowstorms of the past winter in the United Statea. This
nilway for some months has been using on its trains the
system of communication known as train telegraphy. The
wire, being of steel, and stretched upon stout poles only
15 or 18 feet high, withstood the fury of the storm. The
consequence was that all smowed-up trains on the Lehigh
Valley Railroad kept up constant communication with the
terminus of the road, could define exactly their position, and,
in short, had all the advantages of perfect telegraphic com-
munication.” 2

Soon after this the system fell into desuetude, and for a
very simple reason—nobody wanted it. Whatever * special
correspondents” and ““the man of business” in the future
may require, they, apparently, prefer nowadays to be free
from telegrams of all sorts *while on the wing.”

! Public Opinion, November 4, 1887.
? Ibid., April 13, 1888.
H
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W. F. MELHUISH—1890.

We have scen (p. 39 ante) that the want of some form of
wireless telegraph was peculiarly felt at a very early date in
India, where the rivers are many and wide, and where for
various reasons cables are liable to frequent breakage, caus:
ing interruptions which are as likely as not to be of long
duration, owing to the great rush of waters and the flooding
of banks.

I have already given some account of Dr O’Shaughnessy’s
experiments in this direction. It is all too short, but,
unfortunately, it is all that I have been able to gather.

About the year 1858 Mr Blissett, a superintendent in
the Indian Telegraph Department, resumed the inquiry, and
obtained a fair measure of success by employing land-lines
of considerable length on each bank of the river. In 1876
Mr Schwendler, then electrician, made some trials across the
Hooghly at Barrackpore, near Calcutts, which were continued
at intervals by his successor, the late Mr W. P. Johnston.

On September 9, 1879, this gentleman tried the following
arrangement for signalling across the water of a canal. Fig.
12 shows the connections :—

E=10 Bunsen’s cells joined in series ;

R, a needle instrument having a resistance of 1 ohm ; also

a telephone having a resistance of 4-25 ohms ;

w=a resistance of 1

ohm

e =four Minotto cells

joined parallel

A, B, ¢, D were copper plates, 8 feet 8 inches by 4 feet
4 inches by 1-16th inch thick, buried on the banks of the
canal. B was buried 15 yards distant from a, and p the
same distance from c. All the plates were parallel to the

This arrangement exactly balanced
the natural current through the
receiving instrument.
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e=4 Minottos joined parallel )} Balanced the natural

w =10 ohms } current. ‘

The signals received were quite regular and safe; the
tongue of a relay worked an ordinary sounder in local
circuit, and no difficulty was experienced in balancing the
natural current through the relay. :

A trial with bare wire for a distance of one and a half
mile was not successful. Indeed, as it appeared that in
order to obtain signals the battery power must be increased
as the square of the distance, the limit of signalling through
a bare wire under water is very soon reached.

Subsequently, three miles of the same wire, but partially
insulated by being passed through a mixture of pitch and
tar, answered perfectly for the hour that the instruments
were in circuit.

At various times during the year 1888 Mr Johnston
carried out many experiments across canals and the river
Hooghly, and as the result of these and other careful in-
vestigations he was led to the following conclusions :—

1. That up to one and a half mile it is perfectly easy to

signal through a bare wire under water.

2. That for greater distances, judging from experiments,

practical signalling is not possible.

In April 1889 Mr Johnston died, and the duties of elec-
trician were entrusted to Mr Melhuish, who immediately
took up the inquiry, and in the end produced some very
considerable results, for which, I believe, the Government
of India gave him the handsome honorarium of 5000
rupees.

The results of his investigations are embodied in &
paper which was read before the Institution of Electrical
Engineers on April 10, 1890 :—

¢« Having studied,” he says, ¢ the recorded labours of my
predecessor, and learnt that by pursuing the same lines
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it was hopeless to expect to be able to signal through a
bare wire across a river that had a greater breadth than
one and a half mile, I resolved to change the class of
signalling apparatus and to continue the experiment. Iis-
carding continuous steady currents and polarised receiving
relays, I adopted Cardew’s vibrating sounder, and the
sequel will show how completely successful the change
of instruments proved to be. I began from the beginning,
and tried to signal across a water-way without a metallic
conductor by laying down two earth-plates on each of its
opposite banks. Readable signals having been exchanged,
the distance separating each pair of plates was varied,
with the view of ascertaining how close the plates might
be brought together, the signals remaining still readable,
Readable signals were exchanged when the distance separ-
ating the plates was equal to the breadth of the river,
reading becoming more difficult as the plates were made
to approach each other, and clearer and more distinct as
the distance between the plates was made to exceed the
breadth of the river. I learnt from these experiments
that in order to obtain signals of sufficient distinctness
for the practical purpose of transmitting messages, it would
be necessary to construct a line on each bank of a river
much longer than the breadth of the river; and as the
rivers along the coasts in India are extremely wide, I
became impressed with the impracticable character of such
an undertaking, and decided to strike out a new line.

“ This new line was the laying of two bare uninsulated
iron wires across the water-way parallel to each other,
and separated by a certain distance, the ends on each
bank being looped together by means of an insulated
conductor. Hence, though much of the circuit was laid
under water, it was nevertheless a continuous metallic
circuit. Beginning first with a complete square, by laying
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there is a certain minimum distance apart at which the
cables must be laid, and if this minimum, which depends
on the breadth of the river, be exceeded, an absolute short-
circuit becomes established. But although it was not
possible here to signal through the iron guards, the most
perfect signals were passed through the two conductors
when they were formed into a loop, notwithstanding the
fact that the two ends of the broken conductor were ex-
posed in the sea and were lying at a considerable distance
apart. An experiment was now made in order to ascertain
what chance there might be in the future of signalling
across the two conductors, should an accident occur to the
good cable. Accordingly, the conductor of the good cable
was disconnected in the cable-house from the signalling ap-
paratus and placed upon the ground, when the signals,
though greatly diminished in volume, still continued to be
listinctly readable. It may, therefore, be reasonably in-
ferred that should the good cable suffer a similar fate to
that of the defective cable, communication can, by means of
Cardew’s sounders, be kept up by looping the ruptured
conductors until arrangements can be made for laying a new
cable or repairing the defective ones.

“It will probably suffice if from the succeeding experi-
ments that were made to test the efficiency of the vibrating
sounder in the case of conductors breaking down at river
crossings I select the following three, exhibiting as they do
progressive evidence of the value of this signalling instru-

ment, and culminating in establishing it beyond dispute as
one that can be relied on for carrying on independent com-
munication through the iron guards of cables while the
insulated copper conductors form parts of other circuits.

“ Ezperiment No. 1.—The local line from the Central

Office, Calcutta, to Garden Reach is about four miles in

length, and at about midway the wire spans a small river.
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Vibrating sounders having been put in circuit at each
end of this line, the wire where it crosses the river was
taken down and laid along the bed of the water-way. Sig-
nals were loud and clear at both ends.

“From the success of this experiment it may be inferred
that on any ordinary line, should the wire from accidental
causcs come off the insulator and make earth by touching
the bracket, standard, or ground, or should the wire break
and both ends of it be lying on the ground or in a water-
course, communication could still be maintained by means
of the vibrating sounders.

“ Experiment No. 2.—The line wire which connects the
town of Chandernagore with Barrackpore is about ten and a
half miles long, 900 yards of which consist of a cable laid
across the river Hooghly.  Vibrating sounders having been
joined up in the telegraph offices at Barrackpore and Chan-
dernagore, the insulated conductor of the cable was thrown
out of circuit, and the line wire on each side of the river
was joined to the iron guards of the cable. Thus for a
length of half a mile out of ten and a half miles the con-
ductor was wholly under water, yet it was found quite
feasible to transmit messages between the two offices.

“From the success of this experiment it may be reason-
ably inferred that in the case of certain cable crossings
where the rivers are not too wide, should the copper con-
ductor of the cable make dead carth, or become insulated
by parting, communication could still be kept up between
the two offices on either side.

« Experiment No. 3.—The terminus of the Northern
Bengal State Railway at Sara is separated from that of the
Eastern Bengal State Railway at Damukdia by the river
Ganges. The opposite banks of the river in this locality
are connected by two independent cable crossings. The
length of one of these crossings is one mile 610 yards, and
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- of the other four miles. The distance which scparates the
two cable-houses on the Damukdia side is three miles 1584
jards, and on the Sara side the cable-houses are only one
nile 211 yards apart, giving a mean lateral distance in
dlimment of two miles 880 yards. The two cable-houses
on each bank of the river have an insulated connecting land-
line.

“The connecting 1and-lines having been joined to the iron
guards of the cables, two vibrating sounders were placed in
cireuit, one on each side of the river, when signals so strong
were transmitted across that it was not difficult to read
them at a distance of 6 feet away from the receiving tele-
phone,

“From the marked success of this experiment it may be
inferred that at all river cable crossings where the cables
are laid in separate alignments (and the farther apart the
better), should the cables become interrupted, communica-
tion may still be maintained from bank to bank by using
vibrating sounders, thus avoiding the delay, inconvenience,
and cost of a boat service.

“It should also be remembered in the case of such a par-
allel cable crossing that, besides the circuits afforded by the
copper conductors when these are in working order, there
is always an additional local circuit available by means of
the iron guards between the opposite cable-houses, and that
this circuit could be used by means of the vibrating sounder
8 a talking circuit, in cases of necessity, without interrupt-
ing through working on either of the cables.

Tt is desirable in circumstances similar to these to re-
duce all the resistance external to the actual connecting
\ines to a8 small a quantity as possible, and therefore, when
messages are being transmitted, the telephone at the sending
end should be removed from the circuit, as also should the

vibrator from the receiving end. To effect this twofold

Digitized by G (0] 0816






C. A. STEVENSON. 123

known ; but hitherto, even with a very strong battery, it
was impossible to bridge a greater distance than 100 yards,
which for practical purposes was, of course, uscless.

It is evident that if two coils are placed so that their
axes are coincident, their planes being parallel, or if they
be placed so that their planes are in the same plane, they
will be in good positions for electric currents sent in one
to be apparent by induction in the other.

For a small diameter, and where the electrical encrgy is
small and the number of turns small, the first position is
best ; but where the energy is great and the number of
turns great—in fact, when it is wished to carry the induction
to many times the diameter of the coils—then it will be
found that it is better to let the two coils be in the same
plane, as when the axes are coincident, and the coils a
greater distance apart in comparison with the diameter, the
difference of distance from one side of the coil, say top of
primary coil to top and bottom of secondary, becomes
almost a vanishing quantity ; whereas, when the coils are
lying on their side in the same plane, the difference of
distance from back of primary to back of secondary, and
from front of primary to front of secondary, does not fall
off so fast, and consequently is more efficacious. Besides,
it becomes impracticable to erect coils of large diameter
with their planes vertical, but it is easy to lay them on
their sides.

Mr Stevenson made a large number of laboratory
experiments on the interaction of coils, with the view of
calculating the number of wires, the diameter of coils, the
number of ampéres, and the resistance of the coils that
would be mnecessary to communicate with Muckle Flugga ;
and, after a careful investigation, it was evident the gap of
800 yards could, with certainty, be bridged by a current of
one ampere with nine turns of post-office wire in each coil,
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the phonophore : the coils worked with 10 cells with perfect
ease, and a message was received with only 5 cells. Speech
by means of Deckert’s transmitter was just possible, but it
is believed that if the hearing circuit had been of less resist-
ance it would have been easy to hear.

It is difficult,” says Mr Stevenson, *to understand how
this system of coils, in opposition to the parallel-wire system,
has not been recognised as the best ; for assume that, with
the arrangement we had, we heard equally with 100 cells by
both systems, both having the same base (200 yards), then,
by simply doubling the number of turns of wire on the
primary and using thick wire, the effect would have been
practically doubled, whereas by the parallel-wire system
there is nothing for it but to increase the battery power.
The difficulty of the current is thus removed by using a
number of turns of wire. It must always be borne in mind
that the effect is the result of simply increasing the diameter,
keeping current and resistance the same. The larger the
diameter the better. What is wanted is to get induction at
a great distance from a certain given base with a small
battery power, and the laboratory experiments and the trials
in the field show that the way to overcome the difficulty of
the current is by using a number of turns of wire. The
secret of success is to apportion the resistance of primary
and secondary, and the number of turns on each, to a
practical battery power.”

1. Coil System.—At 870 yards from centre to centre of
coils, averaging each 200 yards diameter, with nine turns of
wire, it was found that with a phonophore messages were sent
with five dry cells, the resistance in primary being 30 ohms
and the resistance of secondary 260 ohms, the current being
0-23 ampére, which, with nine turns, gives 2 ampére turns,

2. With a file as a make and break, it worked with 10
cells, giving 0'4 amptre or 3'6 ampére turns.
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“It is not necessary, as has been stated, that tho coils
should be identical in size and shape. Far from it; each
case must be treated for size and configuration by itself.
For instance, in the case of Muckle Flugga, my design was
for a line two miles in length on the mainland, with a coil
at the end enclosing a larger area than the one on the ruck,
which latter was opened out to the maximum possible.
Again, in the case of Sule Skerry and the Flannan Islands,
on the north-west of Scotland, where telegraphy by induc-
tion would be of great value, it would be impossible to
make the coils of large diameter, but the coil on the main-
land should be of large dimensions; indeed a single long
wire with the ends earthed would be, perhaps, the hest
arrangement.

“ For guarding a dangerous coast, a similar wire of many
miles in length would be suitable for communicating warning
signals to vessels on board of which were detectors, with
coils necessarily of small dimensions. There are two ways
of doing this, both of which I have tried. First, by means
of a submarine cable along the line of coast. In this case
the currents set up in the cable have to bridge only the
sheet of water to the vessel, say twenty fathoms; or, if an
electro-magnet be let down from the ship, only four or five
fathoms. But here the cost and maintenance of a cable
would be a weighty objection. The other way is to crect a
pole line on shore, either along the coast or in the form of
a coil on a peninsula, The main difference from the first
plan is that the currents would have to be stronger to bridge
the distance of several miles instead of a few fathoms; but
the cost in comparison with a cable would be very small.
I have tried this system with two miles of pole line and a
coil about a quarter of a mile distant with perfect and
never-failing success,

“I have made numerous trials of the coil versus parallel-

1
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lake Wannsee, near Potsdam, on account of the facilities in
the way of apparatus afforded by the proximity of an electric-
light station. The arrangement is shown in fig. 16. B is
a battery of 25 cells, w a set of resistance coils (0 to 24
ohms), su an interrupter driven by a motor, AM an ampeére-
meter, v a voltmeter, T a Morse key, Ep EP two zinc plates
immersed in the water, 500 yards apart, and connected by
cable as shown.  The receiving circuit comprises two zinc
plates, g, and Ep), suspended by cable x from two boats, from
50 to 100 yards apart, and nearly thrce miles from the
sending station ; N N are telephones included in the circuit
of x. For the purpose of transmitting signals, intermittent
currents were sent from the battery, which, by depressing
the key for lung and short intervals, could be heard in the
telephones as dashes and dots of the Morse code.

The object was to establish experimentally the best
relation between the various factors —i.e, the relation
between the current strength in the primary circuit and |
the hoaring distance for the telephones in the secondary .
circuit ; the cffect of various distances between the elec-
trodes EP EP upon the clearness of the signals; the dis
tance between Ep, EP, which gave the most audible effect;
and, finally, the effect of altering the shape and size of
the plates.

On account of the non-arrival of some apparatus specially
designed for these tests, the average current strength sent
through the water did not exceed three ampéres with 150
intermissions or current impulses per second. Again, the
water of the Wannsee containing but a very small ad-
mixture of mineral salts offered a high resistance, so that
it was found necessary to use large plates of 15 square
yards surface.

With this arrangement no difficulty was encountered
in the transmission of signals from the electric-light station
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2. On Electric Induction between Wires and Wires : British
Association Report, 1886.

3. OnInduction between Wires and Wires : British Associa-
tion Report, 1887.

4. On the Transmission of Electric Signals through Space :
Chicago Electrical Congress, 1893.

5. Electric Signalling without Wires : Journal of the Society
of Arts, February 23, 1894.

6. Signalling through Space: British Association Report,
1894.

7. Telegraphy without Wires : Toynbee Hall, December 12,
1896.

8. Signalling through Space without Wires : Royal Institu-
tion, June 4, 1897.

9. Etheric Telegraphy : Institution of Electrical Engineers,
December 22, 1898.!

In his first-quoted paper of 1882, speaking of disturb-
ances on telephone lines, Mr Preece says: “The discovery
of the telephone has made us acquainted with many strange
phenomena. It has enabled us, amongst other things, to
establish beyond a doubt the fact that electric currents
actually traverse the carth’s crust. The theory that the
earth acts as a great reservoir for electricity may be placed
in the physicist's waste-paper basket, with phlogiston, the
materiality of light, and other old-time hypotheses. Tele-
phones have been fixed upon a wire passing from the ground
floor to the top of a large building (the gas-pipes being used
in place of a return wire), and Morse signals, sent from a
telegraph office 250 yards distant, have been distinctly read.
There are several cases on record of telephone circuits miles
away from any telegraph wires, but in a line with the earth
terminals, picking up telegraphic signals; and when an
electric-light system uses the earth, it is stoppage to all
telephonic communication in its neighbourhood. Thus,

1 This list does not pretend to be complete. Doubtless there are
other papers, which have escaped my notice.

Digitized by G (0] 0816



138 THIRD PERIOD—THE PRACTICAL.

communication on the Manchester telephones was not long
ago bruken down from this cause; while in London the
effect was at one time so strong as not only to destroy all
correspondence, but to ring the telephone - call bells. A
telephone system, using the earth in place of return wires,
acts, in fact, as a shunt to the earth, picking up the currents
that are passing in proportion to the relative resistances of
the earth and the wire.”!

Mr Preece then describes the experiment which he had
recently (March 1882) made of telegraphing across the
Solent, from Southampton to Newport in the Isle of Wight,
without connecting wires. “The Isle of Wight,” he says,
“is a busy and important place, and the cable across at
Hurst Castle is of consequence. For some cause the cable
broke down, and it became of great importance to know if
by any means wo could communicate across, so I thought it
a timely opportunity to test the ideas that had been promul-
gated by Prof. Trowbridge. I put a plate of copper, about
6 fect square, in the sea at the end of the pier at Ryde (fig
18). A wire (overhead) passed from therc to Newport, and
thence to the sea at Sconce Point, where I placed another
copper plate, Opposite, at Hurst Castle, was a similar
plate, connected with a wire which ran through Southamp-
ton to Portsmouth, and terminated in another plate in the
sea at Southsea Pier. We have here a complete circuit, if
we include the water, starting from Southampton to South-
sca Pier, 28 miles ; across the sea, 6 miles ; Ryde through
Newport to Sconce Point, 20 miles ; across the water again,
11 mile; and Hurst Castle back to Southampton, 24 miles.

“We first connected Gower-Bell loud-speaking telephones
in the circuit, but we found conversation was impossible.
Thon we tried, at Southampton and Newport, what are
called buzzers (Theiler's Sounders)—Ilittle instruments that

! For early notices of the same kind, sce pp. 79-85, ante.
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investigation which he has hardly yet completed. In his
papers read at the International Electrical Congress,
Chicago, August 23, 1893, and at the Society of Arts,

London, February 23, 1894, he gives a résumé of his

oxperiments from 1884 to date.

Ho begins the latter paper by asking the same momen- |
tous question which a lady once put to Faraday, What

is electricity? Faraday, with true philosophic caution,

replied (I quote from memory) : “ Had you asked me forty |

years ago, I think I would have answered the question;
but now, the more I know about electricity, the less pre-
pared am I to tell you what it is.” Mr Preece is not
quite so cpigrammatic, nor nearly so cautious ; but, then,
we havo learned a great deal since Faraday’s time. ¢ Few,”

he says, “venture to reply boldly to this question—first, |

because they do not know ; secondly, because they do
not agree with their neighbours, even if they think they
know ; thirdly, bocause their neighbours do not agree
among themsclves, even as to what to apply the term.
Tho physicist applies it to one thing, the engineer to
another. The former regards his electricity as a form

of ether, the latter as a form of energy. I cannot grasp |
tho concept of the physicist, but electricity as a form of |

energy is to me a concrete fact. The electricity of the

engincer is something that is generated and supplied,

transformed and utilised, economised and wasted, meted
out and paid for. It produces motion of matter, heat,

light, chemical decomposition, and sound; while these |

effects are reversible, and sound, chemical decomposition,
light, heat, and motion reproduce those effects which are
called electricity.”

1 «“Substantialists >’ call it & kind of matter. Others view it as a

form of energy. Others, again, reject both these views. Prof.
Lodge considers it a form, or rather a mode of manifestation, of the
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note in a telephone, and if these currents rise and fall|
periodically and automatically, they produce an unmiatak-‘
able wail, which, if made and broken by a Morse key into !
short and long periods, can be made to represent the dots
and dashes of the Morse alphabet. The secondary circuit,

which contains the receiving telephone, is completed in the

case of an carth area by driving two rods into the ground,

and in the case of water by dipping plates therein, 5 to 10

yards apart. .

It is therefore necossary to be able to distinguish these
carth-currents from those due to induction, as they are apt
to give falsc cffects, and to lead to erroneous conclusions.
This is easily done, if tho instrument be scnsitive enough,
by making the primary current continuous when the earth-
current also becomes. continuous, whereas the induction
currents will be momentary, and will only be observed
at tho beginning and cnd of the primary or inducing
current.

2. Electro-static Induction Currents.

When a body, 4, is electrified by any means and isolated
in a dielectric, as air, it establishes an electric field about
it; and if in this field a similar body, B, be placed, it also
is electrified by induction. If B be placed in connection
with the earth, or with a condenser, or with any very large
body, a charge of the same sign as A is conveyed away, and
it (B) remains electrified in the opposite sense to o. 4 and
B are now seats of electric force or stress. The dielectric
between them is displaced or, as we say, polurised—that
ig, it is in a state of electric strain, and remains so as long
as A remains charged ; but if Ao be discharged, or have its
charge reversed or varied, then similar changes occur in B
and in the dielectric separating them. A may be an ex-
tended wire forming part of a complete primary circuit,
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the large network of telegraph wires between those two
places.! I

The district hetween Gloucester and Bristol, along the
banks of the Severn, was next (1886) selected, where for a
length of fourteen miiles, and an average distance apart of |
four and a half miles, no intermediate disturbing lines
existed. Complete metallic circuits were employed, the
return wires passing far inland, in the one case through
Monmouth, and in the other through Stroud. In one wire
currents of about ‘5 ampére were rapidly made and broken
by mechanical means, producing on a telephone a continuous
note which could be broken up by a Morse key into dots
and dashes, as in Cardew’s vibrator. Weak disturbances
were dotected in the secondary circuit, showing that here
the range of audibility with the apparatus in use was just
overstepped.  The unexpected fact was also shown in these
experiments that, whether the circuits were entirely metallic
or earthed at the ends, the results were the same.2

Similar trials were made on lines along the valley of the
Mersey. A new trunk line of copper wires that was being
erccted between London and the coast of North Wales was
then experimented upon, and some interesting results were '
obtained in the district between Shrewsbury and Much
Wenlock, and between Worcester and Bewdley.

In the autumn of the same year (1886) some admirable
results were obtained by Mr Gavey, another of Mr Preece’s
able assistants, near Porthcawl, in South Wales—a wide
expanse of sand well covered by the tide, thus giving the
opportunity of observing the effects in water as well as in
air. Two horizontal squares of insulated wire, 300 yards
each side, were laid side by side at various distances apart

1 British Association Report, 1886.

2 These experiments were repeated with more experience and
greater success in 1889.
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up to 300 yards, and the inductive effects of one on the
other noted. Then one coil was suspended on poles 15 feet
above the other, which was covered with water at high tide.
No difference was observable in the strength of the induced
signals, whether the intervening-space was air or water or a
combination of both, although subsequent experience (1893)
showed that with a space of 15 feet the effect in air was
distinctly better than through water.

The conclusion drawn from all these experiments was
that the magnetic field extends uninterruptedly through the
earth, as it does through the air ; and that if the secondary
circuit had been in a coal-pit the cffect would be the same.
In fact, Mr Arthur Heaviside succeeded in 1887 in com-
municating between the surface and the galleries of Broom-
hill Colliery, 350 feet deep. He arranged a circuit in a
triangular form along the galleries about two and a quarter
miles in total length, and at the surface a similar circuit of
equal size over and parallel to the underground line. Tele-
phonic speech was easily carried on by induction from circuit
to circuit.!

As the result of all these experiments and innumerable
laboratory investigations, Mr Preece deduced the following
formul.  The first shows the strength of current C, in-
duced in the secondary circuit by a given current C, in the
primary circuit—

C, JL'+D'-D

02=§ D X!,z

! Subsequent experiments showed that the conclusion arrived at
for earth and air was only partially true for water. Telephonic
speech was carried on in Dover Harbour through 36 feet of water,
but no practical signals could be obtained through 400 feet at North
Sand Head, Goodwin Sands, showing that the effect must diminish
in water with some high power of the distance.

? This formula does not allow for the reverse effect of the return
current through the earth, as to which no data exist at present.
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by the tide, which rises here at spring to 33 feet. On the
Flat Holm, 3-3 miles away, another gutta-percha covered
copper wire was laid for a length of 600 yards

There was also a small steam launch having on boand
several lengths of gutta- percha covered wire. One end
of such a wire, half a mile long, was attached to a small
buoy, which acted as a kind of float to the end, keeping
the wire suspended near the surface of the water as it
was paid out while the launch slowly steamed ahead
against the tide. Such a wire was paid out and picked
up in several positions between the primary circuit and the
islands.

The apparatus used on shore was a 2-h.p. portable
Marshall’s engine, working a Pyke and Harris’s alternator, -
sending 192 complete alternations per second of any desir-
able strength up to a maximum of 15 ampéres. These -
alternating currents were broken up into Morse signals bya
suitable key. The signals reccived on the secondary circuits
were read on a pair of telephones—the same instruments
being used for all the experiments

The object of the experiments was not only to test the :
practicability of signalling between the shore and the light-
house, but to differentiate the effects due to earth conduction
from those due to electro-magnetic induction, and to deter-
mine the effects in water. It was possible to trace without
any difficulty the region where they ceased to be perceptible
as earth-currents and where they commenced to be solely
due to electro-magnetic waves. This was found by allowing
the paid-out cable, suspended near the surface of the water,
to sink. Near the shore no difference was perceptible,
whether the cable was near the surface or lying on the
bottom, but a point was reached, just over a mile away, :
where all sounds ceased as the cable sank, but were received
again when the cable came to the surface. The total
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in the Highlands—Loch Ness—forming part of the route
of the Caledonian Canal between Inverness and Banavie,
having a line of telegraph on each side of it. Five miles
on each side of this loch were taken, and so arranged that
any fractional length of telegraph wire on either side could
be taken for trial. Ordinary, and not special, apparatus
was employed. Sending messages, as before, by Morse
signals and speaking by telephone across a space of one
and a quarter miles was found practical, and, in fact, easy;
indeed, the sounds were so loud that they were found
sufficient to form a call for attention.

The following apparatus was in use on each side of
the loch: A set of batteries consisting of 100 dry cells
giving a maximum voltage of 140; a rapidly revolving
rheotome, which broke up the current into a musical
note; a Morse key, by which these musical notes could
be transformed into Morse signals; resistance coils and
ampére - meters to vary the primary current; two Bell
telephones joined in multiple arc to act as receivers
For the transmission of actual speech simple granular
carbon microphones, known as Deckert’s, were used as
transmitters, and a current of two ampéres was main-
tained through these and two Bell telephones in circuit
with the line wire.

Any lingering fear that earth conduction had principally
to do with these results was removed by making the earth’s
terminals on the primary circuit at one end at Inverness
nine miles away, and at the other end in two directions
in a parallel glen about six miles away.

One very interesting fact observed at Loch Ness was
that there was one particular frequency in the primary
circuit that gave a decided maximum effect upon the
telephones in the secondary circuit. This confirms the pres-
ence of resonance, and is, of itself, a fact sufficient to prove

Digitized by G (0] 0816







1564 THIRD PERIOD— THE PRACTICAL

Incidentally some extremely interesting effects of electro-

magnetic resonance were observed during the experiments:

in Arran. A metallic circuit was formed partly of the
insulated wire 500 feet above the sea-level and partly
of an ordinary line wire, the rectangle being two miles
long and 500 feet high. Wires on neighbouring poles,
at right angles to the shorter side of the rectangle, although
dizconnected at both ends, took up the vibrations, and it
was possible to read all that was signalled on a telephone

placed midway in the disconnected circuit by the surgings '

thus sct up.

The general conclusions arrived at as the result of these -

numerous and long-continued experiments may be bneﬁy
summed up as follows:!—

The earth acts simply as a conductor, and per se it isa |

very poor conductor, deriving its conducting property prin-
cipally, and often solely, from the moisture it contains. On

the other hand, the resistance of the ‘earth ” between the .

two earth plates of a good circuit is practically nothing.
Hence it follows that the mass of earth which forms the
return portion of a circuit must be very great, for we know
by Ohm's law that the resistance of a circuit increases with
its specific resistance and length, and diminishes with its
sectional area. Now, if the material forming the *earth”
portion of the circuit were, like the sea, homogeneous, the
current-flow between the earth plates would follow innumer-
able but definite stream lines, which, if traced and plotted
out, would form a hemispheroid. These lines of current
have been traced and measured. A horizontal plan on the
surface of the earth is of the form illustrated in fig. 23,
while a vertical section through the earth is of the form
shown in fig. 24.

‘With earth plates 1200 yards apart these currents have

! British Association Report, 1894, Section G.
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sphervid must become very much deformed and the section
very irregular: the lines of current-flow must spread out
farther, but the principle is the same, and there must be a
resultant return.  The general result of the experiments at
Frodsham indicates that the depth of the resultant earth
was 300 feet, while those at Conway are comparable with a
depth of 350 feet. In the case of Frodsham the primary
coil had a length of 300 feet, while at Conway the length
was 1320 fecet. At Loch Ness, and between Arran and
Kintyre, where the parallel lines varied from two to four
miles, the calculated depth was found to he about 900 feet.
The depth of this resultant must, therefore, increase with the
distance separating the carth plates, and this renders it pos-
sible to communicate by induction from parallel wires over
much longer distances than would otherwise be possible.

The first and obvious mode of communicating across space
is by means of coils of wire opposed to each other in the
way familiar to us through the researches of Henry and
Faraday. All the methods here described consisted in
opposing two similar coils of wire having many turns, the
one coil forming the primary circuit and the other coil the
secondary circuit.

Vibratory or alternating currents of considerable fre-
quency were sent through the primary circuit, and the
induced secondary currents were detected by the sound
or note they made on a telephone fixed in the secondary
circuit.

The distance to which the effective field formed by a coil
extends increases with the diameter of the coil more than
with the number of turns of wire upon it. A single wire
stretched across the surface of the earth, forming part of a
circuit completed by the earth, is a single coil, of which the
lower part is formed by the resultant earth return, and the
distance to which its influence extends depends upon the
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beight of the wire above the ground and the depth of this
 resultant earth.

In establishing communication by means of induction,

" there are three dispositions of circuit available—viz., (a)
single parallel wires to earth at each extremity ; (4) parallel
coils of one or more turns; (c) coils of one or more turns
placed horizontally and in the same plane.

The best practical results are obtained with the first
arrangement, more especially if the conformation of the
earth admits of the wires being carried to a considerable
height above the sea, whilst the earth plates are at the sea-
level. By adopting this course the size of the coil is prac-
tically enlarged, and even if it be necessary to increase the
distance between the parallel wires in order to get a larger
coil, the result is still more beneficial. In a single-wire
circuit we have the full effect of electro-static and electro-
magnetic induction, as well as the benefit of any earth con-
duction, but in closed coils we have only the electro-magnetic
effects to utilise.

In one experiment two wires of a definite length were
first made up into two coils forming metallic circuits, then
uncoiled and joined up as straight lines opposed to ecach
other, with the circuit completed by earth. The cflects,
and the distance between which they were observable, were
very many times greater with the latter than with the former
arrangement.

The general law regulating the distance to which we can
speak by induction has not been #igorously determined, and
it is hardly possible that it can be done, owing to the many
disturbing elements, geological as well as electrical. In
practice we have to deal with two complete circuits of un-
known shape, and in different planes. We have obtained
some remarkably concordant and accurate results in one
place ; but, on the other hand, we have met with equally
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ing signals by elcctro-magnetic disturbances through space,
ships could find out their positions in spite of darkness and
of weather. Fog would losc one of its terrom, and elec-
tricity become a great life-saving agency.”

At the Society of Arts (February 23, 1894), Mr Preece
gave rein to his imagination, and, looking beyond these
mundane utilities, concluded his address with the following
magnificent peroration :—

“Although this short paper is confined to a description of
a simple practical system of communicating across terrestrial
space, one cannot help speculating as to what may occur
throngh planetary space. Strange mysterious sounds are
heard on all long teleplione lines when the earth is used as
areturn, especially in the calm stillness of night. Earth-
currents are found in telegraph circuits and the aurora
borealis lights up our northern sky when the sun’s photo-
sphere is disturbed by spots. The sun’s surface must at
such times be violently disturbed by electrical sturms, and
if oscillations are set up and radiated through space, in
sympathy with those required to affect telephones, it is not
a wild dream to say that we may hear on this earth a

‘thunderstorm in the sun.

“If any of the planets be populated with beings like our-
selves, having the gift of language and the knowledge to
adapt the great forces of nature to their wants, then, if they
could oscillate immense stores of electrical energy to and fro
in telegraphic order, it would be possible for us to hold
commune by telephone with the people of Mars.”

The first application of Mr Preece’s system to the ordinary
needs of the postal-telegraph service was made on March 30,
1895, when the cable between the Isle of Mull and Oban,
in Scotland, broke down. As there was no ship available
at the moment for effecting repairs, communication, was
established by laying a gutta-percha-covered copper wire,
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the rheotome as required ; and d is a telephone to act as
receiver.

Since March of last year (1898) this system has been
permanently established for signalling between Lavernock
Point and the Flat Holm, and has been handed over to the
War Office. Permanent lines of heavy copper wire have
been erected parallel to each other, one being on the Flat
Holm and the other on the mainland.

The heavy and cumbrous Pyke and Harris alternator of
the earlier experiment over the same line (p. 150, ante) has
been replaced by 50 Leclanché cells The frequency has
been raised to 400 makes and breaks per second, thus greatly
increasing the strength of the induced currents. By the
use of heavy copper base lines the resistances have been
made as low as practicable. There is no measurable capac-
ity, self-induction is eliminated, and there is no impedance.
Hence the signals are perfect, and the rate of working is
only dependent on the skill of the operator. It is said that
as many as 40 words per minute have been transmitted
without the necessity for a single repetition—a speed which
few telegraphists can achieve, and still fewer can keep up.

Last summer Mr Sydney Evershed’s relays were added
to work a call-bell, which was the only thing wanted to
make the system complete and practical.l

It should be added, in conclusion, that the installation
was carried out under the immediate superintendence of Mr
Preece’s able assistant, Mr Gavey, who for many years has
been intimately associated with him in these researches.

1 For a description of this very sensitive instrument see Evershed’s
paper, ‘Jour. Inst. Elec. Engs.,’ No. 137, p. 864.
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simplicity of its mechanical construction and the ease with
which it can be manipulated, and yet is so peculiarly sensi-
tive. I have used it in most of my experiments as the
receiving instrument, although of course there are other
well-known instruments that could be employed, as all
depends upon the potential of the current to be detected.
The sending arrangement was either an ordinary Morse key
s manipulated for a short or long time as to give the neces-
sary sounds in the telephone to represent dots and dashes,
or a double key and two pieces of mechanism giving dis-
similar sounds were employed with good results. I gave
much time and thought to the subject, the results of each
experiment giving me much encouragement to proceed.

“Of the many experiments made I select the following,
as I think it will clearly illustrate my system for telegraph-
ing to a distant point not in metallic connection with the
sending station. A wooden bathing-hut on a sandy beach
made a good shore station, from which were laid two in-
sulated copper wires 115 fathoms in length. The ends of
the wires, scraped clean, were twisted round anchors, their
position being marked by buoys about 100 fathoms apart,
and in about 6 fathoms of water. Midway between the two
8 boat was anchored with a copper plate hanging fore and
aft about 10 fathoms apart, and consequently about 45
fathoms from either end of the anchored shore wires. This
boat represented the sea station, and, owing to the state of
the sea, a very wet and lively one it proved; therefore,
taking this fact into comsideration, together with the crude
nature of the experiment, it was remarkable with what dis-
tinctness and ease messages were passed. The last message
wat from shore was, ‘ Thanks : that will do ; pick up anchors
and return.’ 'To this the reply came from the boat, ¢ Under-
tand,” and they then proceeded to carry out instructions.
The boat employed was a wooden one, but it would have
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been much better for my purpose had it been of metal, for
then I should have used it instead of one of the collecting
plates, as the larger the surface of these plates the better
the results obtained.”!

This method was secured by patent, June 7, 1887, from
the specification of which (No. 8159) I take the following
particulars : At the present time wherever electric telegraph
communication is established between the shore and a light-
house, either floating or on a rock, at a distance from the
shore, it is effected through an insulated conductor or cable.
Much difficulty is, however, experienced owing to the rapid
wearing of the cable, so that it is liable to break whenevera
storm comes on, and when, consequently, it is most required
to be in working order. By this invention communication
can be effected between the sending station and the distant
point without the necessity of metallic connection between
them.

A in the drawing (fig. 26) is a two-conductor cable led
from a signal-station B on shore towards the rock c. At a
distance from the rock one of the conductors is led to a
metallic plate b submerged on one side of the rock, and at
such a distance from it as to be in water deep enough for it
not to be affected by waves. The other conductor is led to
another metallic plate E similarly submerged at a distance
from the opposite side of the rock. F r are two submerged
metallic plates, each opposite to the plates p and £ respec-
tively. a a are insulated conductors leading from the plates
F F to a telephone of low resistance in the lighthouse H.

To communicate from the shore, an interrupter or re-
verser 1 and battery K are connected to the shore ends
of the two-wire cable. The telephone in the lighthouse
circuit then responds to the rapid makes and breaks or
reversals of the current, so that signalling can readily be

1 Electrician, November 2, 1888,
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Lighthouse was chosen on account of its easy access from
London.

In May 1892 an ordinary submarine cable was laid from
Alum Bay to within 60 yards of the lighthouse rock, where
it terminated, with its conductor attached to a specially con-
structed copper mushroom anchor. An earth plate close to
the pier allowed a circuit to be formed through the water.
On the rock itself two strong copper conductors were placed,
one on either side, so that they remained immersed in the
sea at low water, thus allowing another circuit to be formed
through the water in the vicinity of the rock.

The telephone was first tried as the receiving instrument,
with a rapid vibrator and Morse key in the sending circuit.
This arrangement was afterwards abandoned, as it was not
nearly so satisfactory as a mirror-speaking galvanometer, and
the men, being accustomed to flag work, preferred to watch
a light rather than listen to a telephone. The speaking
galvanometer used is a specially constructed one, and does
not easily get out of repair, so that, everything being once
arranged, the men had only to keep the lamp in order.

Messrs Smith & Granville devised a novel and strong
form of apparatus for a “call,” and by its means any number
of bells could be rung, thus securing attention. The instru-
ments both on rock and shore were identical, and, in actual
work, two to three Leclanché cells were ample.

By the means above described, communication was ob-
tained through the gap of water 60 yards in length. This by
no means is the limit, for it will be apparent that the gap
distance is determined by the volume of water in the imme-
diate neighbourhood of the rock, as well as by the sensitive-
ness of the receiving instrument and the magnitude of the
sending current.

This method is well suited for coast defences. For
instance, if a cable is laid from the shore out to sea, with its
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end anchored in a known position, then it would be easy for
any ship, knowing the position of the submerged end, to
communicate with shore by simply lowering (within one or
two hundred yards of the anchored end) an insulated wire
having the end of its conductor attached to a small mass of
metal to serve as ‘“earth,” the circuit being completed
through the hull of the ship and the seal

As this method has been in practical use at the Fastnet
Lighthouse for the last three years, the following account of
the installation, which has been kindly supplied by Mr W.
S. Smith, will be of interest :—

“The difficulty of maintaining electrical communication
with outlying rock lighthouses is so great that it has become
necessary to forego the advantages naturally attendant upon
the use of a submarine cable laid in the ordinary way con-
tinuously from the shore to the lighthouse, inasmuch as that
portion of the cable which is carried up from the sea-bed to
the rock is rapidly worn or chafed through by the combined
action of storm and tide. By the use of the Willoughby
Smith & Granville system of communication this difficulty
is avoided, for the end of the cable is not landed on the
rock at all, but terminates in close proximity thereto and
in fairly deep undisturbed water. This system, first sug-
gested in 1887 and practically demonstrated at the Needles
Lighthouse in 1892, has--on the recommendation of the
Royal Commission on Lighthouse and Lightship Communi-
cation — been applied to the Fastnet, one of the most
exposed and inaccessible rock lighthouses of the United
Kingdom.

“The Fastnet Rock, situated off the extreme S.W. corner
of Ireland, is 80 feet in height and 360 feet in length, with
a maximum width of 150 feet, and is by this system placed

1 ¢Electrician,” September 29, 1893. See also the ¢ Times,’ Novem-
ber 24, 1892.
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in electrical communication with the town of Crookhaven,
eight miles distant.

“The shore end of the main cable, which is of ordinary
construction, is landed at a small bay called Galley Cove,
about one mile to the west of the Crookhaven Post Office,
to which it is connected by means of a subterranean cable
of similar construction having a copper conductor weighing
107 Ib. covered with 150 1b. of gutta-percha per nautical
mile. The distant or sea end of the main cable terminates
seven miles from shore, in 11 fathoms of water, at a spot
about 100 feet from the Fastnet Rock; and the end is
securely fastened to a copper mushroom-shaped anchor
weighing about 5 cwt., which has the double duty of serving
electrically as an ¢ earth’ for the conductor, and mechanically
as a secure anchor for the cable end.

“The iron sheathing of the last 100 feet of the main
cable is dispensed with, so as to prevent the possibility of
any electrical disturbance being caused by the iron coming
in contact with the copper of the mushroom ; and, as a sub-
stitute, the conductor has been thickly covered with india-
rubber, then sheathed with large copper wires, and again
covered with india-rubber—the whole being further protected
by massive rings of toughened glass.

“To complete the main cable circuit, a short earth line,
about 200 yards in length, is laid from the post office into
the haven.

“By reference to the diagram (fig. 30) it will be seen
that if a battery be placed at the post office, or anywhere in
the main cable circuit, the sea becomes electrically charged
—the charge being at a maximum in the immediate vicinity
of the mushroom, and also at the haven ‘earth.” Under
these conditions, if one end of a second circuit is inserted
in the water anywhere near the submerged mushroom—for
instance, on the north side of the Fastnet—it partakes,
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in this case the current received on shore is equal to about
‘15 of a milliampeére. The received current being small,
instruments of a fair degree of sensitiveness are required,
and such instruments, when used in connection with cables
having both ends direct to earth, are liable to be adversely
affected by what are known as ‘earth’ and ¢ polarisation’
currents, consequently special means have been devised to
prevent this.

“The receiving instrument is a D’Arsonval reflecting
galvanometer, which has been modified to meet the require-
ments by mounting the apparatus on a vertical pivot, so
that by means of a handle the galvanometer can he rotated
through a portion of a circle—thus enabling the zero of the
instrument to be rapidly corrected. This facility of adjust-
ment is necessary on account of the varying ¢earth’ and
‘polarisation’ currents above mentioned.

“An entirely novel and substantial call’ apparatus has
also been designed, which automatically adapts itself to any
variation in the earth or polarisation current. It consists
essentially of two coils moving in a magnetic field, and
these coils are mounted one at each end of a balanced arm
suspended at its centre and free to rotate horizontally within
fixed limits. The normal position of the arm is midway
between two fixed limiting stops. Any current circulating
in the coils causes the whole suspended system to rotate
until the arm is brought into contact with one or other of
the stops— the direction of rotation depending upon the
direction of the current. A local circuit is thus closed,
which releases a clockwork train connected to a torsion
head carrying the suspending wire, and thus a counter-
balancing twist or torsion is put into the wire, and this
torsion slowly increases until the arm leaves the stop and
again assumes its free position. If, however, the current
is reversed within a period of say five or ten seconds, then
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the clockwork closes a second circuit and the electric bell is
operated. By this arrangement, whilst the relay automatic-
ally adjusts itself for all variations of current, the call-bell
will only respond to definite reversals of small period and
not to the more sluggish movements of earth-currents. It
is evident that one or more bells can be placed in any part
of the building. The receiving galvanometer and the *call’
relay have worked very satisfactorily, and any man of aver-
age intelligence can readily be taught in two or three weeks
to work the whole system.

“To cnable the two short cables that connect the light-
house instruments with the water to successfully withstand
the heavy seas that at times sweep entirely over the Fastnet,
it Lhas been found necessary to cut a deep ¢ chase’ or groove
down the north and south faces of the rock from summit to
near the water's edge, and to bed the cables therein by
means of Portland cement. And since the conductors must
make connection with the water at all states of sea and tide,
two slanting holes 2} inches in diameter have been drilled
through the solid rock from a little above low-water mark
to over 20 feet below. Stout copper rods connected with
the short cables are fitted into these holes, and serve to
maintain connection with the water even in the roughest
weather, and yet are absolutely protected from damage.”

Mr Granville supplies some interesting particulars as to
the difficulties of their installation at the Fastnet.! “The
rock,” he says, “is always surrounded with a belt of foam,
and no landing can be made except by means of a jib 58
feet long—not at all a pleasant proceeding. Now, here is a
case where the Government desired to effect communication
telegraphically, but, as had been proved by very costly ex-
periments, it was impossible to maintain a continuous cable,
the cable being repeatedly broken in the immediate vicinity

! Jour, Inst. Elec. Engs., No. 137, p. 941.
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. of the rock. This, therefore, is a case where some system
of wireless telegraphy is absolutely necessary, but neither of
the systems described would answer here.! Dr Lixlge advises
s to eschew iron, and to avoid all conducting masses. But
the tower and all the buildings are built of boiler-plate, and
that which is not of iron is of bronze. In fact, the rock
iteelf is the only bit of non-conducting, and therefore non-
absorbing, substance for miles around. It is very clear in a
case of this sort—and this is a typical case—that it is abso-
lutely impracticable to employ here Dr Lodge’s method.
Now we hear in regard to the method used—and success-
fully used—at Lavernock, that a certain base is required, of
perhaps half a mile, a quarter of a mile, or a mile in length;
and that base must bear some proportion to the distance to
be bridged. But where can you get any such base on the
rock? You could barely get a base of 20 yards, so fhat
method utterly fails. Then we come to the case suggested
by Mr Evershed, of a coil which would be submerged round
the rock. Well, where would the coil be after the first
summer’s breeze, let alone after a winter gale? Why, prob-
ably thrown up, entangled, on the rock. A few ycars ago,
during a severe gale, the glass of the lantern, 150 feet above
sea-level, was smashed in; and at the top of the rock, 80
feet above the sea-level, the men dare not, during a winter's
gale, leave the shelter of the hut for a moment, for, as they
said—and I can well believe it—they would be swept off
like flies. This is a practical point, and therefore one I am
glad to bring to the notice of the Institution ; and, I repeat,
if wireless telegraphy is to be of use, it must be of use for
these exceptional cases.”

Strange as it may seem, we have been using, on occasion,
wireless telegraphy of this form for very many years without

! Ie., those advocated by Professor Lodge and Mr Sydney Ever-
shed. See ¢ Jour. Inst. Elec. Engs.,” No. 137, pp. 799, 852.
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recognising the fact. Every time in ordinary telegraphy

that we  work through a break,” as telegraphists say; we

are doing it.  An early instance of the kind is described in

the old ‘ Electrician,’” January 9 and 23, 1863. Many years

ago, in Persia, the author has often worked with the ordinary
Morse apparatus through breaks where the wire has been
broken in one or more places, with the ends lying many
yards apart on damp ground, or buried in snow-drifts. As
the result of his experiences in such cases the following

departmental order was issued by the Director, Persian .

Telegraphs, as far back as November 2, 1881 : “In cases
of total interruption of all wires, it is believed that com-
munication may in most cases be kept up by means of

telephones.  Please issue following instructions: Fifteen

minutes after the disappearance of the corresponding station,
join all three wires to one instrument at the commutator.
Disconnect the relay wire from the key of said instrument,
and in its stead connect one side of telephone, other side of
which is put to earth. Now call corresponding station
slowly by key, listening at telephone for reply after each
call.  Should no reply be received, or should signals be too
weak, try each wire separately, and combined with another,
until an arrangement is arrived at which will give the best
signals.” The Cardew sounder or buzzer has in recent years
been added, and with very good results. It will thus be
seen that Mr Willoughby Smith’s plan is really an old
friend in a new guise.’

1 In 1896 Mr A.C. Brown, of whose work in wireless telegraphy we
have already spoken (p. 104, ante), revived the early proposals of
Gauss (p. 3), Lindsay (p. 20), Highton (p. 40), and Dering (p. 48),
re the use of bare wire or badly insulated cables in connection with
interrupters and telephones. He also applies his method to cases
where the continuity of the cable is broken. *‘Providing the ends
remain anywhere in proximity under the water, communication can
usually be kept up, the telephone receivers used in this way being so
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of Bernouilli, and, subsequently, of Boscovich, the doctrines
of Newtonianism were carried far beyond the doctrines of
the individual Newton. In fact, Newton expressed himself
as being opposed to the notion of matter acting where it is
not ; though, as we see by his support of the emission
theory of light, he was not prepared to accept the notion
of a luminiferous ether. Newton, however, suggested that
gravitation might be explained as being due to a diminution
of pressure in a fluid filling space. Thus the doctrine of
an empty space, requiring the infinitely rapid propagation
of a distance-action, held the field, and was recognised by
scientists of the eighteenth century as the only plausible
hypothesis.

History repeats itself ; and again the battle-royal was
fought, this time, early in the nineteenth century, in favour
of the ether hypothesis; and action-at-a-distance was mort-
ally wounded. Before the phenomena of interference of
light and the magnetic and electro-static researches of Fara-
day, both the idea of empty space action and that of the
emission of light failed ; and the propagation of force
through the ether, and of light by vibratory conditions of
the ether, came to be held as necessary doctrines. Later
still,) Maxwell assumed the existence of, and investigated
the state of, stress in a medium through which electro-
magnetic action is propagated. The mathematical theory
which he deduced gives a set of equations which are identi-
cal in form with the equations of motion of an infinite elastic
solid ; and, on this theory, the rate of propagation of s
disturbance is equal to the ratio of the electro-magnetic

! The date usually assigned to Clerk-Maxwell's electro-magnetic
\ theory of light is 1864 ; but his first communication on the subject
wA'! -=>to the Royal Society was in 1867 ; while the full development only
. appeared in his great work, ‘ Electricity and Magnetism,’ which was
,—f‘\,‘vl. published in 1873.
4.
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- and electro-static unita.  The experimental determination
by Maxwell and others, that this ratio is a number equal to
the velocity of light in ether in centimetres per second, is a
fact which gave immense strength to the Maxwellian hypo-
thesis of identity of the light and electro-magnetic media.
But, although this is the case, the Maxwellian hypothesis,
even when taken in conjunction with the experimental
support which he educed for it, fell far short of being a
complete demonstration of the identity of luminous and
electro-magnetic propagation.!

To the genius of Hertz we owe this demonstration. One
of the most important consequences of Maxwell’s theory
was that disturbances of electrical equilibrium produced at
any place must be propagated as waves through space, with
a velocity equal to that of light. If this propagation was
to be traced through the small space inside a laboratory, the
disturbances must be rapid, and if a definite effect was to be
observed, they must follow each other at regular intervals;
in other words, periodical disturbances or oscillations of
extreme rapidity must be set up, so that the corresponding
wave-length, taking into account the extraordinarily high
velocity of propagation (186,000 miles per sccond), may be
only a few inches, or at most feet. Hertz was led to an ex-
periment which satisfied these conditions, and thus supplied
the experimental proof which Maxwell and his school knew
must come sooner or later.

The oscillatory nature of the discharge of a Leyden jar,
under certain conditions, was theoretically deduced by Von
Helmholtz in 1847 ; its mathematical demonstration was
given by Lord Kelvin in 1853 ; and it was experimentally
verified by Feddersen in 1859. When a Leyden jar, or a
condenser, of an inductive capacity K, is discharged through
a circuit of resistance r and self-induction r, the result is an

1 Lord Kelvin’s Address, Royal Society, November 30, 1893.

Digitized by G (0] 0816



180 THIRD PERIOD—THE PRACTICAL.

instantaneous flow, or a series of oscillations, according as R

is greater, or less, than 2 \/%, and in the latter case the

oscillatory period or amplitude is given in the equation—
T=2»JKL

where 7r is the constant 3:1415 (‘ Phil. Trans.,” June 1853).!

In his collected papers® Hertz tells us that his interest in
the study of electrical oscillations was originally awakened
by the announcement of the Berlin prize of 1879, which
was to be awarded for'an experimental proof of a relation
between electro-dynamic forces and dielectric polarisation in
insulators. At the suggestion of his master and friend,
Von Helmholtz, the young philosopher took up the inquiry,
but soon discovered that the then known oscillations were too
slow to offer any promise of success, and he gave up the
immediate research; but from that time he was always on
the look-out for phenomena in any way connected with the
subject. Consequently, he immediately recognised the im-
portance of a casual observation which in itself and at
another time might have been considered as too trivial for
further notice. In the collection of physical apparatus at
Karlsruhe he found an old pair of so-called Riese’s or
Knochenhauer's spirals—short flat coils of insulated wire,
with the turns all in the same plane (%Prof. Henry's
spirals). While performing some experiments with them at
a lecture he was giving, he noticed that the discharge of a
very small Leyden jar, or of a small induction coil, passed
through the one was able to excite induced currents in the

1 For a concise exposition of the theory of electrical oscillations,
sec Prof. Edser’s paper, ‘ Electrical Engineer,’ June 3, 1898, and fol-
lowing numbers.

2 ‘Electric Waves,” London, 1893. For an interesting account of
pre-Hertzian observations, see Lodge’s ‘The Work of Hertz,’ p. 61.
Also Appendix D. of this work.
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as a screen was placed between the two instruments. By
carefully thought-out experiments he showed that this
singular action was due solely to the presence of ultra-violet
light, thus furnishing a proof of the connection between
light and electricity.!

Having made himself familiar with the phenomena of
electrical resonance, Hertz went on to study the propagation
of electric vibrations through space—the most difficult, as
it is probably the most important, of all his researches.
The results he gave to the world in 1888, in his paper
“On the Action of a Rectilinear Electric Oscillation on a
Neighbouring Circuit.” When sparks pass rapidly at the
exciter electric surgings occur, and we have a rectilinear
oscillation which radiates out into surrounding space. The
detectors, whose spark-gaps were adjustable by means of a
micrometer screw, were brought into all kinds of positions
with respect to the exciter, and the effects were studied and
measured. These effects were very different at different
points and in the different positions of the detector. In
short, they were found to obey a law of radiation which was
none other than the corresponding law in optics.

In his paper, *“ On the Velocity of Propagation of Electro-
dynamic Actions,” he gave experimental proof of the hitherto
theoretical fact that the velocity of electric waves in air was
the same as that of light, whereas the velocity in wires
was found to be much smaller—in the ratio of 4 to 7. For
the moment he was puzzled by this result : he suspected an
error in the calculations, or in the conditions of the experi-
ment, but—and here he showed himself the true philosopher
—he did not hesitate to publish the actual results, trusting

1 Prof. K. Zickler has recently proposed to use this property for
telegraphy. He has succeeded on a small scale, and thinks that with
a 25-ampore lamp and suitable reflectors the effect would be possible
over several kilometres,—¢ Elektriasche Zeitung,” July 1898.
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to the future to correct or explain the discrepancy. The
explanation was soon forthcoming. Messrs E. Sarasin and
L de la Rive of Geneva took up the puzzle, and ended by
showing that the deviations from theory were caused simply
by the walls of Hertz's laboratory, which reflected the
electric waves impinging on them, so causing interferences
in the observations. 'When these investigators repeated
the Hertzian experiment with larger apparatus, and on a
larger scale, as they were able to do in the large turbine
hall of the Geneva Waterworks, they found the rate of prop-
agation to be the same along wires as in air.!

In his paper, “On Electro-dynamic Waves and their Re-
flection,” Hertz further developed this point, and showed the
existence of these waves in free space. Opposite the exciter
a large screen of zinc plate, 8 feet square, was suspended on
the wall ; the electric waves emitted from the exciter were
reflected from the plate, and on meeting the direct waves
interference phenomena were produced, consisting of sta-
tionary waves with nodes and loops. When, therefore,
Hertz moved the circle of wire which served as a detector
to and fro between the screen and the exciter, the sparks in
the detector circuit disappeared at certain points, reappeared
at other points, disappeared again, and so on. Thus there
was found a periodically alternating effect corresponding to
nodes and loops of electric radiation, showing clearly that in
this case also the radiation was of an undulatory character,
and the velocity of its propagation finite.

In a paper, “On the Propagation of Electric Waves along
‘Wires,” March 1889, Hertz shows that alternating currents
or oscillations of very high frequencies, as one hundred
million per second, are confined to the surface of the con-
ductor along which they are propagated, and do not penetrate

1¢Comptes Rendus,” March 31, 1891, and December 26, 1892. See
also the ‘ Electrician,’ vol. xxvi. p. 701, and vol. xxx. p. 270.
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} the mass.” This is a very important experimental proof of
Poynting’s theory concerning electric currents, which he had

| deduced from the work of Faraday and Maxwell. Accord-
' ing to this theory, the electric force which we call the
. curent is in nowise produced ¢n the wire, but under all
circumstances enters from without, and spreads itself in the
metal comparatively slowly, and according to similar laws as
govern changes of temperature in a conductor of heat. If
the electric force outside the wire is very rapidly altering
in direction or oscillating, the effect will only enter to a
small depth ¢ the wire ; the slower the alterations occur,
the deeper will the effect penetrate, until finally, when the
changes follow one another infinitely slowly, the electric
effect occupies the whole mass of the wire with uniform
density, giving us the phenomenon of the so-called current.
Reviewing his experiments on this subject, Hertz says :

“A difference will be noticed between the views here put
forward and the usual theory. According to the latter, con-
ductors are represented as those bodies which alone take
part in the propagation of electric disturbances; non-con-
ductors are the bodies which oppose this propagation. Ac-
cording to our view, on the contrary, all transmission of
electrical disturbances is brought about by non-conductors;
conductors oppose a great resistance to any rapid changes in
this transmission. One might almost be inclined to main-
tain that conductors and non-conductors should, on this
theory, have their names interchanged. However, such a
paradox only arises because one does not specify the kind of

1 I should be stated here that long ago Prof. Henry, the Faraday
of America, held the same views, and proved them, too, by an experi-
ment which is strangely like one of Hertz’s, though of course, he did
not explain them as Hertz does. Henry’s views are given clearly in
two letters addressed to Prof. Kedzie of Lansing, Michigan, in 1876,
Being of historical interest, as well as of practxcal value, I give them

entire in Appendix B,
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conduction or non-conduction considered. Undoubtedly
metals are non-conductors of electric force, and just for this |
reason they compel it under certain circumstances to remain
concentrated instead of becoming dissipated ; and thus they
become conductors of the apparent source of these forces,
eloctricity, to which the usual terminology has reference.”!

In the course of his experiments Hertz had succeeded in
producing very short electric waves of 30 centimetres in
length, the oscillations corresponding to which could be '
collected by a concave cylindrical mirror and concentrated |
into a single beam of electric radiation. According to
Maxwell's theory of light, such a beam must behave like |
a beam of light, and that this is the case Hertz abundantly
proved in his next paper, “On Electric Radiation.” He
showed how such radiation was propagated in straight lines
like light ; that it could not pass through metals, but was
reflected by them ; that, on the other hand, it was able to
penetrate wooden doors and stone walls. He also proved,
by eetting up metallic screens, that a space existed behind
them in which no electric action could be detected, thus
producing electric shadows ; and, by passing the electric
rays through a wire grating, he was able to polarise them,
just as light is polarised by passage through a Nicol prism.
Perhaps the most striking experiment of all in this field was
his last one, in which he directed the ray on to a large pitch
prism weighing 12 cwts. : the ray was deflected, being, in
fact, refracted like a ray of light in a glass prism.

1 As this is a matter of some complexity to all who, like mysel,
belong to the old way of thinking—the ancien régime—and as, more-
over, it is of great practical importance, especially as regards the
proper construction of lightning protectors, and the supply mains of
electric light and power, I have thought it useful to give in Appendix
B some extracts, which I hope will make the new views intelligible to
the ordinary reader. Lodge's ‘Modern Views of Electricity ’® should
also be consulted.
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Thus he gave to the experimental demonstration of Max-

well's electro-magnetic theory of light its finishing touch,
d the edifice was now complete. Hertz's marvellous
rches were presented in succession, as rapid and sur-
rising almost as the sparks with which he dealt, to the
Berlin Academy of Sciences, between November 10, 1887,
d December 13, 1889. They were collected and pub-
ished in book form, in 1893, under the title of ¢ Electric
Waves’ (English translation edited by Prof. D. E. Jones),
which the reader is referred for further information.
Here it will suffice, in conclusion, to briefly sum up the
hief results of these epoch-making investigations. In the
t place, Hertz has freed us from the bondage of the old
heory of action-at-a-distance; and as regards electric and
magnetic effects, he has shown that they are propagated
through the ether which fills all space with finite velocity.
The mysterious darkness which surrounded those strange
distance-actions—that something can act where it is not—
has now been cleared away. Further, the identity of the
form of energy in the case of two powerful agents in nature
has been conclusively established ; light and electrical radia-
tion are essentially the same, different manifestations of the
same processes, and 8o the old elastic-solid theory of optics
is resolved into an electro-magnetic theory. The velocity of
propagation of light is the same as that of electro-magnetic
waves, and these in turn obey all the laws of optics. The
scope of optics is thus enormously widened ; to the ultra-
violet, visible, and infra-red rays, with their wave-lengths
of thousandths of a millimetre, are now to be added, lower
down the scale, electro-magnetic waves, producible in any
length from fractions of an inch to thousands of miles.

Hertz's ordinary waves were many metres long, and he
does mot appear to have ever worked with waves of less
than 30 centimetres. Righi, however, by employing ex-
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The work of Hertz was immediately taken up, and is now
being carried on (doubtless towards fresh conquests, for
there is no finality in science) by a whole army of investi-
gators, of whom we need only mention a few—as Lodge,
Righi, Branly, Sarasin, and de la Rive—whose discoveries,
especially as regards the exciter and detector, more imme-
diately concern us in this history.

The exciter of Hertz, although sufficing for his special
purposes, had the disadvantage that the sparks in a short
time oxidised the little knobs and roughened their surfaces,
which made their action irregular and necessitated their
frequent polishing. Messrs Sarasin & de la Rive of Geneva
obviated this difficulty by placing the knobs in a vessel con-
taining olive-oil. The effect of this arrangement was at
once to augment the sparks at the detector, so that when it
was placed close to the exciter the sparks were a perfect
blaze; and at 10 metres’ distance, with detectors of large
diameter (‘75 to 1 metre), they were still very bright and
visible from afar. It is true that here, too, the oil carbon-
ises in time and loses its transparency ; but if a considerable
quantity, as two or three litres, be employed, there is no
perceptible heating, and the intensity of the sparks is hardly
altered, even after half an hour’s continuous working. Prof.
Righi substituted vaseline-oil, made suitably thick by the ad-
dition of solid vaseline. His exciter is composed of two metal
balls, each set in an ebonite frame ; a parchment envelope
connects these frames and contains the oil which thus fills
the spark-gap. Righi attributes the increased efficiency of
his exciter (1) to the heightening effect which a cushion of
(insulating) liquid seems to have on the electric potential
which gives rise to the sparks—a sort of (to adopt an ex-
pressive French phrase) reculant pour mieux sauter,; and
(2) to some sort of regularising effect making their produc-
tion more uniform. Like Sarasin and de la Rive, he found
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that the use of vaseline obviated the necessity of frequent
cleaning of the knobs, for even after long usage, when the
liquid had become black and a deposit of carbon had formed
on the opposing surfaces, the apparatus continued to work
satisfactorily. Righi also found that solid knobs gave
better results than hollow ones, the oscillations in the former
case being perceptible in the detector at nearly double the
distance attained in the latter case.

The detector usually employed by Hertz consisted of a
metal wire bent into a rectangle or a circle (see fig. 32), and
terminated by two little knobs between which the sparks
played. But this form is not obligatory : any two distinct
conducting surfaces separated by a spark-gap will serve
equally well. Many kinds of detectors have been em-
ployed, but in this place we need only concern ourselves
with those of the microphonic order, which alone enter into
the construction of the Marconi system of telegraphy.!

Just mentioning the well-known electrical behaviour of
selenium under the action of light; the fact observed by
Prof. Minchin that his delicate *‘‘impulsion-cells” were
affected by Hertzian waves ; the Righi detector, consisting
of thin bands of quicksilver (as used for mirrors) rendered
discontinuous by cross-lines lightly traced with a diamond;
and the original Lodge “ coherer,” consisting of a metallic
point lightly resting on a metal plate,>—we come to the
special form known as Branly’s detector, or, as he prefers to
call it, the radio-conductor.

! For other forms of detectors, based on physiological, chemical,
electrical, thermal, and mechanical principles, see Lodge’s ‘ The Work
of Hertz and his Successors,’ pp. 25, 56.

2 For the first suggestions of Lodge’s detector see his paper, “On
Lightning - Guards for Telegraphic Purposes,” ‘Jour. Inst. Elec
Engs.,’ vol. xix. pp. 352-354. Even before this the learned professor
succeeded in detecting electric waves by means of a telephone, ¢ Jour.
Inst. Elec. Engs.,’ vol. xviii. p. 405.
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The observance of the phenomenon manifested in Branly’s
detector goes back much further than is usually supposed.
Mr S. A. Varley was, I believe, the first to notice it, and as
long ago as 1866 he applied it in the construction of a
lightning protector for telegraph apparatus.

In his paper read before the British Association (Liverpool
meeting, 1870), he says:—

“The author, when experimenting with electric currents of
varying degrees of tension, had observed the very great resist-
ance which a loose mass of dust composed even of conducting
matter will oppose to electric currents of moderate tension.

“With a tension of, say, fifty Daniell cells, no approciable
quantity will pass across the dust of blacklead or fine char-
coal powder loosely arranged, even when the battery poles
are approached very near to one another.

“If the tension be increased to, say, two or three hundred
cells, the particles arrange themselves by electrical attraction
close to one another, making good electrical contact, and
forming a channel or bridge through which the electric cur-
rent freely passes.

“When the tension was still further increased to six or
seven hundred cells the author found the electricity would
pass from one pole to the other through a considerable in-
terval of the ordinary dust which we get in our rooms, and
which is chiefly composed of minute particles of silica and
alumina mixed with more or less carbonaceous and earthy
matters.

“Incandescent matter offers a very free passage to electrical
discharge, as is indicated by the following experiments. The
author placed masses of powdered blacklead and powdered
wood charcoal in two small crucibles ; no current would pass
through these masses whilst they were cold, however close
the poles were approached, without actually touching. The
battery employed in this experiment was only twelve cells.
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“The crucibles were then heated to a red heat, and elec-
tricity freely passed through the heated powder; and on
testing the resistance opposed by the heated particles, placing
the poles 1 inch apart, and employing only six cells, the
average resistance opposed by the blacklead was only four
British Association units, and that opposed by the wood
charcoal five units. The average resistance of a needle
telegraph coil may be taken at 300 units, or ohms as they
are now termed.

“ These observations go to show that an interval of dust
separating two metallic conductors opposes practically a de-
creasing resistance to an increasing electrical tension, and
that incandescent particles of carbon oppose about ggth -
part of the resistance opposed by a needle telegraph coil. :
Reasoning upon these data, the author was led to construct .
what he terms a ‘lightning-bridge,” which he constructs in |
the following way :—

“Two thick metal conductors terminating in points are
inserted usually in a piece of wood. These points
approach one another within
about y'sth of an inch in s
chamber cut in the middle of
the wood. |

“This bridge is placed in
the electric circuit in the most
direct course which the light- -
ning can take, as shown in

g UCRTNING BRIDCE the diagram (fig. 33), and the
z space separating the two points
Fig. 33. is filled loosely with powder,

which is placed in the chamber,

and surrounds and covers the extremities of the pointed
conductors.

“The powder employed consists of carbon (a conductor)
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and a non-conducting substance in a minute state of division.
The lightning finds in its direct path a bridge of powder,
consisting of particles of conducting matter in close proximity
to one another ; it connects these under the influence of the
discharge, and throws the particles into a highly incandescent
glate. Incandescent matter, as has been already demon-
strated, offers a very free passage to electricity, and so the
lightning discharge finds an easier passage across the heated
matter than through the coils.

“The reason a powder consisting entirely or chiefly of
conducting matter cannot be safely employed is that,
although in the ordinary conditions of things it would be
found to oppose a practically infinite resistance to the
passage of electricity of the tension of ordinary working
currents, when a high tension discharge occurs the particles
under the influence of the discharge will generally be found
to arrange themselves so closely as to make a conducting
connection between the two points of the lightning-bridge.
This can be experimentally demonstrated by allowing the
secondary currents developed by a Ruhmkorff’s coil to spark
through a loose mass of blacklead.

“The crucial test, however, is the behaviour of the bridge
in practice.

“These lightning-bridges have been in use since January
1866. At the present time there are upwards of one
thousand doing duty in this country alone, and not a single
case has occurred of a coil being fused when protected by
them.

“Tt is only right, however, to mention that three cases,
but three cases only, have occurred where connection was
made under the influence of electrical discharge between
the two metallic points in the bridge.

“The protectors in which this occurred were amongst
those first constructed, in which a larger proportion of con-

N
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Prof. Branly’s investigations are very clearly described in
‘Ia Lumicre Flectrique, May and June 1891.’! As this

now classic paper deals with facts which are at the very !
foundation of the Marconi system, I give some extracts .
from it in Appendix C. Here, therefore, I need only say '

that Branly verified and extended Calzecchi-Onesti’s obser-
vations, and made the further (and for our purpose vital)
discovery that the conducting power, imparted to filings by

electric discharges in their vicinity, can at once be destroyed

by simply shaking or tapping them.
The Branly detector, as constructed by Prof. Lodge, is
shown in fig. 35. It consists of an ebonite or glass tube

Fig. 35.

about 7 inches long, half-an-inch outer diameter, and fitted
at the ends with copper pistons, which can be regulated to

press on the filings with any required degree of pressure.

To bring back the filings to their normal non-conducting
state, Lodge applied to the tube a mechanical tapper, worked
either by clockwork or by a trembling electrical mechanism.?

These, then, the exciters and the detectors of Hertzian
waves, are the bricks and mortar, so to speak, of the Marconi
system, and it now only remains to see how they have been
shaped and put together to produce a telegraph without
connecting wires, which is the realisation of the dream of

! See also an abstract in the ¢ Electrician,’ vol. xxvii. pp. 221, 448.

2 Dr Rupp of Stuttgard has proposed to suppress the tapper and to
effect decoherence by making the detector revolve on its axis. See

¢ Elektrotechnische Zeitschrift,” April 14,1898, or ¢ Electrical Review,
April 22, 1898.
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with some of these mys, if not with all, to refract them
through suitably shaped bodies acting as lenses, and so to
direct a sheaf of rays in any given direction. Also an ex- -
perimentalist at a distance can receive some, if not all, of
these rays on a properly constituted instrument, and by con-
corted signals messages in the Morse code can thus pass
from one operator to another.

“ What remains to be discovered is—firstly, snmpler and
more certain means of generating electrical rays of any
desired wave-length, from the shortest, say a few feet, which
will easily pass through buildings and fogs, to those long
waves whose lengths are measured by tens, hundreds, and
thousands of miles ; secondly, more delicate receivers which
will respond to wave-lengths between certain defined limits
and be silent to all others; and thirdly, means of darting
the sheaf of rays in any desired direction, whether by lenses
or reflcctors, by the help of which the sensitiveness of the
receiver (apparently the most difficult of the problems to be
solved) would not need to be so delicate as when the rays
to be picked up are simply radiating into space, and fading
away according to the law of inverse squares. .

“ At first sight an objection to this plan would be its
want of secrecy. Assuming that the correspondents were a
mile apart, the transmitter would send out the waves in all
directions, and it would therefore be possible for any one
living within a mile of the sender to receive the communica-
tion. This could be got over in two ways. If the exact
position of both sending and receiving instruments were
known, the rays could be concentrated with more or less
exactness on the receiver. If, however, the sender and
receiver were moving about, so that the lens device could
not be adopted, the correspondents must attune their instru-
ments to a definite wave-length, say, for example, 50 yards
I assume here that the progress of discovery would give
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transmit electrical oscillations to any distance through space,
by erecting at each end a vertical conductor, connected at
its lower end to earth and at its upper end to a conducting
body of large surface. Owing to press of other work this
experiment was never tried, and so has remained a bare
suggestion.!

At the Royal Tustitution, June 1, 1894, and later in the
same year at the Oxford meeting of the British Association,
Prof. Lodge showed how his form of Branly detector could
be made to indicate signals at a distance of about 150 yards
from the exciter, but at this time the applicability of his
experiment to practical long-distance telegraphy was hardly
grasped by him. Referring to this in his ¢ Work of Hertz’
(p- 67, 1897 cdition), he says :—

“ Signalling was easily carried on from a distance through
walls and other obstacles, an emitter being outside and a
galvanometer and detector inside the room. Distance with-
out obstacle was no difficulty, only free distance is not very
casy to get in a town, and stupidly enough no attempt was
made to apply any but the feeblest power o as to test how
far the disturbance could really be detected.

“Mr Rutherford, however, with a magnetic .detector of
his own invention, constructed on a totally different prin-
ciple, and probably much less sensitive than a coherer, did
make the attempt (June 1896), and succeeded in signalling
across half a mile full of intervening streets and houses at
Cambridge.”

Between 1895 and 1896 Messrs Popoff, Minchin,
Rutherford, and others applied the Hertzian method to
the study of atmospheric electricity ; and their mode of
procedure, in the use of detectors in connection with vertical
exploring rods, was much the same as that of Marconi.

! See a full account of Tesla’s marvellous researches in *Jour.
Inst. Elec. Engs.’ for 1892, No. 97, p. 51.
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the length of these waves to the smmall limits best adapted

for signalling.! Two small balls, also of solid brass, a b,

are fixed in a line with the large ones, usually about 25

centimetres apart, and are capable of adjustment. The .
larger the spheres and balls, and the greater the distances ‘
scparating them, the higher the potential of the spark, and

conscquently the greater the distance at which the oscilla-
tions are perceptible. The balls a ) are connected each to

one end of the secondary coil of the Ruhmkorff apparatus s.

The primary wire of the induction coil is excited by the |
battery c, thrown in and out of circuit by the key k. The
cfficiency of the sending apparatus depends greatly on the
power and constancy of the induction coil : thus a coil yield-
ing a 6-inch spark will be effective up to three or four |
wiles ; but for greater distances than this wmore powerful
coils, as one emitting 20-inch sparks, must be used.?

The various parts of the sending apparatus are generally
80 constructed and adjusted as to emit per second about 250
million waves of about 1-2 metres long.

At the receiving station ~ (fig. 39) is Marconi’s special
form of the Branly-Lodge detector, shown full size in fig. 40.
This is the part which gave him the most trouble. While
for laboratory experiments a detector of little delicacy suf-
ficed to give indications on a sensitive mirror galvanometer
at a distance of a few yards, Mr Marconi had to seek an

! Mr Marconi’s later experience has led him to doubt these advan-

tages, and to discard the use of oil. See ‘Jour. Inst. Elec. Engs.,’
No. 139, p. 311,

2 But there is a limit ; powerful induction coils of the Ruhmkorff
kind are difficult to make and keep in order, and do not by reason of
their residual magnetism admit of the very rapid make-and-break
action required. Doubtless other and more effective means of excite-
ment will soon be discovered, as Tesla’s oscillators, or by the use of
Wehnelt's electrolytic contact-breaker, which can be made to inter-
rupt a current one thousand times and more per second. See ¢ Jour.
Inst. Elec. Engs.,’ No. 131, p. 317.
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if too small, the action is capricious. The quantity of |
powder required is, of course, very small, but it must be
treated with care; it must neither be too compressed nor
too loose. If too tight the action is irregular, and often the
particles will not return to their normal condition, or “deco-
here,” as Lodge expresses it ; if too loose coherence is slight, .
and the instrument is not sufficiently sensitive. The best
adjustinent is obtained when the detector works well under .
the action of the sparks from a small electric trembler at

one metre’s distance. The tube is then hermetically sealed,

having been previously exhausted of air to about jg%sth
of an atmosphere. This, though not essential, is desirable,
as it prevents the oxidation of the powder.

In its normal condition the metallic powder, as already
stated, is practically a non-conductor, offering many megohms
resistance. The particles (to use Mr Preece’s expressive
words) lie higgledy-piggledy, anyhow, in disorder. They
lightly touch each other in a chaotic manner; but when
electric waves fall upon them they are polarised—order is
installed—they are marshalled in serried ranks and press on
cach other,—in a word, they cohere, electrical continuity is
cstablished, and a current passes, the resistance falling from
practical insulation to a few ohms or a few hundred ohms
according to the energy of the received impacts. Usually it
ranges from 100 to 500 ohms.

The detector is included in the circuit of two electro-
magnetic impedance or choking coils % 7', a local battery of
one or two Leclanché cells p, and a fairly sensitive polarised
relay as ordinarily used in telegraphy r. The impedance or
choking coils, consisting of a few turns of insulated copper
wire on a glass tube, containing an iron bar 5 or 6 centi-
metres long, are intended to prevent the electric energy
escaping through the relay circuit. Prof. Silvanus Thomp-
son doubts the efficacy of this contrivance, but Mr
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Marconi’s experience shows its great utility. Thus, when
the coils are removed, all other things remaining the same,
the signalling distance is reduced by nearly one-half.

A A’ are resonance plates or wings (copper strips) whose
dimensions must be adjusted so as to bring the detector
into tune electrically with the exciter.

The relay actuates two local circuits on the parallel or
shunt system, one containing an ordinary Morse instrument
¥, and the other the tapper s. The relay and tapper are
provided with small shunt coils s, and s, to prevent sparking
at the contacts, which would otherwise impair the good
working of the detector. The Morse instrument and the
tapper may also be connected in series in one circuit, in
which case the former may be made to act as a buzzer, the
signals being read by sound. Indeed, the Morse machine
may be left out altogether and the signals be read from the
sound of the tapper alone. The printing lever of the Morse
is 80 adjusted—an easy matter—as not to follow the rapid
makes and breaks of the local current caused by the action
of the tapper. Consequently, although the current in the
coils of the Morse is rapidly discontinuous, the lever remains
down (and prints) so long as the detector is influenced by
the waves sent out by the exciter. In this way the lever
gives an exact reproduction of the movements of the distant
sending key, dots and dashes at the key coming out as dots
and dashes in the Morse. The speed at which signalling
can be carried on is but little slower than that in ordinary
(Morse) telegraphy, fifteen words a minute hbeing easily
attained.

In practice, the sending part of the apparatus should be
screened as much as possible by interposed metal plates from
the receiving instruments, so as to prevent local inductive
interferences ; or better, the detector may be shut up in a
metal box.
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The other knob of the exciter is connected to a good
earth.

At the receiving station the resonance wings of the
detector are discarded, and one side is connected to a vertical
wire and the other side to earth, as in the case of the exciter.
Of course, in practice only one vertical wire is required at
each station, as by means of a switch it can be connected
with the exciter for sending, or with the detector for re-
ceiving, as may be necessary. The parallelism of the plates
zand y should be preserved as much as possible in order to
obtain the best effects.

The raison d’étre of the earth connections is not yet
clearly understood. An earth wire on the exciter for longy
distances is essential, but at the detector it may apparently
be dispensed with without any (appreciable) effect.!  Break-
ing the connection does not prove to me that earth does not
enter into the effect. It only increases the resistance of the
earth-connecting medium, which now is not wire, but consists
of the walls, floor, table, and base-board of the instrument.
Again, why suppose that sparks are emitted at the top of
the vertical wire only? Why not also into the ground,
giving us a complete closed circuit through the ether above
and through the ground below? If I may hazard an opinion
I would say that the Marconi effect is but, on a large scale,
an electrical machine effect such as every schoolboy is

air, when they were flown high enough, was sufficient to enable the
operator to do away with a primary battery " ! (‘ Electrical Engineer,’
October 1, 1897). This is the Mahlon Loomis idea redivivus (see
p. 73 ante), and is as true as another “ vulgar error "—to wit, that
Marconi, and now Tesla, can explode torpedoes and powder-magazines
at their own sweet will. This, of course, might be done, if they
could plant a properly adjusted exploding apparatus near the powder;
but if they could do this, they could, as Mr Preece says, do many
other funny things.

! Jour. Inst- Elec. Engs., No. 137, pp. 801, 802, 900, 918, 946, 962,

Q
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familiar with, and that it conforms to the same laws and
conditions

However this may he, an earth wire (and a good one too)
should be used on the detector as well as on the exciter, if
only as a protection from lightning. The vertical wire is

practically a lightning- catcher, and the detector is an
excellent lightning-guard when connected to earth. But if

disconnected from earth, and lightning strikes the wire, |
then we may expect all the disastrous results which follow |

from a ladly constructed or defective lightning-protector.
The fear, then, that the Marconi apparatus is dangerous
may be put aside. Being excellent lightning-conductors
and lightning-guands in one, they may, in my opinion, be
safely used, even in a powder-magazine.

Delicate as the apparatus undoubtedly is, and complicated
as it may scem, its action is simplicity itself to the telegraph-
ist, differing only in the kind of electricity and the medium
of communication from that of the everyday telegraph. On
depressing the key % (fig. 41) to make, say, a dash, induced
currents are set up in the secondary coil of the Ruhmkorff
machine, which pass in sparks across the spark-gaps 1, 2, and
3,and out into space at 2. The sparks at x set up electric oscil-
lations in the ether, which are radiated into space in waves.
On arriving at the receiving station some of these waves
strike the wire y, are carried to the detector, which coheres,
allowing the local battery to act; the relay closes, and the
Morse instrument sounds, or prints the signal as may be re-
quired, the tapper all the while doing its work of decohering.

Marconi’s first trials on a small scale were made at
Bologna, and these proving successful he came to England
and applied for a patent, June 2, 1896.1 Soon after, in

1 This being the first patent of the New Telegraphy order, is his-

torically interesting. I have therefore thought it convenient to
reproduce it in Appendix E, with the original rough drawings.
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July, he submitted his plans to the postal-telegraph authori-
ties, and, to his honour be it said, they were unhesitatingly
—even eagerly—taken up by Mr Preece, although, as we
have already seen, he was introducing a method of his own.

The first experiments in England were from a room in
the General Post Office, London, to an impromptu station
on the roof, over 100 yards distant, with scveral wallg, &c.,
intervening. Then, a little later, trials were made over
Salisbury Plain for a clear open distance of nearly two miles.
In these experiments roughly-made copper parabolic reflec-
tors were employed, with resonance plates on each side of
the detector (sce figs. 37, 39).

In May 1897 still more extensive trials were made across
the Bristol Channel between Lavernock and Flat Holm, 33
miles, and between Lavernock and Brean Down, near
Weston-super-Mare, 8-7 miles (see fig. 21, anfe). Here the
reflectors and resonance plates were discarded. IEarth and
vertical air wires were cmployed, a8 in fig. 41, the vertical
wires being in the first case 50 yards high, while in the
second case kites carrying the wires were had recourse to.

The receiving apparatus was set up on the clifl at Laver-
nock Point, which is about 20 yards above sea-level. Here
was erected a pole, 30 yards high, on the top of which was
a cylindrical cap of zinc, 2 yards long and 1 yard diameter.
Connected with this cap was an insulated copper wire
leading to one side of the detector, the other side of which
was connected to a wire led down the cliff and dipping into
the sea. At Flat Holm the sending apparatus wus arranged,
the Ruhmkorff coil used giving 20-inch sparks with an eight-
cell battery.

On the 10th May experiments on Mr Preece’s electro-
magnetic method (already fully described) were repeated,
and with perfect success,

The next few days were eventful ones in the history of
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Mr Marconi. On the 11th and 12th his experiments were
unsatisfactory—worse, they were failures—and the fate of
the new system trembled in the balance. An inspiration
saved it.  On the 13th the receiving apparatus was carried
down to the beach at the foot of the cliff, and connected by
another 20 yards of wire to the pole above, thus making a
height of 50 yards in all. Result, magic! The instru- :
ments, which for two days failed to record anything intelli-
gible, now rang out the signals clear and unmistakable, and
all by the addition of a few yards of wire! Thus often, as
Carlyle says, do mighty events turn on a straw.

Prof. Slaby of Charlottenberg, who assisted at these ex- .
periments, has told us in a few graphic words the feelings
of those engaged. “It will be for me,” he says, “an
ineffaceable recollection. Five of us stood round the ap
paratus in a wooden shed as a shelter from the gale, with
eyes and ears directed towards the instruments with an
attention which was almost painful, and waited for the
hoisting of a flag, which was the signal that all was ready.
Instantancously we heard the first tic tac, tic tac, and saw
the Morse instrument print the signals which came to us
silently and invisibly from the island rock, whose contour
was scarcely visible to the naked eye—came to us dancing
on that unknown and mysterious agent the ether!”

After this the further experiments passed off with scarcely
a hitch, and on the following day communication was estab-
lished between Lavernock and Brean Down.

The next important trials were carried out at Spezis, by
request of the Italian Government, between July 10 and 18,
1897. The first three days were taken up with experiments
between two land stations 36 kilometres apart, which were
perfectly successful. On the 14th, the sending ‘apparatus
being at the arsenal of San Bartolomeo, the receiving instra-
ments were placed on board a tug vessel, moored at various
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distances from the shore. The shore wire was 26 metres
high, and could be increased to 34 if necessary; the tug wire
was carried to the top of the mast, and was 16 metres high.
The results were unsatisfactory: signals came, but they were
. jumbled up with other weird signals, which came from the
atmosphere (the weather was stormy) in the way which
telegraph and telephone operators know so well. On the
15th and 16th (the weather having moderated) better results
were obtained, and communication was kept up at distances
up to 7-5 kilometres.

On the 17th and 18th the receiving apparatus was trans-
ferred to a warship (ironclad), and, with a shore clevation of
34 metres and a ship elevation of 22 metres, signals were
good at all distances up to 12 kilometres, and fairly so at 16
kilometres.

During these experiments it was observed that whenever
the funnels, iron masts, and wire ropes of the vessels were
in line with the shore apparatus the detector did not work
properly, which was to be expected from the screening pro-
perty of metals; but another and more serious difficulty
was also encountered. When the vessel got behind a point
of the land which cut off the view of the shore station, the
signals came capriciously, and good working was not estab-
lished until the shore was again in full view. Here was a
difficulty which must be surmounted if the new system was
to be of any practical utility. We have seen in our account
of the work of Hertz that electric waves pass without ap-
preciable hindrance through doors and walls and, generally,
non-conducting bodies, being only arrested by metals and
other conductors; but in practice, when we come to deal
with doors and walls in large masses—as trees, buildings,
hills, especially if near the vertical wires—they partake of
the nature of metals, and largely absorb the waves, just as
light passes through a thin sheet of glass, but is obscured or
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. one mile, 40 feet four miles, 80 feet sixtcen miles, and
80 on.

“Professor Ascoli has confirmed this law, and demon-
strated mathematically, using Neumann’s formula, that the
inductive action is proportional to the square of the length
of one of the two conductors if the two are vertical and
of equal length,! and in simple inverse proportion of the
distance between them. Therefore the intensity of the in-
duced oscillation does not diminish with the increase of
distance if the length of the vertical conductors is increased
in proportion, or as the square root of the distance. That
is, if the height of the wire is doubled, the possible distance
becomes quadrupled.” 2

On his return to Germany after witnessing the Marconi
experiments in England, Prof. Slaby in September 1897
engaged in some very instructive experiments in the vicinity
of Potsdam, first between Matrosenstation and the church at
Sacrow, 1'6 kilometre, and then between the former place
and the castle of Pfaueninsel, 3-1 kilometres. I take the
following particulars from the ¢Electrical Engineer,” De-
cember 3, 1897 :—

Prof. Slaby recently, at a technical college in Berlin, gave
an interesting report of his experiments on telegraphy with-
out wires, or, as he wants it to be called, “spark telegraphy.”
He mentioned an experiment made by himself by which he
was able to send by means of one wire two different messages
simultaneously without interfering with each other. He

1 If of unequal lengths then the action is proportional to the pro-
duct of the two lengths, which, however, must not be too dissimilar.

2 This law is correct for clear open spaces over water ; but over
land allowance must be made for obstacles, as trees, buildings, hills,
&c., which carry off some of the passing emergy. The conductors
must be parallel (‘ Jour. Inst. Elec. Engs.,’” No. 137, p. 902), but
need not mecessarily be of the same height, although it is preferable
that they should be so.
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sphere, and in consequence were constantly affected even
when no signals were sent from the sending station.
Further experiments showed that the results increased in
the same measure as the sensitivencss of the coherer de-
creased. Prof. Slaby uses now very rough and jagged
nickel filings which have been carefully cleaned and
dried. As the receiving station could not be seen from the
island, the sending station was removed to a church a little
farther away, and the exciter was put between the columns
of the portico, while the mast which carried the wire was
erected on the spire. The experiments then went very well.

‘When the sending apparatus was put back a little farther
into the church, and the wire was put for about a length of
2 yards parallel with the stone slabs of the floor and a yard
and a half above it, it ccased to work properly, because the
waves seek the earth. Hence one must not bring the wire
too near to the earth, or lay it parallel when near the earth.
When the sending apparatus was moved back to the island,
it was found that trees near the wire proved an obstacle
because they received the waves. Therefore the Professor
says that it is best to so arrange that the wires on the
receiver and on the transmitter can be seen from each
other. Even the sail of a little boat or the smoke from
a steamer cause small interruptions, which make the words
more or less indistinct. The waves get through impedi-
menta, and even through buildings, but there is always
much loss. In order to make the wire which was placed
on the island more visible from the mainland, it was
lengthened from 25 to 65 yards, and placed upon a boat
on the river. That did not remedy matters; but when the
wire on the receiver was also lengthened to 65 yards very
good results followed, showing that the length of the wire
is of great importance.

Prof. Slaby next proceeded, early in October, to experi-

ounzeary GOOglE



218 THIRD PERIOD—THE PRACTICAL.

ment over an open stretch of country, free from all inter-

vening obstacles, between Rangsdorf (sending station) and |

Schineberg (receiving station), a distance of 21 kilometres.
Captive balloons raised to a height of 300 metres were
cmployed. On the first two days the results were dis-
appointing, and the fault was found to be in the vertical |
conductors, which consisted of the wire cables holding the .
balloons. With a double telephone wire there was a slight
improvement ; and eventually, on the 7th October, “fine -
insulated copper wire of 46 millimetres diameter was sub- -

stituted with excellent resulta” !

Correspondence was now always good, except when dis-
turbed by atmospheric discharges (the weather being
stormy). At such times the signals were distorted and con-
fused, and often tho discharges were so strong as to un-
pleasantly shock the operators, making it necessary to
handle the apparatus with the greatest care. Here is
another scrious difficulty with which Mr Marconi has to
contend, and from which we see no escape short of total
suspension of operations during stormy weather—namely,
the great liability to accident and derangement, not merely
from lightning flashes, to which all telegraph systems are
subject, but from all those other electrical disturbances of
the atmosphere which have hitherto been of little account.
The greater the distance worked over, the higher must be
the conductors, and, consequently, the greater must be the
danger.

The apparatus used by Prof. Slaby differed somewhat
from Marconi’s, the following being the more important
points :—

1. A Weston galvanometer relay, which, it is curious to

1 The statement in inverted commas needs verification, as theo-
retically one would suppose the larger wires should have given the
better result.
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note, is our old friend in modern guise, the Wilkins’
relay, used by Mr Wilkins in his wireless telegraph
experiments in 1845 (see p. 38, ante).

2. An ordinary Branly-Lodge detector with hard nickel

powder only.

3. No impedance or “choking” coils.!

The further course of Marconi’s experiments is 8o suc-
cinctly given by the chairman of the Wireless Telegraph
Company in a recent address, October 7, 1898, that we
cannot do Dbetter than follow him.2

“A year ago,” he says, “ when this company was started
(July 1897), Mr Marconi happened to be in Italy making
experiments for the Italian Government, and for the King
and Queen at the Quirinal. On his return to this country,
the first long-distance trial was made between Bath and
Salisbury. The receiver in this case was given to a post-
office official, who went to Bath and by himself rigged up a
station, at which he received signals thirty-four miles distant
from where they were sent at Salisbury. After this we put
a permanent station at Alum Bay, Isle of Wight. This
station at first was used in connection with a small steaner
that cruised about in the neighbourhood of Bournemouth,
Boscombe, Poole Bay, and Swanage, a distance of ecighteen
miles from the Needles Hotel station, with which it was in
constant telegraphic communication.

“Various exhibitions were given later—one at the House
of Commons, where a station was erected, and another sta-
tion at St Thomas’s Hospital opposite (May 1898). Within

! About this time Dr Tuma of Vienna was engaged on similar ex-
periments, using, however,instead of a Ruhmkorff coil a Tesla oscillator
or exciter, with nickel powder only in the detector. I have not seen
any detailed account of these experiments.

2 I have incorporated a few passages from Mr Marconi's recent paper
(Institution of Electrical Engineers, March 2, 1899), so as to make the
account more complete. These are shown in brackets thus [ ].
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an hour of the time our assistants arrived to put up the
installution, the system was at work. We had many '
exhibitions at our offices, at which a number of people
attended ; amongst others Mr DBrinton, a director of the |
Donald Currie line of steamers, who asked if we could
report a ship passing our station. This was done. The
ship was the Carisbrooke Castle, on her first voyage out,
and as she passed the Necdles a message reporting the
fact was wirelessly telegraphed to Bournemouth, and there
put on the ordinary telegraph wires for transmission to
Mr Brinton.

¢ After this Lord Kelvin visited our station at Alum Bay,
and expressed himself highly pleased with all he saw. He
sent several telegrams, véd Bournemouth, to his friends, for
each of which he insisted on paying one shilling royalty,
wishing in this way to show his appreciation of the system
and to illustrate its fitness for commercial uses. The follow-
ing day the Italian Ambassador visited the station. Among
other messages, he sent a long telegram addressed to the
Aide-de-camp to the King of Italy. As it was in Italian,
and as Mr Marconi’s assistant at Bournemouth had no know-
ledge of that language, it may be taken as a severe test—as,
in fact, a code message. The telegram was received exactly
as it was sent. Previously, we had a display for the
¢Electrical Review’ and the ¢ Times,” both of which papers
sent representatives. They put the system to every possible
test, and, among others, sent a long code message, which
had to be repeated back. In their reports they stated that
this was done exactly as sent.

[In May Lloyd’s desired to have an illustration of the
possibility of signalling between Ballycastle and Rathlin
Island in the north of Ireland. The distance between the
two positions is seven and a half miles, of which about four
are overland and the remainder across the sea, a high cliff
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also intervening between the two positions. At Ballycastle
a pole 70 feet high was used to support the wire, and at
Rathlin a vertical conductor was supported by the light-
house 80 feet high. Signalling was found quite possible
between the two points, but it was thought desirable to
bring the height of the pole at Ballycastle to 100 feet, as
the proximity of the lighthouse to the wire at Rathlin
seemed to diminish the effectiveness of that station. At
Rathlin we found that the lighthouse-keepers were not lony
in learning how to work the instruments, and after the sad
accident which happened to poor Mr Glanville, that installa-
tion was worked by them alone, there being no expert on
the island at the time.l]

“Following this, in July last (1898) we were requested
by a Dublin paper, the ‘Daily Express’ to report the
Kingstown regatta. In order to do this we erected a [land]
station at Kingstown, and another on board a steamer which
folowed the yachts. A telephone wire connected the
Kingstown station with the ¢ Daily Express’ offices, and as
the messages came from the ship they were telephoned to
Dublin and published in successive editions of the evening
papers.2

“ After this, Mr Marconi was requested to put up a sta-
tion at Osborne to connect with the Prince of Wales’ yacht
Osborne.  Bulletins of the Prince’s health (his Royal High-
ness, as we all know, met with a lamentable accident just
before then) were reported to her Majesty : not only that,
but the royalties made great use of our system during the
Cowes week. After the regatta had concluded the Prince

! Mr Glanville, a promising young electrician (only twenty-five
years old), was missing from Saturday to the Tuesday evening fol-
lowing, when his body, terribly mutilated, was found at the foot of
a cliff 300 feet high in Rathlin Island.

2 Very full illustrated accounts of this remarkable experiment are
given in the Dublin ¢ Mail,” July 20, 21, and 22, 1898.
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wished to cruise about, and he did so as far as Bembridge
on one occasion. The next day they went over to the
Necedles, at the opposite side of the Isle of Wight. The
royal yacht was kept in telegraphic communication with the
Osborne station on the first day. On the second occasion
they were able not only to communicate with Osborne, but
also with our station at the Needles Hotel. They rang up
the Ncedles Hotel when seven or eight miles away, and
immediately had a reply, although about the highest land
in the Isle of Wight lay between the royal yacht and the
Needles Hotel station.

“ Within the last few days we have had to move our
station at Dournemouth four miles farther west, where we
have put up the same instruments, the same pole, and
cverything at the laven Hotel, Poole, which is eighteen
miles from Alum DBay. This increase of distance has no
detrimental effect on our work; in fact it seems rather
ensier, if anything, to reccive signals at the Haven Hotel
than at our former station: thus, the height of the conductor
at Bournemouth was 150 feet, but this is now reduced to
100 fect, which is a very great improvement.!

[The vertical conductors are stranded 5% copper wire in-
sulated with india-rubber and tape. A 10-inch spark induc-
tion coil is used at each station, worked by a battery of 100
Obach cells M size, the current taken by the coil being 14
volts of from 6 to 9 amptres. The sparks take place be-
tween two small spheres about 1 inch diameter, this form
of transmitter having been found more simple and more
effective than the Righi cxciter previously used. The
length of spark is adjusted to about 1 centimetre, which,
being much shorter than the coil can give, allows a large
margin for any irregularity that may occur. No care is
now taken to polish the spheres at the place where the

! The height has since been reduced to 60 feet.
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win—which is just twelve miles from the South Foreland
Lighthouse,

[The apparatus was taken on board in an open boat and
rigged up in one afternoon. The installation started working
fom the very first, December 24, without the slightest
difficulty. The system has continued to work admirably
through all the storms, which during this year have been
remarkable for their continuance and severity. On one
occasion, during a big gale in January last, a very heavy sca
struck the ship, carrying part of her bulwarks away. The
report of this mishap was promptly telegraphed to the
superintendent of Trinity House, with all details of the
damage sustained.

[The height of the wire on hoard the ship is 80 feet, the
mast being for 60 feet of its length of iron, and the re-
mainder of wood. The aérial wire is led down among a
great number of metal stays and chains, which do not
appear to have any detrimental effect on the strength of the
signals. The instruments are placed in the aft-cabin, and
the acrial wire comes through the framework of a skylight,
from which it is insulated by means of a rubber pipe. As
usual, a 10-inch coil is used, worked by a battery of dry
eells, the current taken being about 6 to 8 ampires at 14
volts,

[Various members of the crew learned in two days how to
send and receive, and in fact how to run the station ; and
owing to the assistant on board not being as good a sailor
a3 the instruments have proved to be, ncarly all the messages
during very bad weather are sent and received by these
men, who, previous to our visit to the ship, had probably
never heard of wireless telegraphy, and were certainly
unacquainted with even the rudiments of eclectricity. It is
remarkable that wireless telegraphy, which had been con-
sidered by some as rather uncertain, or that might work one

P
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B H! are large triangular sheets of metal, which by means
of suitable switches (not shown) can be connected to the
sending or the receiving apparatus as desired. Those on
the left-hand side of the figure are shown in connection
with polished knobs u 2 B 2 (protected by glass from ultra-
violet light), which form the adjustable spark-gap of the
exciter. Between each capacity area and its knob is
inserted a self-inductance coil of thick wire or metallic
ribbon (see HY, fig. 44) suitably insulated, the object of
which is to prolong the electrical oscillations in a succession
of waves, and thereby obtain a definite frequency or pitch,
rendering syntony possible, since exactitude of response
depends on the fact that with the emission of a number of
successive waves the feeble impulse at the receiving station
is gradually strengthened till it causes a perceptible effect,
on the well-known principle of sympathetic resonance.

The capacity areas and inductance coils are exactly alike
at the two communicating stations, so as to have the same
frequency of electrical vibration. This frequency can be
altered either by varying the capacity of the Leyden jars
used in the exciting circuit, or by varying the number and
position of the inductance coils, or by varying both in the
proper degree, thus permitting only those stations whose
rate of oscillation is the same to correspond.

To actuate the exciter a Ruhmkorfl coil may be used, or
a Tesla coil, a Wimshurst machine, or any other high
tension apparatus,

Fig. 44 shows the details of the arrangement for exciting
and detecting the electric waves. When used as a trans-
mitter the receiving circuit is disconnected from the capacity
areas by a suitable switch (not shown). Let us first con-
sider the arrangement as a transmitter. Putting the Ruhm-
korff coil A in action, it charges the Leyden jars 5 J, whose
outer coatings are connected, first, through a self-inductance
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Indeed, the mere motion of any clockwork attached to
the coberer stand will suffice, an exceedingly slight,
almost imperceptible, tremor being all that is usually
required.

Usually the coherer is arranged in simple series with
the battery and telegraphic instrument, and is so joined to
the capacity areas as to include in its circuit the self-induct-
ance coils—an arrangement which Prof. Lodge considers of
great advantage, or, as he says, ‘“‘an improvement on any
mode of connection that had previously been possible with-
out these coils.”

The patent specification figures and describes another
way—viz., enclosing the inductance coils in an outer or
secondary coil (comstituting a species of transformer), and
making this coil part of the coherer circuit. In this case
the coherer is stimulated by the waves in the secondary coil
rather than primarily by those in the inductance coils, which
with their capacity areas are thus left free to vibrate without
disturbance from attached wires.

In all cases it is permissible, and sometimes desirable, to
shunt the coils of the telegraphic instrument ¢ by means of
a fine wire or other non-inductive resistance coil w, “in
order to connect the coherer more effectively and closely to
the capacity areas.”

At the Royal Society Conversazione on May 11, 1898, a
complete set of Lodge’s apparatus was shown in action, in
which certain modifications in the signalling and recording
parts were introduced at the suggestion of Dr Alexander
Muirhead. Instead of the ordinary Morse key, Muirhead’s
well-known automatic transmitter with punched tape was
employed at one end of the suite of rooms, and a siphon-
recorder as the receiving instrument at the other end. The
recorder was so arranged as to print, not as usually zigzag
traces, but (the needle working between stops) a momentary
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deflection mark for a dot and a longer continued mark for
a dash.

The siphon-recorder is 8o quick in its responses that it
indicates each one of the torrent of sparks emitted from the
seuding apparatus: hence a dash is not merely a deflection
held over, but is made up of a series of minute vibrations ;
and even a dot is scen to consist of similar vibrations,
though of course of a lesser number. If the speed of
signalling is slow and the recorder tape moves slowly, these
vibrations appear as actual dots and dashes ; but each signal,
when examined with a microscope, is seen to consist of a
short or long scries of lines representing the constituent
vibrations.

At a slow rate of working the signals can thus be got
with exceeding clearness; but for actual signalling this is
not at all necessary, and it is possible to attain a high speed,
making such brief contacts that a single deflection of the
recorder needle indicates a dot, and three consecutive deflec-
tions a dash. The paper thus marked does not look like
the ordinary record, but more resembles the original Morse
characters as depicted on pp. 404 and 409 of Shaffner’s
¢ Telegraph Manual’ (New York, 1859), and is easily legible
with a little practice.

An ordinary telephone was also available as a receiver,
connected through a transformer coil, in which the dots and
dashes were heard very clearly and distinctly.

The apparatus is reported to have worked well (except at
the high speeds, when it occasionally missed fire), and did
not seem to be in the least affected by any of the numerous
electrical exhibits in the neighbourhood, although some of
them must have set up considerable radiation of Hertzian
waves,

Based on the same principles — viz., the emission of
electric waves at one place and their detection by some
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form of coherer at another place—there is naturally a
gimilarity in the outlines of the Lodge system and that of
Marconi for short distances (where vertical wires are not
ued), as depicted in fig. 39, anfe. The differences are
differences of arrangement and detail only, but they appear
fo be fraught with some important consequences.

In the first place, Prof. Lodge claims that his arrange-
ment of the sending apparatus is a more persistent exciter,
inthat it emits a longer train of longer waves,! which by
awting cumulatively on the detector breaks down its insula-
tion, when more powerful but fewer impulses of shorter
waves might be inoperative. Then in the next place, this
element of persistency permits of the use of syntonising
contrivances, by means of which the rate of oscillation of
any desired set-of instruments can be accurately attuned so
that only, these instruments can correspond, without affect-
ing or being affected by other sets tuned to a different fre-
quency, thus securing the undoubted advantage of privacy
in the communications.

Lodge’s arrangement has worked well in the laboratory
and lecture-room, but he does not appear to have tried it
(which is a pity) over any considerable distance, so that it
remains to be seen how far he can go without having
recourse to vertical wires, which Marconi finds so essential
for practical work over distances of more than two or three
miles.

A few words as to the future, by way of conclusion, and
our task is completed. On this point we find some recent
remarks of Prof. Silvanus Thompson so appropriate that we
quote them in full, as being more authoritative than anything

! For some important observations on this point see Mr A. Camp-
bell Swinton, ¢ Jour. Inst. Elec. Engs.,” No. 139, p. 317.

? For Professor Lodge’s newest developments see his paper, ‘ Jour.
Inst. Elec. Engs.,’ No. 137, p. 799, which deserves careful study.
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we could ourselves say. Prof. Thompson has thoroughly
studied the subject, and therefore ‘speaks by the card.”

“It has been shown,” he says, “that there are three
general methods of tranemitting electric signals across space.
All of them require base lines or base areas  The first—
conduction—requires moist earth or water as a medium, and
is for distances under three miles the most effective of the
three. The second—induction—is not dependent upon !
earth or water, but will equally well cross air or dry rock.
The third—electric wave propagation—requires no medium
beyond that of the ether of space, but is interfered with by
interposed things such as masts or trees. Given proper base
lines or base areas, given adequate methods of throwing
clectric energy into the transmitting system, and sufficiently
sensitive instruments to pick up and translate the signals, it
is possible, in my opinion, so to develop each of the three
methods that by any one of them it will be possible to
establish electric communication between England and
America across the intervening space. It is certainly pos-
sible, either by conduction or by induction; whether by
waves I am somewhat less certain. Conduction might very
seriously interfere with other electric agencies, since the
waste currents in the neighbourhood of the primary base
line would be very great. It is certainly possible either by
conduction or induction to establish direct communication
across space with either the Cape, or India, or Australia
(under the same assumptions as before), and at a far less cost
than that of a connecting submarine cable.

¢“Instruments which operate by means of alternating cur-
rents of high frequency, like Mr Langdon-Davies's phono-
phore, are peculiarly liable to set up disturbance in other
circuits. A single phonophore circuit can be heard in lines
a hundred miles away. When this first came to my notice
it impressed me greatly, and coupled in my mind with the
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Ferranti incident mentioned above ” (see note, p. 145, ante),
“caused me to offer to one of my financial friends in the City,
some eight years ago, to undertake seriously to establish
telegraphic communication with the Cape, provided £10,000
were forthcoming to establish the necessary basal circuits in
the two countries, and the instruments for creating the cur-
rents. My offer was deemed too visionary for acceptance.
The thing, however, is quite feasible. The one necessary
thing is the adequate base line or area.  All the rest is
detail.”

En attendant, we have the Marconi system, which has heen
proved to be practicable up to thirty-five miles, and within
this limit there ought to be a wide and useful field for
activity. Thus, many outlying islands are within this dis-
tance from each other and from the continents, with which
communication at all times has hitherto been practicable
only by the use of cables, which are always costly to make
and lay, and often costly to keep in repair. Here, especially
between places where the traffic is not great, is a large field
to be occupied as cables grow old and fail.

Then we have just seen from the address of the chairman
of the Wireless Telegraph Company that negotiations are
going on with Lloyd’s which, if carried into practical effect,
will result in an extensive application for signalling between
Lloyd’s stations and outward and inward bound vessels
passing in their vicinity. Indeed it is not rash to predict
that the lighthouses and lightships around the coasts, not
only of the British Isles but of all countries, will in time
be supplied with wireless telegraphs, keeping up constant
correspondence with all who go down to the sea in ships.
Then, again, there is the application to intercommunication
between ships at sea. Ships carrying the Marconi ap-
paratus can carry on a definite conversation with the occu-

! Journal, Society of Arts, April 1, 1898.

Digitized by G (0] 0816



238 THIRD PERIOD—THE PRACTICAL.

pants of lighthouses and lightships and with each other.

It will readily be seen that this might, in many cases, be :

far more serviceable than the few light signals now obtain-

able, or the signalling by flags—a tedious process at best, :
and one that is often full of uncertainty, if not of positive

error.

Turning from sea to land, we find, for the reasons we :

have already indicated, a more circumscribed field of ap-

plication—at all events until means are devised for focus-

sing the electric rays and rendering the apparatus syntonic.

But even then, although by these means we will be able to -

record messages only where intended, there still remain
cross interferences of which I fear we can never be rid,
and therefore we can never use the system in a network
of lines as now, where wires cross, recross, and overlap each
other in all ways and directions. The waves of electricity,
like waves of light and sound in similar circumstances,
would so interfere with each other that the result would be
chaos. Therefore wireless telegraphy can only be used
in lines removed from each other’s disturbing influences,
as in sparsely populated countries and undeveloped regions.

However, many cases of impromptu means of communi-
cation arise where, as Prof. Lodge says, it might be advan-
tageous to ‘“shout” the message, spreading it broadcast
to receivers in all directions, and for which the wireless
system is well adapted, seeing that it is so inexpensive and
8o easily and rapidly installed,—such as for army manceu-
vres, for reporting races and other sporting events, and,
generally, for all important matters occurring beyond the
range of the permanent lines.

But for the regular daily correspondence of a nation
with its lines ramifying in all directions and carrying
enormous traffics, the Marconi system is not adapted,
no more than any other wireless method that has been
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proposed, or is likely to be invented. So, for a long time to
come we must keep to our present telegraphic and tele-
phonic wires, using the wireless telegraph as an adjunct for
special cases and contingencies such as I have mentioned.

POSTSCRIPT.
April 17, 1899,

On the 27th of last month communication was established
by the Marconi system between England and France. As
all the London daily papers of March 29 and 30 contain full
and glowing accounts of this installation, it may not be
necessary to do more than to refer my readers to these
reports.  Still I think it desirable, so as to bring my record
quite up to date, to add these few words as the hook is
passing through the press.

“On this side of the Channel the operations took place, by
permission of the Trinity House, in a little room in the front
part of the engine-house from which the power is derived for
the South Foreland lighthouses. The house is on the top
of the cliffs overlooking the Channel. The demonstrations
are being conducted for the benefit of the French Govern-
ment, who have the system under observation, and besides
Signor Marconi there were present at the Foreland yesterday
Colonel Comte du Bontavice de Heussey, French Military
Attaché in England; Captain Ferrie, representing the
French Government; and Captain Fieron, French Naval
Attaché in England. During the afternoon a great number
of messages in French and English crossed and recrossed
between the little room at the South Foreland and the Chélet
D'Artois, at Wimreux, near Boulogne.

“The whole of the apparatus stood upon a small table about
3 feet square, in the centre of the room. Underneath the
table the space was fitted with about fifty primary cells; a
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10 - inch induction coil occupied the centre of the table.
The spark is 1} centimetre long, or about three-quarters of
an inch; the pole off the top of which the current went into
space is 150 feet high. The length of spark and power of
current were the same as used for communication with the
East Goodwin lightship, a fact which seems remarkable
when it is considered that the distance over which the
messages were sent yesterday was nearly three times as
great. The greater distance is compensated for by the
increased height of the pole.

“Throughout the whole of the messages sent yesterday
there was not once a fault to be detected—everything was
clearly and ecasily recorded. The rate of transmission was
about tifteen words a minute.” !

The first international press message sent by the new
system was secured by the ¢ Times,’ and is as follows:—

“(From our Boulogne Correspondent.)

‘“ WIMRECX, March 28.

“ Communication between England and the Continent
was set up yesterday morning by the Marconi system of
wireless telegraphy. The points between which the exper:
ments are being conducted are South Foreland aud
Wimreux, a village on the French coast two miles north of
Boulogne, where a vertical standard wire, 150 feet high, has
been set up. The distance is thirty-two miles. The exper-
ments are being carried on in the Morse code. Signor
Marconi is here conducting the trials, and is very wel
satisfied with the results obtained.

“This message has been transmitted by the Marconi
system from Wimreux to the Foreland.”

Other demonstrations (for Mr Marconi will no longer

! The Daily Graphic, March 80, 1899.
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the inventor to make experiments and transmit messages‘
from the station there established both to France and to the .
lightship on the Goodwin Sands, which is equipped for
sending and receiving ether wave signals. Throughout the
period of my visit messages, signals, congratulations, and
jokes were freely exchanged between the operators sitting on
either side of the Channel, and automatically printed down
in telegraphic code signals on the ordinary paper slip at the
rate of twelve to eighteen words a minute. Not once was
there tho slightest difficulty or delay in obtaining an instant
reply to a signal sent. No familiarity with the subject
removes the feeling of vague wonder with which one sees a
telegraphic instrument mercly connected with a length of
150 feet of copper wire run up the side of a flagstaff begin
to draw its message out of space and print down in dot -
and dash on the paper tape the intelligence ferried across
thirty miles of water by the imysterious ether. ;

“T cannot help thinking that the time has arrived for a |
little more generous appreciation by his scientific contem- -
poraries of the fact that Signor Marconi has by minute atten- ‘
tion to detail, and by the important addition of the long,
vertical air wire, translated one method of space telegraphy
out of the region of uncertain delicate laboratory experiments
and placed it on the same footing as regards certainty of
action and ease of manipulation, so far as the present results
show, as any of the other methods of electric communica-
tion employing a continuous wire between the two places. .
This is no small achievement. The apparatus, moreover, is
ridiculously simple and not costly. With the exception of
the flagstaff and 150 feet of vertical wire at each end, he can
place on a small kitchen table the appliances, costing not
more than £100 in all, for communicating across thirty or
even a hundred miles of channel.

“In the presence of the enormous practical importance
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of this feat alone, and of the certainty with which com-
munjcation can now be established between ship and shore
without costly cable or wire, the scientific criticisms which
have been launched by other inventors against Signor
Marconi’s methods have failed altogether in their appreci-
alion of the practical significance of the results he has
brought about.

“The public, however, are not in the least interested in
learning the exact meed of merit to be apportioned to various
investigators in the upbuilding of this result. They do,
however, want to know whether the new method of com-
munication across the Channel established by the expendi-
ture of a few hundred pounds will take the place to any
considerable extent of submarine cables which have cost
many thousands of pounds to lay and equip. They do also
desire to learn what reasons, if any, will prevent every
lighthouse and lightship round our coasts from being forth-
vith furnished with the necessary apparatus for placing it
in instantaneous and secure connection with the mainland.
They also hope to hear that the methods can be applied to
enable ships to be able in addition to communicate instantly,
in case of need, with shoro stations. To understand how far
these things can be done, and to appreciate the necessary or
present limitations of the method, it is requisite to explain
that each vertical wire or rod connected to a Marconi receiv-
ing or sending apparatus has a certain ‘sphere of influence.’
Signor Marconi has proved by experiment up to certain
limits that the distance to which effective signalling extends
vaties as the square of the height of the rod. A wire 20
feet high carries the effective signal one mile, 40 feet high
four miles, 80 fecet sixteen miles, and so on. Up to the
present time he has not yet discovered any method of
shielding any particular rod so as to render it responsive
only to signals coming from one station, and not from all

I“
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others within its sphere of influence. In spite, however, of
what has heen said, there is no inherent impossibility in |
attaining this desired result. At present all signals sent
from the South Foreland to France affect the receiver on
board the Goodwin lightship. But this offers no difficulty. ;
In an onlinary electric bell system in a hotel the servant :
recognises the room from which the signal comes by means
of a simple apparatus called an indicator, and a very similar
_ arrangement can be applied to distinguish the origin of an
cther wave signal when several instruments are at workina .
common region. Subsequent inventions, as also, perhaps,
the promulgation of some necessary Board of Trade regula-
tions for the use of the ether, will prevent official ether
wave receivers from being disturbed by vagrant electric |
waves sent out by unauthorised persons in their neighbour- ‘
hood. The practical upshot, however, of the matter is that
at present if more than two stations are not established
within certain regions, these stations, pair and pair, can
communicate with each other freely and regularly by means
of ether wave signals sent out and received by long vertical
rods or wires. No state of the atmosphere, and neither
darkness nor storm, interrupts, so far as yet found, the
frecdom of communication.

“Up to the present time none of the other systems of
wireless telegraphy employing electric or magnetic agencies
has been able to accomplish the same results over equal
distances. Without denying that much remains yet to be
attained, or that the same may be affected in other ways
it is impossible for any one to witness the South Foreland
and Boulogne experiments without coming to the conclusion
that neither captious criticism nor official lethargy should
stand in the way of additional opportunities béing afforded
for a further extension of practical experiments. Wireless
telegraphy will not take the place of telegraphy with wires
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While this is going on, the wire manifests a whole series of
properties, which are called the properties of the current.

[Here were shown an ignited platinum wire, the electric
arc between two carbons, an electric machine spark, an in-
duction coil spark, and a vacuum tube glow. Also a large
niil was magnetised by being wrapped in the current, and
two helices were suspended and seen to direct and attract
each other.]

To make a magnet, then, we only need a current of elec-
tricity flowing round and round in a whirl. A vortex or
whirlpool of electricity is in fact a magnet, and vice versd.
And these whirls have the power of directing and attracting
other previously existing whirls according to certain laws,
called the laws of magnetism. And, moreover, they have
the power of exciting fresh whirls in neighbouring con-
ductors, and of repelling them according to the laws of
diamagnetism. The theory of the actions is known, though
the nature of the whirls, as of the simple streams of elec-
tricity, is at present unknown.

[Here was shown a large electro-magnet and an induction-
coil vacuum discharge spinning round and round when placed
in its field.] '

So much for what happens when electricity is made to
travel along conductors—i.e, when it travels along like a
stream of water in a pipe, or spins round and round like
a whirlpool. ’

But there is another set of phenomena, usually regarded
as distinct and of another order, but which are not so
distinct as they appear, which manifest themselves when
you join the pump to a piece of glass or any non-conductor
and try to force the electricity through that. You succeed
in driving some through, but the flow is no longer like that
of water in an open pipe; it is as if the pipe were com-
pletely obstructed by a number of elastic partitions or dia-
phragms. The water cannot move without straining and
bending these diaphragms, and if you allow it, these strained
partitions will recover themselves and drive the water back
again. [Here was explained the process of charging a Leyden
jar) The essential thing to remember is that we may have
electrical energy in two forms, the static and the kinetic;
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and it is therefore also possible to have the rapid alternation
from one of these forms to the other, called vibration.

Now we will pass to the second question: What do you
mean Ly light? And the first and obvious answer is, Every-
budy knows. And everybody that is not blind does know to
a certain extent. We have a special sense-organ for appreci-
ating light, whereas we have none for electricity. Neverthe-
less, we must admit that we really know very little about the
intimate nature of light—very little more than about elec-
tricity. But we do know this, that light is a form of energy;
aud, moreover, that it is energy rapidly alternating between
the static and the kinetic forms—tbat it is, in fact, a special
kind of enmergy of vibration. We are absolutely certain that
light is a periodic disturbance in some medium, periodic both
in space and time—that is to say, the same appearances regu-
larly recur at certain equal intervals of distance at the same
time, and also present themselves at equal intervals of time
at the same place; that, in fact, it belongs to the class
of motions called by mathematicians undulatory or wave
motions.

Now how much connection between electricity and light
have we perceived in this glance into their natures? Not
much truly. It amounts to about this: That on the one
haud electrical energy may exist in either of two forms—
the static form, when insulators are electrically strained by
baving had electricity driven partially through them (as iu
the Leyden jar), which strain is a form of energy, becaunse
of the tendency to discharge and do work ; and the kinetic
form, where electricity is moving bodily along through con-
ductors, or whirling round and round inside them, which
motion of electricity is a form of energy, becaunse the con-
ductors and whirls can attract or repel each other and thereby °
do work. .

On the other hand, light is the rapid alternation of energy
from one of these forms to the other—the static form where
the medium is strained, to the kinetic form when it moves
It is just conceivable then that the static form of the energy
of light is electro-static—that is, that the medium is electrically
. strained—and that the kinetic form of the energy of light is
electro-kinetic—that is, that the motion is not ordinary motion,
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but electrical motion—in fact, that light is an electrical vibra-
tion, not a material one.

On November 5 last year there died at (‘ambridge a man in
the full vigour of his faculties—such faculties as do not appear
many times in a century—whose chief work had been the
establishment of this very fact, the discovery of the liuk con-
necting light and electricity, aud the proof—for I believe that it
amounts to a proof—that they are different manifestations of
one and the same class of phenomena,—that light is, in fact, an
electro-magnetic disturbance. The premature death of James
Clerk Maxwell is a loss to science which appears at present
utterly irreparable, for he was engaged in researches that no
other man can hope as yet adequately to grasp and follow out ;
but fortunately it did not occur till he had published his book
on ‘Electricity and Magnetism,’ one of those immortal pro-
ductions which exalt one’s idea of the mind of man, and which
has been mentioned by competent critics in the same breath
as the ¢ Principia’ itself.

The main proof of the electro-magnetic theory of light is
this: The rate at which light travels has been measured
many times, and is pretty well known. The rate at which
an electro-magnetic wave disturbance would travel, if such
could be generated (and Mr Fitzgerald, of Dublin, thinks
he has proved that it cannot be generated directly by any
known electrical means), can be also determined by calcula-
tion from electrical measurements. The two velocities agree
exactly,

The first glimpse of this splendid generalisation was caught
in 1845, five-and-thirty years ago, by that prince of pure ex-
perimentalists, Michael Faraday. His reasons for suspecting
some connection between electricity and light are not clear to
us—in fact, they could not have been clear to him; but he
seems to have felt a couviction that if he only tried long
enough, and sent all kinds of rays of light in all possible direc-
tions across electric and magnetic fields in all sorts of media,
he must ultimately hit upon something. Well, this is very
nearly what he did. With a sublime patience and persever-
ance which remind one of the way Kepler hunted down guess
after guess in a different field of research, Faraday combined
electricity, or wagnetism, and light in all manuer of ways, and
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at last he was rewarded with a result—and a most oat-of-the-
way result it scemed. First, you have to get a most powerful
maguet, and very strongly excite it; then you have to pierce
its two poles with holes, in order that a beam of light may
travel from one to the other along the lines of force ; then, as
ordinary light is no good, you must get a beam of plane
polarised light and send it between the poles. But still no :
result is obtained until, finally, you interpose a piece of a rare |
and out-of-the-way material which Faraday had himself dis-
covered aud made, a kind of glass which contains borate of
lead, and which is very heavy or dense, and which must be
perfectly annealed.

And now, when all these arrangements are completed, what
is secn is simply this, that if an analyser is arranged to stop
the light and make the field quite dark before the magnet is
excited, then directly the battery is connected and the magnet
called into action a faint and barely perceptible brightening
of the field occurs, which will disappear if the analyser be
slightly rotated. [The experiment was shown.] Now, no
wonder that no one understood this result. Faraday himself
did not understand it at all. He seems to have thought that
the magnetic lines of force were rendered luminous, or that the
light was magnetised ; in fact he was in a fog, and had no idea
of its real significance. Nor had any one. Continental phil-
osophers experienced some difficulty and several failures
before they were able to repeat the experiment. It was, in
fact, discovered too soon, and before the scientific world was
ready to receive it, and it was reserved for Sir Willam
Thomson briefly, but very clearly, to point out, and for Clerk
Maxwell more fully to develop, its most important conse-
quences.

This is the fundamental experiment on which Clerk Max-
well’s theory of light is based ; but of late years mauy fresh
facts and relations between electricity and light have been
discovered, and at the present time they are tumbling in in
great numbers.

It was found by Faraday that many other transparent
media besides heavy glass would show the phenomenon if
placed between the poles, only in a less degree ; and the very
important observation that air itself exhilits the same phenom-
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enon, though to an exceedingly small extent, has just been
made by Kundt and Réntgen in Germany.

Dr Kerr, of Glasgow, has extended the result to opaque
bodies, and has shown that if light be passed through mag-
netised iron its plane is rotated The film of iron must be
exceedingly thin, because of its opacity ; and hence, though
the intrinsic rotating power of iron is undoubtedly very great,
the observed rotation is exceedingly small and difficult to
observe ; and it is only by very remarkable patience and care
and ingenuity that Dr Kerr has obtained his result. Mr
Fitzgerald, of Dublin, has examined the question mathemati-
ally, and has shown that Maxwell's thcory would have
enabled Dr Kerr’s result to be predicted.

Another requirement of the theory is that bodies which are
transparent to light must be insulators or non-conductors of
electricity, and that conductors of electricity are necessarily
opaque to light. Simple observation amply confirms this.
Metals are the best conductors, and are the most opaque bodies
known. Insulators such as glass and crystals are transparent
whenever they are sufficiently homogeneous, and the very
remarkable researches of Professor Graham Bell in the last few
months have shown that even ebonite, one of the most opaque
insulators to ordinary vision, is certainly transparent to some
kinds of radiation, and transparent to no small degree.

[The reason why transparent bodies must insulate, and why
conductors must be opaque, was here illustrated by mechanical
models.] .

A further consequence of the theory is that the velocity of
light in a transparent medium will be affected by its electrical
strain constant ; in other words, that its refractive index will
bear some close but not yet quite ascertained relation to its
specific inductive capacity. Experiment has partially con-
firmed this, but the confirmation is as yet very incomplete.

But there are a number of results not predicted by theory,
and whose connection with the theory is not clearly made out.
We have the fact that light falling on the platinum electrode
of a voltameter generates a current, first observed, I think, by
Sir W, R. Grove ; at any rate it is mentioned in his ‘Correla-
tion of Forces’—extended by Becquerel and Robert Sabine to
other substances, and now being extended to fluorescent and
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No ordinary medium is competent to transmit waves at
anything like the speed of light; hence the luminiferous
medium must be a special kind of substance, and it is called
the ether. The Juminiferous ether it used to be called, because
the conveyance of light was all it was then known to be capable
of; but now that it is known to do a variety of other things
also, the qualifying adjective may be dropped.

Wave motion in ether light certainly is ; but what does one
mean by the term wave? The popular notion is, I suppose,
of something heaving up and down, or perhaps of something
breaking on the shore in which it is possible to bathe. But
if you ask a mathematician what he means by a wave, he will
probably reply that the simplest wave is

y=asin (p t-n z),
and he might possibly refuse to give any other answer. And
in refusing to give any other answer than this, or its equivalent
in ordinary words, he is entirely justified ; that 7s what is
meant by the term wave, and nothing less general wonld be
all-inclusive.

Translated into ordinary English, the phrase signifies “a dis-
turbance periodic both in space and time.” Anything thus
doubly periodic is a wave ; and all waves—whether in air as
sound waves, or in ether as light waves, or on the surface of
water as ocean waves—are comprehended in the definition.

What properties are essential to a medium capable of trans-
nitting wave motion ? Roughly we may say two—elasticity
and tnertia. ZElasticity in some form, or some equivalent of
it, in order to be able to store up energy and effect recoil ;
inertia, in order to enable the disturbed substance to overshoot
the mark and oscillate beyond its place of equilibrium to and
fro. Any medium possessing these two properties can transmit
waves, and unless a medium possesses these properties in some
form or other, or some equivalent for them, it may be said
with moderate security to be incompetent to transmit waves.
Bat if we make this latter statement one must be prepared
to extend to the terms elasticity and inertia their very largest
and broadest signification, so as to include any possible kind
of restoring force and any possible kind of persistence of
motion respectively.

These matters may be illustrated in many ways, but perhaps
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a simple loaded lath or spring in a vice will serve well enough.
Pull aside one end, and its elasticity tends to make it recoil;
let it go, and its inertia causes it to overshoot its normal
position : both causes together cause it to swing to and fro
till its energy is exhausted. A regular series of such spring:
at equal intervals in space, set going at regular intervals of
time one after the other, gives you at once a wave motion and
appearance which the most casual observer must recognise
as such. A series of pendulums will do just as well. Any |
wave-tranamitting medium must similarly possess some forn
of elasticity and of inertia.

But now proceed to ask what is this ether which in the
case of light is thus vibrating? What corresponds to the
elastic displacement and recoil of the spring or pendulum!?
What corresponds to the inertia whereby it overshoots its
mark? Do we know these properties in the ether in any
other way ?

The answer, given first by Clerk Maxwell, and now reiter-
ated and insisted on by experimeuts performed in every iw-
portant laboratory in the world, is—

The elastic displacement corresponds to electro-static charge
(roughly speaking, to electricity).

The inertia corresponds to magnetism.

This is the basis of the modern electro-magnetic theory of
light. Now let me illustrate electrically how this can be.

The old and familiar operation of charging a Leyden jar—
the storing up of energy in a strained dielectric—any electro-
static charging whatever— is quite analogous to the drawing
aside of our flexible spring. It is making use of the elasticity
of the ether to produce a tendency to recoil. Letting go the
spring is analogous to permitting a discharge of the jar—per-
mitting the strained dielectric to recover itself, the electro-
static disturbance to subside.

In nearly all the experiments of electro- statics ethereal
elasticity is manifest.

Next consider inertia. How would one illustrate the fact
that water, for instance, possesses inertia—the power of per-
sisting in motion against obstacles—the power of possessing
kinetic energy? The most direct way would be to take a
stream of water and try suddenly to stop it. Open a water-
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tap freely and then suddenly shut it. The impetus or
momentum of the stopped water makes itself manifest by a
violent shock to the pipe, with which everybedy must be
familiar. The momentum of water is utilised by engineers in
the “ water-ram.”

A precisely analogous experiment in electricity is what
Faraday called “the extra current.” Send a current through
a coil of wire round a piece of iron, or take any other arrange-
ment for developing powerful magnetism, and then suddenly
stop the current by breaking the circuit. A violent flash
occurs if the stoppage is sudden enough, a flash which means
tke bursting of the insulating air partition by the accumulated
electro-magnetic momentum.

Briefly, we may say that nearly all electro-magnetic experi-
ments illustrate the fact of ethereal inertia.

Now return to consider what happens when a charged con-
ductor (say a Leyden jar) is diecharged. The recoil of the
strained dielectric causes a_current, the inertia of this carrent
causes it to overshoot the mark, and for an instant the charge
of the jar is reversed : the current now flows backwards and
charges the jar up as at first ; again flows the current, and so
on, discharging and charging the jar with rapid oscillations
until the energy is all dissipated into heat. The operation is
precisely analogous to the release of a strained spring, or to
the plucking of a stretched string.

But the discharging body thus thrown into strong electrical
vibration is embedded in the all-pervading ether, and we have
just seen that the ether possesses the two properties requisite
for the generation and transmission of waves—viz., elasticity,
and inertia or density ; hence, just as a tuning-fork vibrating
in air excites aerial waves or sound, so a discharging Leyden
jar in ether excites ethereal waves or light.

Ethereal waves can therefore be actually produced Ly direct
electrical means. I discharge here a jar, and the room is for
an instant filled with light. With light, I say, though you
can see nothing. You can see and hear the spark indeed,—
but that is a mere secondary disturbance we can for the
present ignore—I do not mean any secondary disturbance. 1
mean the true ethereal waves emitted by the electric oscilla-
tion going on in the neighbourhood of this recoiling dielectric.

l
l
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You pull aside the prong of a tuning-fork and let it go : vibra- |
tion follows and sound is produced. You charge a Leyden jar
and let it discharge : vibration follows and light is excited.

It ia light just as good as any other light. It travels at the
rame pace, it is reflected and refracted according to the same
laws ; every experiment known to optics can be performed
with this ethereal radiation electrically produced, and yet you
cannot sec it. Why not? For no fault of the light ; the fault .
(if there be a fault) is in the eye. The retina is incompetent
to respond to these vibrationa—they are too slow. The vibra-
tions set up when this large jar is discharged are from a hun-
dred thousand to a million per second, but that is too slow for
the retina. It responds ouly to vibrations between 4000 bil-
lions and 7000 billions per second. The vibrations are too
quick for the ear, which responds only to vibrations between
40 and 40,000 per second. Between the highest audible and
the lowest visible vibrations there has been hitherto a great
gap, which these electric oscillations go far to fill up. There
has been a great gap simply because we have no intermediate :
sense-organ to detect rates of vibration between 40,000 and
4,000,000,000,000,000 per second. It was, therefore, an un-
explored territory. Waves have been there all the time in
any quantity, but we have not thought about them nor at- |
tended to them. |

It happens that I have myself succeeded in getting electric |
oscillations 8o slow as to be audible. The lowest I have got
at present are 125 pér second, and for some way above this
the sparks emit a musical note ; but no one has yet succeeded '
in directly making electric oscillations which are visible, though
indirectly every one does it by lighting a candle.

Here, however, is an electric oscillator which vibrates 300
million times a second, and emits ethereal waves a yard long.
The whole range of vibrations between musical tones and some
thousand millions per second is now filled up.

These electro-magnetic waves have long been known on the
side of theory, but interest in them has been immensely quick-
ened by the discovery of a receiver or detector for them. The
great though simple discovery by Hertz of an “electric eye,”
as Sir W. Thomson calls it, makes experiments on these waves
for the first time possible, or even easy. We have now a sort
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analogy with sound, nor upon a hypothetical jelly or elastic
solid.

Light is an electro-magnetic disturbance of the ether. Optis
is a branch of electricity. Outstanding problems in optics are
being rapidly solved now that we have the means of definitely
exciting light with a full perception of what we are doing, and
of the precise mode of its vibration.

It remains to find out how to shorten down the waves—t
burry up the vibration until the light becomes visible. No-
thing is wanted but quicker modes of vibration. Smaller oscil
lators must be used—very much smaller—oscillators not much
bigger than molecules. In all probability—one may almost
say certainly—ordinary light is the result of electric cscillation
in the molecules of hot bodies, or sometimes of bodies not hot .
—aa in the phenomenon of phosphorescence.

The direct generation of visible light by electric means, s
soon as we have learnt how to attain the necessary frequency |
of vibration, will have most important practical consequences. ‘

For consider our present methods of making artificial light: :
they are both wasteful and ineffective.

We want a certain range of oscillation, between 7000 and
4000 billion vibrations per second,—no other is useful to us
because no other has any effect upon our retina ; but we do ‘
not know how to produce vibrations of this rate. We can
produce a definite vibration of one or two hundred or thousand :
per second—in other words, we can excite a pure tone of :
definite pitch; and we can command any desired range of
such tones continuously by means of bellows and a keyboard.
We can also (though the fact is less well known) excite
momentarily definite ethereal vibrations of some millions per
second, a8 I have explained ; but we do not at present seem to
know how to maintain this rate quite continuously. To get
much faster rates of vibration than this, we have to fall back
upon atoms. We know how to make atoms vibrate,—it is
done by what we call “heating” the substance; and if we
could deal with individual atoms unhampered by others, it is
possible that we might get a pure and simple mode of vibra-
tion from them. It is possible, but unlikely ; for atoms, even
when isolated, have a multitude of modes of vibration special
to themselves, of which only a few are of practical use to ug
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d we do not know how to excite some without also the
era.  However, we do not at present even deal with indi-
idual atoms ; we treat them crowded together in a compact
8o that their modes of vibration are really infinite.
We take a lump of matter, say a carbon filament or a piece
quicklime, and by raising its temperature we impress upon
atoms higher and higher modes of vibration, not transmut-
g the lower into the higher, but superposing the higher upon
e lower, until at length we get such rates of vibration as our
tina is constructed for, and we are satisfied. But how waste-
and indirect and empirical is the process! We want a small
ge of rapid vibrations, and we know no better than to make
e whole series leading up to them. It is as though, in order
tosound some little shrill octave of pipes in an organ, we are

obliged to depress every key and every pedal, and to blow a
joung hurricane.

1 have purposely selected as examples the more perfect
methods of obtaining artificial light, wherein the waste radia-
tion is only useless, and not noxious. But the old-fashioned
plan was cruder even than this : it consisted simply in setting
womething burning, whereby not the fuel but the air was
consumed ; whereby also a most powerful radiation was pro-
duced, in the waste waves of which we were content to sit
stewing, for the sake of the minute—almost infinitesimal—
fraction of it which enabled us to see.

Every one knows now, however, that combustion is not a
pleasant or healthy mode of obtaining light; but everybody
does not realise that neither is incandescence a satisfactory
and unwasteful method, which is likely to be practised for
more than a few decades, or perhaps a century.

Look at the furnaces and boilers of a great steam-engine
driving a group of dynamos, and estimate the energy ex-
pended ; and then look at the incandescent filaments of the
lamps excited by them, and estimate how much of their
radiated energy is of real service to the eye. It will be aa
the energy of a pitch-pipe to an entire orchestra.

It is not too much to say that a boy turning a handle could,
if his energy were properly directed, produce quite as much
real light as is produced by all this mass of mechanism and
sonsumption of material. There might, perhaps, be something
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APPENDIX B.

Pror. HENRY ON HIGH TENSION ELECTRICITY BEING CONFINED
TO THE BSURFACE OF CONDUCTING BODIES, WITH SPECIAL
REFERENCE TO THE PROPER CONSTRUCTION OF LIGHTNING-
Rops.

(Extracted from the * Journal of the Telegraph, New York,
Sept. 1, 1877.)

‘WABHINGTON, March 11, 1876.

Dear Sir,—In answer to your letter of the 7th inst., I have
to say that the discrepancy which exists as to the question
whether electricity passes at the surface or through the whole
capacity of the rod has arisen principally from experiments on
galvanic electricity, which, having little or no repulsive energy,
passes through the whole substance of the rod, and also from
experiments in which a very large quantity of frictional elec-
tricity is transmitted through a small wire: in this case the
metal is resolved into its elements and reduced to an
impalpable powder.

In the case, however, of the transmission of atmospheric
electricity through a rod of sufficient size to transmit the dis-
charge freely, there can be no doubt that it tends to pass at
the surface, the thickness of the stratum of electricity varying
with the diameter of the rod and the amount and the intensity
of the charge.

To test this by actual experiment I made the following ar-
rangement : through a gun-barrel about 2 feet in length a
copper wire was passed, the ends projecting. The middle of
the wire in the barrel was coiled into the form of a magnetia-
ing spiral, and the ends of the gun-barrel were closed with
plugs of tinfoil, s0 as to make a perfect metallic connection
between the wire and the barrel. On the outside of-the barrel
another magnetising spiral was placed, the whole arrangement
being shown in the sketch.
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necessary consequence of the repulsion of electricity for itself,
every particle being repelled from every other as far as possible.
From this it was hastily assumed that electricity in motion
also moves at the surface ; but this was an inference without
physical proof until I commenced the investigation. I found
from a series of experiments that frictional electricity—that is,
electricity of repulsive energy, such as that from the clouds—
does pass at the surface, but that galvanic electricity, the kind
to which Faraday, Daniell, De La Rive, and others refer,
passes through the whole capacity of the conductor. This
Iatter fact, however, was previously established by others. I
further found that whenever a charge of electricity was thrown
on a rod explosively, however well connected the rod was with
the earth, it gave off sparksin the course of its length sufficient
to fire an electric pistol and light flocculent substances. I also
found that, in sending a powerful discharge from a battery of
nine jars through a wide plate, no electricity passed along the
middle of the plate, but that it was accumulated in its passage
at the edges.

From all my study of this subject I do not hesitate to say
that the plan I have given of lightning-rods is the true one,
and that a tube of a sufficient degree of thickness serves to
conduct the electricity as well aa a solid mass, provided the
thickness is sufficient to give free conduction. A very heavy
charge sent through a wire frequently deflagrates it, but no
discharge from the clouds, of which I have any knowledge, has
ever sufficed to deflagrate a gas-pipe of an inch in diameter.

The plan of increasing the surface of a rod by converting the
metal into a ribbon is objectionable. It tends to increase the
power of the lateral discharge, and gives no increase of con-
ducting power.

Another fallacy is much insisted on—viz, the better conduc-
tion of copper than iron. It is true that copper is a better
conductor of galvanic electricity, which pervades the whole
mass, but in regard to frictional electricity the difference in
conducting capacity is too small to be of any importance. Iron
is sufficiently good in regard to conduction, and withstands
deflagration better than copper: besides this, it is much
cheaper.—Yours truly, Josepa HENRY.

Prof. R. C. Kepzg.
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which much scientific thought is to-day revolving, and which we
regard as one of the greatest steps by which we advance nearer
to the understanding of matter and its lawa. It is this great
discovery of Maxwell which allows me to attempt to explain
to you the wonderful events which happen everywhere in
space when one establishes an electric current in any other
portion.

In the first place, we discover that the disturbance does not
take place in all portions of space at once, but proceeds out-
ward from the centre of the disturbance with a velocity exactly
equal to the velocity of light; so that when I touch these
wires together so as to complete the circuit of yonder battery,
I start a wave of ethereal disturbance which passes outward
with a velocity of 185,000 miles per second, and continues to
pass outwards for ever, or until it reaches the bounds of the
universe. And yet none of our senses informs us of what has
taken place unless sharpened by the use of suitable instru-
ments. Thus, in the case of these two coils of wire, suspended
near each other, when the wave from the primary disturbance
reaches the second coil we perceive the disturbance by means
of the spark formed at the break in the coil. Should I move
the coils farther apart, the spark in the second coil would be
somewhat delayed, but the distance of 185,000 miles would be
necessary before this delay could amount to as much as one
second. Hence the effects we observe on the earth take place
80 nearly instantaneously that the interval of time is very
difficult to measure, amounting in the present case to only
Tsoodoogoth of a second.

It is impossible for me to prove the existence of this interval,
80 infinitesimal is it, but I can at least show you that waves
have something to do with the action observed. For instance,
I have here two tuning-forks mounted on sounding-boxes and
tuned to exact unison. I sound one and then stop its vibra-
tions with my hand ; instantly you hear that the other is in
vibration, caused by the waves of sound in the air between the
two. When, however, I destroy the unison by fixing this piece
of wax on one of the forks, the action ceases.

Now, this combination of a coil of wire and a Leyden jar
forms a vibrating system of electricity, and its time of vibra-
tion is about 10,000,000 times a second. Here is another
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combination of coil and jar, the same as the first, and therefore
its time of vibration is the same. You see how well the
experiment works, because the two are in unison. But let me
take away this second Leyden jar, thus destroying the unison,
and you see that the sparks instantly cease. Replacing it, the
sparks reappear. Adding another on one side, they disappear
again, only to reappear when the system is made symmetrical
by placing two on each side.

This experiment and that of the tuning-forks have an exact
analogy to one another. In each we have two vibrating
systems connected by a medium capable of transmitting
vibrations, and they both come under the head of what we
know as sympathetic vibrations. In the one case, we have
two mechanical tuning-forks connected by the air; in the
other, two pieces of apparatus, which we might call electrical
tuning-forks, connected by the ether. The vibrations in one
case can be seen by the eye or heard by the ear, but in the
other case they can only be perceived when we destroy them
by making them produce a spark. The fact that we are able
to increase the effect by proper tuning demonstrates that
vibrations are coucerned in the phenomenon. This can, how-
ever, be separately demonstrated by examining the spark by
means of a revolving mirror, when we find that it is made up
of many successive sparks corresponding to the successive
backward and forward movements of the current.

Thus, in the case of a charged Leyden jar whose inner and
outer coatings have been suddenly joined by a wire, the elec-
tricity flows back and forth along the wire until all the energy
originally stored up in the jar has expended itself in heating
the wire or the air where the spark takes place, and in gener-
ating waves of disturbance in the ether which move outward
into space with the velocity of light. These ethereal waves we
have demonstrated by letting them fall on this coil of wire,
causing the electrical disturbance to manifest itself by electric
sparks.

I have here another more powerful arrangement for produc-
ing electro-magnetic waves of very long wave length, each one
being about 500 miles long. It consists of a coil within which
is a bundle of iron wires. On passing a powerful alternating
current through the coil the iron wires are rapidly magnetised
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and demagnetised, and send forth into space a system of electro-
magnetic waves at the rate of 360 in a second.

Here also I have another piece of apparatus for sending out
the same kind of electro-magnetic waves, and on applying a
match we start it also into action. But the last apparatus is
tuned to so high a pitch that the waves are only y535gy inch
long, and 55,000,000,000,000 are given out in one second. These
short waves are known by the name of light and radiant heat,
though the name radiation is more exact. Placing any body
near the lamp so that the radiation can fall on it, we observe
that when the body absorbs the rays it is heated by them. Is
it not possible for us to get some substance to absorb the long
(or electro-magnetic) waves of disturbance, and so obtain a
heating effect ? I have here such a substance in the shape of a
sheet of copper, which I fasten on the face of a thermopile,
and I hold it where these waves are strongest. As I have
anticipated, great heat is generated by their absorption, and
soon the plate of copper becomes very warm, as we see by this
thermometer, by feeling it with the hand, or even by the steam
from water thrown upon it. In this experiment the copper
had not touched the coil or the iron wire core, although if it
did they are very much cooler than itself. The heat has been
produced by the absorption of the waves in the same way as a
blackened body absorbs the rays of shorter wave length from
the lamp.

In these experiments, so far, the wave-like nature of the
disturbance has not been proved. We have caused electric
sparks, and have heated the copper plate across an interval of
space, but have not in either of these cases proved experi-
mentally the progressive nature of the disturbance.

A ready means of experimenting on the waves, obtaining
their wave length and showing their interferences, has hitherto
been wanting. This deficiency has been recently supplied by
Prof. Hertz, of Carlsruhe.

I scarcely know how to present this subject to a non-technical
audience and make it clear how a coil of wire with a break in
it can be used to measure the velocity and length of ethereal
waves. However, I can but try. If the waves moved very
slowly, we could readily measure the time the first coil took to
affect the second, and show that this time was longer as the
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distance was greater. But it is absolutely inappreciable by any
of our instruments, and another method must be found To
obtain the wave length Prof. Hertz used several methods, but
that by the formation of stationary waves is the most easily
grasped. I hold in my hand one end of a spiral spring, which
makes a heavy and flexible rope. As I send a wave downit,
you see that it is reflected at the farther end, and returns again
to my hand. If, however, I send a succession of waves down
the rope, the reflected waves interfere with the direct ones, and
divide the rope into a succession of nodes and loops which you
now obeerve. 8o, a series of sound waves, striking on a wall,
forms a system of stationary waves in front of the wall
Indeed we can use any waves for this purpose, even ethereal
waves. With thisin view Prof. Hertz established his apparatus
in front of a reflecting wall, and observed the nodes and loops
by the sparks produced in a ring of wire, somewhat resembling
the coil I have been using, but much smaller. It is impossible
for me to repeat this experiment before you, as it is a very
delicate one, and the sparks produced are almost microscopic.
Indeed I should have to erect an entirely different apparatus,
as the waves from the one before me are nearly a quarter-mile
long. To produce shorter waves we must use apparatus very
much smaller—tuned, as it were, to a higher pitch, so that
several stationary waves, or nodes and loops, of a few yards
long could be obtained in the space of this room.

The testing coil would then be moved to different parts of the
room, and the nodes would be indicated by the disappearance
of the sparks, and the loops by the greater brightness of them.
The presence of stationary waves would thus be proved, and
their half-wave length found from the distance from node
to node, for stationary waves can always be considered a8 |
produced by the interference of two waves advancing in op-
posite directions. ‘

The closing of a battery circuit, then, and the establishment
of a current of electricity in a wire, is a very different process
from the formation of a current of water in a pipe, though
after the first shock the laws of the flow of the two are very
much alike. Furthermore, the medium around the current of
electricity has very strange properties, showing that it is ac-
companied by a disturbance throughout space. The wire is
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but the core of the disturbance, which latter extends indefin-
itely in all directions.

One of the strangest things about it is that we can calculate
with perfect exactness the velocity of the wave propagation
and the amount of the disturbance at every point and at any
instant of time ; but as yet we cannot conceive of the details of
the mechanism which is concerned in the propagation of an
electric current. In this respect our subject resembles all
other branches of physics in the partial knowledge we have of
it We know that light is the undulation of the luminiferous
ether, and yet the constitution of the latter is unknown. We
know that the atoms of matter can vibrate with purer tones
than the most perfect piano, and yet we cannot even conceive
of their constitution. We know that the sun attracts the
planets with a force whose law is known, and yet we fail to
picture to ourselves the process by which it takes our earth
within its grasp at the distance of many millions of miles and
prevents it from departing for ever from its life-giving rays.
Science is full of this half-knowledge.

So far we have considered the case of alternating electric
currents in a wire connecting the inner and outer coatings of a
Leyden jar. The invention of the telephone, by which sound
is carried from one point to another by means of electrical
waves, bas forced into prominence the subject of these waves.
Furthermore, the use of alternating currents for electric light-
ing brings into play the same phenomenon. Here, again, the
difference between a current of water and a current of elec-
tricity is very marked. A sound wave, traversing the water
in the tube, produces a to-and-fro current of water at any
given point. So, in the electrical vibration along a wire, the
electricity moves to and fro along it in a manner somewhat
similar to the water, but with this difference : the disturbance
from the water-motion is confined to the tube, and the oscilla-
tion of the water is greatest in the centre of the tube ; while in
the case of the electric current the ether around the wire is dis-
turbed, and the oscillation of the current is greatest at the
surface of the wire and least in its centre. The oscillations in
the water take place in the tube without reference to the
matter outside the tube, whereas the electric oscillations in the
wire are entirely dependent on the surrounding space, and the
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velocity of the propagation is nearly independent of the nature
of the wire, provided it is a good conductor.

We have then in the case of electrical waves along a wirea
disturbance outside the wire and a current within it, and the
equations of Maxwell allow us to calculate these with perfect
accuracy and give all the laws with respect to them.

We thus find that the velocity of propagation of the waves
along a wire, hung far away from other bodies and made of
good conducting material, is that of light, or 185,000 miles per
second ; but when it is hung near any conducting matter, like
the earth, or encloeed in a cable and sunk into the sea, the
velocity becomes much less. When hung in space, away from
other bodies, it forms, as it were, the core of a system of waves
in the ether, the amplitude of the disturbance becoming less
and less as we move away from the wire. But the most
curious fact is that the electric current penetrates only a
short distance into the wire, being mostly confined to the
surface, especially where the number of oscillations per second
is very great.

The electrical waves at the surface of a conductor are thus,
in some respects, very similar to the waves on the surface of
water. The greatest motion in the latter case is at the surface,
while it diminishes as we pass downwards and soon becomes
inappreciable. Furthermore, the depth to which the distarb-
ance penetrates into the water increases with increase of the
length of the wave, being confined to very near the surface for
very short waves. So the disturbance in the copper penetrates
deeper as the waves and the time of oscillation are longer, and
the disturbance is more nearly confined to the surface as the
waves become shorter.!

There are very many practical applications of these theor-
etical results for electric currents. The most obvious one i8
to the case of conductors for the alternating currents used

1 A striking illustration of this skin-deep penetration of high-voltage
electricity was communicated by Lord Armstrong to Sir William Thom-
son (now Lord Kelvin) at the Newcastle meeting of the British Associs-
tion in 1889. A bar of steel about a foot long, which Lord Armstrong
was holdiug in his hand, was allowed accidentally to short circuit the
two terminals of a dynamo giving an alternate current of 85 ampéres, at
a difference of potential of 103 volts. He instantly felt a sensation of
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in producing the electric light. We find that when these are
larger than about half an inch diameter they should be re-
placed by a number of conductors less than half an inch dia-
meter, or by strips about a quarter of an inch thick, and of
any convenient width.

Prof. Oliver Lodge has recently drawn attention to another
application of these results—that is, to lightning-rods. Al-
most since the time of Franklin there have been those who
advocated the making of lightning-rods hollow in order to in-
crease the surface for a given amount of copper. We now
know that these persons had no reason for their belief, as they
simply drew the inference that electricity at rest is on the
surface. Neither were the advocates of the solid rods quite
correct, for they reasoned that electricity in a state of steady
flow occupies the whole area of the conductor equally, The
true theory, we now know, indicates that neither party was
entirely correct, and that the surface is a very important factor
in the case of w current of electricity so sudden as that from a
lightning discharge. But increase of surface can best be ob-
tained by multiplying the number of conductors, rather than
making them flat or hollow. Theory indicates that the current
penetrates only one-tenth the distance into iron that it does
into copper. As the iron has seven times the resistance of
copper, we should need seventy times the surface of iron that
we should of copper. Hence I prefer copper wire about
a quarter of an inch diameter and nailed directly to the house
without insulators, and passing down the four corners, around
the eaves, and over the roof, for giving protection from light-
ning in all cases where a metal roof and metal down-spouts do
not accomplish the same purpose.

Whether the discharge of lightning is oscillatory or not does
not enter into the question, provided it is only sufficiently
sudden. I have recently solved the mathematical problem of
the electric oscillations along a perfectly conducting wire join-

burning and dropped the bar, His fingers were badly blistered, though
on examining the bar a few seconds afterwards it was found to be quite
cold. This proved that the action lay at the surface, nnd had not time to
sensibly penetrate the substance of the bar. There were two little
hollows burned out of the metal at the points where it touched the
dynamo terminals.—J. J. F.
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ing two infinite and perfectly conducting planes parallel to
each other, and find that there is no definite time of oscillation,
but that the system is capable of vibrating in any time in
which it is originally started. The case of lightning between
a cloud of limited extent and the earth along a path through
the air of great resistance is a very different problem. Both
the cloud and the path of the electricity are poor conductors,
which tends to lengthen the time. If I were called on to
estimate as nearly as possible what took place in a flash of
lightning, I would say that I did not believe that the discharge
was always oecillating, but more often consisted of one or more
streams of electricity at intervals of a small fraction of a sec-
ond, each one continuing for not less than 5750 second. An
oscillating current with 100,000 reversals per second would
penetrate about g inch into copper and &}y inch into iron.
The depth for copper would constitute a considerable propor-
tion of a wire } inch diameter, and as there are other con-
siderations to be taken into account, I believe it is scarcely
worth while making tubes, or flat strips, for such small
sizes.

It is almost impossible to draw proper conclusions from ex-
periments on this subject in the laboratory, such as those of
Prof. Oliver Lodge.! The time of oscillation of the current in
most pieces of laboratory apparatus is so very small, being
often the ypappdsoos Of a second, that entirely wrong inferences
may be drawn from them. As the size of the apparatus in-
creases, the time of oscillation increases in the same propor-
tion, and changes the whole aspect of the case. I have given
rodoou Of a second as the shortest time a lightning-flash could
probably occupy. I strongly suspect it is often much greater,
and thus departs even further from the laboratory experiments
of Prof. Lodge, who has, however, done very much towards
drawing attention to this matter and showing the importance
of surface in this case. All shapes of the rod with equal sur-
face are not, however, equally efficient. Thus, the inside
surface of a tube does not count at all. Neither do the corru-
gations on a rod count for the full value of the surface they

! For Prof. Lodge’s views see his paper, ‘Jour. Inst. Elec. Engs.,’
vol. xix. p. 8562, and the very interesting discussion thereupon.—
J.J.F.
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expose, for the current is not distributed uniformly over the
surface ; but I have recently proved that rapidly alternating
currents are distributed over the surface of very good conduc-
tors in the same manner as electricity at rest would be dis-
tributed over them, so that the exterior angles and corners
possess much more than their share of the current, and corru-
gations on the wire concentrate the current on the outer
angles and diminish it in the hollows. Even a flat strip has
more current on the edges than in the centre.

For these reasons, shape, as well as extent of surface, must
be taken into account, and strips have not always an advan-
tage over wires for quick discharges.

The fact that the lightning-rod is not melted on being struck
by lightning is not now considered as any proof that it has done
its work properly. It must, as it were, seize upon the discharge,
and offer it an easier passage to the earth than any other. Such
sudden currents of electricity we have seen to obey very dif-
ferent laws from continuous ones, and their tendency to stick
to a conductor and not fly off to other objects depends not only
on having them of small resistance, but also on having what we
call the self-induction as small as possible. This latter can be
diminished by having the lightning-rod spread sideways as
much as possible, either by rolling it into strips, or better, by
making a network of rods over the roof with several connections
to the earth at the corners, as I have before described.

Thus we see that the theory of lightning-rods, which appeared
so simple in the time of Franklin, is to-day a very complicated
one, and requires for its solution a very complete knowledge of
the dynamics of electric currenta. In the light of our present
knowledge the frequent failure of the old system of rods is no
mystery, for I doubt if there are a hundred buildings in the
country properly protected from lightning. With our modern
advances, perfect protection might be guaranteed in all cases,
if expense were no object.

‘We have now considered the case of oscillations of electricity
in a few cases, and can turn to that of steady currents. The
closing of an electric circuit sends ethereal waves throughout
space, but after the first shock the current flows steadily with-
out producing any more waves. However, the properties of
the space around the wire have been permanently altered, as

8
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we have already seen. Let usnow study these properties more .
in detail. I have before me a wire in which I can produce a
powerful current of electricity, and we have seen that the
space around it has been so altered that a delicately suspended
magnetic needle cannot remain quiet in all positions, but
stretches itself at right angles to the wire, the north pole
tending to revolve around it in one direction and the south
pole in the other. This is a very old experiment, but we now
regard it as evidence that the properties of the space around
the wire have been altered rather than that the wire acts on
the magnet from a distance.

Put, now, a plate of glass around the wire, the latter being
vertical and the former with its plane horizontal, and passa
powerful current through the wire. On now sprinkling iron
filings on the plate they arrange themselves in circles around
the wire, and thus point out to us the celebrated lines of mag-
netic force of Faraday. Using two wires with carrents in the
same direction we get these other curves, and, testing the forces
acting on the wire, we find that they are trying to move towards
each other.

Again, pass the currents in the opposite directions and we
get these other curves, and the currenta repel each other. If
we assume that the lines of force are like rubber bands which
tend to shorten in the direction of their length and repel each -
other sideways, Faraday and Maxwell have shown that all mag-
netic attractions and repulsions are explained. The property
which the presence of the electric current has conferred on the
ether is then one by which it tends to shorten in one direction
and spread out in the other two directions.

We have thus done away with action at a distance, and have
accounted for magnetic attraction by a change in the inter-
vening medium, a8 Faraday partly did almost fifty years ago.
For this change in the surrounding medium is as much a ‘
part of the electric current as anything that goes on within
the wire.

To illustrate this tension along the lines of force, I have con-
structed this model, which represents the section of a coil of
wire with a bar of iron within it.. The rubber bands represent
the lines of force which pass around the coil and through the
iron bar, as they have an easier passage through the iron than
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the air. As we draw the bar down and let it go, you see that
it is drawn upward and oacillates around its position of equili-
brium until friction brings it to rest. Here, again, I have a
coll of wire with an iron bar within it with one end resting on
the floor. As we pass the current, and the lines of magnetic
force form around the coil and pass through the iron, it is lifted
upwards, although it weighs 24 lb., and oscillates around its
position of equilibrium exactly the same as though it were
sustained by rubber bands as in the model. The rubber bands
in this case are invisible to our eye, but our mental vision
pictures them as lines of magnetic force in the ether drawing
the bar upward by their contractile force. This contractile
force is no small quantity, as it may amount, in some cases, to
one or even two hundred pounds to the square inch, and
thus rivals the greatest pressure which we use in our steam-
engines,

Thus the ether is, to-day, a much more important factor in
wience than the air we breathe. We are constantly surrounded
by the two, and the presence of the air is manifest to us all ;
we feel it, we hear by its aid, and we even see it under favour-
able circumstances, and the velocity of its motion as well as the
amount of moisture it carries is a constant topic of conversation.
The ether, on the other hand, eludes all our senses, and it is
only with imagination, the eye of the mind, that its presence
can be perceived. By its aid in conveying the vibrations we
aall light we are enabled to see the world around us ; and by its
other motions, which cause magnetism, the mariner steers his
ship through the darkest night when the heavenly bodies are
bid from view. When we speak in a telephone, the vibrations
of the voice are carried forward to the distant point by waves
in the ether, there again to be resolved into the sound waves
of the air. When we use the electric light to illuminate our
streets, it is the ether which conveys the energy along the
wires as well as transmits it to our eye after it has assumed the
form of light. We step upon an electric street-car and feel it
driven forward with the power of many horses, and again it is
the ether whose immense force we have brought under our
control and made to serve our purpose—no longer a feeble, un-
certain sort of medium, but a mighty power, extending through-
out all space, and binding the whole universe together.
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jar is discharged at some little distance off, when the abrupt
and permanent deflection of the galvanometer needle shows
that an immediate and a permanent reduction of the resistance
has been caused. The resistance of the metal is no longer to
he measured in millions of ohms, but in hundreds. Its con-
ductivity increases with the number and intensity of the
sparks.

Some 20 or 30 centimetres from a circuit comprising some
metallic filings contained in an ebonite cup, let us place a
hollow brass sphere, 16 to 20 centimetres in diameter, insu-
lated by a vertical glass support. The filings offer an enormous
resistance and the galvanometer needle remains at zero. But
if we bring an electrified stick of resin near the sphere, a little
spark will pass between the stick and the sphere, and imme-
diately the needle of the galvanometer is violently jerked and
then remains permanently deflected. On some fresh filings
being placed in the ebonite cup, the resistance of the circuit
will again keep the needle at zero. If now the charged brass
sphere is touched with the finger, there is a minute discharge
and the galvanometer needle is again deflected. With a few
accumulators the experiment can easily be made without a
galvanometer. The circuit consists of the battery, some
metallic powder, a platinum wire, and a mercury cup. The re-
sistance of the powder is 80 high that the interruption of the
circuit takes place without any sparking of the mercury cup.
If now a Leyden jar is discharged in the neighbourhood of the
circuit the powder is rendered conducting, the platinum wire
immediately becomes red hot, and a violent spark occurs on
breaking the circuit.

The influence of the spark decreases as the distance increases,
but its influence is observable several metres away from the
powder, even with a small Wimshurst machine. Repeating
the spark increases the conductivity ; in fact, with certaip
substances successive sparks produce successive jerks, and a
gradually increasing and persistent deflection of the galvan-
ometer needle.

Influence of a Conductor traversed by Condenser Discharges.—
While using the Wimshurst machine it was noticed that the
reduction in the resistance of the filings frequently took place
before discharge. This led me to the following experiment :
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Take a long brass tube, one end of which is close to the circuit
containing the metallic powder ; ita other end, several metres
distant from the circuit, is fairly close to a charged Leyden
jar. A spark takes place and the conductor is charged. At
the same instant, the conductivity of the metallic powder is
greatly increased.

The following arrangement, owing to its efficacy, conven-
ience, and regularity of action, was used by me in most of
my researches, and I shall briefly call it the A arrangement
(6g. 1).

The source of electricity is a two-plate Holtz machine driven
at from 100 to 400 revolutions. A sensitive substance is intro-
duced into one of the arms of a Wheatstone bridge, or into the
circuit of a single Daniell cell at a dis-
tance of some 10 metres from the Holtz
machine. Between the discharge knobs of
the machine and the Wheatstone bridge,
and connected to the former, there are
two insulated brass tubes, A ', running
parallel to one another 40 centimetres
apart. The Leyden jars usually attached
to a Holtz machine may be dispensed
L] with, the capacity of the long brass tubee

Fig. 1. being in some measure equivalent to them.
The knobs 8 were 1 mm., ‘5 mm., or ‘1 mm.
apart. When the plates were rotated, sparks rapidly succeeded
each other. Experiments showed that these sparks had no di-
rect effect at a distance of 10 metres. The two tubes A A’ arenot
absolutely necessary ; the diminution of resistance is easily pro-
duced if only one is employed, and in some cases, indeed, &
gingle conductor is more efficacions. An increase in the speed
of the machine increases its action to a marked extent. The
sparks at 8 may be suppressed by drawing the knobs apart,
but the conductor A will still continue to exert its influence,
especially if there is a spark-gap anywhere about.

Effects of Induced Currents.—The passage of induced currents
through a sensitive substance produces similar effects to thoee
described above. In one instance an induction coil was taken,
having two similar wires. The circuit of the secondary wire
was closed through a tube coutaining filings, the galvanometer
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of sulphur and iron or aluminium filings, also by a mixture
of melted resin and aluminium filings. In the preparation
of these solid sensitive mixtures, care must be taken that the
insulating subetance should only form a small percentage of
the whole.

Bome interesting results are also obtained with mixtures of
sulphur and aluminium, and with resin and aluminium, when
in a state of powder. When cold these mixtures, as a rule, do
not conduct either directly or after they have been exposed to
electrical influences, but they become conducting on combining
pressure with electrical influences. Thus,a mixture of flowers-of-
sulphur and aluminium filings in equal volumes was placed ina
glass tube 24 mm. in diameter. The weight of the mixture was
20 grammes, and the height of the column 22 mm., with a pres-
sure of 186 grammes per square centimetre (23 1b. per square
inch). The mixture is not conducting, but after expoeure to
electrical influence, obtained by the A arrangement, the resist-
ance falls to 90 ohms. In a similar manner a mixture of
selenium and aluminium, placed in a tube 99 mm. long, was
not conducting until after it was exposed to the combined in-
fluence of pressure and electricity.

The following is one of the group of numerous experiments
of a slightly different character. A mixture of flowers-of-
sulphur and fine aluminium filings, containing two of sulphur
to one of aluminium, is placed in a cylindrical glass tube 35
mm. long. By means of a piston, a pressure of 20 kilogrammes
per square centimetre (284 lb. per square inch) was applied.
It was only necessary to connect the column for 10 seconds to
the poles of a 25-cell battery, for the resistance originally in-
finite to be reduced to 4000 ohms.

The arrangement shown in fig. 4 illustrates another order of
experiment. Two rods of copper were oxidised in the flame of
a Bunsen burner, and were then arranged to lie across each
other, as shown, and were connected to the terminals of the
arm of a Wheatstone bridge, the high resistance of the circuit
being due to the layers of oxide. Amongst the many measure-
ments made, I found, in one case, a resistance of 80,000 ohms,
which, after exposure to the influence of the electric spark,
was reduced to 7 ohms. Analogous effects are obtained with
oxidised steel rods. Another pretty experiment is to place a

Digitized by G (0] 0816




VARIATIONS OF CONDUCTIVITY. 283

cylinder of copper, with an oxidised hemispherical head, on a
sheet of oxidised copper. Before exposure to the influence of
the electric spark, the oxide offers considerable resistance.
The experiment can be
repeated several times by
merely moving the cylin-
der from one place to
another on the oxidised
sheet of copper, thus
showing that the pheno-
menon only takes place
at the point of contact of
the two layers of oxide.

It may be worth noting
that, for most of the sub-
stances enumerated, an Fig. 4.
elevation of temperature
diminishes the resistance, but the effect of a rise of tempera-
ture is transient, and is incomparably less than the effect due
to currents of high potential. For a few substances the two
effects are opposed.

Restoration of Original Resistance.—The conductivity caused
by the various electrical influences lasts sometimes for a long
period (twenty-four hours or more), but it is always possible to
make it rapidly disappear, particularly by a shock.

The majority of substances tested showed an increase of
resistance on being shaken previous to being submitted to any
special electrical influence, but after having been influenced
the effect of shock is much more marked. The phenomenon is
best seen with the metallic filings, but it can also be observed
with metallised ebonite sheets with mixtures of liquid insulators
and metallic powders, mixtures of metallic filings and insulating
substances (compressed or not compressed), and finally with
solid bodies.

I observed the return to original resistance in the following
manner :—

The sensitive substance was placed at k (fig. 1), and formed
part of a circuit which included a Daniell cell and galvanometer.
At first no current passes. Sparks are then caused at s, and
the needle of the galvanometer is permanently deflected. On

ounzeary GOOglE



284 APPENDIX C.

smartly tapping the table supporting the ebonite cup in which
the eensitive substance is contained, the original condition is
completely restored. When the electric action has been of a
powerful character, violent blows are necessary. I employed
for the purpose of these shocks a hammer fixed on the table,
the blows of which could be regulated.

With some substances, when feebly electrified, the return
seemed to be spontaneous, although it was slower than the
return of the galvanometer needle to equilibrium. This resto-
ration of the original resistance is attributable to surrounding
trepidations, as it was only necessary to walk about the room
at a distance of a few metres, or to shake a distant wall. This
spontaneous return to original resistance after weak electrical
action was visible with a mixture of equal parts of fine selenium
and tellurium powders. The restoration of resistance by shock
was not observable so long as the electrical influence was at
work,

After having been submitted to powerful electric action,
shock does not seem to entirely restore substances to their
original state ; in fact, the substances generally show greater
sensitiveness to electric action. Thus, a mixture of colza oil
and antimony powder being exposed to the influence of arrange-
ment A, a spark of 5 mm. was at first necessary to break down
the resistance ; but after the conductivity had been made to
disappear by means of blows, a spark of only 1 mm. was suffi-
cient to again render the substance conducting. Finely
powdered aluminium has an extremely high resistance. A
vertical column of powdered aluminium 5 mm. long of 4 square
cms. cross-section, submitted to considerable pressure, com-
pletely stopped the current from a Daniell cell. The influence
of arrangement A produced no effect, but, by direct contact
with a Leyden jar, the resistance was reduced to 50 ohms. The
effect of shock was then tried, and after this the sparks pro-
duced by arrangement A were able to reduce the resistance.

The following experiment is also of the same kind : Alum-
inium filings placed in a parallelipidic trough completely stopped
the current from a Daniell cell, and the resistance offered to a
single cell remained infinite after the trough had been placed
in the circuit of 26 sulphate of mercury cells for 10 seconds
The aluminium was next placed in circuit with a battery of 75
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cells ; a single Daniell cell was then able to send a current
through the substance. The original resistance was restored
by shock, but not the original condition of things, since a single
cell was able to send a current after the aluminium had been
circuited for 10 seconds with a battery of only 25 cells. I may
add that if the restoration of resistance was brought about by
a violent shock, it was necessary to place the aluminium in
circuit with 75 cells for one minute before the resistance was
again broken down.

It must be observed that electrical influence is not always
necessary to restore conductivity after an apparent return to
the original resistance, repeated feeble blows being sometimes
succeseful in bringing this about. Both in the case of slow
return by time and sudden return by shock, the original value
of the resistance is often increased. Rods of Carré carbon, 1
metre long and 1 mm. in diameter, were particularly noticeable
for this phenomenon.

Return to Original Resistance by Temperature Elevation.—A
plate of coppered ebonite rendered conducting by electricity,
and placed close to a gas-jet, quickly regained its original
registance. A solid rod of resin and aluminium, or of sulphur
and aluminium, rendered conducting by connection to the poles
of a small battery, will regain its original resistance by shock ;
but if the conducting state has been caused by powerful means,
such, for instance, as direct contact with a Leyden jar, shock
1o longer has any effect, at least such a shock as the fragile
nature of the material can stand. A slight rise of temperature,
however, has the desired result. By suitably regulating the
electric action it is possible to get a substance into such a
condition that the warmth of the fingers suffices to annul con-
ductivity.

Influence of Surroundings.—Electric action gives rise to no
alteration of resistance when the substance is entirely within a
closed metal box. The sensitive substance, in circuit with a
Daniell cell and a galvanometer, is placed inside a brass box
(6g. 5). The absence of current is ascertained, the circuit
broken, and the box closed. A Wimshurst machine is then
worked a little way off, and will be found to have had no
effect. The same result will be obtained if the circuit is kept
closed during the time the Wimshurst machine is in operation.
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currents, there is some ground for supposing that the insulating
medium is transformed by the passage of the current, and that
certain actions, such as shock and rise of temperature, bring
about a modification of this new state of the insulating body.
Actual movement of the metallic particles cannot be imagined
in experiments where the particles in a layer a few millimetres
thick were fixed in an invariable relative position by extreme
pressures, reaching at times to more than 100 kilogrammes
per square cm. (1420 lb. to the square inch). Moreover, in the
case of solid mixtures, in which the same variations of re-
sistance were produced, displacement seems out of the question.
To explain the persistence of the conductivity after the cessation
of the electrical influence, are we to suppose in the case of
metallic filings a partial volatilisation of the particles creating
3 conducting medium between the grains of metal ? In the
case of mixtures of metallic powders and insulating substances
agglomerated by fusion, are we to suppose that the thin in-
sulating layers are pierced by the passage of very small sparks,
and that the holes left behind are coated with conducting
material ¥ If this explication is admissible for induced cur-
rents, it must hold good for continuous currents. If so, we
must conclude that these mechanical actions may be produced
by batteries of only 10 to 20 volts electromotive force, and
which only cause an insignificant current to pass. The following
experiment is worth quoting in this connection : —

A circuit was formed by a Daniell cell, a sensitive galvan-
ometer, and some aluminium filings in an ebonite cup. The
galvanometer needle remained at zero. The filings were cut
out of this circuit, and switched for one minute into circuit
with a battery of 43 sulphate of mercury cells. On being re-
placed in the first circuit, the filings exhibited high conductivity.
The result was the same when 10 or 20 cells were employed, or
when the current was diminished by interposing in the circuit
acolumn of distilled water, 40 cm. long and 20 mm. in diameter.
The cells used (platinum, sulphate of mercury, sulphate of zinc,
zinc) had a high internal resistance. Thus, 43 cells (60 volts),
when short circuited, only gave a current of 5 milliampéres.
The same battery, with the column of distilled water in circuit
only, caused a deflection of 100 mm. on a scale one metre off,
with an astatic galvanometer wound with 50,000 turns. We
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can, therefore, see how infinitecimally amall the initial current
must have been when the filings were added to the circuit. The
battery acted, therefore, essentially by virtue of its electro-
motive force.

If mechanical displacement of particles or transportation of
conducting bodies seem inadmissible, it is probable that there
is a modification of the insulator itself, the modification per-
sisting for some time by virtue of a sort of *coercive force.”
An electric current of high potential, which would be com-
pletely stopped by a thick insulating sheet, may be sapposed to
gradually traverse the very thin dielectric layers between the
cenducting particles, the passage being effected very rapidly if
the electric pressure is great, and more slowly if the pressure
is less.

Increase of Resistance.— An increase of resistance was observed
in theee investigations less often than a diminution ; neverthe-
less, a number of frequently repeated experiments enable me to
say that increase of resistance is not exceptional, and that the
conditions under which it takes place are well defined. Short
columns of antimony or aluminium powder, when subjected to
a pressure of about 1 kilogramme per square cm. (142 1b. per
square inch), and offering but a low resistance, exhibited an
increase of resistance under the influence of a powerful electri-
fication. Peroxide of lead, a fairly good conductor, always
exhibited an increase, 8o also did some kinds of platinised
glass, while others showed alternate effects. For instance, 3
sheet of platinised glass, which offered a resistance of 700 ohms,
became highly conducting after 150 sulphate of mercury cells
had been applied to it for 10 seconds. This condition of con-
ductivity was annulled by contact with a charged Leyden jar,
and reappeared after again applying 150 cells for 10 seconds,
and so on. Similar effects were obtained with a thin layer of a
mixture of selenium and tellurium poured, when fused, into a
groove in a sheet of mica placed between two copper platea
These alternations were always observed several times in suc-
cession, and at intervals of several days.

These augmentations and alternations are in no way incom-
patible with the hypothesis of a physical modification of the
insulator by electrical influence.
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hard carbon such as coke, or a combination of a piece of coke
resting upon a bright steel contact, were very sensitive and
self-restoring ; whilst a loose contact between metals was
equally sensitive, but would cohere, or remain in full contact,
after the passage of an electric wave.

The sensitiveness of these microphonic contacts in metals
has since been rediscovered by Mons. Ed. Branly of Paris,
and by Prof. Oliver Lodge, in England, by whom the name of
“coherer ” has been given to this organ of reception ; but, as
we wish this organ to make a momentary contact and not
cohere permanently, the name seems to me ill-suited for the
instrument. The most sensitive and perfect receiver that I
have yet made does not cohere permanently, but recovers its
original state instantly, and therefore requires no tapping or
mechanical aid to the separation of the contacts after moment-
arily being brought into close union.

I soon found that, whilst an invisible spark would pro-
duce a thermo-electric current in the microphonic contacts
(sufficient to be heard in the telephone in its circuit), it
was far better and more powerful to use a feeble voltaic cell
in the receiving circuit, the microphonic joint then acting
as a relay by diminishing the resistance at the contact,
under the influence of the electric wave received through
the atmosphere.

I will not describe the numerous forms of the transmitter
and receiver that I made in 1879, all of which I wrote down in
several volumes of manuscripts in 1879 (but these have never
been published), and most of which can be seen here at my
residence at any time ; but I will confine myself now to a few
salient points. I found that very sudden electric impulses,
whether given out to the atmosphere through the extra current
from a coil or from a frictional electric machine, equally affected
the microphonic joint, the effect depending more on the sudden
high potential effect than on any prolonged action. Thus, a
spark obtained by rubbing a piece of sealing-wax was equally
effective as a discharge from a Leyden jar of the same poten-
tial. The rubbed sealing-wax and charged Leyden jar had no
effect until they were discharged by a spark, and it was evi-
dent that this spark, however feeble, acted upon the whole
surrounding atmosphere in the form of waves or invisible rays,
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the laws of which I could not at the time determine. Hertz,
however, by a series of original and masterly experiments,
proved in 1887-89 that they were real waves similar to light,
but of a lower frequency, though of the same velocity. In
1879, whilst making these experiments on aérial transmission,
I had two different problems to solve : 1st, What was the true
pature of these electrical adirial waves, which seemed, whilst
not visible, to spurn all idea of insulation, and to penetrate all
space to & distance undetermined. 2nd, To discover the best
receiver that could act upon a telephone or telegraph instru-
ment, 50 as to be able to utilise (when required) these waves
for the transmission of messages. The second problem came
easy to me when I found that the microphone, which I had
previously discovered in 1877-78, had alone the power of
rendering theee invisible waves evident, either in a telephone
or a galvanometer, and up to the present time I do not know
of anything approaching the sensitiveness of a microphonic
joint as a receiver. Branly’s tube, now used by Marconi, was
deacribed in my first paper to the Royal Society (May 8, 1878)
as the microphone tube, filled with loose filings of zinc and
silver ; and Prof. Lodge'’s coherer is an ordinary steel micro-
phone, used for & different purpose from that in which I first
described it.!

During the long - continued experiments on this subject,
between 1879 and 1886, many curious phenomena came out
which would be too long to describe. I found that the effect

1 Prof. Hughes is rightly regarded as the real discoverer of the elec-
trical behaviour of a bad joint or loose contact, the study of which in his
hands has given us the microphone ; but as in the case of Hertzian-wave
effects before Hertz, 8o, long before Hughes, ‘‘ mere phenomena of loose
contact,” as Sir George Stokes called them, must have often manifested
themselves in the working of electrical apparatus. For an interesting
example see Arthur Schuster’s paper read before the British Association
in 1874 (or abstract, ¢ Telegraphic Journal,” vol. ii. p.,289), where the
effects are described as a new discovery in electricity, and disguised
under the title of the paper, ‘‘On Unilateral Conductivity.” Schuster
suspected the cause—*‘ Two wires screwed together may not touch each
other, but be separated by a thin layer of air ”"—but he missed its real
significance. The phenomenon was a kind of bye-product, cropped up

while he was engaged on other work, and so was not pursued far enongh.
—J.J. F,
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of the extra current in a coil was not increased by having an
iron core as an electro-magnet — the extra current was less
rapid, and therefore less effective. A similar effect of a
delay was produced by Leyden-jar discharges. The material
of the contact-breaker of the primary current had also a great
effect. Thus, if the current was broken between two or one
piece of carbon, no effect could be perceived of aérial waves,
even at short distances of a few feet. The extra current from
a small coil without iron was as powerful as an intense spark
from a secondary coil, and at that time my experiments
seemed to be confined to the use of a single coil of my in-
duction balance, charged by six Daniell cells. With higher
battery power the extra current invariably destroyed the in-
sulation of the coils.

In December 1879 I invited several persons to see the re-
sults then obtained. Amongst others who called on me and
saw my results were—

Dec. 1879.—Mr W, H. Preece, F.R.S. ; Sir Williaa Crookes,
F.RS.; Sir W. Roberts- Austen, F.R.S.; Prof. W. Grylls
Adams, F.R.S.; Mr W. Grove.

Feb. 20, 1880.—Mr Spottiswoode, Pres. R.S. ; Prof. Huxley,
F.RS.; Sir George Gabriel Stokes, F.R.S.

Nov. 7, 1888.—Prof. Dewar, F.R.S.; Mr Lennox, Royal
Institution.

They all saw experiments upon aérial transmission, as al-
ready described, by means of the extra current produced from
a small coil and received upon a semi-metallic microphone,
the results being heard upon a telephone in connection with
the receiving microphone. The transmitter and receiver were
in different rooms, about 60 feet apart. After trying success-
fully all distances allowed in my residence in Portland Street,
my usual method was to put the transmitter in operation and
walk up and down Great Portland Street with the receiver in
my hand, with the telephone to the ear.

The sounds seemed to slightly increase for a distance of 60
yards, then gradually diminish, until at 500 yards I could
no longer with certainty hear the transmitted signals. What
struck me as remarkable was that, opposite certain houses, 1
could hear better, whilst at others the signals could hardly be
perceived. Hertz's discovery of nodal points in reflected waves
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(in 1887-89) has explained to me what was then considered a
mystery.

At Mr A. Stroh’s telegraph instrument manufactory Mr
Stroh and myself could hear perfectly the currents trans-
mitted from the third storey to the basement, but I could not
detect clear signals at my residence about a mile distant. The
innumerable gas and water pipes intervening seemed to absorb
or weaken t0o much the feeble transmitted extra currents from
a small coil

The P’resident of the Royal Society, Mr Spottiswoode, to-
gether with the two hon. secretaries, Prof. Huxley and Prof.
G. 8Stokes, called upon me on February 20, 1880, to see my
experiments upon adrial transmission of signals. The experi-
ments shown were most successful, and at first they seemed
astonished at the results ; but towards the close of three hours’
experiments Prof. Stokes said that all the results could be
explained by known electro - magnetic induction effects, and
therefore he could not accept my view of actual asrial electric
waves unknown up to that time, but thought I had quite
enough original matter to form a paper on the subject to be
read at the Royal Society.

I was so discouraged at being unable to convince them of the
truth of these aérial electric waves that I actually refused to
write a paper on the subject until I was better prepared to
demonstrate the existence of these waves ; and I continued my
experiments for some years, in hopes of arriving at a perfect
scientific demonstration of the existence of aérial electric waves
produced by a spark from the extra currents in coils, or from
frictional electricity, or from secondary coils. The triurphant
demonstration of these waves was reserved to Prof. Hertz, who
by his masterly researches upon the subject in 1887-89 com-
pletely demonstrated not only their existence but their identity
with ordinary light, in having the power of being reflected and
refracted, &c., with nodal points, by means of which the length
of the waves could be measured. Hertz's experiments were
far more conclusive than mine, although he used a much less
effective receiver than the microphone or coherer.

I then felt it was now too late to bring forward my previous
experiments ; and through not publishing my results and means
employed, I have been forced to see others remake the dis-
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for starting or interrupting the current, and its pole appliances
{such as insulated balls separated by small air spaces or high
vacuum spaces, or compressed air or gas, or insulating liquids
kept in place by a suitable insulating material, or tubes separ-
ated by similar spaces and carrying sliding discs) for producing
the desired oscillations.

I find that a Ruhmkorff coil, or other similar apparatus,
works much better if one of its vibrating contacts or brakes on
its primary circuit is caused to revolve, which causes the
secondary discharge to be more powerful and more regular,
and keeps the platinum contacts of the vibrator cleaner and
preserves them in good working order for an incomparably
longer time than if they were not revolved. I cause them to
revolve by means of a small electric motor actuated by the
current which works the coil, or by another current, or in some
cases I employ a mechanical (non-electrical) motor.

The coil may, however, be replaced by any other source of
high tension electricity.

At the receiving instrument there is a local battery circuit
containing an ordinary receiving telegraphic or signalling in-
strument, or other apparatus which may be necessary to work
from a distance, and an appliance for closing the circuit, the
latter being actuated by the oscillations from the transmitting
instrument.

The appliance I employ consists of a tube containing con-
ductive powder, or grains, or conductors in imperfect contact,
each end of the column of powder or the terminals of the
imperfect contact or conductor being connected to a metallic
plate, preferably of suitable length so as to cause the system
to resonate electrically in unison with the electrical oscillations
tranemitted to it. In some cases I give these plates or con-
ductors the shape of an ordinary Hertz resonator consisting of
two semicircular conductors, but with the difference that at
the spark-gap I place one of my sensitive tubes, whilst the
other ends of the conductors are connected to small con-
densers,

I have found that the best rules for making the sensitive
tubes are as follows ;:—

1st. The column of powder ought not to be long, the effects
being better in sensitiveness and regularity with tubes contain-
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ing columns of powder or grains not exceeding two-thirds of
an inch in length.

2nd. The tube containing the powder ought to be sealed.

3rd. Each wire which passes through the tube, in order to
establish electrical communication, ought to terminate with
pieces of metal or small knobe of a comparatively large surface,
or preferably with pieces of thicker wire, of a diameter equal
o the internul diameter of the tube, 80 as to oblige the powder
or grains to be corked in between.

4th. If it is necessary to employ a local battery of higher
E.M.F. thau that with which an ordinarily prepared tube will
work, the column of powder must be longer and divided into
several sections by metallic divisions, the amount of powder or
grains in each section being practically in the same condition
as in a tube coutaining a single section. When no oscillations
are sent from the transmitting instrument the powder or im-
perfect contact does not conduct the current, and the local
battery circuit is broken; but when the powder or imperfect
contact is influenced by the electrical oscillations, it conducts
and closes the circuit.

1 find, however, that once started, the powder or contact
continues to conduct even when the oscillations at the trans-
mitting station have ceased ; but if it be shaken or tapped,
the circuit is broken.

I do this tapping automatically, employing the current
which the sensitive tube or contact had allowed to begin to
flow under the influence of the electric oscillations from the
transmitting instrument to work a trembler (similar to that of
an electric bell), which hita the tube or imperfect contact, and
8o stops the current and, consequently, its own movement, which
had been generated by the said current, which by this means
automatically and almost instantaneously interrupts itself until
another oscillation from the transmitting instrument repeats
the process. Whilst for certain purposes I prefer working the
trembler and the instruments on the same circuit which con-
tains the sensitive tube or contact, for other purposes I prefer
working the trembler and the instruments on another circuit,
which is made to work in accordance with the first by means
of a relay. It is by means of actions from the current, which
the sensitive tube or contact allows to pass when the oscills-
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tions influence it, that I prefer starting the apparatus that has
to interrupt automatically the same current.

In order to prevent the action of the self-indaction of the
local circuits on the sensitive tube or contact, and also to de-
stroy the perturbating effect of the small sjark which occurs at
the breaking of the circuit inside the tube or imperfect contact,
and also at the vibrating contact of the trembler or at the
movable contact of the relay, I put in derivation acroes those
parts where the circuit is periodically broken a condenser of
suitable capacity, or a coil of suitable resistance and self-in-
duction, so that its self-induction may neutralise the self-
induction of the said circuits ; or preferably I employ in
derivation on different parts of the circuit conductors or
so-called semi-conductors of high resistance and small self-
inductiun, such as bars of charcoal or preferably tubes contain-
ing water or other suitable liquid, in electrical communication
with those conductors of the local circuits which are liable in
course of self-induction to assume such differences of potential
a8 to transmit jerky currents such as would influence the
sensitive tube or contact so as to prevent its working with
regularity.

In some cases, however, I find it suitable to employ an in-
dependent trembler moved by the current from another
battery. This trembler is prevented from generating jerking
or vibrating currents by means of the appliances which I have
described. This trembler is kept going all the time during
which one expects oscillations to be transmitted, and, as
already described, the powder or imperfect contact closes the
circuit of a local battery, in which are included the instruments
which one desires to work, for the time during which the elec-
trical oscillations are transmitted, breaking the circuit in case
of the mechanical vibrations as soon as the oscillations from the
transmitting machine cease. When transmitting through the
air, and it is desired that the signal or electrical action should
only be sent in one direction, or when it is necessary to trans-
mit electrical effects to the greatest possible distance without
wires, I place the oscillation producer at the focus or focal line
of a reflector directed to the receiving station, and I place the
tube or imperfect contact at the receiving instrument in a
similar reflector directed towards the transmitting instrument.
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sensitive tube and p the trembler or tapper. The current
which flows through the sensitive tube or contact, and which
is commenced under the influence of the electrical oscillations
from the transmitting instrument, is allowed to actuate
(directly, or indirectly by means of a relay) the trembler,
which is similar to an electric bell. This trembler must be s
arranged, as hereinafter explained, that the effect of the spark-
ing at its vibrating contacts, and the jerky currents caused by
self-induction, &c., are neutralised or removed.

The small hammer of the trembler hits the tube or imperfect
contact and so stops the current, and consequently its own
movement, which had been generated by the said current ; and
by this means the current automatically and almost instantan-
eously interrupts itself until another oscillation from the
transmitting instrument again makes the sensitive tube or
imperfect contact a conductor.

I find, however, that the current which can be started by
the sensitive tube or contact is not sufficiently strong to work
an ordinary trembler aud receiving instrument.

To overcome this difficulty, instead of obliging the current of
the circuit which contains the sensitive tube or contact to work
the trembler and instrument, I use the said current for working
a sensitive relay % (figure 2), which closes and opens the circuit of
a stronger battery r, preferably of the Leclanché type. This
current, which is much stronger than the current which runs
through the sensitive tube or contact, works the trembler and
other instruments. To prevent the sparks and jerks of current !
which would be caused by the self-induction of the relay from
interfering with the action of the receiver, certain means must
be taken similar to those referred to above in reference to the
trembler or tapper, which will be explained hereafter. In the
apparatus I have made I have found that the relay » should be
one possessing small self-induction, and wound to a resistance
of about 1000 obms. It should preferably be able to work
regularly with a current of a milliampére or less. The trembler
or tapper p on the circuit of the relay = is similar in construc-
tion to that of a small electric bell, but having a shorter arm.
I have used a trembler wound to 1000 ohms resistance, having
a core of good soft iron hollow and split lengthways like most
electro-magnets used in telegraph instruments.
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The trembler must be carefully adjusted. Preferably the
blows should be directed slightly upwards, 8o as to prevent the
filings from getting caked. In place of tapping the tube the
powder can be disturbed by slightly moving outwards and
inwards one or both of the stops of the sensitive tube (see
figure 5, 5! j3), the trembler p (figure 2) being replaced by a
small electro-magnet or magnets or vibrator whose armature
is connected to the stop.

I ordinarily work the receiving instrument A, which may be
of any description, by a derivation as shown from the circuit,
which works the trembler p. It can also, however, be worked
in series with the trembler.

It is desirable that the receiving instrument, if on a deriva-
tion of the circuit which includes the trembler or tapper, should
preferably have a resistance equal to the resistance of the
trembler p.

A further improvement consists in the mode of construction
of the sensitive tube.

I have noticed that a sensitive tube or imperfect contact,
such as is shown in figure 1 T, is not perfectly reliable.

My tube as shown in figure 5 is, if carefully constructed,
absolutely reliable, and by means of it the relay and tremble:
&c, can be worked with regularity like any other ordinary
telegraphic instrument.

In figure 5, j is the sensitive tube containing two metallic
plugs ;2 connected to the battery circuit, between which is
placed powder of a conductive material j. The two plugs
should preferably be made of silver, or may be two short pieces
of thick silver wire of the same diameter as the internal
diameter of the tube j, 80 as to fit tightly in it. The plugs ;2 ;2
are joined to two pieces of platinum wire j3. The tube is
closed and sealed on to the platinum wires ;3 at both ends.
Many metals can be employed for producing the powder or
filings j', but I prefer to use a mixture of two or more different
metals. I find hard nickel to be the best metal, and I prefer
to add to the nickel filings about four per cent of hard silver
fllings, which increase greatly the sensitiveness of the tube to
electric oscillations. By increasing the proportion of silver
powder or grains the sensitiveness of the tube also increases;
but it is better for ordinary work not to use a tube of too great
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nensitiveness, as it might be influenced by atmospheric or other
electricity.

The sensitiveness can also be increased by adding a very
amall amount of mercury to the filings and mixing up unti
the mercury is absorbed. The mercury must not be in sucha
quantity as to clot or cake the filings : an almost imperceptible
globule is sufficient for a tube. Instead of mixing the mercury
with the powder, one can obtain the same effects by slightly
amalgamating the inner surfaces of the plugs which are to be
in contact with the filings.  Very little mercury mast be used,
just sufficient to brighten the surface of the metallic plugs
without showing any free mercury or globulea

The size of the tube and the distance between the two
metallic stops or plugs may vary under certain limits: the

greater the space allowed for the powder, the larger or coarser
ought to be the filings or grains.

I prefer to make my sensitive tubes of the following size—
the tube 5 is 14 inch long and ¢y or {5 of an inch internal
diameter. The length of the stops j2 is about % of an inch,
and the distance between the stops or plugs 5253 is about gy
of an inch. :

I find that the smaller or narrower the space is between the
plugs in the tube, the more sensitive it proves; but the space
cannot under ordinary circamstances be excessively shortened
without injuring the fidelity of the transmission.

Care must be taken that the plugs j3 ;2 fit the tube exactly,
as otherwise the filings might escape from the space between
the stops, which would soon destroy the action of the sensitive
tube.

The metallic powders ought not to be fine, but rather coarse,
as can be produced by a large and rough file.

The powder should preferably be of uniform grain or thick-
ness.

All the very fine powder or the excessively coarse powder
ought to be removed from it by blowing or sifting.

It is also desirable that the powder or grains should be dry
and free from grease or dirt, and the files used in producing the
same ought to be frequently washed and dried, and used when
warm.

The powder ought not to be compreased between the plugs,
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but rather loose, and in such a condition that when the tube
is tapped the powder may be seen to move freely.

The tube j may be sealed, but a vacuum inside it is not
essential, except the slight vacuum which results from having
heated it while sealing it. Care should also be taken not to
heat the tube too much in the centre when sealing it, as it
would oxidise the surfaces of the silver stops, and also the
powder, which would diminish its sensitiveness. I have used,
in sealing the tubes, a hydrogen and air flame.

A vacuum is, however, desirable, and I have used one of
about 174y of an atmosphere obtained by a mercury pump.

In this case a small glass tube must be joined to a side of the
tube j (figure 5), which is put in communication with the pump
and afterwards sealed in the ordinary manner.

If the sensitive tube has been well made, it should be
sensitive to the inductive effect of an ordinary electric bell
when the same is working from one to two yards from
the tube.

A sensitive tube well prepared should also instantly in-
terrupt the current passing through it at the slightest tap or
shake, provided it is inserted in a circuit in which there is little
self-induction and small electro-motive force, such as a single
cell,

In order to keep the sensitive tube j in good working order
it is desirable, but not absolutely necessary, not to allow more
than one milliampére to flow through it when active.

If a stronger current is necessary, several tubes may be put
in parallel, provided they all get shaken by the tapper or
trembler ; but this arrangement is not always quite as satis-
factory as the single tube.

It is preferable, when using sensitive tubes of the type I
have described, not to insert in the circuit with it more than
one cell of the Leclanché type, as a higher electro-motive force
than 1'5 volts is apt to pass a current through the tube, even
when no oscillations are transmitted.

I can, however, construct sensitive tubes capable of working
with a higher electro-motive force.

Fig. 54 shows one of these tubes. In this tube, instead of
one space or gap filled with filings, there are several spaces j! 51,
separated by plugs of tight-fitting silver wire. A tube thus
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the terminals of any apparatus or resistance which may be
apt to give self-induction and which is near or connected to
the receiver.

Condensers of suitable capacity may be substituted for the
above-mentioned coils, but I prefer using coils or water re-
sistances.

Another improvement has for its object to prevent the Ligh
frequency oscillations set up across the plates of the receiver
by the transmitting instrument, which should pass through the
sensitive tube, from running round the local battery wires
and thereby weakening their effect on the sensitive tube or
contact.

This I effect by connecting the battery wires to the sensitive
tube or contact, or to the plates attached to the tube through
small coils (see &' in the figures) possessing self-induction,
which may be called choking coils, formed by winding in the
ordinary manner a short length (about a yard) of thin and
well-insulated wire round a core (preferably containing iron)
two or three inches long.

Another improvement consists in a modified form of the
plates connected to the semsitive tube, in order to make it
possible to mount the receiver in an ordinary circular parabolic
reflector. This part of my invention is illustrated in figure 8, in
which ¢ is an ordinary concave reflector. In this case the plates
kkare curved and connected at one end to the sensitive tube,
and at the other to a small condenser formed by two metallic
plates &3 of about one inch square or more, facing each other
with a very thin piece of insulating material £° between them.
p is the trembler. The condenser may be omitted without
much altering the effects obtainable.

The connection to the local circuit is made through two
small choking coils &' £! as already described.

The adjustment of the whole is similar to that already de-
scribed for the other receivers.

The receiver should be put in such a position as to intercept
the reflected ring of radiations which exists behind or before
the focus of the reflector, and ought to be preferably tuned
with the length of wave of the oscillation transmitted, in similar
manner to that before described, except that a ring of tinfoil
with a single eut through it is employed.

' 20
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I will now describe my improvements which are applicable
to the transmitting instruments.

My first improvement consists in employing four spheres for
producing the electrical oecillations.

This part of my invention is illustrated in figure 3, d d, e¢,
and in figure 8, dd, ee The spheres d d, figure 3, are con-
nected to the terminals ¢! of the secondary circuit of the induc-
tion coil ¢. The spheres d d are carried by insulating supports
d d.

Preferably the supports d consist of plates of ebonite having
holes to receive the balls, which are fixed by heating them
sufficiently to fuse the ebonite and then holdiug them in place
until they cool. ¢e are two similar balls on supports ¢! ¢,
whose distance apart can be adjusted by ebonite bolts and nuts
¢* 6! acting against other nuts ¢%. ¢! is a flexible membrane,
preferably of parchment paper, glued to the supports ¢' and
forming a veasel which is filled with dielectric liquid, prefer-
ably vaseline-oil slightly thickened with vaseline.

The oil or insulating liquid between the spheres ¢ ¢ increases
the power of the radiation, and also enables one to obtain con-
stant effects, which are not easily obtained if the oil is
omitted.

The balls d and e are preferably of solid brass or copper, and
the distance they should be apart depends on the quantity and
electro-motive force of the electricity employed, the effect in-
creasing with the distance (especially by increasing the dis-
tance between the spheres d and the spheres ¢) so long as the
discharge passes freely. With an induction coil giving an
ordinary 8-inch spark the distance between e and e should be
from Jx to g of an inch, and the distance between d and ¢
about one inch.

When it is desired that the signal should only be sent in one
direction, I place the oscillation producer in the focus or focal
line of a reflector directed to the receiving station.

f (figure 3) and f (figure 4) show the cylindrical parabolic
reflector made by bending a metallic sheet, preferably of bras
or copper to form, and fixing it to metallic or wooden ribs /!
(figure 3).

Other conditions being equal, the larger the balls the greater
is the distance at which it is possible to communicate. I have
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central core with one of the platinum contacts attached toit
to revolve by coupling it to a small electric motor c*.

This motor can be worked by the same circuit that works
the coil, or if necessary by a separate circuit—the connections
are not shown in the drawing.

By this means the regularity and power of the discharge of
an ordinary induction coil with a trembler brake are greatly
improved.

The induction coil ¢ (figure 3) may, however, be replaced by
any other source of high-tension electricity.

When working with large amounts of energy it is, however,
better to keep the coil of the transformer constantly working
for the time during which one is transmitting, and, instead of
interrupting the current of the primary, interrupting the dis-
charge of the secondary.

In this case the contacts of the key should be immersed
in oil, as otherwise, owing to the length of the spark, the
current will continue to pass after the contacts have been
separated.

A further improvement has for its object to facilitate the
focussing of the electric rays.

This part of my invention is illustrated in figure 7, in which
a view is given of the modified oscillation producer mounted in
the focus of an ordinary parabolic reflector /.

The oscillator in this case is different from the one I have
previously described, because instead of being constituted of
two spheres it is made of two hemispheres e ¢ separated by 3
small space filled with oil or other dielectric. The spark be-
tween the hemispheres takes place in the dielectric from small
projections at the centres of the hemispheres. The working
and adjusting of this oscillator are similar to that of the one
previously described.

This arrangement may be also solidly mounted in an ebonite
tube, as shown in figure 6.

A receiver which may be used with this “transmitter is
shown in figure 8, and has already been described.

Tt is not essential to have a reflector at the transmitters and
receivers, but in their absence the distance at which one can
communicate i8 much smaller.

Figure 9 shows another modified form of transmitter with
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which one can transmit signals to considerable distances with-
out using reflectors.

In figure 9, ¢ ¢ are two poles connected by a rope ¢, to which
are suspended by means of insulating suspenders two metallic
plates £ ¢2 connected to the spheres e (in oil, or other dielectric,
asbefore) and to the other balls ¢ in proximity to the spheres ¢!,
which are in communication with the coil or transformer c.
The balls ¢ are not absolutely necessary, as the plates 2 may
be made to communicate with the coil or transformer by means
of thin insulated wires. The receiver I adopt with this trans-
mitter is similar to it, except that the spheres ¢ are replaced
by the sensitive tube or imperfect contact j (figure 5), whilst
the spheres ¢ may be replaced by the choking coils &' in com-
munication with the local circuit. If a circular-tuned receiver
of large size be employed, the plates ¢ may be omitted from the
receiver. I have observed that, other conditions being equal,
the larger the plates at the transmitter and receiver, and the
higher they are from earth, and to a certain extent the farther
apart they are, the greater is the distance at which correspond-
ence is possible.

For permanent installations it is convenient to replace the
plates by metallic cylinders closed at one end, and put over the
pole like a hat, and resting on insulators. By this arrange-
ment no wet can come to the insulators, and the effects obtain-
able are better in wet weather.

A cone or hemisphere may be used in place of a cylinder. The
pole employed ought preferably to be dry and tarred.

Where obstacles, such as many houses or a hill or moun-
tains, intervene between the transmitter and the receiver, I
have devised and adopt the arrangement shown in figures
10 and 11.

In the transmitting instrument, figure 10, I connect one of
the spheres d to earth E preferably by a thick wire, and the
other to a plate or conductor », which may be suspended on a
pole » and insulated from earth. Or the spheres d may be
omitted and one of the spheres e¢ be connected to earth and
the other to the plate or conductor .

At the receiving station, figure 11, I connect one terminal of
the sensitive tube or imperfect contact j to earth E, preferably
also by a thick wire, and the other to a plate or conductor u,

I d
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preferably similar to . The plate v may be suspended on a
pole £, and should be insulated from earth. The larger the
plates of the receiver and transmitter, and the higher from
the earth the plates are suspended, the greater is the distance
at which it is poesible to communicate at parity of other
conditions.

The figure does not show the trembler or tapping arrange-
ment. &' £ are the choking coils, which are connected to the
battery circuit, as has been explained with reference to the
previous figures,

At the receiver it is possible to pick up the oscillations from
the earth or water without having the plate w. This may be
done by connecting the terminals of the sensitive tube j to
two earths, preferably at a certain distance from each other and
in a line with the direction from which the oscillations are
coming. These connections must not be entirely conductive,
lmt must contain a condenser of suitable capacity, say of one
square yard surface (parafined paper as dielectric).

Balloons can also be used instead of plates on poles, provided
they carry up a plate or are themselves made conductive by
bieing covered with tinfoil.  As the height to which they may
be sent is great, the distance at which communication is
possible becomes greatly multiplied. Kites may also be suc-
cessfully employed if made conductive by means of tinfoil

When working the described apparatus, it is necessary either
that the local transmitter and receiver at each station should
be at a considerable distance from each other, or that they
should be screened from each other by metal plates. It is
sufficient to have all the telegraphic apparatus in a metal box
(except the reading instrument), and any exposed part of the
circuit of the receiver enclosed in metallic tubes which are in
electrical communication with the box (of course the partof
the apparatus which has to receive the radiation from the dis-
tant station must not be enclosed, but possibly screened
from the local transmitting instrument by means of metallic
sheets).

When the apparatus is connected to the earth or water the
receiver must be switched out of circuit when the local trans-
mitter is at work, and this may also be done when the apparatus
is not earthed.
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related in her Letters and Journals.' Post 8vo, 6s.

CUMBERLAND. Sport on the Pamirs and Turkistan Steppes.
By Major C. B. CuMBERLAND. With Map and Frontispiece. Demy 8vo, 10s. 6d.

CURSE OF INTELLECT. Third Edition. Fcap. 8vo, 2s. 6d. net.

CUSHING. The Blacksmith of Voe. By PauL CusHING, Author
gt ¢ Tsh;e gdun {’ th’ Thorn,’ *Cut with his own Diamond.’ Cheap Edition. Crown
vo, 8s. 6d.

DARBISHIRE. Phgaica.l Mags for the use of History Students.
By BERNHARD V. DarBIsHIRE, M.A., Trinity College, Oxtord. Two Beries:—
Ancient History (9 maps); Modern History (12 maps). {In the press.
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DAVIES. Norfolk Broads and Rivers; or, The Watemys,
ndDmnofMAnglh. %‘. CnxmormDAvm. ustrated
page Plates. New and per Edition. Omn 8vo, bs.
Dmcuu'm Tbo Method, Meditations, and m{)les of Philo-
:?: lnuodncm Bllﬁoﬂglm mCﬂogul, onrmchwn Philosophy.
By Professor V! L{..D Glssgow University. Eleventh Edition. 6s. 6d.
DOUGLAS.

The Ethics of John Stuart Mill. y CHARLES DoucLas,
lA..DBc. M.P., lnuucmmlnlonlm%?h , and Assistant to the Pro-
fossor of Moral Phﬂooophy in the Universi h. Post 8vo, 6s. net.

John Stuart Mill: A Study of hm Philosophy. Crown 8vo,
4a. 6d. Det.

DOUGLAS. Chinese Stories. By Roexrr K. Doveras. With
numerous Nlustrations by Parkinson, Forestier, and others. New and Chesper
Bditicn. 8mall demy 8vo, bs.

DOUGLAS. Iras: A Mystery. By Trro. Douaras, Author of
‘ A Bride Elect.’ Cheaper ﬁm,lnPlporCoverlpecmly designed by Womnth.
Crown 8vo, 1s. 6d.

DZIEWICKL Entombed in Flesh. By M. H. DzEwickL
Orown 8vo, 8s. 6d.

ELIOT.

George Eliot’s Life, Related in Her Letters and Journal.
Arranged and !dlbed b her husband, J. W. Cross. With Portrait and other
Nlastrations. , tion. 8 vols. post 8vo, 428

George Eliot's foe. With Portrait and other Illustrations.
New ldmon. in one volume. Crown 8vo, 7s. 6d.

Works of George Eliot (Standard Edition). 21 volumes,
crown 8vo. In buckram cloth, gilt top, 2s. 6d. per vol; or in roxburghe
binding, 3s. 6d. per vol.

Apax Broe. 2 vols.—THE MILL ON THE Fross. 8 vols.—FeLix Hovt, TEE
RapicAL. 2 vols.—Romora. 2 vols.—80EN®s or OLERricAL LiFe, $ voli—
MIDDLEMARCH. 8 vols.—DANIEL DERONDA. 8 vols,—S8ILAS mnnn. 1 vol.
—JuBaL. 1 vol.—THE BPaN1SB Gipsy. 1 voL—Essays. 1 vol.—THEOPERAS-
TUs S8ucn. 1 vol.

Life and Works of Geo:ie Eliot (Cabinet Edition).
volumes, crown 8vo, price £8. 0to be had handsomely bound in half snd fnu
calf. The Volumes are sold separately, bound in cloth, price 5s. each.

Novels by George Eliot. New Cheap Edition. Printed on
fine Md psgr, nnlforml bound.

e Mill on the Floss. 8s, 6d.—8cenes of Clerical
Llfe 3s.—8{las lnmcr the Weaver of Raveloe. 2. 6d.—Felix Holt, the

;hdaldell. 8s. 6d.—Romols. 8a. 6d.—Middlemarch. 7s. 6d.—Daniel Deronds-
8. 6d.

Essays. New Edition. Crown 8vo, 6s.
Impressions of Theophrastus Such. New Edition. Crown

8vo, 5s.
The Spanish Gypsy. New Edition. Crown 8vo, 58

The Legend of Jubal, and other Poems, Old and Nev.
New Edition. Crown 8vo, 65

Silas Marner. New Edition, with Illustrations by Reginald
Birch. Crown 8vo, 6s.
Scenes of Clerical Life. Pocket Edition, 3 vols. pott 8%

18. net each ; bound ln leather, 18. 6d. net each. Illustrated Edition, W‘“‘z

Illustrations’ by H. R. Mill,
D paper cover, price 6d {Hiary crown 8vo, 2. 4. Popular Edition, ro
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Adam Bede. Pocket Edition. In 3 vols. pott 8vo, 3s. net;
bound in leather, 4s. 6d. net. Popular Edition, royal 8vo, in paper cover, price 6d.
Wise, Witty, and Tender Sayin Igs, in Prose and Verse. Selected
from the Works ot Georaz Erior. New Edition. Feap. 8vo, 8s. 6d.
ELTON. The Augustan Ages. “Periods of European Litera-
ture.” By OuiveR ErToN, B.A., Lecturer in English Literature, Owen's College,
Manchester. Crown 8vo, 5s. nct.
ESSAYS ON SOCIAL SUBJECTS. Originally published in

the ‘Saturday Review.' New Edition. First and nd es. 3 vols. crown
8vo, 6s. each.

FAHIE. A History of Wireless Telegraphy. 1838-1899. By
J. J. Faglg, Member of the Institution of Electrical Engineers, London, and of
the Bociété Internationale des Electriciens, Paris; Author of ‘A History of
Electric Telegraphy to the Year 1837," &c. With Illustrations. Crown 8vo, 6s.

FAITHS OF THE WORLD, The. A Concise History ot the
Great Religious Bystems of the W(_)rld. 'Bv various Authors. Crown 8vo, 5s.

FALENER. The Lost Stradivariua. By J. MEADR FALKNER,
Author of ‘ Moonfleet,’ &c. Becond Edition. Crown 8vo, 6s. .

FERGUSON. Sir Samuel Ferguson in the Ireland of his Day.
By Lapy Fxrauson, Author of ‘ The Irish before the Conquut,' ¢ Life of William
Reeves, D.D., Lord Bishop of Down, Connor, and Drumore,’ &c., &c. With
Two Portraits. 2 vols. post 8vo, 31s. .

FERGUSSON. Scots Poems. By RoBerT FrrcussoN. With
Photogravure Portrait. Pott 8vo, gilt top, bound in cloth, 1s. neb.

FERRIER.

Philosophical Works of the late James F. Ferrier, B.A.
Oxon., Professor of Moral Philosophy and Political Economy, 8t Andrews.
New Edition. Edited by 8ir ALEXANDER GRANT, Bart., D.C.L., and Profeasor
LUSHINGTON. 8 vols. crown 8vo, 84s. 6d.

Institutes of Metaphysic. Third Edition. 10s. éd.
Lectures on the Early Greek Philosophy. 4th Edition. 10s. 6d.

Philosophical Remains, including the Lectures on Early
nm%mk osophy. New Edition. 8 vols. 94s.

Historical Philosophy in France and French Belginum and
Switzerland. By RosErT Furint, Corresponding Member of the Institute of
France, Hon. Member of the Royal S8ociety ot Palermo, Professor in the Univer.
sity of Edinburgh, &e. 8vo, 21s.

Agnosticism. Being the Croall Lecture for 1887-88, I the
n '688.
Theism. Being the Baird Lecture for 1876. Ninth Edition,

vised. Crown 8vo, 7s, 6d.

Anti-Theistic Theories. Being the Baird Lecture for 1877.
Fifth Edition. Crown 8vo, 10s. 6d.

Sermons and Addresses. Demy 8vo, 7s. 6d.
FORD.

'Postle Farm. By Grorge Forp. Crown 8vo, 6s.

The Larramys. Second Edition. Crown 8vo, 6s.

FOREIGN CLASSICS FOR ENGLISH READERS. Edited
by Mrs OLIPHANT, Price 1s. each. For List of Volumes, see page 3.
FOSTEIR e Fallen City, and other Poems. By WriLL FosTEr,

Crown 8vo, 68.

FRANCILLON. Godsand Heroes ; or, The Kingdom of Jupiter.
By R. B. FraxciLron, With 8 Nlustrations. Crown 8vo, 5s.
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FRANCIB. An&o the H:g‘rggdegxay& By M. lE.Dl.ﬁmwmf
mwwmmm'u Or‘ovnlvo.u:‘l.y A Danghter o
FRASER Philoao&hy of Theism. Being the Gifford Lectures
delivered before the Un!nnit{ of Edinburgh in 1894-96. By ArLxxumpm
Camrasit Fraszr, D.C.L. Oxford; Emeritus Professor of Logic and Meta-
ry&an:: the University of Edinburgh. 8econd Edition, Revised. Post 8vo,

GALT. Novels by Jorx GarLr, With General Introduction and
Prefatory Notes by 8. R. Onocxerr. The Text Revised and Edited by D.
Sroarar MzLpROUM, Author of ‘The Story of Margrédel' With Photogravare
Illustrations from Drawings by John Wallace. Fcap. 8vo, $s. net each vol.

Awwals or taz Parisg, and TEx AYRSHIRE LxoaTxEs. 2 vols.—SIR ANDREW
Wvruis. 8 vols.—Trx ExraiL; or, The Lairds of Grippy. 8 vols.—Taz Pro-
vost, and Tux Last or THE LairRDs. 32 vols.

Ses also BTANDARD NovzLs, p. 6.

GENERAL iAISSEMBI‘g‘Y OFATHEdCHIIJ'nRCH OF SC%%

Soottish Hymnal, With pendix Incorporated. i
for use in Churches by Anohorgy of the Genemrmembly. 1, Large type,
cloth, red edges, 2s. 6d.; French morooco, ¢s. 2. Bourgeois type, limp cloth, ls.;
French morooco, 2s. 8. Non il og;, cloth, red eﬁiu. 6d.; French morocco,
1s. 4d. ¢ Paper covers, 8d. 8. day-8chool tion, paper covers, 1d.,
eloth, 8d. No. 1, bound with the Psalms and Paraphrases, Prench moroceo, 8.
Nc. 8, bound wieﬁ t:he Psalms and Pu;npnmu, alo h, 28.; French moroceo, 3.

Prayers for Social and Family Worship. Prepared by s
8 O itdee of the G 1 Assembly of the Church of Scotland. Entirely
New Edition, Rovind and Enhrgod Feap. 8vo, red _edges. 28 )

‘Prayers for Family Worship. A Selection of Four Weeks
yors. New Edition, Authorised by the General Assembly of the Church of
8cotland. Weap. 8vo, red edges, 1s. 6d

"One Hundred Prayers. Prepared by the Committee on Aids
to Devotion. 16mo, cloth limp, 6d.

Morning and Evening Prayers for Affixing to Bibles. Prepared
by the Committee on Aids to Devotion. 1d. for 6, or 1s. per 100.

Prayers for Soldiers and Sailors. Prepared by the Committes
on Aids to Devotion. Thirtieth Thousand. 16mo, cloth limp. 2d. met.
GERARD.

Reata: What's in a Name. By E. D. Gerarp. Cheap
Edition. Crown 8vo, 8s. 6d.

" Beggar my Neighbour. Cheap Edition. Crown 8vo, 3s. 6d.
The Waters of Hercules. Cheap Edition. Crown 8vo, 3s. 6d.
A Sensitive Plant. Crown 8vo, 3s. 6d.
GERARD.
A Foreigner. An Anglo-German Study. By E. Grrarp.

Crown 8vo, 6s.

‘The Land beyond the Forest. Facts, Figures, and Fancies
from Transylvania. With Maps and Illustrations 2 vols. post 8vo, 258.

Bis: Some Tales Retold. Crown 8vo, 6s.

A Secret Mission. 2 vols. crown 8vo, 17s.
* An Electric Shock, and other Stories. Crown 8vo, 6s.

GERARD.

One Year. By DororHEA GERARD. Crown 8vo, 6s.
The Impediment. Crown 8vo, 6s.

A Forgotten Sin. Crown 8vo, 6s.

A Spotlass Reputation. Third Edition. Crown 8vo, 6s.
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GERARD.
The Wrong Man. Second Edition. Crown 8vo,
Lady Baby. Cheap Edition. Crown 8vo, 3a. A
Recha. Second Edition. Crown 8vo, 6s.
The Rich Miss Riddell. Second Edition. Crown 8vo, 6s.

GERARD. Stonyhurst Latin Grammar. By Rev. JoEN GERARD.
Second Edition. Fcap. 8vo, 8s.
GOODALL. Association Football. By JoaN Gooparr. Edited
by 8. ArcH1BALD DE BeAR. With Diagrams. Fecap. 8vo, 1a.
GORDON CUMMING.
At Home in Fiji. B F. Gorpon Cumming. Fourth

Edition, 8vo With mtntdonl and Map. 7s. 6d.
A Lady’s ume m a French Man-of-War, New and Cheaper
Edition. 8vo. th Ilustrations and Map. 13s. 6d.

Fu'e-Fountams The Kingdom of Hawaii: Its Volcanoes,
and the History of {ts Missions. ith Map and Illustrations. 2 vols, 8vo, 258.

Wanderings in China. New and Cheaper Edition. 8vo, with
INlustrations, 10s.

Granite Cra% The Y&6-semitd Re%?n of California. Illus-
trated with 8 Engravings. New and Cheaper Edition. 8vo, 8s. 6d.

GRAHAM. Manual of the Elections (Scot.) (Corrupt and Illegal
Practices) Act, 1890. With Analysis, Relative Act of Bederunt, Ap sendix con.
taining the Corrupt Practices Acts of 1888 and 1885, and Oopioul Index. ByJ.
EDpWARD GRAHANM, Advocate. 8vo, 48. 6d.

GRAND.
A Domestic Experiment. By SARAH GrAND, Author of
‘The Heavenly Twins,’ ‘ Ideala: A Study from Life.’ Crown 8vo, 6s.
Singularly Deluded. Crown 8vo, 6s.

GRANT. Bush-Life in Queensland. By A. C. GRANT. New
Bdition. Crown 8vo, 6s.

GRAY. Old Creeds and New Beliefs. By W. H. Gray, D.D,,
Edinburgh. Crown 8vo, 5s.

GREGG. The Decian Persecution. Being the Hulsean Prize
KEssay for 1896. By Joux A. F. Greag, B.A., late Scholar of Christ's College,
Cambridge. Crown 8vo, 6s.

GRIER .
In Furthest Ind. The Narrative of Mr EDwARD CARLYON of
Ellswether, in the Oounty of Northampton, and late of the Honourable East India

Compsny [] Serviee, Gentleman. Wrote by his own hand in the year of grace 1697.
Edited, with a few Explanatory Notes, by BYpnEy C. Grixr. Post 8vo, 6s.

His Excellency’s English Governess. Second Edition. Crown

8vo, 68.

An Uncrowned King: A Romance of High Politics. Second

Edition. Crown 8vo, 6s.
Peace with Honour. Second Edition. Crown 8vo, 6s.
A Crowned Queen: The Romance of a Minister of State.

Crown 8vo, 6s.

Like Another Helen. The History of the Cruel Misfortunes

and Undeserved Distresses of a Young Lady of Virtue and 8ensibility, Resident
in Bengall during the Years 1755-57. Edited by S8vyDnEY C. GRIER. Second
Edition. Crown 8vo, 6s.

GROOT.
A Lotus Flower. By J. MorGAN-DE-GROOT. Crown 8vo, 6s.
Even If. Crown 8vo, 6s.
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HAGGARD. Under Crescent and Star. By Lieut.-Col. ANDREW
Hagaarp, D.B.O., Author of ‘Dodo and I, ‘Tempest Torm,’ &c. With a
Portrait. ' Becond Edition. Orown 8vo, 6s.

HALIBURTON. Horacein Homespun. By HucH HALIBURTON.

A New Edition, containiug additional Poems. With Illustrations by A. 8. Boyd.

In 1 vol. ﬁost 8vo. ) [In the press.
HAMERTON. o

. Wenderholme: A Story of Lancashire and Yorkshire Life.

By Pa..Go.d‘mmxox, Author of ‘A Painter's Camp.’ New Edition. Crown

Mar'x%rxf?. New Edition. Crown 8vo, 3s. 6d.

Lectures on Metaphysics. By Sir Winriam HamruToN,
Bart., Professor of Loqf and Metaphysics in the University of Edinburgh.
Edited by the Rev. H. Maxszr, B.D., LL.D., Dean of 8t Paul's; and JorN
Verron, M.A., LL.D., Professor of Logic and Rhetoric, Glasgow. BSeventh
Edition. 2 vols. 8vo, $aa.

Lectures on Logic. Edited by the Sam®. Third Edition,
Revised. 3 vols., 24s.

Discussions on Philos%l? and Literature, Education and
University Reform. Third on. 8vo, 91s. .

Memoir of Sir William Hamilton, Bart., Professor of Logic
and Metaphysics in the University of Edinburgh. By Professor Verrcw, of the
University of Glasgow. 8vo, with Portrait, 18s.

Sir William Hamilton: The Man and his Philosophy. Two

delivered before the Edinburgh Philosophical Institution, January and
February 1888. By Professor VerrcE. Crown 8vo, 2.

HAMLEY.
The Operations of War Exglained and Illustrated. By

General 8ir Epwarp Broox Hamrxy, K.C.B., KE.C.M.G. Fifth Edition, Revised
throughout. 4to, with numerous Ilustrations, 80s.

National Defence ; Articles and Speeches. Post 8vo, 6s.

Shakespeare’s Funeral, and other Papers. Post 8vo, 7s. 6d.

Thgm&s Carlyle: An Essay. Second Edition. Crown 8vo,
8.

On Outposts. Second Edition. 8vo, 28.

Weélinggon’g Career; A Military and Political Summary.
rown 8vo, 28.

Lsdcg Lee’'s Widowhood. New Edition. Crown 8vo, 3s. 6d.

eaper Edition, 2s. 6d.

Our Poor Relations. A Philozoic Essay. With Illustrations,
chiefly by Ernest Griset. Cmyn 8vo, cloth gilt, 8s. 6d.

The Life of General Sir Edward Bruce Hamley, K.C.B.
K.O.M.G. By ALEXARDER INwES SBHAND. With two Photogravure Portraits an.

other Ilustrations. Cheaper Editlon. With a Statement by Mr EpwarD
HaMLEY. 32 vols. demy 8vo, 10s. 6d.

HANNAY. The Later Renaissance. ‘Periods of European

Literature,’” By DAvip HaNNAY. Crown 8vo, 5s. net.
HARE. Down the Village Street: Scenes in a West Country
Hamlet. By CerisTorHER HARE. Becond Edition. Crown 8vo, 6s.
HARRADEN.

The Fowler. By BEATRICE HARRADEN, Au ¢ Shi
hat Pasy in the Nignt. Third Balsion. - Groms s’ & thor of ‘Ships
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I.ncx‘z::g:g%‘. ol‘{wds: Short Stories. Thirteenth Edition,
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Hilda Strafford, and The Remittance Man. Two Californian
Stories. Eleventh Edition. Crown 8vo, 3s, 6d.
Untold Tales of the Past. With 40 Illustrations by H. R Millar.
uare crown 8vo, gilt top, 6s,

From Batum to Baghdad, vid Tiflis, Tabriz, and Persian
Kurdistan. By WavrTtzr B. Harris, P.R.G.8., Author of ‘The Land of an
African Sultan; Travels in Morocco,’ &¢. With numerous Illustrations and 2
Maps. Demy 8vo, 19s. . N

Tafilet. The Narrative of a Journey of Exploration to the
Atlas Mountains and the Oases of the North-West Sahara. With Illustrations
;»Llhnrlee Romberg from Sketches and Photographs by the Author, and Two

. ps. Demy 8vo, 12s.

A Journey through the Yemen, and some General Remarks
upon that Country. With 8 Maps and numerous Ilustrations by Forestier and

allace from Bketches and Phogmpm taken by the Author. my 8vo, 16s.

Danovitch, and other Stories. Crown 8vo, 6s.

HAY. The Works of the Rxgsht Rev. Dr George Ha&, Bishop of
Edinburgh. Edited under the Supervision of the Right Rev. Bishop BrraIn.
With Memoir and Portrait of the Author. 5 vols. crown 8vo, bound in extra
cloth, £1, 1s. The Iollowini Volumes may be had separately—vis. :
The Devout Christian Instructed in the Law of from the Written
Word. 8 vols., 88.—The Pious Christian Instructed in the Nature and Practice
of the Principal Bxercises of Piety. 1 vol., 8s.

HEMANS.

The Poetical Works of Mrs Hemans. Copyright Edition.
Royal 8vo, with Engravings, cloth, gilt edges, 7s. 6d.
Select Poems of Mrs Hemans. Fcap., cloth, gilt edges, 3s.
HENDERSON. The Young Estate Managers Guide. By

RiceArp HenNDERSON, Member (by Examination) of the Royal Agricultural
Boclety of Englmd. the Highland and Agricultural Bocloti of Scotland, and
the Burveyors’ Institution. With an Introduction by Patrick Wright,
JF.R.8.E,, Professor of Agriculture, Glasgow and West of Bcotland Technic
'Oollo‘ge. With Plans and Disgrams. Crown.avo, 5s. e

KL Cardinal Beaton: Priest and Politician. By
.{,%l:txsﬂm’z’n.sa, Professor of Church History, 8¢ Andrews. With a Portrait.

vo, 7s. 6d.

HEWISON. The Isle of Bute in the Olden Time. With Illus-
trations, Maps, and Plans. By James Kino Hewison, M.A., F.B.A, (8cot.),
Minister of Rothesay. Vol I., Celtic Baintsa and Heroes. Crown 4to, 15s. net.
Vol. II., The Royal Btewards ._nd-bhe Brandanes. Crown 4b0, 158. net.

HOME PRAYERS. By Ministers of the Church of Scotland
and Members of the Church Bervice Society. Second Edition. Feap. 8vo, 8s.

HORNBY. Admiral of the Fleet Sir Geoffrey Phxgps Hornby,
G.C.B. A Blography. By Mrs Frxp. EaxrToN. With Three Portraits. Demy

8vo, 16s.
HUEFFER. The Cinque Ports: A History. By F. Mapox
Huerrer.  With Photogravure and other Illustrations by William Hyde. In
1 vol. royal 4to, . [In the press.
HUTCHINSON. Hints on the Game of Golf. By Horacz G.
HorceiNsoN. Ninth Edition, E; . Feap. 8vo, cloth, 1s.
HYSLOP. The Elements of Ethics. By James H. Hysrop,
Ph.D., Instructor in Ethics, Columbia College, New York, Author of ‘The
Elements of Logic.’ Post 8vo, 7s. 6d. net.

IDDESLEIGH. Life, Letters, and Diaries of Sir Stafford North-
cote, First Earl of Iddesleigh. By ANDREW Laxg. With Three Portraits and a
View of Pynes. Third Edition. 2 vols. post 8vo, 81s. 6d.
PoruLaR Eprrion. With Portrait and View of Pynes. Post 8vo, 7s. 6d.
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JEAN JAMBON." Our Trip to Blunderland ; or, Grand Ex-
cursion to Blundertown and Onxl'"?! Jran Jaxson, ith Sixty Illustrations

designed by CBanLEs DovLx, by Darzizr. Fourth Thousand. OCloth,
JEBB.mmu“' Cheap Edition, cloth, 8s. 6d. Boards, 2s. 6d.

A BStrange Career. The Life and Adventures of Jomw
Guapwyx Jess. By his Widow. With an Introduction by H. RIpxR HAcGARD,
and an Electrogravure Portrait of Mr Jebb. Third Edition. Demy 8vo, 10s. 6d.

Cerar EsrTion. With Ilustrations by John Wallace. Crown 8vo, 8s. 6d.

Some Unconventional People. By Mrs GrapwynN JEBB,
Author of ‘Life and Adventures of J. G. Jebdb." With Illustrations. Cheap
Edition. Paper covers, 1s.

JERNINGHAM.
Reminiscences of an Attaché. By HuBkrT E. H. JERNINGHAM,
. Becond Edition. (?rovn 8vo, b8
Diane de Breteuille. A Love Story. Crown 8vo, 2s. éd.
JOHNSTON.
The Chemistry of Common Life. Bg Professor J. F. W.

Jonxston. New Edition, Revised. By ArTEUR HERBERT CHURCH, M.A. OxO0N.}
Author of ' Food : its Bources, Constituents, and Uses,’ &6. With Maps and 103
Engravings. Crown 8vo, Ts. 6d. . .

Elements of Agncultuml Chemxstx&y. An ent.xre%y Neow
Edition from the Edition by Bir CEARLEs A. CaMxBox, M.D., F.R.C.8.1., &c.
Revised and brought down to date by O. M. AixmaN, M.A., B.8Sc.,, F.R.8.E.,
Pmﬁ:lor of Chemistry, Glasgow Veterinary College. 17th Edition. Crown 8vo,

06s. 6
Catechism of %(gricultnml Chemistry. An entirely New
Edition from the tion by Bir CEaARLES A. CAMERON. Revised and Enlarged
gy C. la( Axlnnn, M.A., &c. 95th Th d. With Nlustrations.

rown 8vo, 1s.
JOHNSTON. Agricultural Holdinga (Scotland) Acts, 1883 and
1889 ; and the Ground Game Act, 1880. ith Notes, and Bummary of Procedure,
OBRI1BTOPHER N. JonNsTON, M.A., Advocate. Demy 8vo, bs.

&c. By
JOKAL Timars Two Worlds. By MAURUS JoRAL Authorised
Translation by Mrs HxeaNn KENNarp. Cheap Edition. Crown 8vo, 6s.

KEBBEL. The Old and the New: English Country Life. By
T. E. KesaL, M. A, Author of ‘ The Agricultural Labourers,’ * Essays in History
and Polities,’ ¢ Life of Lord Beaconsfield." Crown 8vo, 6s.

KENNEDY. A Life on the Ocean Wave. By Vice-Admiral Sir

WiLLiaM KeNNeDYy, K.C.B., Author of ‘8port, Travel, and Adventure in New-
foundland and the West Indies.’” With Illustrations from S8ketches by the

Author. In 1 vol. demy 8vo. [In the press.
KERP;. 2b‘1'.6(1.A.xxdrewa in 1645-46. By D. R. Kkgr. Crown
vo, 28.
KINGLAKE.

History of the Invasion of the Crimea. By A. W. KINGLAKE,
Oabinet Edition, Revised. With an Index to the Complete Work. Illustrated
with Maps and Plans. Complete in 9 vols., crown 8vo, ab 6s. each. .

—_ Abridged Edition for Military Students. Revised by

Lient.-Col. Bir GEorce 8vpENBAM CLARKE, K.C.M.G., R.E. Demy 8vo, 155. net.
Atlas to accompany above. Folio, 9s. net.

History of the Invasion of the Crimea. Demy 8vo. Vol VI,
Winter Troubles. With a Map, 16s. Vols. VII. and VIII. From the Morrow of
Inkerman to the Death of Lord Raglan With an Index to the Whole Work.
With Maps and Plans. _2§n

Eothen. A New Edition, uniform with the Cabinet Edition
of nlgn'llﬂx;ng of the Ing'g.laélo‘npof the Crimea.’ 6s.

DITION, ortrait and Blographical 8ketch of the Aathor.
Orown 8vo, 8s. 6d. Popular Edition, in psl;))er cover, 1a. net,
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KIRBY. In Haunts of Wild Game: A Hunter- Naturalist's
Wanderings from Kal ba to Libombo. By FrEpERICK VAUGHAN KIRBY,
F.2.8. (Magaqamba). ith numerous Illustrations by Charles Whymper, and a
Map. Large demy 8vo, 25s.

KNEIPP. My Water-Cure. As Tested through more than
Thirty Years, and Described for the Healing of Diseases and the Preservation of
Health. By’Snmﬂm Enzipp, Parish Priest of Worishofen (Bavaria). With a
Portrait and other Illustrations. Authorised English Translation trom the
Thirtieth German Edition, by A. de F. Chngnl!ditlon. With an Appendix, con-
taining the Latest Developments of Pfarrer Kneipp's 8ystem, and a Prefsce by
E. Gerard. Orown 8vo, 8s. 6d. .

LANG.
A History of Scotland from the Roman Occupation. By
ANDREW LANG. Demy 8vo. (Vol. I. in the press.

Life, Letters, and Diaties of Sir Stafford Northcote, First
Earl ot Iddesleigh. With Three Portraits and s View of Pynea. Thhd Edition.
2 vols. post 8vo, S1s. 6d.
Pprm.u EpiTioN. With Portrait and View of Pynes. Post 8vo, 7s. 6d.
The nghla.nds of Scotland in 1760. From Manuscript 104
in the King's Library, British Museunm. With an Introduction by ANDREW LaNa.
Crown 8vo, 5s. net.

LANG. The Exgansion of the Christian Life. The Duff Lec-
ture for 1897. By the Rev. J. MarsEALL LaNG, D.D. Orown 8vo, 58.

LEES. A Handbook of the Sherift and Justice of Peace Small
Debt Courts. With Notes, References, and Forms. By J. M. Lxks, Advocate,
8heriff of 8tirling, Dumbarton, and Olackmannan. 8vo, 7s. 6d.

LENNOX anp STURROCK. The Elements of Physical Educa-
tion : A Teacher's Manual. By Davip Lenwox, M.D., late R.N., Medical Director
of Dundee Public Gymnasium, and ALEXANDER BTURROCK, Superintendent of
Dundee Public Gymnasium, Instructor to the University of 8t Andrews and
Dundee High 8chool. With Original Musical Accompaniments to the Drill by
Harry EveRiTr LosEBy. With 130 Illustrations. Crown 8vo, 4s.

LEWES. Dr Southwood Smith: A Retrospect. By his Grand-
gaug:ter. Mrs O. L. Lewes. With Portraits and other Illustrations. Post
vo, 68.

LINDSAY.

Recent Advances in Theistic Philosophy of Religion. B}y Rev.
James Linpsay, M.A., B.D,, B.8c., F.R.8.E., F.G.8., Minister of the Parish of
8t Andrew’s, Klimxmock. f)omy 8vo, 12s. ed net.

Thg P:.ogressiveness of Modern Christian Thought. Crown
vo, 6s.

Essays, Literary and Philosophical. Crown 8vo, 3s. 6d.
The Significance of the Old Testament for Modern Theology.

Orown 8vo, 1s. net.

The Teaching Function of the Modern Pulpit. Crown 8vo,

1s. net.

JOCKHART.

Doubles and Quits. By LAurkNcE W. M. LockHART. New
Editlon. Crown 8vo, 8s. 6d.

Fair to See. New Edition. Crown 8vo, 3s. 6d.
Mine is Thine. New Edition. Crown 8vo, 3s. 6d.
JOCKHART.

The Church of Scotland in the Thirteenth Century. The
Life and Times of David de Bernham of 8t Andrews (Bishop), A.p. 1289 to 1258,
With List of Churches dedicated by him, and Dates. B: 1LLIAM LOCKHART,
A.M., D.D., F.B.A BScot., Minister of Colinton Parish. 2d Edition. 8vo, 6s.

Dies Tristes : Sermons for Seasons of Sorrow. Crown 8vo, 6s.
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LORIMER.

The Institutes of Law : A Treatise of the Principles of Juris-
g‘ndeuco as determined by Nature. By the late Jawszs LormMxr, Professor of
blic Law and of the Law of Nature and Nations in the University of Edin-

New Edition, Bevised and much Enlarged. 8vo, 18s.
The tutes of the Law of Nations. A Treatise of the
Jural Relation of Be) te Political Communities. In 2 vols. 8vo. Volumsl,

Kﬁ“ 16s. Volume [I., {)ﬂee 20s. . .

LUGARD. The Rise of our East African Empire: Early Efforts
in Uganda and N and. By F. D. Lugarp, Captain Norfolk Regiment.
With 150 Ilustrations from Drawings and Photographs under the personal
superintendence of the Author, and 14 specially prepared Maps. In 2 vols. large

demy 8vo, 42s. R . . .
LYNDEN-BELL. A Primer of Tactics, Fortification, Topo-
mphyEz mds‘~ l:lolt:ry law. By Capt. C. P. LynpEN-BeLL  With Diagrams.
wn 8vo,

MABIE.
Esn?n on Natureand Culture. By HaMrLTON WRIGHT MABEE
With Portrait. Feap. 8vo, 8sa. 6d.
Books and Culture. Fcap. 8vo, 3s. 6d.
MCCHESNEY.
Miriam Cromwell, Royalist : A Romance of the Great Rebel-
lion. By Doma GrxexwzLL MCCHEsNEY, Orown 8vo, 6s.
Kathleen Clare: Her Book, 1637-41. With Frontispiece, and
five full- INlustrations by James A. Bhearman. Crown 8vo, 6s.
M‘COMBIE Cattloand Cattlo-Breeders. By WILLIAM M‘CoBIE
Tillyfour. New Edition, Euhrgd. with Memoir of the Author by Jauw
MacponaLp, F.R 8. E., Secretary Highland and Agricaltural Bociety of Scotland.
Crown 8vo, 8s. 6d.
M‘CRIE. .
Works of the Rev. Thomas M‘Crie, D.D. Uniform Edition.
4 vola. crown 8vo, 24a

Life of John Knox. Crown 8vo, 6s. Another Edition, 3s.6d.

Life of Andrew Melville. Crown 8vo, 6s. .

History of the Progress and Suppression of the Reformation
in Italy in the Bixteenth Century. Crown 8vo, 4s. .

History of the Progress and Suppression of the Reformation
in Spain in the Bixteenth Century. Crown 8vo, 8s. 6d.

MACDOKIALD. A Manual of the Criminal Law (Scotland) Pro-

cedure Act, 1887. By NorRMAN DORAN MACDONALD. Revised by the Lorp
JusTioE-CLERK. 8vo, 108. 6d.

MACDOUGALL anp DODDS. A Manual of the Local Govern-
ment (S8cotland) Act, 1894. With Introduction, Explanatory Notes, and Copious
Index, By J. PatreN MacDovaaLL, Legal S8ecretary to the Lord Advocate, and
J. M. Dopps. Tenth Thousand, Revised. Crown 8vo, 2s. 6d. net.

MACINTYRE. Hindu-Koh: Wanderings and Wild Sports on
and beyond the Himalayas. By Major-General DoNaLD MACINTYRE, V.C., lst
Prince of Wales' Own Goorkhas, F.R.G.8. Dedicated to H.R.H. the Princ of
Wales. New and Cheaper Edition, Revised, with numerous Illustrations. Post

8vo, 8s. 6d.
~ . N o :
MACKENZIE. Studies in Roman Law. With Comxf.ratl\'e
Views of the Laws of France, England, and Scotland. By LorDp CEENZIE ‘
one of the Judges of the Court of Session in Scotland. BSeventh Edition, Edited
by JomN KIRKPATRIOK, M.A., LL.B., Advocate, Professor of History in th |
University of Edinburgh. 8vo, 21s.

MPHERSON. (Golf and Colfers. Past and Present. Byl
oN, Ph.D., F.R.8.E. With an Int, i oD
A. J. BALFoUR, and a Portrait of the Autl:or.ch:;?gvug? IO: '&’im Right B
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MAXWELL.

The Honourable Sir Charles Murray, K.C.B. A Memoir.
By Bir HerBERT MAXWELL, Bart., M.P., F.B.A., &c., Author of ‘ Passages in
the Life of 8ir Lucian Elphin.' With Five Portraits. Demy 8vo, 18s.

Life and Times of the Rt. Hon. William Henry Smith, M.P.
With Portraits and numerous Illustrations by Herbert Railton, G. L. Beymour,
and Others. 8 vols. demy 8vo, 258.

PorurARr Eptrion. With a Portrait and other Illustrations. Crown 8vo, 8s. 6d.

Scottish Land-Names : Their Origin and Meaning. Being
the Rhind Lectures in Archeology for 1893. Post 8vo, 6s.

Meridiana : Noontide Kssays. Post 8vo, 7s. 6d.

Post Meridiana : Afternoon Essays. Post 8vo, 6s.

A Duke of Britain. A Romance of the Fourth Century.
Fourth Edition. Crown 8vo, 6s.

Dumfries and Galloway. Being one of the Volumes of the
County Histories of Scotland. With Four Maps. Demy 8vo, 7s. 6d. net.
MELDRUM.
Holland and the Hollanders. By D. STorraArR MELDRUM.
With numerous Illustrations and a Map. Becond Edition. Square 8vo, 6s.

The Story of Margrédel Being a Fireside History of a Fife-
shire Family. Cheap Edition. Crown 8vo, 8s. 6d.

Grey Mantle and Gold Fringe. Crown 8vo, 6s.

MELLONE. Studiesin Philosophical Criticism and Construction.
By 8vyoNEYy HERBERT MELLONE, M.A. Lond., D.Sc. Edin. Post 8vo. 10s. 6d. net.

MERZ. A Histor; of European Thought in the Nineteenth Cen-
tury. By JomxN opoRE MxRz. Vol. I., post 8vo, 108. 8d. net.
MICHIE.

The Larch: Being a Practical Treatise on its Culture and
General Management. By CHRIsTOPHER Y. MicHix, Forester, Cullen House.
Crown 8vo, with Illustrations. New and Cheaper Edition, Enlarged, 6s.

The Practice of Forestry. Crown 8vo, with Illustrations. @s.

MIDDLETON. The Story of Alastair Bhan Comtzn ; or, The
Tragedy of Dunphail. A Tale of Tradition and Romance. By the Lady MmopLE-
TON. uare 8vo, 108, Cheaper Edition, 58,

MINTO.
A Manual of English Prose Literature, Biogmghical and
Critical : designed mainly to show Characteristica of Style. y W

. MINTO,
M.A., Hon. LL.D. of 8t Andrews ; Professor of Logic in the University of Abar-
deen. Third Edition, Revised. Crown 8vo, 78. 6d.

Characteristics of English Poets, from Chaucer to Shirley.
New Edition, Revised. Crown 8vo, 7s. 6d.
MINTO. .
Plain Principles of Prose Composition. Crown 8vo, 1s. 6d.
The Literature of the Georgian Era. Edited, with a Bio-
graphical Introduction, by Professor KxiorT, 8t Andrews. Post 8vo, 6s.
MITCHELL.
The Scottish Reformation. Its Epochs, Episodes, Leaders,
and Distinctive Characteristics. Being the Baird Lecture for 1899. By the

late ALexANDER F. MitcRELL, D.D., Emeritus Professor of Church Histo in 8t
., Andrews University. Edited by D. 'Hav FLemixa. In 1 vol. crown 8vo. i
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MODERN ENGLISH WRITERS. In handy crown 8vo

volames, tastetully bound, price 2s. 6d. each.
Matthew Arnold. By Professor SAINTSBURY. [Ready.
Stevenson. By L. Core CORNFORD. Ready.

In Preparation.

TeNNYsoN. By Andrew Lang. Froupe. By John Oliver Hobbes.

RoskiN. By Mrs Meynell. HuxrLev. By Edward Clodd.

Groroe Erior. By Sidney Lee. THACKERAY. By Charles Whibley.

BrownINa. By Augustine Birrell. Dickens. By W. E. Henley.
MOIR.

Life of Mansie Wauch, Tailor in Dalkeith. By D. M. More.

With CRuixsHANK'S [llustrations. Cheaper Edition. Crown 8vo, 2s. 6d.
Another Edition, without Illustrationa, feap. 8vo, 1s. 6d.

Domestic Verses. Centenary Edition. With a Portrait. Crown

8vo, 28. 6d. net.
MOMERIE. .

Defects of Modern Christianity, and other Sermons. By Rev.
ALFRED WILLIAMB MoMERIE, M.A., D.8¢., LL.D. Fifth Edition. Crown 8vo, 5s.

The Basis of ReliFion. Being an Examination of Natural
Relglop. . Third Edf on. Crown 8vo, 2s. 6d. " .

The nogm of Evil, and other Sermons. Eighth Edition,
Enlarged. Crown 8vo, 58.

Personality. The Beginning and End of Metaphyesics, and a Ne-
cessary Assumption in all Positive Philosophy. Fifth Ed., Revised. Cr. 8vo, 8s.

Agnosticism. Fourth Edition, Revised. Crown 8vo, 5s.
Prm% and Hearing ; and other Sermons. Fourth Edition,

COrown 8vo, 58.
Belief in God. Fourth Edition. Crown 8vo, 3s.
Ins&%)ration; and other Sermons. Second Edition, Enlarged.

'wn 8vo, 58.
Church and Creed. Third Edition. Crown 8vo, 4s. 6d.

The Future of Religion, and other Essays. Second Edition.
Crown 8vo, 8s. 6d.

The English Church and the Romish Schism. Second Edition.
Crown 8vo, 2s. 6d.
MONCREIFF.
The Provost-Marshal. A Romance of the Middle Shires. By

the Hon. FrReparIOK MoNcrxIFy. Crown 8vo, 68.

The X Jewel. A Romance of the Days of James VI. Cr.8vo, 6s.

MONTAGUE. Militar Topograpl;‘y. Illustrated by Practical
Examples of a Practical Bubject. By Major-General W. E. MoxNTaaUg, C.B.,
P.S.C., late Garrison Instructor Intelligence Department, Anthor of * Campaigr -
{ng in Bouth Africa.' With Forty-one Diagrams. Crown 8vo, 5s.

MORISON.
Rifts in the Reek. By JEANTE MorisoN. With a Photogravure

Froqtispiecq. pvrown 8vo, bs. Bound in buckram for presentation, 6s.
Doorside Ditties. With a Frontispiece. Crown 8vo, 3s. 6d.
Aolus. A Romance in Lyrics. Crown 8vo, 3s.

There as Here. Crown 8vo, 3s.
*.* A limited impression on hand-made paper, bound in vellum, 7s. 6d.

Selections from Poems. Crown 8vo, 4s. 6d.
Sordello. An Qutline Analysis of Mr Browning’s Poem.

wn 8vo,

Cro 8s.
Ot “Fifine at the Fair,” “Christmas Eve and Easter Day,”

and other of Mr Browning’s Poems. Crown 8vo, 8s.
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MO es Parpose of th Ages. Cro

e Purpose of the wn 8vo, 94
Gordon : An Our-day Idyll. Crown 8vo, 3s.
Saint Isadora, and other Poems. Crown 8vo, 1s. 6d.
Snatches of Song‘.) Paper, 1sa. 8d. ; cloth, 3s.
Pontius Pilate. Paper, 1s. 6d.; cloth, 3a.
Mill o’ Forres. Crown 8vo, 1s. :
Ane Booke of Ballades. Fcap. 4to, 1a

MUNRO.
John Splendid. The Tale of a Poor Gentleman and the Little
Wars of Lorn. By Nziv Mowro. 8ixth Edition. Crown 8vo, 6s.
The Lost Pibroch, and other Sheiling Stories. Fourth
Edition. Crown 8vo, 8. 6d.

MUNRO. L. . . ]

Rambles and Studies in Bosnia-Herzegovina and Dalmatis.
With an Acoount of the proceedings of the Congress of Archsmologists and
Anthropologiste held at S8arajevo in 1894. By RoBErT MUwro, M.A., M.D,
P.R.8.B,, Author of the ‘ Lake Dwellings of Europe,’ &c. With numerous illos-
trations. Demy 8vo, 12s. 6d. net.

Prehistoric Problems. With numerous Illustrations. Demy
8vo, 10e. net.

Prehistoric Scotland and its Place in European Civilisation.
Being a General Introduction to the ‘‘ County Histories of Scotland.” With
namerous [llustrations. Crown 8vo, 78. 6d. net.

MUNRO. On Valuation of Property. By WrLLiam Muxngo
M.A, Her Majesty's Assessor of Rallways and Canals for Scotland, Second
Rdition, Revised and Enlarged. 8vo, 8s. 6d.

MURDOCH. Manual of the Law of Insolvency and Bankruptcy:

Comprehending & Summary of the Law of Insolvency, Notour Bankruptcy, !
GComposition - Contracts, Trust- Deeds, Cessios, and Bequestrations; and the .

Winding-up of Joint-8tock Companies in Scotland : with Annotations on the
various Insolvency and Bankruptcy Statutes; and with Forms of Procedure
applicable to these S8ubjects. la AMxs MORDOCH, Member of the Faculty of
Procarators in Glasgow. Fifth Edition, Revised and Enlarged. 8vo, 128. net.

MY TRIVIAL LIFE AND MISFORTUNE: A Gossip with
no Plotin Particular. By A PLAix WoxaN. Cheap Edition. Crown 8vo, 8& 6d.
By the SAME AUTHOR.
POOR NELLIE., Cheap Edition. Crown 8vo, 3s. 6d.

NEAVES. Songs and Verses, Social and Scientific. By An Old
gont.r‘lbutor to ‘Maga.’ By the Hon. Lord Neaves. Fifth Edition. Feap
V0o, 48.

NICHOLSON.

A Manual of Zoology, for the Use of Students. With &
General Introduction on the Principles of Zoology. By HeNRY ALLEVNE
Nicaorson, M.D,, D.8¢., P.L.8., F.G.S. Rehfins Professor of Natural History in
the University of Aberdeen. Seventh Edition, Rewritten and Enlarged. Post
8vo, pp. 956, with 5556 Engravings on Wgod, 18s. "

Text-Book of Zoolo(gy, for Junior Students. Fifth Edition.
Rewritten and Enlarged. Crown 8vo, with 858 Bogravings on Wood, 10s. 6d.

A Manual of Palmontology, for the Use of Students. Witha
General Introduction on the Principles of Palmontology. By Profeasor H.
AcLeYNE NicHoLsoN and RICHARD LYDEKKER, B.A, Edition, entirely
Rewritten and greatly Enlarged. 2 vols. 8vo, £8,:88.

The Ancient Life-History of the Ea.rtix’.u An Outline of the

Principles and Leading Facts of Palmontological Beience. Crown 8vo, with 376

Engravings, 10s. 6d.
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NICHOLSON.

On the “Tabulate Corals” of the Palmozoic Period, with
Critical Descriptions ot Illustrative 8pecies. Illustrated with 15 Lithographed
Phtes.md numerous Engravings. Buper-royal 8vo, 1e. .

Synogsm of the Classification of the Animal Kingdom. 8vo,
with 108 Illustrations, 6s. . . .

On the Structure and Affinities of the Genus Monticulipora
and its Sub-Genera, with Critical Descriptions of Illustrative Spectes. Illustrated
withnamerous Engravings on Wood and Lithographed Plates.' Super-royal 8vo,18s.

NICHOLSON.

Thoth. A Romance. By Josepr SHreLp NicroLsoN, M.A.,
D.8c., Professor of Commercial and Political Economy and Memnﬂ{o Lawin
the University of Edinburgh. Third Edition. Crown 8vo, 4s. 6d. .

A Dreamer of Dreams. A Modern Romance. Second Edi-

tion. Crown 8vo, 6s.

NICOL. Recent Archaeolo§y and the Bible. Being the Croall

Lectures for 1898. By the Rev. THoMAs Nicor, D.D., Professor of Divinity
and Biblical Criticism in the University of Aberdeen; Author of ‘Recent Ex-
plorations in Bible Lands.” Demy 8vo, 9s. net.

OLIPHANT.

Masollam : A Problem of the Period. A Novel. By LAURENCE
.Ompgm. 8 v.ols.. post 8vo, 258. 6d. o evele .

Scientific Religion; or, Higher Possibilities of Life and
Practice through the Openuion.o{ atural Forces. Becond Edition. 8vo, 16s.

Altiora Peto. Cheap Edition. Crown 8vo, boards, 2s. 6d.;

. cloth! 8s. 6d. Il.lustrnted Edmog. COrown 8vo, cloth, 6s. .

Piccadilly. With Illustrations. g Richard Doyle. New Edi-
tion, 8s. 6d. Cheap Edition, boards, 2s. 6d. .

Traits and Travesties ; Social and Political. Post 8vo, 10s. 6d.

Episodes in a Life of Adventure; or, Moss from a Rolling
Stone. Qheager Edition. Post 8vo, 8s. 6d. ..

Haifa : Life in Modern Palestine. Second Edition. 8vo, 7s. 6d.

The Land of Gilead. With Excursions in the Lebanon.
With Illustrations and Maps. Demy 8vo, 21s.

Memoir of the Life of Laurence Oliphant, and of Alice
Oliphant, his Wife. By Mrs M. O. W. OLiPEANT. Beventh Edition. 2 vols.
post 8vo, with Portraits. 21s.

PopULAR EprrioN. With a New Pretace. Post 8vo, with Portraits. 7s. 6d.

OLIPHANT.
The Autobiogra&hy and Letters of Mrs M. O. W. Oliphant.

Arranged and Edited by Mrs HaArRrY CogHILL. With Two Portraits. Cheap
Edition. Crown 8vo, 6s.

Annals of a Publishin%hﬂouse. William Blackwood and his
8ons ; Their M, ne and Friends. By Mrs OuipEANT. With Four Portraits.
Third Edition. Demy 8vo. Vols, I. and II. £2, 2s.

A Widow’s Tale, and other Stories. With an Introductory
Note by J. M. Barriz. Becond Edition. Orown 8vo, 6s.

Who was Lost and is Found. Second Edition. Crown

8vo, 6s.

Miss Ma.rjoriba.nks. New Edition. Crown 8vo, 3s. 6d.

Thg P%rp&tual Curate, and The Rector. New Edition. Crown

vo, 3s. 6d.

Salem Chapel, and The Doctor's Family. New Edition.
Crown 8vo, 8s. 6d

Chronicles of Carlingford. 3 vols. crown 8vo, in uniform
binding, gilt top, 8s. 6d. each.
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OLIPHANT. .
Katie Stewart, and other Stories. New Edition. Crown 8vo,
cloth, 3a. 64.

Katie Stewart. Illustrated boards, 2a. 6d.
Valentine and his Brother. New Edition. Crown 8vo, 3a 6d
Sons and Daughters. Crown 8vo, 3s. 6d.

Two Stories of the Seen and the Unseen. The Open Door
—Old Lady Mary. Paper covers, ls.
OLIPHANT. Notes of a Pilgrimage to Jerusalem and the Holy
land. By P. R Ouirrawt. Crown 8vo, 3s. 6d.
OMOND. The Romantic TriumPh. “Periods of European
Literature.” By T. 8. OMoxp. In 1 vol crown 8vo. [In the press.

O'NEILL. Songs of the Glens of Antrim. By Morea O'NrLL
Bquare feap. Svo. [In the press.

PATON.

Spindrift. By Sir J. NoxL PaToN. Fcap., cloth, 5a.
Poems by a Painter. Fcap., cloth, 6s.

PATON. Castlebraes. Drawn from “The Tinlie MSS.” By
Jaums Patox, B.A., Editor of ‘Jobn G. Paton: an Autobiography,’ &c., &
Cheap Edition. Crown 8vo, 8s. 6d.

PATRICK. The Apology of Origen in Reply to Celsus. A Chap-
ter in the History of Apologetica. By the Rev. J. PaTrick, D.D., Professor of
Biblical Criticism in the University of Rdinburgh. Post 8vo, 7s. 6d.

PAUL. History of the Royal Company of Archers, the Queen's
Body-Guard for Scotland. By Jamms BaLrovr Paui, Advocate of the Beottish
Bar. Crown 4to, with P ts and other Illustrations. £3, 38 .

PEILE. Lawn Tennis as a Game of Skill. BY Lieut.-Col. S. C.
P. PriLk, B.8.C. Revised Edition, with new SBcoring Rules. Foap. 8vo, cloth, 1s.

PERIODS OF EUROPEAN LITERATURE. Edited by Pro-
fessor SBainraBuny. For List of Volumes, see page 8.

PETTIGREW. The Handy Book of Bees, and their Profitable
Management. 3 A Pxrriorzw. Fifth Edition, Enlarged, with Engravings
Crown 8vo, 8s.

PFLEIDERER. Philosophz and Develogment of Religion.
Being the Edinburgh Giftord for 1894. By Orro Prixmxsres, D.D,
Profeasor of Theology ab Berlin University. In 2 vols. post 8vo, 158. net

PHILLIPS. The Knight's Tale. By F. EmiLy PrrLrres, Author
of ‘ The Education of Antonia.’ Crown 8vo, 8s. 6d.
PHILOSOPHICAL CLASSICS FOR ENGLISH READERS

Edited t:{vnWqux KmorT, LL.D., Professor of Moral Philosophy, University
of Bt Andrews. In crown 8vo volumes, with Portraits, price 8s. 6d.

[For of Volumes, sss poge 1.
POLLARD. A Study in Municipal Government : The Corpors-
tion of Berlin. By James PoLrarp, C.A., Chalrman of the Edinburgh Public
Health Committee, and Becretary of the Edinburgh Chamber of Commerce.
Becond Edition, Revised. Crown 8vo, 8s. 6d.
POLLOK. The Course of Time: A Poem. By RoperT POLLOE,
A.M. New Edition. With Portrait. Fcap. 8vo, gilt top, 2s. 6d.
PORT ROYAL LOGIC. Translated from the French; with

Introduction, Notes, and Appendix. By THomas SpeNcER Baywss, LL D., Pro-
foasor in she Univeraity of 86 Androws. - Teath Edition, 12mo, 4s. '
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PRESTWICH. Life and Letters of Sir Joseph Prestwich, M.A.»
D.C.L., F.R.8. Formerly Professor of Geology in the University of Oxford:
Written and Edited by his Wire. With Portraits and other Illustrations.
Demy 8vo, 21s.

PRINGLE. The Live Stock of the Farm. By Roperr O.
mx’?:‘éd Third Edition. Revised and Edited by Jamxs MACDORALD. Crown

PUBLIC GENERAL STATUTES AFFECTING SCOTLAND
from 1707 to 1847, with Chronological Table and Index. 8 vols. large 8vo, £8, 8s.

PUBLIC GENERAL STATUTES AFFECTING SCOTLAND,
COLLECTION OF. Published Annually, with General Index.

RAMSAY. Scotland and Scotsmen in the Eighteenth Century.
Edited from the MS8S. of Jomx Ramsav, Esq. of Ochtertyre, by ALKXANDER
:x.uﬁnvg:. Author of ‘ Memoir of Admlnls%ord Keith, K.B ," & 2 vols,

vo, 81s. 6d.

RANJITSINHJI. The Jubilee Book of Cricket. By Princs
RaNJiTSINEJIL
iTioN ps Luxe. Limited to 850 Copies, printed on hand -made paper, and
bandsomely bound in buckram. Crown 4to, with 32 Photogravures and 85
fall- Plates. Each copy signed by Prince Ranjitsinhji. Price £5, 5s. net.
Finx Parer EpiTioN. Medium 8vo, with Photogravure Frontispiece and 106
full-page Plates on art g-per. 258. net.
Porurar EpitioN. With 107 full-page Illustrations, Bixth Edition. Large
crown 8vo, 6s.

RANKIN.

Church Ideas in Scn;Eture and Scotland. By James RANKIN,
D.D., Minister of Mathill; Author of ‘Character Studies in the Old Testament,’
&ce. Crown 8vo, 6s. .

A Handbook of the Church of Scotland. An entirely New
and gmch Enlarged Edition. Crown 8vo, with 2 Maps, 7s. 6d.

The First Saints. Post 8vo, 7s. 6d .

The Creed in Scotland. An Exposition of the Apostles’
Creed. With Extracts from Archbishop Hamilton's Catechism of 1552, John
Calvin's Catechism of 1556, and a Oatena of Ancient Latin and other Hymns.
Post 8vo, 7s. 6d. . .

The Worthy Communicant. A Guide to the Devout Obser-
vance of the Lord’s Supper. Limp cloth, 1s. 8d.

The Young Churchman. ﬁe.ssons on the Creed, the Com-
mandments, the Means of Grace, and the Church. Limp cloth, 1s. 3d.

First Communion Lessons. 25th Edition. Paper Cover, 2d.
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Dorado. By Enwamn Rorer, P.R.G.8., Author of ¢ By Track and Trail through
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SIMPSON. Side-Lights on Siberia. Some account of the Great
Siberian Iron Road: The Prisons and Exile S8ystem. By J. Y. SrMpsoN, M.A.,
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LL.D., Author of * The Essays of Shirley.’ With a Frontisplece. Sixth Edition,
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On Surrey Hills. Cheap Uniform Edition. Crown 8vo, 3s. 6d.
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in great part Re-written, by JaMrs MaopoNaLD, F.R.8.E., Becretary Highland
and Agricultural Society of Scotland. Complete in Bix Divisional Volumes,
bound in cloth, each 10s. 6d., or handsomely bound, in 8 volumes, with leather
back and gilt top, £3, 8a. . .

Catechism of Practical Agriculture. 22d Thousand. Revised
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With 8 Plates. Third Edition. 2 vols. demy 8vo, 21s.
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with Snpplemen.t. Crown 8vo, pp. 800. _7s. 6d. .
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The Handy Book of Fruit-Culture under Glass: Being a
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THOMSON. A Practical Treatise on the Cultivation of the
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THOMSON. Cookery for the Sick and Convalescent. With
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Dualism and Monism; and other Essays. Essays in Phil-
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