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PREFACE

‘HE author lLas reccived from time to time '_lé,t'tefrs
fmm_readers of his Rp?-;;c;mte of Modern Electricity
and  Electricity-of To-day, who have fc:und those

books  of service to them as tmchers- suggesting addi-
tions to them to cover other details’ of interest . to thase
who occupy themselves sermus:l} with the. Sub]ect

He has not hitherto seen his way to cumply with these
very courteous suggestions, his desire being to keep
those books casily within the grasp of the géneml'reader.’
But a request has recently reached him for a small book
in simple non-technical language dealing with telegraphs
and telephunes, such as would be uscful to those who
are specially interested in those instruments.  In the
present volume the author has ¢ndeavoured to comply
with this suggestion, and at the same time to give to the
general reader a short and vivid account of those modern
marvels, He has amplitied 1 several directions what
has already appeared in those parts of the earlier volumes
which relate to telegr aphs and telephones, and has added
a chapter on wireless telephony and a short discussion
of the clectron theory. He has included, by rﬂqueqt, a
clnptﬂ entitled ““ Concerning Lightning." |



Preface

The author is again indebted to Professor Magnus
Maclean, D.sc., M.I.C.T., M.LE.E., for very kindly reading
the proof-sheets.  Also t; William Allan, A.M.LE.E. (Chief
Electriciin to the Nutional Telephone Company at
Glasgow), for reading the chapters dealing with telephony,
and to J. Erskine-Murray, p.sc., ¥.R.S.E., M.LE.E, (Con-

sulting Electrician), for reading those parts dealing with

wireless telegraphy and telephony.

[}

Fehritary, 1604,
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HOW TELEGRAPHS
AND TELEPHONES WORK

CHAPTER 1
THE STARTING POINT

The first electrical experiment ever made —A long pause—The real beginning
—The name *“‘electricity "—Conductors and insulators—The origin of
electrical machines—Discussion by two Ilalan professors leads to the
invention of the battery—The electriec current—Discovery of magnetism
—The relationship of magnetism to electricity —The origin of the dynamo
—3omething about magnetism—>Meaning of complele electric circuit.

HERIC 1s no subject connected with the material
world which appears to us more mysterious than
clectricity.  As o matter of fact gravitation is just:

as mysterious, but we have grown up with the phenomena
of gravitation constantly in cvidence around us, so that
there 15 no apparent mystery until we seek to inquire
into the nature of this force by which one lump of m’ltter
attracts anocther, |

Then, again, we feel as if there was not the same
‘mystery about the phenomena of light, but this is only
because we have, in the eye, o sense-organ which is
directly affected by light waves, whereas we have no
sense-organ to respond directly to cleciric waves. Never-
theless, we shall see later that these two kinds of waves,
or disturbances in the all-pervading ether of space, are
in reality of exactly the same nature.



"How Telegraphs and Telephones Work*

In order to try and dispel, as far as it is.possible, the
mystery surrounding our subject it will be well to con-
sider, how we came to know anything about electricity.
Without entering mto much detail, it will be sufficient
to note *that at some far distant date, long. before the
~dawn of the Christian cra, some person observed the
very simple fact that when a picce of amber was rubbed
it would attract little pieces of straw or other light objects
towards it. The ancient philosophers solved the problem
in a very simple manner by declaring that friction gave’
the amber heat and life. Their idea was, evidently, that
when they imparted Life to the amber by rubbing it, it
was able to draw any light object towards itself. The
strange thing is that one gencration after another were
- content either to ignore the existence of the phenomenon
or to accept the foregoing picturcsque solution of the
problem. Century after century went past, and amber
still got the credit for being different {rom other forms of
~matter in being able to attract other bodics towards it.
Had people taken the trouble to rub any piece of ordinary
glass, sulphur, or resin, they would have discovered that
this phenomenon was quite a common property of matter.
No one scems to have made such inquiries until the be-
ginning of the seventecnth century, when one of Queen
Elizabeth’s physicians, Dr. William Gilbert, made a
serics of most valnable experiments. He discovered that
any substance when rubbed would cxhibit this attractive
property in some measure. He could offer no suggestion
as to what took place within the substance, but he very
wisely coined a name by which we should distinguish
this mysteriqus agent. Although Gilbert had proved
that the phehomenon -was common to all substances.
he called it after amber, as that was the one substance
with which this attractive property had been associated



The Starting Point

for so many centuries, The Greek word {for amber being
elekiron, Gilbert christened the subtle agent with the
name of electricity, and when o body was exciled, or
rubbed, and exlubited this attractive pmperty, it was
said to be electrified.

At first it was thought that the metals could not be
electrified, as all attempts to cxcite them by rubbing
produced no signs of attraction. It seems to have
occurred to some one that possibly the tubbing did
produce clectricity and that it escaped by the cxpert-
menter’s hand to the earth as quickly as 1t was produced.
We find that the carly experimenters affixed glass handles
to metal rods, and by means of these they were able to
show that metals could be electrified just as other sub-
stances were,  As long ag the expertmenter did not touch
" the metal, but held it by the glass handle, the electricity
could not escape. Here was direct evidence that electri-
city could travel through some substances, while its way
of cscape scemed fo be cut off completely by other
substances.  And so we speak to-day ol conductors and
non-conductors, or nsuiators ol electricity.

The terms conductor and mnon-conducior are merely
relative. We might say that all bodies will conduct
electricity, provided the current has sufficient pressure
fo overcome the resistance offered to its passage, but a

~very bad conductor might be damaged or destroyed by a
high-pressure current. The difference between the con-
ducting properties of some materials 15 as great as is a
drop of water to a mighty ocean ; or perhaps a better
analogy would be to say that while a pipe or tube will
conduct water, a solid log of wood will also do so, but in
.4 very different degree. The metals are very good con-
- ductors of electricity, silver and copper being the best ;
and being very nearly equally good, copper 1s, of course,

1s



How Telegraphs and Telephones Work
preferred for cconomy, and 1t is this property of copper
which has so incréased the demand for the metal during
the last half-century. Glass, porcelam, siate, marble,
india-rubber, cotton, and silk, arc all such poor conduc-
tors that® they have been termed non-conductors or
insulators. Between the metals and these come some,
materials which are necither good conductors nor good
insulators : and 1t must be borne in mind that these
terms are merely comparative, for a substance might
be -a conductor for onc purpose and an insulator for

®another.

It was an easy matter to discover by experiment what
substances, when rubbed together, produced the best
results, but to be constantly rubbing pieces of glass with
silk cloth, or picces of sulphur or resin with woollen cloth,
meant the expenditure of a good deal ot personal energy.
In order to electrify bodies more casily men made sumple
machines, in which a glass cylinder or plate was revolved
by a handle and caused to rub against leather cushions.
Most of us have at least a nodding acquaintance with
such electrical machines. In the modern type of thesc
there is no real {riction, but two glass or vulcanite plates,
each carrying a series of small slips of thin metal foil upon
them, are made to revolve close to each other in oppousite
directions, so that an electric charge 15 wnduced on the
plates and suitably collected by neighbouring pieces of
metal which are insulated. Within recent years some
electrical machines have been made in which plain
vulcanite plates, without any metal foil, have been used.
When these are driven at @ high speed, by means ol a motor,
they give very good results. Our present interest i these
carly electrical machines lics in the fact that they led up-
to later discoveries which have brought electricity into
our efery-day;life.



The St&rting Point

It was when cxperimenting with.one 6f these machines,
about the close of the eighteenth century, that Professor
Gralvani, of Bologna, observed that the legs of a freshly
killed frog were convulsed by an electric discharge.” It
seems to have occurred to Galvani to try if a Hghtning
discharge would have the same result, and he was about
to suspend the frog’s legs by a copper skewer to the iron -
railing on the balcony of his house, when he observed
the twitching to take place as soon. as he placed the
copper skewer in contact with the iron railing. Galvani
jumped to the conclusion that the animal tissue con-
tained electricity, that the brain secreted it, and that
it was communicated to the body by the nerves, while the
muscles acted as reservoirs. |

Another Italian professor, Alessandro Volta, of Pavia,
repeated Galvanl's experiments; but he declared that
the electricity did not reside in the animal tissue, but
was produced by the contact of the two pieces of dis-
similar metals—the copper skewer and the iron railing,
A very profitable discussion took place between these
two celebrated philosophers, bnt Volta was soon able
to prove his contention to be correct. He made up a
pile of discs of copper and zinc, placing between each

pair a picce of cloth moistened with acidulated water

(a few drops of sulphuric acid in water). After building
-up a ptle with a number of pairs or couples arranged
as described; Volta connected a wire to the zinc disc
at the top of the pile, and another wire to the copper
disc at the bottom ; and when he brought the free ends
of the two wires together, he was able to show an electric
~ spark on again separating the wires. This amply proved
Yolta’s point that the clectricity was not in the frog’s
tissue. (See Fig. 1.) | |

The pieces of motstened cloth in Volta’s pile soon

-
11 17



How Telegréphs and Telephones Work:

dried up, thus interfering with ifs action, and -this led
Volta to immerse each pair of copper and zinc pieces
in a_ separate vessel filled with acidulated water This
new arrangement greatly enhanced the cffect. A number
of such®chemical cells connected together was called a
battery, signifymg a battery of cells, but nowadays one
often hears a single cell erroncously called a battery.
Our present batteries are all mercly modifications of
Volta’s early chemical cell.  (See Fig, 2.}

There was such a marked difference in the behaviour
ot the electricity produced by these voltaic cells and
that obtained from the {rictional machines, that their
identity was doubted for more than a generation, so
that the one was designated “* frictional ” and the other
" voltaic " electricity.

When a body was electrified by onc of these frictional
machines, the charge dissipated with lightning sudden-
ness the instant a way of escape to earth was provided,
On the other hand, the clectrical effect produced by the
chemical battery was so very different, continuing to
flow quietly along a connecting wire, that it was pictur-
esquely named ' the clectric current,” which term las
become a household word with us.

Turning for a moment to consider how magnctism
became known, we find it a long look back in the world's
history to the discovery of a pecullar stone, or iron ore,
which it was observed would attract small pieces of
iron to it, and would pass on its attractive power to
pleces of iron without any appreciable loss to itself. [t
was turther observed that when an oblong piece of this
stone was freely suspended, it would always come to rest
in a definite position, one end pointing in the direction
of the north pole of the earth, and the other, of course,
pointing southward. The utility of this directive property
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How Telegraphs and Telephones Work’

was very catly recognised, and made use of by travellers
when crossing the deserts, the stone recetving the name
ot leading-stone or lodestone.

Stecl magnets were well known at the time of Volta’s
discovery of the clectric current, but years elapsed before
1t was observed that an intimate connection existed be-
tween magnetism and electricity. This discovery has been
of 1mmense value to us, for when a Danish professor,
early in the nineteenth century, observed that a small
magnet or compass needle was affected by an electric
current passing in a neighbouring wire, he- discovered
the fundamental principle upon which nearly all modern
applications of electricity have been built up. What
Oersted, the Danish philosopher, did find was simply
that, if a wire was stretched over or under a magnetic
needle, the magnet would turn round and take up a
position at right angles to the wire, The-effect was
cnhanced 1f, instead of using a single wire, a long wire
was colled up, so that the current would pass roand and
round in the neighbourhood of the magnet. The move-
ment of the magnet produced in this way has given us
telegraphs, electric bells, etc., and it is this VEeTry tnrning
power which drives our electric railway trains and tram-
way cars. {See illustration on p. 63.) o

About a dozen years later it was discovered by our
illustrious Faraday, while experimenting in the Royal
Institution (London), that the converse of this action
between an electric current and a magnet was also true,
for he found that if a coil of wire was quickly moved
n the neighbourhood of a magnet, an clectric current
was generated in the moving coil. Here indeed was 2
crowning discovery, for it gave us the principle of the
dynamo, the advent of which has made it possible ta
produce electric currents on a large scale at a small cost.



'fl['h.e_ Starting Point

We have now seen the very simple experiment with
rubbed amber lead up to the construction of ™ Inctional
machines.”  Then it was observed that fhese muachines
produced a certain twitching effect in a frog's legs,
and that the same movement resulted if they were
touched by two pieces of dissimilar metals 1In contact
with each other. From this simple discovery the ™ bat-
tery ” was evolved. Then, commencing with the lode-
stone or natural magnet, found in many parts of the
earth, we find the intimate connection between clectri-
city and magnetism experimentally discovered, and
we are now in a position to follow the great modern
development of these sirnple but all-important discover-
ies in the telegraphs and the telephones of the present
day.

Before turning our attention to these it will be well to
make one or two properties of magnetism and clectricity
quite clear.

If we take a atmlght bar of steel “uhu,h has been
magnetised, we find one of its ends or ** poles " marked
with the letter N, signifying that the magnet would
turn this end towards the north pole of the carth, when
freely suspended or supported so that it could revolve
upon its centre. ‘Seeing that one end invariably turns
northwards and the other southwards, it 15 only logical
to suppose that there must be some difference between
the two ends. We find by simple experiment that cach
end attracts iron equally well, so that there 1s no difter-
ence in thelr attractive powers, but 1t we take two
straight bar magnets we find o very interesting phe-
nomenon. Each has one end marked N, signifying the
north-seeking pole, but more shortly called the north
pole of the magnet, the other end being called the south
pole. On bringing the north pole of the one magnet
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towards the south pole of the other, we find a powerful
attraction, but if we bring onc north pole towards the
other north pole, we {ind no attraction whatever, and on
trying the two south poles together, we find they also
will have nothing to do with each other. We shall
see this better still i, for one of the muagnets, we use
a large compass needle delicately balanced on a pivot '
at i1ts centre, We now bring the north pole of a bar
maghet necar the north pole of the compass needle,
and we find not only no attraction but a very decided
rcpulsion, for the latter turns away its north pole, and
if we follow up its retreat with the bar magnet, the
compass ncedle will always keep at a respectful distance.
The moment we turn the south pole of the bar magnet
towards 1t, 1t 1s forcibly attracted. In this simple way
we can demonstrate the very important fact that, while
either pole of a magnet 15 equally attractive to wron or
steel, the two magnets behave very differently towards
one another. A north pole and a south pole will always
attract each other, but the north poles repel one another,
as also do the south poles.

We have already seen that when an electric current
passes along a wire there 1s an eftect produced quite
outside of the wire, for a magnet placed 1n its neigh-
bourhiood will turn round at right angles to the wire.
- Has the clectric current, then, some magnetic force !
Certainly 1t has, and we can very easilly demonstrate
this by a simple experiment. In order to get as big
an- effect as possible, we shall coil the wire up into a
small circle or rectangle, and as we wish the curreat to go
round the whole length of the coil, we must take a wire
with some insulating covering, to prevent the current
taking a short cut across from the leading-in to the
leading-out end of the coill, without troubling to pass
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through the length of the wire. 'We make the cotl as
light as possible, by using a very fine copper-wire covered
with silk yarn wound round and round the wire.. We
then suspend the coil, so that it may be freely moved
~ to and fro, and having connected the ends of the coil.
to a battery, we send an electric current through the
cotl.  We then bring the north pole of a bar magnet
near the face of the coil,”and we find that the coil is
attracted, just as though it were a steel magnet., We
then present the same pole of the magnet to the other
face, or back of the coil, and we find it is repelled, so
- that there 1s not the slightest doubt that this coil of copper
wire, with an clectric current, is like a magnet, having
one face a north pole, and the other a south pole. This
18 of tmmense practical value to us, for here we have a
magnet completely under our control. The moment
we send a current through the coil it becomes a magnet,
but immediately we stop the current, the magnetism .
disappears.  We furthier find that we can make the
- poles change places at will, for if we send the current
~1n at one end of the coil, the north pole appears at-the
~ front face of the coil, but if we reverse our connections
~to the battery, and send the current through in the
. opposite direction, we find the south pole at the front
face and the north now at the back. We have therefore
a magnet which we can make powcriul or weak according
to the amount of current we send through the coil, and
we can also change the position of its two poles at will,

If we place a rod of soft iron in the coil, so that it
forms a core to the surrounding coil, which does not
necessarily touch it, we find that we havé a much more
powerful attraction, as though the iron had concen-
trated all the attractive power which surrounds the wire.
The iron will now lift a considerable weight, but_the

F B |
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moment the current ceases in the surrounding coil, the
iron lets go its burden. A coil of wirc with a soft iron
core -is called an electro-magnet, and is under complete
control. If we wind a length.of insulated wire around
~ a kitchen poker and attach the ends of the wire to a
battery, the poker will immediately become a magnet.
If we use a bar of hard steel in place of iron, we shall find
it more difficult to magnctise, but when once magnetised
it will remain so, after the controlling current has been
withdrawn. While artificial magnets were originally
made by stroking the metal with a piece of lodestone,
they are now manufactured just in the way we magne-
tised the poker, and if made of steel so that they rctain
the magnetism, they are called permanent magnets, in
contradistinction to the electro-magnets which are
temporary. |

The meaning of an electric circuit 13 to many persons
a mystery, and cven to connect up a bell, battery, and
push scems to be, to some people, a difficult operation.
There is no reason why this should be so, for all we have
to do is to provide a path for the current through each
piece of apparatus. I remember that as a boy 1 formed
the habit of always picturing electricity as a very ““fly ”
- customer, for it would keep its cyes open for every short
cut, and it would ncver go a roundabout way, unless 1t
was left no option in the matter. To take the case of a
bell, battery, and push. Suppose the battery to consist
of a cylinder of carbon and a rod of zinc, and we connect
these two elements by a wire. When the carbon and
zinc elements are immersed in a jar containing a solu-
tion of sal-ammoniac, a current of electricit} will flow
alung the wire from the carbon to the zinc, and on reach-
ing the zinc, we may imagine it passing through the
liquid to the carbon, and again along the connecting
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wire, and so on ; the battery being somex;rhat analogous
to a pump. We cut the wire and cannect the two ends
to the bell terminals, so that the current must now pass
round an electro-magnet in the bell. . The bell would
now ring, and continue ringing as long as it is thus con-
nected, but if we cut the connecting wire at any place,
--the bell immediately stops ringing, as the current has no
path left. We now connect the broken ends to the
““push,” which, in its normal position, still gives the
current no path, but which, when pmssed makes a
metallic contact between the ends of the wires, pictur-
esquely acting just as a draw bndgf_* As long as the
circuit is kept closed by pressing the push, the current
gets thmugh to the bell, but as soon as the push is released
the circuit i1s again broken. It is therefore clear that
we always rcquire a complete circuit for a current of
electricity. Perhaps the clearest view 1s got by picturing
 the current trying to get across from the top of the |
~carbon to the top of the zinc'in the cell, and in allowing
it to do 30 we may provide quite a long path, forcing it
to pass through our apparatus on 1ts way.

The important points which we must particularly
bear in mind, are thosc relating to the intimate connec-
tion between electricity and magnetism, for in the
following chapters we shall see that telegraphs and
telephones are dependent entirely upon this relationship.



CHAPTER 11

REMARKS CONCERNING THE
ELECTRIC CURRENT

o Methols of preventing the escape of the current—The clectric pressure of
the current—A simple analogy- -ITow we increase the eleclric pressure—
\Whencesiwe get electrical energy—Diry cells —Accumulators—Can we
store electrieity >—The origin of the Leyden jar—Electric pressure of an
scennmulator—Praducing electric currents by mechanieal maotion-—2ilichael
Faraday's historic discovery—-The dynamo.

OR the present we shall not trouble about the

nature of the electric current; we shall consider

it merely as o convenient term for describing
something which apparently travels along the wires
connected to a battery or dynamo.

From what we have seen in the preceding chapter
it is obvious that we must always insulate the conduct-
ing wires if we wish to prevent the electric current
escaping to carth. There are two ways of doing this.
We may suspend the wire in the air, by means of poles
carrying preces of porcelain, to whiclhh the wires are
fastened. As porcelain is a non-conductor the electric
current cannot escape. The second method 1s to cover
the whole wire with ‘some insulating material. In this
case the insulating cover is somewhat analogous to the
metal of o waterpipe. If we are conducting water at a
very low pressure, a pipe of thin matcrial is sufficient,
hut if the water is at a great pressure we require to add
verv considerably to the strength of the pipe. In similar
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cmanner we find that a simple covering of cotton or
silk thread gives sufficient insulation for an electric
current of very low pressure, such as is obtained from a
common chemical battery. But when we come to - yse
currents at high clectric pressure we have to provide a
much more substantial insulation, in which india-rubber
usually plays an important part. If a wire is sufficiently
insulated it may be laid upon the earth, or buried beneath
the ground.

Consider the term electric pressure, and the meaning
of the word volf. If we have water flowing through a
pipe we may measure the pressure exerted by the water,
~and this we state as being so many pounds to the square
inch. When we have electricity flowing along a wire we
may mcasure the electrical pressure, but we cannof
state this in any ordinary measures, and so we coln
2 word to represent a unit of electric pressure, The
British Association, who arranged this unit for us,
named it after the illustrious Italian, Professor Volta,
who discovered the means of producing electricity by
chemical process. The volt is 2 definite multiple of
the absolute unit of pressure, which was scientifically
determined, but the reader may form an idea of its
value from the fact that the electric pressure at which
any primary cell delivers its current is always between
onc and one and a half volts. The layman cannot hope
to form any very definite conception of the values of
electrical units if he never has occasion to use them.
He would have no very definite idea of the value of a
pound weight or a yard length wunless he had some
practice in the use of these, - .

The electrician does not often use the term electric
pressurc 5 hie prefers to speak of if as electromotive
force, and to save time writes 1t down E.M.F. He

-
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says that this electromotive force 15 due to a difference
of electric condition or '‘ potential ” between the ends
of the conductor in which the current is flowing, Just
as one might say that the pressure of water in a niver
is due to the difference of level of the two ends of the
river. We therefore say that there is a certain difference
of potential between the terminals of a battery or a
dynamo. As to the nature of this difference of potential
we have no idea. In the case of a river perhaps we are
prone to imagine that we understand more than we
really do  We certainly know that the pressure 1s due
to the difference of level and we say that the water falls
by gravity, but we have no idea as to the nature of this
force. By experiment we find that the potential or
pressure of the current from a single chemical cell or
“ battery "’ is never more than from one to two volts.
It varies according to the materials used in the construc-
tion of the cell. We may make the cell as large as we
like, and therefore obtain a greater current,. but we
can never increase its pressure or electromotive force.
A barrel of water twenty feet above sea-level is at the
same pressure as a lake at the same level. While we
cannot increase the electric pressure by enlarging the cell,
we may add the pressure of a number of cells together by
connecting the carbon of one cell to the zinc of the next
cell and so on. In this way we may form a battery of
any desired voltage by increasing the number of cells.
f instead of connecting the cells in ““series ” as de-
scribed, we were to connect all the carbons of the cells
together and all the zincs together, that 1s to say, carpon
to carbon and zinc to zinc, we should not have increased
the pressure, for the result would be just the same as
though we had made one large cell. lf wehad a number.
of barrels of water and we placed them all at the same
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level, say two feet above the sground, we should find
on connecting them together by pipes that the pressure
“remained the same as we might get from one single
barrel, but if we placed each barrel two fect above its
neighbour, then we should Increase the pressure in pro-
portion to the number of barrels connected together,
This somewhat crude analogy may scrve to cléar up a-
point which T have found 1o be a stumbling-block to
many. | |

For almost all practical purposes we connect the cells
“In series  to get the increased pressure required to
overcome the resistance oftered by the apparatus through
which we wish to send the current. |

We cannot create energy ; there 15 a definite amount
of energy in the world just as truly as there is a definite
amount of matter. We can only transform energy from .
one form to another, |

1t 1s apparent that in the batfery 1t 1s chemical energy

which 1s transformed into electrical energy; and if we
continue this process until the chemical action ceases,
the transformation will also stop, so that it is necessary
In time to add new exciting chemicals,

These batteries of cells arc called primary batteries, as
also are the ““dry cells,” which are now so much in
demand. The principle of these dry cells is just the same
as in the simple cell already described, but the liquid is
replaced by a moist paste for convenience of handling.

This seems a conventent opportunity of mentioning
“secondary ©' batteries, more commonly called storage
batteries or accumulators. A secondary cell may consist
of two leaden plates perforated with holes which are filled
in with red lead and immersed in dilute sulphuric acid,

‘There 1s no chemical action between these two similar
plates, so that wercannot call forth any electrical energy

1
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as we do from a primary cell, If, however, a current of
electricity from another source 1s passed through this
secondary cell, the chemical condition of the plates is
{found to be entirely changed, and strange to’say the
change an each plate has been different. At the onc
plate peroxide of lead is formed, wlile at the - other
spongy lead 1s observed. It almost seems like a fairy
tale to learn that when these two plates are now con-
nected to each other by a wire the electricity appears to
return irom one plate to the other mn the opposite direc-
tion to which 1t was passed through the cell, producing a
stcady electric current in the wire circuit. On further
consideration it may seem less wonderful than the simple
primary cell betore described, for we have in this second-
ary ccll merely made, as 1t were, an artificial primary
cell. y .
In charging the secondary ccll or accumulator, we
have fransformed electrical energy into chemical energy,
which latter 1s really what we have stored, and which, as
soon as the plates are connected by a wire, 1s again trans-
formed into clectrical energy. This can hardly be called
storing electricity. As soon as the plates have worked
back to their normal condition they become inert, but
they may be recharged and so on,

I think a good analogy may be found in the simple
principle of the “ old grandfather’s clock.” When the
clock is standing with 1ts weights at the bottom and
showing no signs of energy, 1t 1s analogous to the second-
ary cell uncharged. The weights are then raised against
the pull of gravity, and some phystcal energy 1s expended
by the person thus winding up the clock. In the other
picture tlus 1s equivalent to the charging of the cell, the
electrical source disturbing the chemical conditions of
the plates. Further, the clock weiglits, when released, in
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falling back to zero drive the clockwork, But as scon as
- they reach the bottom no energy is available ; analogous
“to this is the joining of the plates by a wire through
"which a current of electricity flows until the plates liave
reached their normal condition, when no further available
encrgy remains to be transformed. As. alrcady remarked,
it is chemical energy that is stored in these accumulators,
‘50 that we can only speak of stoning clectricity indirectly,

Can electricity be stored ?  This question nafurally
arose in the minds of even the earliest cxperimenters.
These men were getting certain effects frem their = rub-
bing "' machines, and 1t was reasonable to suppose that if
they could only store up a quantity of electricity they
would get a greater-effect. It had been discovered that
glass offered a very great yesistance to the passage of
electricity, so it was suggested to iry and charge some
water in a glass jar, and thus prevent the accumulated
electricity from escaping. Several experimenters appear
1o have been at work in this directibn at the one time,
and in the University of Leyden (Netherlands), while this
experiment was being carried out, quite an alarming
mcident occurred, The water having been charged, the
person holding the glass jar very naturally took hold of
ihe moetal which had been conveying the charge to the
water, in order to disconnect it from the machine, but
whenevdr he touched this he received a severe shock
through the arms and breast. In this way it was dis-
covered that if 2 conductor is charged inside a glass vessel,
and baving another conductor outside, as soon as the
conductors are connected together there is a sudden dis--
charge of the accumulated elcctric strain. In the original
experiment the water formed the inside conductor, while
the experimenter holding the jar was the outside ‘con-
ductor, but “ Leyden jars * werc constructed, using a tin-

21 »
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foil coating both on the inside and the outside of the
~ glass, carrying the foils about half-way up the jar. A
metal connection on an upright rod is placed inside, and it
‘is then convenient to discharge the jar by a pair of dis-
charging tongs, touching the outside tinfoil with one
prong and bringing the other ncar to the metal upright,
when a vivid spark is seen at this point. One may con-
stider the charged Leyden jar as having been a means of
causing @ strain in the ecther, which, when released,
- suddenly springs back to normal.

In speaking of the secondary battery or accumulator,
we have not constdered the electric pressure obtainable.
[t is the same humble story of two volts per cell, and an
increased pressure is obtained, just as in the case of the
primary battery, by connecting the plates of different
electrical conditions together. These secondary batteries
are not only of great use as reservoirs, hut they give a
uniformly steady current, whereas the current obtainable
from a primary battery diminishes rapidly, owing to
hydrogen gas collecting on the carbon plates and inter-
fering with the passage of the current. Primary batteries
are all right for clectric bells, telepliones, etc., where there
is not a continuous call upon their cnergy, but the accumus-
lator is necessary where a constant current 1s desired.

Although telegraphs and tefephones depend upon
chemical batteries for their electric current, it will be
well to notice, at this point, the method of obtaining
electric currents from mechanical motion. We shall find
this of usé in connection with the A BC dial form of
telegraph instrument, also in connection with the ringing:
up apparatus in tclephones, and again 1 connectior
with the generating of clectric-currents tfor large -
- stallations of wireless telegraph instruments.

Until the year 1831 we knew no other practical means
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of generating an clectric current than by chemical
batterics. It is true that Professor Seebeck, of Germany,
had discovered before this date that an electric current
could be generated by heating the junction of two dis-
similar metals ; but this thermo-clectric method was only
of scientific intercst as far as the.production of electric
currents was concerned. I am considering an clectric
Ccurrent as distinct from an electric charge such as pro-
duced by the early fricfional or stafical machines,

The mechanical method of producing eclectric cur-
rents was arrived at in the following way : Our great
British scientist, the late Michael Faraday, found that
if a loop of wire were moved up and down between
the poles of a magnet there was a current of elee-
tricity sct up in the wire. Faraday pictured a mag-
netic field between the poles of the magnet, and his
imagination filicd this space with *“ lines of force, " and he
said it was when the coil or loop of wire passed through
these imaginary lines that a current was originated. It
was quite evident that it was only as long as he kept the
coil moving up and down in the magnetic field that the
current was prescnt in the wire.

The next step was to mount a coil of wire on a spindle
and revolve it in the space between the poles of @ magnet,
and, as was anticipated, the cffect was greatly enhanced,
because the coil could be made to pass through the
imaginary lines of force much oftener. The hittle magneto-
electric machines sometimes used for medical purposes,
but perhaps oftencer for amusemcnt by dealing out
electric shocks, are simply arrangements by which,
when one turns a handle on the outside of the box,
a coil is made to spin round in the neighbourhood of a
magnet. | | |

It then occurred to people to make such machines on a

1
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very much larger scale, and to use steam-cngines to drive
the coils round at a great speed.  Such contrivances
were called dynamo-clectric machines, which name we
have discarded, merely using the word ‘““dynamo ”
(Gr. dynanis, force). |

In the small experimental mdd]meq at {irst constructed
ordinary steel magnets were used, but 1in order to get a
stronger magnetic field these were soon replaced by
electro-magnets. A dyvnamo now consists of a coil or
cotlls of wirec mounted on a shaft or spindle, this part
being called the armature, and driven round at a high
speed between the poles of an electro-magnet.

Suitable means have been devised for conducting the
electric current out from the revolving coil to the line
wire, It may be led out either as a derect or continuons
current, flowing steadily in one dircction just as all
battery currents flow, or it may be led out as an alfernating
currcnt in which we picture the current surging rapidly
to and fro, first in one dircction and then in the other ;
a sort of vibratory current. We need not trouble with
further details ot dynamos for our present purpose.
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CITAPTER III

(A

HOW TELEGRAPHY CAME ABOUT

“An early attempt at telegraphy—Ain ingenious surgeon—Other historical
attempis—The discovered wlationship of eleciricity 10 magnetism brings
a practical telegraph—The needle telegraph—The telegraphic alphabet—
The railway block system—The A BC dial telegraph,

ERY early in the world’s history man found it

necessary to be able fo signal to a distance, and so

he adopted the method ot hghting beacon fires
upon the hill-tops, and these primitive signals could be
passed on from one point to another.

One of the carliest attempts at clectric telegraphy was
made about the middle of the eighteenth century. One
would not expect to find any attempt at telegraphy
in the days when man’s only knowledge ot electricity
was s wild and sudden discharge from an electrical
machine, and yet there exist on record several very
interesting attempts in those days prior to Volta’s
taming of clectricity into a peacefully tractable current,

“as we have it from battenes.

It is evident that some atiempis to transmuit mtelli- |
gence by clectricity were made as far back as the middle

" of the sixteenth century, although the records of these
 are somewhat vague, and appear to have been carried out

by some monks in a German monastery.

In the Scois Magazine of February Ist, 1753, there
appearcd a letter describing a practical electri¢ telegraph
worked by a primitive electrical machine. The letter was
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merely signed ““ C.-M.,”” and was written from Renfrev
a small town on the River Clyde, a few miles belo
Glasgow. |

The one property of electricity with which this ir
genious writer would be most familiar was doubtless th
attraction between an electrified body and any ligh
object placed near it, and so it occurred to him that if k
could charge a long connecting-wire between two places
then the distant end would attract a small piece of pape
placed close to it. Having determined that this coul
be done, he set up twenty-six separate wires, connectin,
his dwelling to a distant cottage in the village. Th
wires were supported on insulators at short distance
apart, bemg hxed at cach of the two distant ends 1.
a bar of solid glass, leaving about six inches of wir
extending beyond the glass fixture. These six-inch end
were stiffened, so that 1t depressed they would sprin
back to their horizontal position. These frec ends wer
then placed immediately above the glass cylinder of a
electrical machine, so that while the machine was ‘ ex
cited ”’ by rotating it, any of these twenty-six ends coul
be pressed down to touch the cylinder, and thus th
whole length of this particular wire would receive a charg
of electricity.

At a point close to where each wire entered the soli
glass fixture the inventor suspended a short piece of wir
with a metal ball at its extremity, there being, therefore
twenty-six separate balls. Immediately under each ba
he placed a small picce o paper bearing one letter of th
alphabet upon it.  This arrangement was, of course
carrted out at both ends of the hine wire. To signal th
letter A the operator, having set the electrical machin
in motion, would take a picce of solid glass in his hanc
and, depressing the cnd of the first wire till it touche
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the cylinder, he would charge-the whole of that wire so
that the siispended metal ball at each end would attract
its particular paper marked A. The person at the re-
ceiving end would take note of A, wlile the oOperator
would see by the attraction of A at hus own end that the
wire had been sufficiently charged. In the same way all
the twenty-six letters of the alphabet counld be signalled
in any desived order, thus enablhing intelligible moessages
to be sent. The inventor says that the letters ™ were con-
trived to fall back into their proper places,” so ne may
possibly have had a small glass division fer cach letter to
risc and fall within. . |
The inventor also suggested, among other arrange-
ments, that each of the little metal balls might by attrac-
tion be made to strike against a little gong, there being
twenty-six gongs of different sounds, and the person
using the apparatus would, as the mventor said, ** soon
understand the language of the bells,”  In this sugges-
tion we have the frst idea of a ' sounder ™ telegraph,
and it is by sound signals that most telegraph messages
are now received. | L
The great difficulty in working any such apparatus as
that just deseribed would be to prevent the high tension
charge from making a dash to earth through every pos-
sible means of cscape, and in this connection it will be
of interest to note a few sentences from the inventor's
letter, He writes: “ Some may perhaps think that
although the electric fire has not been observed to dirnin-
ish sensibly in its progress through any length of wire
that has been tried hitherto; yet, as that has never
exceeded thirty or forty yards, it may be readily supposed
that in a far greater length it would be remarkably
diminished, and probably would be drained off in a few
miles by the surrounding air. To prevent this objection,

-
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and save further argument, lay over the wires from on
end tg the other with a thin coating of jeweller’s cement
This may be done for a trifle additional expense, "an
as it is an electric per se, will cffectually secure any par
of the kre from mixing with the atmosphere.” Here w
have, at this early date, the idea of an insulated wire a
used for almost all clectrical purposes at the present time

It is interesting to note that the mental picture whicl
. this 1ngenious man formed of electricity was that of «
“fire,” which thought was very natural owing to the
appearance of a spark at any point where the electricity
suddenly cscaped from one body to another.

The late Sir David Brewster made particular search tc
discover the Instory of this anonvmous letter write
“C. M.,” and his cfforts met with a certain amount o
success. He first of all found out that a very clever mar
had hived in Paisley in 1791 ; that he came from Renfrew
which 1s only a few miles distant ; and that it was re-
ported of this genius that he “ could light a house with
coal reek. (smoke), and makd lightning spealk and write.’
At a later date Sir David Brewster found that this man'’s
name was Charles Morrison, who was a native of Greenock
but practised for some time as a surgeon in Renfrew
and ultimately became connected with the tobacce
trade in Glasgow. Morrison was counted a wizard, and
his neighbours believed him to be in concert with the
devil, because of the apparently supernatural power
he had of sending messages to o distant cottage. He
ultimately went out to Virginia, U.S., where he died.

Another carly form of telegraph suggested was, tha
the sender and the receiver should cach have a gooc
clock, wrth the letters of the alphabet painted round the
dial, and the two clocks kecping accurate time, the
“second "’ hands would point to the same letter on eact
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dial at the same moment. By a cmnnectmg wire between
the distant places a Leyden jar was made to spark at the
moment the hand was opposite the letter that the sender
wished to- telegraph, the receiver also noting the létter
indicated on his clock at the moment when the spark
occurred. The first 1dea of this inventor had been the
very primitive method of striking, with sofe object in his
hand, upon the bottom of a copper stew pan at the mo-

-ment his clock was at the desired letter, but it 1s evident

that this method of using sound could not have becn
extended to any great distance. His subsequent system
of using the charged Leyden jar only required onc wire,
but the difficulty of keeping the charge to the wire
would necessarily worsy the imnventor if he tried 1t over
a distancc.

A very similar and better-known inv ention was Ronald’s
Electric Telegraph, in which the dials of the clocks moved
round, bringing the letters of the alphabet painted upon
them 1nto view successively through an aperture m a
covering case.  When the desired letter appeared in- the
slot a signal was sent by discharging a wire at the end of
which a pair of electrified pith balls, suspended by two
threads, repelled each ather until the discharge took place,
whereupon they immediately came together by gravity.
By this primitive method the words of the musage were
slowly built up.

After Volta’s introduction of batteries the idea of
electric  telegraphy became more practicable,  While
these two last-mentioned experiments were carried out
with only one connecting wire, yet it was a long time
before mnventors could dismiss from their minds the idea
that a reliable telegraph would require a great number
of connecting wires. Iiven one of the greatest French

scientists, Ampere, suggested an instrument which re-
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quired as mm{y as thirty connecting wires, and under the
cnd of cach there was to be placed a small magnetic
needle.

A few years later a German professor proposed putting
the thirty little magnets inside as many coils instead of
merely under the single wires ; by this means the effect
ot the current on tlic magnet was greater.  An instru-
ment-of this kind was exhibited at the Royal Institution
of London in 1830, in which  telegraph twenty-six
wires, coils, and magnets were used. It was several
yvears belore any one suggested that one wire with a
single coll and magnet would serve the purposes of
signalling. -

- When one sces a magnet turning first to one side and
thent to the other, according to the direction in which an
clectric current 1s sent through a coil, it is a very natural
step [rom that to the first practical electric telegraph
instrument. It is apparent that if one person had the
coil and magnet in his house and another had the battery
at his home, while the wires still connected the battery to
the coil the second person could cause the magnet beside
the first to move to one side or the other at will, and by
an agreed code intelligible signals could be transmitted,

The needle telegraph is just s col and magnet and
nothing more, except that it is put into a more convenient
torm. The magnet 1s fixed to a spindle passed through
its centre, and 1s then mounted in a vertical position .at
the back of an upright board ; the coil is then placed
around 1t, leaving the needle free to fall to right and left,
Then, so that the movements of the needle may be readily
scen, an indicator or dummy needle is fixed on the other
cnd of the spindle, which comes through to the front of
the board.  This indicator or needle moves, of course,
along with the magnet at the back, and so the signals are
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clearly read. An arrangement for reversing the current
at will, in order to move the ncedle to one side or the other,
15 added, and this may be operated by moving a handle
from left to right, or by depressing one or other of two
small levers or “ keys.” ~

It might be a matter of agreement to signal one move-
ment of the needle for A, two for B, and so on ; but the
operator would very soon weary of this plan if he had
many letters far on in the alphabet to count out, Imagine

our written language being constructed thus: [ for A,

Fro, 2. —5HowiNg ACELL CONNECTED TO A TELEGRAPIT INSTRUMENT

|| for B, P11 {for C, and s0 on. It is much more con-
vement to let two strokes leaning against each other with
a third stroke crossing them stand for A, three strokes
placed thus for N, thus for Z'; and so in telegraphy it is
agreed that 1t the needle 13 moved once to the left and
then once fo the nght {(v/) this will signify A, 1t is quite
remarkable that in order to construct the whole twenty-
siX letters of the alphabet by combinations of these
two movements we never require to move the needle
more than four times for any letter. 1t evidently did not
occur to the experiment#rs at the outset that this could
be done, as they made the carly instruments with five
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needles in order to get a greater variety of signal, their
idea being to make the ncedles point out the letters on a
dial. | |

3 SIGNALS FOR NEEDLE TELEGRAPH

= .
\% A / ef I/ F oA
8 /i K I/ r /
WAITTEN TH0S N ¢ I/ L I S ITEN rwves /
/Y LN M /S v
. E N W /7
Foaw o /77 X /w/
A 4N 2 S/ Y N/
A aavaw & /// Z /
F oA VR A
I'ic, 4

Referring to the accompanying alphabet, it will be seen
that the letters m{}a%ﬁ[ten in use get the advantage ot
the simplest signals. Once to the left stands for E ; once
to the right for T; and so on. 1t 1s nsual to print the
left-hand strokes shorter than the right-hand ones, as
shown © but this is merely for convenience ol space. L

Qur own alphabet is of very simple construction ; give
a boy four straight strips of cardboard, cach represent-
ing a stroke, and he can with these construct more thar
half the alphabet, while a few semi-cireular picces addec
will enable him to complete the whole twenty-six letters

While Cooke and Wheatstoue were the first (1837) te
set up a needle telegraph in this country, we canio
claim the invention for them, as Professor Ampere, ©
Paris, #had suggested fifteen years earhier that a magne
and coil placed at any distant point of a circuit would serv
for the transmission of signals ; and other expertmenter
in Germany had actually carried this out with success.

The needle instrument still holds an important positiv
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in railway signalling ; it was in that department it first
gained 2 business {footing. A special needle-telegraph m-
strament is also used in railway signal cabins for working
the “ block system.”” In this instrument it is arranged that
the needle when deflected to the Ieft or right remains in
that position till released by the distant sending key.  The
needle can therefore take up three different positions, its
upright or normal position, slanting to the leit, and to the
right. Three messages are permanently printed on the dial
of the instrument, arranged so that when the needle is up-
right it 13 pointing to the words “ Line blocked,” to the
left *“ Train on line,”" and to the right ““ Line clear.”

The block system is very simple. Imagine a block
or section of the ratlway track with a signal cabin at
each end. These we shall call No. 1 and No. 2 cabins.
When No. 1 desires to send on a train he asks No. 2
by means of another telegraph instrument if he may
do so. If the way is clear, No. 2 will set the block mnstru-
ments to ‘“ Line clear,” and at the same time he will
lower his outdoor signals, The block instruments in
his own and No. 1 cabin work in sympathy with cach
other. As soon as No. 1 allows the train to enter the
sectionr he moves the block instrument to © Train on
line,” and this signal remains permanent on both instru-
ments till No. 2 has allowed the train to pass out of the
section, when Lie moves the indicator to *“ Line blocked,”
and at the same time sets his outdoor semaphore to
“Danger.”  The advantage ol the block system 1s that
the information given by the one signalman to the other
remains visible.on the block instruments until such inform-
ation has been acted upon. It relieves the signalman of
the necessity of remembering the last information sent by
his neighbour, but it does not relicve him ot all responsible
action. If the block instrument 1s pointihg to " Train on
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line,” he is not prevented from sending on another train
in crror, but he has no excuse for such negiigence.

While the ncedle telegraph has become practically
obsolete as far as ordinary telegraphy is concerned,
we shall sece 1n the succeeding chapter that i a more
sensitive form it has made ocean telegraphy a practical
success. In this achicvement it has scored over the
Morse instrument, described in the next chapter.

In addition to these outstanding telegraph instru-
ments there were many others invented.  We see one
old-fashioned friend still surviving in some rural dis-
tricts in the form of the A B C dial telegraph. In this
instrument an indicator is moved round a-circular dial
in clock fashion, and is made to point at any desired
letter of the alphabet, which is printed around the dial.
There is no battery required for these telegraph mstru-
ments, as cach is cquipped with a small dynamo or
magneto-electric machine.  The operator depresses,
on the sending dial, the key whiclh is opposite the letter
he desires to signal. He keeps turning the handle ot his
dynamo until the pointer on his dial reaches this particu-
lar letter. At this point the current is cut oft by the.
depressed key, cven although he continues to drive the
generator,  lfach complete revolution of the dynamo
handle causcs four distinct electric impulses to pass out
along the wire, and each impulse arriving at the distant
station moves the indicator of the receiving instrument
one step forward. As the indicator can be moved oniy
in one direction it is a long journey from B to A, so that
messages can be spelt out only very slowly. Many
instruments of this type have been invented, and these
would, no doubt, have been in very wide use to-day
for private lines had the telephone not provided a much
quicker and more convenient means of communication.
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MORE ABOUT TELEGRAPHS

A great American invention—The origin of the Morse telegraph—Illow the
\Tarse-sounder works—The Morse alphabet- The Morse-inker—Iow-2
great speed Is attained with Morse-inkers —An  ingenions high-speed
instrument-—A writing telegraph—Sending several messages at the same
time on one line—An ingenious multiplex system—ITow long distances
are overcome---Haniling press messages—Iiow telegraphs are workerd
with a single wire—Type-printing telegraphs,

NE might think that nothing could be simpler
than the single-needle telegraph described in the
preceding chapter, and yet there 15 a simpler
mcthod. |
While Cooke and Wheatstone were busy with their
pioncer work in connection with the needle telegraph,
Samuel B, Morse, an art professor in New York, was
experimenting with a totally different kind of telegraph.
While on a voyage from Europe to America, Morse had
been shown an clectro-magnet by a fellow passenger.
Morse quickly saw in this a simple method of sending
signals to a distance by means of electricity. It was
obvious that the electro-magnet might be at any destired
distance from the battery as long as there were connecting
wires to form a path for the electric current. 1t was
some years betore ‘Morse was able to equip a practical
telegraph hne.
In the Morse system the sending operator requires only
a battery and any simple means of opening and closing
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the path of the current. At the receiving end is an
clectro-magnet, which when energised by an electric
current passing through its wire, will attract the iron
end of a little lever towards it. The opposite end of
the lever may be made to strike a gong, or more usually
mercely to come against a stop, so that a clicking noise 1s
produced ecach time the electro-magnet attracts the
lever. This electro-magnet will thercfore make a click
if an clectric current is sent along a wire from a battery
at the distant sending station, and as there will be no
attraction except when the current i1s passing, the lever
will be pulled away from the magnet by a spring as soon
as the current ceases. 1t 1s arranged that when the lever
strikes the upper stop it makes a different sound from
the one produced when 1t falls back upon the lower
stop.. The sounds may be desernibed as click and clack.
The sending operator can therelore, by closing and
opening the battery circuit, canse the distant apparatus
to make as many click-clacks as desired, and these may
follow each other rapidly, or they may have a longer
space of time between each. Ior instance, if the sending
lever or battery key, which m principle 1s the same as
an ordinary bell-push, be depressed rapidly three times
in succession, three short click-clacks will be heard at
the receiving end. It has been previously arranged that
three sharp click-clacks will represent the letter S, One
short click-clack stands for E, and one click-clack, with
a longer pause hetween the click and the clack, for T.
In this way signals have been made up for each of the
twenty-six letters of the alphabet, and with these two
simple signals, a short click-clack and a long click-clack,
it is never neccssary to use more than four of these click-
clacks for any one letter., There can only be two letters,
of course, having one click-clack, and the benefit is given
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to the two letters which are used most frequently; E
being signailed by a short click-clack, and T by a long
chek-clack, as already stated. Then there can only be
four letters made up of two click-clacks cach, and these
are a short and a long click-clack for A, a long and a short
for N, two short ones for I, and two long ones for AL
- Eight other letters arc made up of three click-clacks
each, arranged in different orders, while the remaining
twelve letters cach require four. (Sce Fig. 3.)
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These signals are the same as those at page 423 a short stroke correspond-
ing with a left-hand movement, and a long stroke with a richt-hand one.

The Morse telegraph apparatus is nothing more than the
simple electro-magnet and lever, as just described. When
- one hands in a message in London for delivery in Edin-
- burgh, the sending operator in London merely closes and
- opens his battery circuit according to the code already

A%
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deseribed, and at the Scottish capital the receiving operator
listens to the click-clacks, s;pg‘ﬁl-lmg‘ out caclh letter and
noting down the message thus signalled.  That is to say,
the person desiting to send intelligence to o distant {riend
writes down his message in ordinary writing, hands 1t 1n
at the nearcst telegraph office, where the operator’s
hrain transforms the message nto telegraphic signals,
known as the Morse code. An electric current under
the control of this operator then causes a distant electyo-
magnet to move a lever, producing a series of click-clacks,
which the receiving operator translates into ordmary
alphabetical letters, and again constructs the words of
the message, which is written out once more in ordr-
nary writing and delivered to the addressce, It s
very probable that ere long  this transformation to
and translation from the Morse code will be entirely
dispensed  with for ordinary messages, and that the
sending operator will dircetly control a distant type-
writing telegraph instrument. The mcssage, printec
in letter form by this rccciving apparatus, will b
taken off the machine and delivered to the addresses
just as it is received.  In some measure this has long beex
the practice on the Continent, but the message is there
printed on a narrow tape, and this is then pasted on to
telegraph {orm. | |

At the present time it is the simple Morse sounde
that is in general use both here and in the United State
for all ordinary messages, but in order to cope with lon;
press messiages, etc,, it 18 necessary to send the signal
at a greater speed than can possibly be done by hand
For this purpose an automatic transmitter has been long 1i
nse. At the sending station a long paper ribbon or tap
is first of all prepared by an operator using a perforatin
or punching machine. 5Small holes are punched in thi
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paper ribbon to represent the Morse signals.  The per-
forating macliine has three levers or keys; one key
punches holes to represent short clicks or ** dots,” another
punches holes to represent long clicks or “ dashes,” while
the third key represents a letter space. When the Morse
signals of a megsage have been prepared on this per-
forated tape, 1t is then run through an automatic sender,
which makes and breaks the battery circuit far more
quickly than any operator could do by hand. The per-
forated tapce is run through this transmitter by clock-
work, and 1s able to transmit, In one minute, signals
representing as many as from two hundred to four
hundred words. What is happening at the receiving
end 7 Who can hope to decipher signals coming in at
the rate of about seventy clicks in every second ? «Such
a task 1s, of course, beyond the power of the most expert
operator. It 1s a human impossibility., A special re-
cetving apparatus is therefore required, but this can be
very conveniently arranged. It 1s only nccessary to
cause the end of the little lever in the Morse sounder to
make a mark on a paper ribbon cacli time the lever is
actuated by the clectro-magnet, and thus lcave a per-
manent record of its rapid up and down movcements,
We therefore place a small wheel on the free end of this

- lever, and allow the wheel to rest in o little well of ink.

When the other end of the lover i3 attracted down by
the electro-magnet, this small wheel is raised against
a paper ribbon, which is being moved along at a constant
speed by clockwork. As long as the little wheel is kept
against the moving paper a line will be marked along its
centre, so that by making and breaking the battery circuit
this little wheel can be caused to make long or short
strokes wlong the centre of the paper. In this way the
movements of the automatic transmitter at the sending
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engharﬁummorded at the distant station by “this little
Masge-inker.
X, . . .

£ 35, of Course, possible to send signals by an ordinary
h,find;key to the distant Morsc-inker, but no advantage
is gained, for in this case the reeciving operator is quite
a3 abite't-:_‘:n translate the clicks into letters as the sending
Operator s to transform the letters into the Morse signals,
The automatic transmitter and its distant companion
the Morsc-inker are of Very great service in conmection
with the quick despatch of press messages, ete. But for
the nvention of thesea mstruments the Post Office
authorities Wwould require to have far more long telegraph
Iimes connccting important centres.

~There have been Many very ingenious inventions in
connection with high-speed telegrapliy, but the siniple
Morse-inker still holds the field, its wvery stmplicity
being its advantage, By one of these recent inven-

- tions the receiving apparatus. writes the message in

cordinary characters at the almost incredible speed of
lorty thousand words per hour. Two huadred thousand
fetters of the alphabet in one hour ! A tiny mirror,
the movements of which are under electrical control
from the distant sending station, throws a spot of light
on to a sensitised photographic paper.  This spot of light
traces out the letters of the ordinary alphabet. When
the paper is chiemically developed, which process 1s auto-
matically done by the recelving instrument itself, the
message upon the paper may be read by any person.
The advantage of having the message in ordinary writing
s practically lost, howoever, as far as press messages are
concerncd, for it is necessary at the receiving end to
make out manifold copies of the message for distribution
. to the different newspaper offices, and an expert operator
- can decipher the Morse code practically as  quickly

{3
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as the writing of this special telegraph. The object ot
this machine is to attain a lngh speed, so that a sending
tape is prepared to control the battery current, . =~
There are many other forms of telegraph apparatus;
but 1 shall only mention one other at this point. Many
readers Tay have seein at one of the cxhibitions or
elsewhere a very interesting form of hand-writing tele-
graph. The sender writes his message upon a sheet of
paper with an ordinary pencil which - 1s attached to
two light levers, The motion siven to these lovers 1s
electrically transmitted to the distant receiving instru-

“ment, where a pen, controlled by two similar levers,

traces out the letters made at the sending station. This
apparatus has a distinct advantage over -ordinary tele-
graph instruments 1n being able to reproduce a picture
or sketch of any kind made at the distant station. It
cam also reproduct a signature in exact duphcate, and it
has been suggested that one might sign @ cheque, distant
tomdreds of miles, but one would require to have implicit
confidence in the individual at the receiving cnd, that the

" transmitted signafure was not being appended to any-

WY PR

thing but what the sender mtended. s

The construction and upkeep of long telegraph lines .
involves a heavy expenditure, so that the more messages
that can be sent over a single line the more valuable
that linc becomes to the Post Olfice authorities. The.

atttomatic transmitter, however, 18 already sending the
- messages as uickly as can be ever possible ; indeed, 1t 15

capable of making the-dots and dashes faster than they

can pass along the hne if the distance be great. 1t we
have the signals alrcady following at cach other’s leels

a5 close as they can get, what more can we hope to do !

- Gend several messages at onc time! It does seem im-
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four different messages over one single wire simultans
ously.” Two of the messages are travelling in one directio
and the other two messages in the opposite direction
To make the matter quite clear we may picture for
operators sitting together at the London end of a wir
which stretches northwards to the Scottish capital, wher
four other operators are scated. Two of the operatos
at London are sending separate messages to two of th
operators at ldmburgh, while the other two ITondo
operators are recerving separate messages from the othe
two Scotch operators.  Four distinct messages trave
aver this one simple copper wire, and vet there
no conlusion. I shall endeavour to give some 1de
of lLow this 15 accomplished, but to give a detaile
explanation - would necessitate o rather complicate
diagram which I fear would only be a worry to th
uninitiated.

What really happens s this, the two outgoing message
from the London end do-not affect the two receivin
instruments at that end at all. We may picture tt
two receiving instruments as being electrically shielde
from the outgoing current. They are so placed in co
nection with the line ware that the outgoing curren
have no inducement to pass through them, and :
clectricity will take the casiest path these currents mal
straight for the distant end of the line wire, a clear pat
being offered to them there. But why do the two r
ceiving nstruments at the distant end not attemyp
each on 1ts own account, to translate the two messages
The secret 15 that the two Instraments are not the sam
and the two sets of clectric impulses sent out by 1l
scnding station are not the same either. The first operat
at the sending end can only affect one of the dista

rarocixritiog thettiimaontes while 4he carmamnd  Aamarator
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sending a current which will only affect the other distant
recelver., |
Perhaps the best mental picture one can form of this
" quadruplex "' system of working, without learning all
the detail of wiring, ele., is to think of a constant current
fHowing on the line, and the instruments 50 arranged that
nerther of them is moved by this current. If however,
there is any change made in the direction of the current
No. I receiver is moved, but the other is not atfected.
No. 1 sending operator may therefore keep changing
the direction of the constant current at will, and in this
way send signals to No. 1 receiver at the distant end.
To what, then, will No. 2 receiver respond ? It is so
arranged that it will move with any alteration in the
strength of the constant current, so N 0. 2 sending operator
must have a key by which lic can alter the strengtly of
the current at will, and in this way he can send signals
to No. 2z receiver.  The same arrangement 1s made
between the two sending operators at the Edinburgh
end and the twoe recelving instruments at the Londan end.
Many important lines arc guadruplexcd in this way,
and every line of importance is at least “ duplexed.”
The duplex system ig Just half of the quadruplex, there
being only one sender and ope receiver at each end.
“By the duplex system only two messages are sent simul-
taneously, onc in either direction. We are indebted to
the Austrian (elegraph engineers  for making duplex
working a practical system, although we do not now
use their original methods. |
Several inventions have been patented,  whereby
4 great number of messages may be simultaneously sent
over a single line, but as none of these instruments are at
present in every-day use, I shall merely mention the
general principle of one such systemn In passing, |
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The idea in this case is to use tclephone receivers
in place of the ordinary telegraph instruments. As.
many. as a dozen telephone receivers may be attached
to the one-line wire, and cach tclephone may be ar-
ranged to reply only to the particular electric impulse,
which will affect only this one and nonc of the others.
That is to say, a particular electric 1mpulse causes
No. T telephone to hum a sound, while all the others
remain silent : No. 2 has also a particular note of 1ts own,
and so on. It only remains to give cach operator at the
distant end a special battery key, which will set up the
necessary rate of electric impulses to move one of the
telephone receivers. Each operator can now work away
on his own account, knowing that his signals will only
affect one particular receiver at the other end. The
signals used may be the ordinary Maorse code, the tele-
phone receiver giving long and short notes.

Returning to the ordinary telegraph business of to-day,
we shall find many other points of interest. |

At the larger telegraph offices all the mstruments are
supplied with current from a storage baticry, the number
of cells for any one line depending upon 1ts resistance.
The longer the wire the greater the resistance, and there-
fore the morc pressurc required to send the current
through. In order to decrease the resistance on long wires,
they are made of better conducting propertics.

Wihien an electric current is fransmitted o long distance
its strength 1s considerably reduced owing to the resist-
ance of the wire, so that an electric impulse, on reaching
a far-distant town, may not have sufficient cnergy left to
cause the electro-magnet to attract the comparatively
heavy armature required to make a distinct sound or to
cause a recording instrument to impress the signald=
clearly on paper. This apparent difficulty is very easily
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Fovercome, for as. Iung as there is a very ‘small current
*this will be sufficient to cause a small electro-magnet to
attract a very light lever, and the movement of this lever
can switch on a local battery to the telegraph mstrument.
This small electro-magnet and lever arrangement. 13
called o ““ relay;” or repeater, and when Morse signals
have to be sent to long distances it is usual to place one of
~these midway between the stations. The relay is m con-
- struction identical with an ordinary Morse soundet,
having an clectro-magnet operating a small lever. This
lever is so arranged that instcad of the free end of the
lever merely knocking against a stop, 1t thus completes
“an electric circuit and allows the current from a local
battery to pass on to the line wirc. That is to say, the
current sent out by the distant operator merely opcrates
this midway relay, which sends on a fresh current at each
stroke, to the distant recciving instrument. The relay
is in fact an automaton which imitates the movements
of the distant operator. If hie depresses bis sending key,
" thus switching the battery current on to the line wire,
then the relay at the “ half-way house 7 moves its lever,
“and switches on its local battery current to the aecmnd
chalf of the line wire.
- With our climatic conditions 1 Great Br1t[1111 it 1s
not easy to scnd direct signals to a greater distance
than four hundred miles, but the introduction of a -
repeater controlling a sccond battery helps us out of the
difficulty. With the high-speed signals sent out by the
automatic trarfsmitters it 1s found advisable to introduce
la repeater at every two hundred miles. On trying one
long line, without any repeaters, the P3st Office authorities
found that the highest speed at which the direct line
would carry the automatic signals was one hundred.
words per minute ; but by 1nt1f_,ducmg one repeater on

- =
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the way, it was found that the speed could be increased
to fmu“ hundred words per minute.

Th#te is o further use for the repeater.  LLondon has
d:iuy news arriving ifrom abroad, and it is necessary

/(‘» distribute this to all important towns. Much of the
news for cach town 1s identical, so that it i3 very con-
/ venlent to run one Hlllglt wire through a number of large
towns, cach town recciving the signals and at the same
time operating the next section of the line.  For instance,
a line is run from London through Leeds, Newcastle,
Edinburgh, Glasgow, Dundee, and Aberdeen, and in this
case it 15 not nccessary to put a repeater at cach town,
there being only one at Leeds, and another at Edinburgh,
Al these towns receive the news simultancously from
onc automatic transmitter in London.

To be able to operate a light relay by sending a weak
current 1s a most convenlent arrangement for many
purposes, tor we can thus control, from a distance, the
current of a more powerful local battery.

The Morse system of telegraphy 1s likely to hold the
ficld until displaced by some simple and reliable form of
typewrniting telegraph. The Morse alphabet is so easily
learned, and the telegraph apparatus is so very simple.
We are indebted to our American cousins for the Morse
system, and it has quite displaced an English system set
afoot about the saume time,

It may be that some readers have been wondering
where the necessary complete electric circuit is when
only one wire 15 used to connect two distant telegraphs
together, It was naturally supposed at the outset
that a return wire was required, but one experimenter
accidentally discovered that if the two -ends of the wire
were glven a good connection with the carth, the circuit
was as complete as though a return wire existed. As a
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matter of fact, if a wire is crected, say, between London
and some distant town, and at thelatter place the wire is
connected to o galvanometer, which will indicate the
strength ot an electric current passing over the line to if,
1t will be found that the current strength is much greater
when the carth is used in place of a return'wire. In order
to picture this earth connection, we nced not suppose
that the electric current rushes back from the one end of
the wire through the cartli to the other end, for we may

| TR Y

Fra, 0.—1low A TELrorAar 15 WORKED WITIH A SINGLE WIRE .

imagine the earth to be as o great reservowr,  We then
~picture the current being dissipated at the once end of the
wire, and fed on at the other end, the battery acting as a
pump. In order to get a good carth connection it is
necessary to attach the cnds of the wire to large metal
plates, which are sunk in the maist subsoil, or if the wires
be attached to water-pipes, etc., the result 1s the same.
(bee Fig. 6.)

In the smoke-rooms of many of the large hotels and
clubs 1n London one finds a very compact httle instru-
ment busily engaged printing oft the news of the day on a
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long sheet of .paper. A little wheel carries the letters of
the alphabet in rubber type upon its' periphery. This
wheel spins round and stops in any desired position, then
quickly moves forward and prints the letter on the paper.
The necessary energy is supplied by clockwork m the
strument, but its actions arc clectrically controlled
from a distant sending station. The controlling current
is operated by keys similar to those of a piano, so that the
sending operator doesmot require to learn a code, while
any person can read the message, printed by the little
revolving wheel in ordinary Roman type, at the receiving
Cend. It is interesting to watch the little type-wheel at
work. After spinning round at a very rapid pace and
stopping with the desired letter in position, 1t 1IMpresses
it on the paper and then moves along the space of a letter,
or if at the end of 2 word it makes two steps to the right.
When it reaches the end of a line 1t springs back to the
left-hand side of the paper once more, while the paper it
rolled up to bring it n position for the next lme.

While this instrument serves a very useful purpose 1Y
distributing important items of news to hotels, etc.
it s not considered cqual to the demands of the Pos
Office as a type—printing telegraph., Do far any page
printing telegraph instrument lias. been either too com
plicated in its mechanism, or not sufficiently reliabl
it action, to warrant its adoption by the Post Office fo
ordinary work ; but many mventors are at work upo
the solution of this interesting problem,
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CHAPTER V
HOW CABLEGRAMS ARE SENT

A difficulty in transmitting calblegrams—Lurly attempts at submarine signal-
ling by the Royal Epgincers-—The-advent of gutta-perchia and its great
assistance—Some interesting facts abowt the laying of the first Atlantic

" cables—How the messages are signalled aud recorded - Discovering and
repairing faults —The work of Lond Kelvin as chief cléctrician and of
Sir Charles Bright as enginecr-in-chiefl |

N these days when the public keep crying out for

reductions in the prices charged for sending cable-

grams  abroad, the methods by which cablegrams
“are transmitted should be of special interest.

The man in the street may think that when once @
submarine cable 1s laid there 1s no more difficulty in
sending telegrams by it than there is on overland routes.
" We should agree with him as regards short distances,
such as from England or Scotland to Ireland, and there-
fore we find no extra charge made for such telegrams,
~which are really cablegrams, having to cross the Irish
Sea by means of a submarine cable. But while these
short lines can be worked with ordimary Morse-inkers,
it is quite impossible to use them om ocean cables. If
“we could stretch an overhead line in the air from our
shores to lands across thie sca, and 1f we could place
repeaters at convenient distances, we should have no
difficulty in wusing ordinary telegraph instruments.
‘When, however, it 15 necessary to cnclose the wire 1n a

39
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thickly insulated covering, the conditions arc Ve
different, as we shall sce later. =~

Although the iirst ocean cables were lalid more thal
half o century ago, the story of the gigantic under
taking is well kpown 10 most of us.  However, i
may be of interest 10 note very bricfly the outstanding
facts. ‘

It is interesting to lnid that one of the very first practi-
cal attempts to conduct an clectric current along a wire
under water was made by an officer in the Royal Engin-
cers.  Colonel Pasley, who afterwards attained the
rank of major-general and was knighted, made these
early experiments in the Medway, at Chatham, and also
1 connection with the cubmarine operations on the
sunken wreck of the 1ll-fated Toval George m Portsmouth
iarbour.®  The plan adopted by Colonel Pasley was 1o
hind around the wire several strands of tarred rope,:
wad on the top of that covering another of pitched yarni,
While such: methods served @ useful purpose, there
could be no real and permanent success attained until
gutta~percha came into use. This substance was intro-
duced into European arts about 1843, and o lew years
later it was found that gutta-perchi might be used as
an electric insulator. .

Gutta-percha as well as being o good insulator is also
very phable and casily handled. T he copper wire encased

* 1¢ will be remembuered that (his biritish man-of-war, when under repais
in Portsmonth harbouy, was heeled over to enable repalrs to be made nears
the keel, and waler rushing in at the portholes of the qapréssed side, the
vessel went down suddendy with all who happened to be on hoard. Qut ol
he ecleven hundred people only two Lundred were saved,  We are, no
doubt, all familiar with Cowpet's clegy on the loss of the Aayal (1e08¢,
Although this calamitous event happened 111 1782, the operations mentionec
ahove were not made till 18309, when Lhe mass of the wreck was blown
pieces, after all valuables had heen removed. ' |
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Cin gutta-perchia is all that is required as far as the electri-
-~ cal propertics of the conductor are concerned, but the
cable must be able to stand some pretty severe handling
in the laying of it, and it must also be equal to the stran
put upen it by strong tidal currents, etc. The cable
must therefore have a strong outer casing or armouting
as a protection for the conductor and its msulating
material, This is supplied by a sheathing of iron wires
twisted round and round on the outside-of the insulating
material, and giving the fimished cable an appearance
similar to that of an ordinary wirc rope. Before the 1ron
sheathing is wound on, the gutta-percha with 1fs en-
closed conducting wire is wvery cavefully wrapped 1n
cotton tape and soft cotton yarn, then a strip or ribbon
of brass is wound spirally over that, and again more
cotton tape and a layer of tarred hemp. On the top of
all these comes the iron wire protection, which 1s also well
tarred.

Early cables contained one ﬂnglv mppﬂ wire to act
1s the conductor, but it was soon {found better to make
the conductor up of seven separate strands of -copper
wire, for there was then less visk of a-total break of the
conductor from any overstrain.  As there is considerable
expense in manufacturing the protective part of the
cable, it naturally occurs to one that it would be an
advantage to enclose several sets of insulated conduc-
tors inside the one armouring, and thus supply connec-
tions for o number of telegraph instruments.  Tlus
cannot be done in long cables such as the Atlantic ones,
for the electric current sent along one wire would induce
a similar current in the necighbouring conductors.  For
shorter cables, however, such as thosc across the North
Sea, as many as four separate conductors are placed in
the one cable, and for very short distances, such as

O
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ACross TIvers, as many us twenty conductors may b
enclosed inside the one sheathing. |

While only onc conductor can he enclosed inside A
Atlantic cable, it is possibie to “ duplex 7 the line, a
Joscribed in the proceding chapter. There 15 then
sending and @ receiving operator at cach end, so tha
the cable 1s carrying messages cimultancously in eacl
direction over the one conductor. |

When one thinks of the very 'grmt-difﬁmﬂtiea con-
qected with the laying of the Grst Atlantic cables, how
one attempt atter another had to be made, one <amn
well understand  the  greal ntorest and  excitement
ovinced both here and 1n America, when at last, mn
the antumm of 1838, the first telegraph messagé was
successfully sent across the great Atlantic. - After Z
<ot but busy life of thres weeks this pioneer cable
hecame quite dead. It had carried over sSTVen hundrec
messages, but had never been opened to the public fory
business.,  All attempts to repair it proved hopeless.. '

[t was cight vears belore another telegraph message
crossed the Atlantic, in 1866, [n the previous year tht”
second cable was laid, but it parted in deep water aftd
about two-thirds of it had been successinlly submerged,
and the engineers wWerc forced to abandon it,  However,
After the 1806 cable had been successfully laid, it was
found possible to pick up ihe end of the 1863 cable and
complete 1t also. Although these were the earhiest
Atlantic cables, many shorter ones had - been lamd
other places, there being about one hundred submarine
cables in existence by 1860, Tt really took morce than a
vear to lay the frst Atlantic cable, but having gained by
the expericnce atid Jiffcaltios of these carly pionecrs
we can now lay a complete cable. across the Atlantic
e Tealand to Nova Scotia, In less than three weeks

i'
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Bime. These three pioncer cables are now lying dead
it the bottom of the ocean, but they have indeed served
g useful purpose.  We have now from fifteen to twenty
Cables carrying intelligence between Europe and America.
INot only 1s the Atlantic spanned ; submarine cables
re Jaid in the Pacific, the Mediterrancan Sea, the Black
pea, the ‘Arabian Seq, the Indmn (Occan, the \Tmth Seaq,
the E nglish Channel, ete.

The great 1rreguLLrlt1{ts i the depth of an ocean
make cable-laying a verv difficult task. Although the
Laverage depth of all the oceans is about two and a half
miles, a depth of over seven miles has been tound n the
South Atlantic, and about five miles in the North Atlantic,
A cable ship will be laying a cable at a depth of one mile
below the sca's surface, when it finds that this is the top
Fof a great submarine mountain, and, as the ship con-
tinues to lay the cable down the mountain side, it soon

Rbecomes apparent that this mountain is two and a half

hiles i height, forathe cable is found to have reached:
a depth of three and a half miles below the surface of
the sea. A cable ship'keeps in constant communication
'with Iand, through the cable it is laying, during the
whole voyage, so that those on board hear of any import-
ant event occurring on land in their absence.

In the opening sentences of this chapter we noted
that the ordmary telegraph instruments are of no use in

_connection with long cables. The rcason for this is that

an 1nsulated cable behaves quite differently from an
’Ordlﬂdl y bare ftelegraph wire,- The cable becomes
charged; somewhat like a Leyden jar, and thus re tards
‘the flow of the clectric current. In order to obviate TﬁIS
‘as far as p@smblﬂ special condensers are nsed: to e
the current, but cven then the resulting current i
sufficient to move o delieate relay for a Morse instruf

f’uj
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It was found necessary to have a much more sensil
tive receiver, although for short. cables (such as heross
“the Irish Channml}, cte.) ordinary Morse-inkers are workec
by .the Post Office. 1t was bv the inventive brain o
Professor William Thomson (the late Lord Kelvin) that «
suitable mstrument was devised.  The principle upot
which this works is very simple, and is in point of fac
the samce as already described in the needle telegrqph
It will be remembered that the current passing. in a col
of wirc caused a magnetic needle to swing round. In
this more delicate apparatus a verv tiny magnet is
%Ll%pl?ﬂdt‘d by a silk fibre, inside a small coil of very fine
wire ; but as a small movement of this little magnet
could not be casily scen, there is attached to.it a tiny
mirror, which alnng with the magnet w cighs only abou
a %mglu grain. A lamp throws a fine rav of light througl

A slot 1n a screen, and this, falling upon the mirror, fmay
be reflected upon the wall or upon a graduated scale. By
this mgenmm method a very small turning of the tiny
magnet gives a large motion to the spot of light, as every
boy who has annoved his neighbours with a %mall sun-,
reflector will well understand. |

It became rather tiresome to the eyes watching the
spot of hight dancing to and fro, indicating the Morse

signals, a movement to the one side signifying a “ dot,” |
and to the other side o “ dash.” Tt therefore occurrec
to Sir William Thomson that e might cause the tiny
magnet o move a pen across a paper ribbon and tlius
leave a record of its deflections to left and right.  To the
ordinary man this would seem an impossible task, The
mirror  galvanometer was so very delicate it surely
could not be expected to move a pen. Tt certainly coul
-not move a pen of any ordinary make, but Lord Kelvin
used a very small glass tube, which could be rocked to,
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ne side or the other by silk fibres attaching it to the
ittle magnet.  This little glass tube was made to act
ke a siphon, its one end dipping into a small well of
1 hk, and the other end placed immediately over a paper
a} Hbbon, which was moved along at a constant Spned
L by clockwork, just as in the Morse-inker, described in
jj he preceding chapter. In order to make o constant
Bt eam of ink pass from the tiny siphon on to the paper,
. it was found necessary to electrify the ink, by means
! 2 small static machine. Later 1t was found that by
SEiving the little siphon a vibratory motion a similar result
Wvas obtained. The little siphon while m 1ts normal
[ position would mark a straight line along the centre of the
Woving paper ribbon, but if an clectric current reaches
Bihe coil of wire, the current being sent from the other side
pf the Atlantic, then the little siphon will be rocked to
Bone side or the other, according to the direction in which.
e current is sent around the coill. In this way the
ovements of the little magnet to left or right are traced
'But on the paper ribbon, appearing as curves above or
Jow the central line when reading the paper lengthwise,
b if the ribbon is turned round, as in Iig. 7, the right
iBhd left movements of the needle alphabet may be
benl, |
In describing the siphon recorder I have, for the
ke of simplicity, imagined the glass mph@n to be
ontrolled by the tiny permanent magnet of the mirror
®alvanometer, but in practice the construction of the
gnstrument is different, although the principle involved
§s identical. In order to get as much advantage as
bossible from the incoming current the order of things
s reversed.  In the mirror galvanometer we have a small
Permanent magnet controlled by a weak magnetic
field produced in the coil of wire by the incoming current.
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This is sufficient to cause the tiny magnet and its mirrti§or
to turn round, but these together only weigh about o e
single grain, This effect will not be sufficient to sat:'r}‘iis—
factorily move the glass siphon. Therefore, instead 80f
depending upon a weak permanent magnet to be colén-
trolled by a weak magnetic field set up by the incomiri§
current, there is a powerful- magnetic fteld perma:}
nently produced by a large stationary steel magnet]
and between the poles of this magnet is suspended

_ R
..--"-..-H_.--"_\_- . :

light coil of wire which becomes a magnet ,wl'lenevi er
the incoming current traverses it. This coil is thyen
attracted by the poles of the stationary magnet accoryd-

“ ing to the dircction in which the current is passn‘g

round the c¢oil. In this way a more cnergetic
movement is obtained from the incoming current,
and the siphon is satisfactorily rocked to one side or-
~the other. - '
The invention of these sensitive telegraph instrumentts
by Lord Kelvin is of historical importance, for 1t would
have been quite impossible to have sent’ intelligible
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signals over long submarine cables by any ordinary
. plece of mechanism. §

A modern cable will transmit messages at a rate
of about fifty words per minute, which is twice as much
as could be accomplished on the ecarly cables. Auto-
matic transmitters are used on all long cables, the advan-
tage gained being not so much a matter of slightly
increased speed, as a regularity of signals which cannot |
be given by hand, |

Having once laid the cables, the expense of carry-
ing on the business does not only mean the working
of the apparatus on land, for a whole flect of large steam-
ers 1s required to maintain the cables in perfect work-
Ing order. When a fault occurs, its position can be
determined by testing the cable, and noting how much
resistance is offered to the passage of an electric current,
The exact resistance offered by onc mile of the cable
1s known, so that the length through which the current
Is going, before cscaping to earth at the faulty place,
can easily be determined. A steamer then proceeds to
this point, and rakes the bottom of the occan with a
grapnel until the cable is caught, possibly at some little
distance from the fault. Tt is then brought on board
and cut, and when tested one or other of the ends will
enable messages to be got through to land. This end -
being found to be quite sound, is sealed up and dropped
~overboard with a large buoy attached. The other end
15 gradually picked up, and it may be found to be quite
severed from the main part of the cable. If so, then
the other end of the cable has to be picked up as already
explained. Then a fresh piece of cable is spliced on,
and tested through to land, the steamer having thus
got in touch with both shores. The steamer makes her
way back to the floating buoy, paying out fresh cable
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as she goes. It only remains to make the final splice,
and the cable is once more complete from shore to
shore, |

Tt has happened that a dead whale has been found
entangled in a faulty cable, and on one occasion when
raising a faulty cable in the North Sea, the repairing
steamer brought to the surface a small sailing vessel.
The teeth of sea-monsters have often been found em-
bedded in faulty cables, but the chief encmies of the
cable companies are small marine insects or worms,
which can slip in between the wires of the outer sheath-
ing, and bore their way through the insulating cover,
thus causing a leakage. These marine organisms are
like soft-bodied snails, some being about the size of a
pin’s head.

In the early days of ocean telegraphy it cost twenty
pounds to send a message across the Atlantic, the charge
being one pound per word and the minimum number
of words allowed being twenty. We can now send
messages of any desired length at the rate of one shilling
per word, and by using a telegraphic address and a
single code word quite a lot of intelligence may be sent.
Allowing two words for the telegraphic address and one
code word for the message, the total cost is three shillings.
Several standard codes exist, but business houses often
arrange special codes of their own, while any person
may arrange o temporary code with a friend. By such
means a single word may mean a great many words,
and it is recorded that on onc occasion a message was
sent in which one word stood for a pre-arranged message
of two hundred words. - |

While the name of Sir William Thomson, afterwards
Lord Kelvin, stands out very promincntly in connection
witl, the first Atlantic cables, it should be noted also
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that a great deal of the ultimate success in laying the
cables was duc to the mmgenuity- and skill of the late
Sir Charles Tilston Bright, who designed and Ssuper-
vised the working of the paving-out machinery. . As
engineer-in-chiief, DBright had many difficulties to con-
tend with, and although only twenty-six years of ape
at that time, he successfully overcame all these,



CHAPTER VI
- SIGNALLING WITHOUT WIRES

Wireless telegraphy has a special sphere —Communicating by vibrations—The
medium of communication—The origin of wireless telegraphy—A simple
explanation of the general principle—Coherers and other detectors—The
different wireless systems—The problem of interference—How tuning is
obtained for a selective system—The antennte—The source of power for
transmission. |

EEDLESS to say, it 1s a very great advantage
to be able to signal to a distance without first of all
requiring to establish a material conductor. |

Visible signals are all right for short distances, provided
the atmosphere 1s clear. It is not so very long agd (about
1830) that our Government thought the semaphore
system to be the last word 1n space signalling. When
the early experimenters in electric signalling approached
the Government in connection with this matter, the
authorities informed them that ** telegraphs of any kind
other than those now in usc are entirely unnccessary,
as the Government are fully satisfied with the semaphore
system.”” Tt is clear that the authorMies did not ap-
preciate the possibilitics of clectric signalling. |

Although wireless telegraphy is no longer in its infancy,
but has passed out into the business world, there are
many intclligent people, who, unfortunately, look upon
it as a merc scicntific toy. One of the leading experts
in wireless telegraphy has mentioned this grievance
to me on more than oncwoccasion. OQur chief concern,
however, 15 to sec clearly the means by which the present
undoubted success has been attained.
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Wireless telegraply has a special field of its own : it
gives us a means of communication in circumstances in
~which no other method can be of any service whatever.
We can signal to ships far out at sca, even although: we
have no knowledge of the exact whereabouts of the ship.
Ships which arc not within sight of one another can
establish communication with each other. Whether or
not wireless telegraphy will compete seriously. with
submarine cables remains to be seen, but some of the
wireless companies are making a big bid for transatlantic
signalling. Wireless telegraphy may be used on land,
but here it comes into competition with ordinary tele-
graphy, which has distinct advantages. There is one
direction, however, in which wireless telegraphy may
prove ot .inestimable value on land, and that is in times
of war. It is obvious that if each division of the army
can keep in touch with the head-quarters and receive
instructions and guidance, a very great advantage has
been gamned. The enemy cannot cut their line of com-
- munication in wireless telegraphy.

‘When one person speaks to another the speaker merely
sets up certain vibrations in the air, and these so stimulate
the hearing apparatus that a series of nerve impulses
are conveyed to the sensorium, where the meaning of
these signals is unconsciously interpreted. In wireless
telegraphy the sender sets up vibrations, not in the air,
but in a something which we call the all-pervading ether;
and these ether vibrations reaching to a great distance
so affect a receiving apparatus that signals are made,
and the operator watching the movements of the receiver
may Interpret the signals. |

For the present we shall be content to know that
there is a something which fills all space, that scientists -
have named it the cther, and that it is the medium for
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conveying light, heat, and clectricity. It is this medium
which, conveys energy from the far distant sun to us,
and 1t has been possible to caleulate the speed of travel
of the ether vibrations which we call light. The speed is
not much short of 200,000 miles per second. or to be more
exact, 186,400 miles in one second.

When the ancients sent messages across the country
by means of beacon fires, how were the signals trans-
mitted ? These ancients were using the same medium
as we do in wireless telegraphy. The burning fire set. up
cther vibrations, and these so affccted the eyes ot the
distant watchers that they received certain sensations,
wliel by experience they recognised as being caused by a
bright hght at o distance. It had been pre-arranged
that when this fire was set alight 1t would have a certain
meaning, and so the signal could be nterpreted.

- Just as he car is the receiver of air vibrations, so
13 the eye the receiver of ether vibrations. The ear can
only detect a limited range of air-vibrations , the eye can
only detect a limited range of ether vibrations. If we
wish to send a signal by light to a distance, we must use a
powerful source of light, so that we may cause a con-
siderable disturbance i the ether: the same principle
applies to wireless telegraphy. But how are we goig to
disturb the cther so that signals may be carried to a very
great distance 7 It is certainly not by producing the rates
of etlicr vibrations which come within #e limited range
recognisable by the eye. There are other disturbances
n the ether as well as those we call light.  We have seen
that there is an ether disturbance around a wire carrying
an electric current, for when a magnetic needle is placed
within the arca of this disturbance the magnet 15 moved
bodily into another position. This we call an electro.
magnetic disturbance i the cther, Again, if we give an
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insulated body a charge of electricity, we find that any
light object brought near to it is suddenly attracted,
indicating a decided disturbance in the cther, which is
described as an clectro-static disturbance or citect.

The present system of wireless telegraphy is dependent
upon this electro-static disturbance of the ether. 1t
originated from some experiments made by the late
Dr. HertZ, of Carlsruhe (Germany). Hertz was endeavour-
ing to prove cxperimentally  the celebrated  electro-
magnetic theory of light, as formulated by Clerk Maxwell
some twenty years previously. Up to this time, about
1886, clectric waves were known only in theory. Mathe-
maticians had devised mieans by which the lengths of
such waves might be calculated. Their nature and
behaviour had been predicted, but the experimentalist
could find no means of detecting these electric waves,
which were known to exist in the ether when any
sudden electrical discharge took place. Hertz discovered
a2 method of doing so. He sct up the waves in the cther
by -means of an electrical discharge from an induction
coil ;. he believed that cach time a spark discharge
occurred the surrounding and illimitable ether was
disturbed. How could these electric waves be detected ?
One might expect to hear of some very ingenious and
sensitive piece of apparatus, so arranged that 1t would
be affccted by these imperceptible waves, Instead of
this nothing could be simpler {\u short length of wire with
a4 small brass knob at each end, and the wire bent round to
form almost a complete circle, leaving only a small air
gap between the knobs, and that i1s all. This very
simple arrangement cnabled Hertz to detect the ether

cerrrimrriammd ratn Yver Flven ted11eotF1orr e 1740 fime thero wace
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of his simple wirc loop, which was held at sorhe distance
away from the induction coil. It has been proved-beyond
any possible doubt that electric waves were propagated
through the cther.® |

It was very soon suggested by several scientists -that
these electric waves might be used as a means of trans-
mitting signals to a distance without any connecting
wires.  The scientist did not, however, consider at
frst that these clectric waves could be conveniently used
on a large practical scale for ordinary commerclal pur-
poses. The discovery of a detector which would record
the passage of an clectric current of extremely short
duration, such as is induced in the receiving circuit by
the radiation from a Hertz oscillator when a spark occurs,
gave an impetus to the idea of space telegraphy. It
had been observed by an experimenter on the Continent
hat while loose metal filings offered a great resistance
to the passage of an electric current through them, this
resistance was very materially reduced when clectric
waves fell upon the filings, and that 1t remained so until
the filings were shaken, thus giving fime for the effect to
be obeerved in an ordinary telegraphic instrument.

(Thc: general principle of wireless telegraphy will be
understood by reference to the simple arrangement 1n
Fig. 8, and the legend accompanying 1t.

The tube of filings bhas been named a ° coherer,”
signifying that the filings coher¢ or cling together under
the influence of the electric waves. The tube may be
made of glass, or any other insulating substance. Une

* Tt is interesting to note that Professor Sylvanus Thompson, of L.ondon,
“made a very similar experiment as early as 1876, He showed that electric
sparks occurred between two ordinary door-keys when placed close together
and taken to some distance from the induclion coil apparatus But Professor
Thompson has said : *‘ It never dawned upon me that these sparks were the
evidence of electric waves crossing Lhe space.” '
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w. : : - .
wire enters at each end of the tube, and each is attached
to a small block of metal. These two blocks are brought
very close togethor? and then the small space between
them 1s very loosely filled with fine metal filings. Any
metal will do, but 1t has been found that nickel filings

IIII‘U IIIIII"-.-I|I IHI
# A

Fio, 8§ —THE PRINCIPLE OF WIRELESS TELEGRAPHY

The current from the battery (J3! cannot get to the trembler bell (T)
hecause of the resistance offered by the coherer {(C). When an electrical
discharge takes place from the Leyden jar (L) ether waves go out and induce
a momentary voltage in the wires connected to the coherer, thus reducing the
resistance of the filings in the coherer, allowing the current to pass to thebell,
thereby causing it to ring.  If the gong-stick is so arranged that it strikes the
coherer-at each movement, the _}Dltln” serves 10 *f decohere” the coherer, and
thus break the circuit once more, )

with a trace of silver act very welll  An apparatus
such as described, with a simple bell, would not make a
very convenient telegraph apparatus, but with the aid of -
a relay we may connect a Morse sounder or inker to the
coherer.

-
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Many different forms of detectors have been invented,
but they all have the same duty to perform: to close a
local battery circuit when electric waves fall upon the
detector.  Marconi improved upon coherers, and along
with his assistants he developed other methods of detect-
ing the electric waves. It was Marconi who put wireless

telegraphy upon a business footing.

_ One very good form of coherer, used by the Italian

navy, consists of a glass tube with small carbon blocks or
plugs attached to the ends of the wires, and instead of
metal filings there is a bead or globule of mercury between
the plugs. When clectric waves fall upon this coherer,
the mercury coheres to the carbon blocks, and thus
torms a bridge for the battery current. One advantage
in this form.of coherer is that it does not require to be
mechanically shaken to break .down this bridge, for the
mercury will only cohere to the carbon plugs as long as
the electric waves are affecting it. In other words, the
mercury tube decoheres of itsclf immediately: upon
the cessation of the electric waves. Instead of connecting
this mercury tube to a telegraph instrument, it is usual
to place a telephone receiver in the circuit, for the current
does not last long enough to work any other instrument.
Lach time the tube coheres there is a soft hum or buzzing
sound heard in the telephone, and it is a simple matter
to signal the Morse code by short and long sounds. This
coherer 1s very sensitive, and has been used over very
long distances. . -

As the coherers already mentioned show how electric
waves may be detected in wireless telegraphy, there is no
need to do more than merely mention one or two other
forms of detectors.  The necessary loose contact is got 1n
one coherer by a pointed carbon resting on a slightly
oxtdised steel surface, while a somewhat similar plan
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is to have a lead electrode resting on a surface of peroxide
 of lead. Another very sensitive detector is obtained by a
fevolving disc touching lightly on a column of mercury,
which has on its surface a thin film of mineral oil. All
*these different inventiops come under the heedmg of
coherers, but there are others in which the action is jusf
the reverse, and which therefore go by the name of
anti-coherers, One anti-coherer consists of a tube
similarly arranged to the ordinary filings tube, but with
two little blocks or rods of tin between which there is
placed a semi-liquid paste, sometimes composed of
alcohol with tin filings and lead oxide. This paste 1n its
normal condition allows the battery current to get across
from the one block to the other, but when electric waves
fall upon it they produce a chemical action which immedi-
ately breaks down this bridge and stops the current.
* Upon the cessation of. the electric waves the paste at
once returns.to its nermel condition and allows the battery
current to again pass. - The signals are therefore a sudden
breaking and making of the battery circuit. If a tele-
phone receiver is connected to the tube and battery,
it will be very easy to tell when the battery circuit is
broken, for there will be quite a loud click heard i the
telephone. Any person using the ordinary telephone
may hear the click referred to by depressing the telephone
hook or support while the receiver is held to the ear.
When the hook or support 1s. depressed the battery
- current is cut offfrom the telephone, and it is this stopping
of the current causing a sudden change in the magnetic
field of the receiver which produces the click. This will
be better understood when we come to the-explanation .
- of the telephone.in the following chiapter.
 The wireless telegraphjst has not only invented sensitive
. coherers and anti-cohérers; he has constructed other

o | N §
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entn'ely different forms of detectors. The most promment
of these is the magnetic detector. To understand this
invention we must kegp in mind that if a piece of soft
iron is continuously revolved in front of a permanent
magnet, the magnetic poles of the soft iron piece will keep
changing their position at each half revolution. This
~ magnetic change requires a- little time to agne place, o
~that the change somewhat lags behind the magnetising
~ force as it were, or perhaps it is better to picture a certain
. resistance being offered to this change of magnetic PDIES
It was discovered that if electric waves fell upon the iron
this resistance was almost entirely eliminated, so that
the. magnetic poles could then change places instantly
as it was revolved. If we have a quickly changing
magnetm field, then, it will induce or set up an electric
current 1n a nelghbﬁurmg coil of wire. In this way we
can detect the changes in the magnetic field, for we can
place a telephone receiver in connection with the coil of
wire just described. In a modern receiver of this class
it is found more convenient to replace the revolving iron
‘piece by an endless band of soft iron wire. This band is
kept passmg in front of a permanent magnet, the magne-
tism of the wire tending to change as it passes from the
one pole to the other. This change takes place suddenly
when the electric waves from the transmitting station
fall upon the receiving aerial conductor and are conducted
round the moving wire, and as the band is passing
‘through a coil of insulated wire attached to a telephone
'receiver, this sudden change in the magnetic field induces
an electric current in the surrounding coil and the operator
hears a sound in the telephone which he has at his ear.
The Morse code may thus be signalled from the distant

- transmitter.
After describing the first coherer with the metal filings,
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E I said that the duty of all detectors . was tD control a
tlocal battery circuit, but this magnetic detector just
~ described is an exception to the rule; Here we have no
£ local battery as used with the coherers and anti-ccherers.
. Are the i incoming electric waves, then, supplying the neces-
- sary eneigy to operate the receiver? No! They are still |
-merely-acting as a controlling force, for we are supplying
energy by moving the iron wire.in front of the magnet,
and the ether waves from the distant station are merely
changing the resistance of the iron wire, so-that it may be
- suddenly magnetised and demagnetised. It is true we
have not supplied electrical energy by means of a local
battery, but have we mnot supplied it by a miniature
dynamo mstead ?
There is another class of detector which 1 think will
be of special interest ; indeed, the controlling of these
.. detectors by men distant hundreds of miles from them,
" and without any connecting wires, seems more like
. fiction than fact. This detector, which is the last 1 shall
- mention here, is dependent upon the-fact that, when a
- rapid to-and-fro or oscillating current surges in a wire,
" there is a distinct l1eatlng of the wire. When the tem-
- perature of a wire is increased its electrical resistance
also 1ncreases, so¢ 1t only remains to detect this change

of resistance in a similar manner to the detectors already -

described. When a body is heated it takes an appreci-
able time fo cool down agaln, so hiow is the wire in this
~ detector to be got ready for a second signal ? This is
| accamphshed by making the whole length of the wire’
" that is to be heated of very small- dlmensmns The wire .
- used for this purpose in the receiver, or ‘‘barretter,’”
- as 1t 1s called, 1s not as big as a pin’s head ; indeed, it only
. ‘measures one-thousandth part of an inch in length, and
“ about, one. twenty-five-thousandth part of an inch in
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diameter. How can it be possible to make a wire of
these tiny dimensions ? First of all a silver wire is
made with a platinum core, and this wire is drawn
out till a total diameter is about one five-hundredth
~.part of an inch, while the inner core of platinum only
measures one-fiftieth of this, or about one twenty-ﬁve-
thousandth part of an inch. It only rem.alns to lay
bare a tiny speck of the inside core, and this is easily
accomplished by bending the wire into a loop, and then
.dissolving the silver off the very tip by immersing it in a
strong acid. When the current surges to and fro in this
conductor it will only NHeat the tiny speck of exposed
platinum, for it will have an easy path in the silver wire
on either side; just as we find in the case of electric
lamps that the conducting wires do not become heated,
but that the same current raises the fine carbon filament
to a white heat. | -

Sufficient detail has been givery of the various forms
- of wireless receivers to show that the ground already
covered by inventors is very extensive. In describing
the different detectors I have purposely -omitted the
names of the inventors, in order to simplify matters
as much as possible ; but as one so often sees references
in the daily papers and journals to the different systems
by name, it may be of interest to briefly mention the more
important of these, |

The Marconi system includes many forms of coherers,
. also the magnetic detector, and many variations of these.
The Lodge-Muirhead system, while employing similar
- coherers, has the revolving disc and- mercury contact
as its own special detector. Formerly one sometimes
read of the Slaby-Arco and the Braun-Siemens systems,
but these two German couples are now combined together
under the Telefunken system. This odd-looking - word
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really means spark-telegraphy. The special feature of
this system relates to the methods adopted for sending
-out the electric waves. There are two American systems
very often mentioned, the De Forest and the Fessenden.
The electrolytic detector with the pasie between the
tin blocks belongs to the De Forest system, whilke the
barretter with the speck of platinum wire 1s one of Pro-
fessor Fessenden’s inventions, There are many other
" names well known in connection with wireless telegraphy
—Popofi, Jackson, Armsirong, Orling, Deolbear, Stone,
- Artom, Lepel, and Poulsen, being but a few of these.
1f one pictures a humber of wireless stations at work,
simultaneously sending out ether disturbances, it does not
require a very vivid imagination to predict that there
- will be a possibility of interference between the different
stations. How will a certain receiver know which par-
ticular set of electric waves to respond to ? This trouble
does exist. and indeed it forms the most important
problem to be solved by wireless telegraphists. In the
early days this-trouble was very marke® If was quitea
common thing at the outset for the receivers of one
system to reply to ‘the transmitters of a rival system.
This trouble has in a certain measure been Overcome,
in some cases with considerable success, but there 1s
evidence that the trouble has not yet disappeared. The
British Post Office authorities have refused licences to
some applicants seeking permission to erect wireless
stations at certain points around our coast, on the ground
that there would be a risk of interference between the |
proposed station and some other system already licensed-
in the same district. | -

The interference difficulty 1s overcome, as. far as
_possible, by * tuning 7 the instruments. I we can cause
e acitter 40 sof un a definite rate of vibrations in the
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ether, and arrange a receiver which will respond to that
partjcular rate of vibration alone; then we have a selective
or tuned system. * -'

‘In order to tune the instruments, we must first of all
control the electric waves sent out by the transmitter.
We must arrange a definite rate of vibration. This could
-not be satlsfactorﬂy done with the eﬁrly arrangement
which consisted in merely storing up an increasing electric
pressure by means of an induction coil, until the insulating
air gap was forced to break down, whereupon a sudden
discharge took place accompanied by a spark. This
was analogous to drawing back a flat metal spring, and
suddenly letting it go with a bang. There would be a
certain oscillating motion given to the spring, but the
bulk of its energy would be spent in the first one or two
impulses. This system of transmitting ether waves has
been descriptively named by some °‘the whip-crack
method.” To use still another figure, this system 1s
analogous to making a sudden splash in the ether ocean,
whereas we require to set wp a series of rthythmic ripples

to have a tuned system.

- If wireless telegraphists had got no further than
their first system of transmitters there would have been
little hope of commercial success. The tuned transmitter.
sets up a regular set of definite oscillations in the ether.
The electrician understands the method of tuning wireless
instruments, when he is informed that the capacity.and
inductance of the receiver must be the same as those of
the transmitter.

What has been the practical result of tuning in wireless
telegraphy ?- Two different receivers placed close together
may simultaneously receive different messages from two
separate transmitting stations. Again, picture one of our.
‘battleships with a tuned transmitter on board, while the
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. Tecelver correspnndmg with this transm1tter i3 on another

vessel five hundred miles distant. Messages are being sent

~ out to the distant ship, and at the. same time another
differently tuned receiver on board the sending battleship

is picking up messages from a third vessel within close

. range. This is an immense advance. beyﬁnd the capablhtles '

of the original untuned system. A receiving inst#fiment
is, of course, sheltered from the influence Df the trams-
mitter at its own station.

In order to set up-as energetic electric waves as possible,
there have been many methods devised at the trans-
mitting stations. If we picture the two metal balls or
spheres between which the electric discharge takes place,
we can then think of a wire being attached to one ball
and carried up into the air to a height of two hundred
feet or more, while another wire 15 connected to the
second ball and led to earth. Ome method 1s to erect a
simple wire on a pole, another is to support a regular

. network of wires from strong steel towers built to a herght

of over two hundred feet. Sometimes the wires have’
been arranged like a great inverted pyramid, while one_
system employs a great sheet-iron tube, like a factory
chimney, reaching a height of over four hundred feet.

It was only when one of the conductors in the trans-
mitter was *tonnected to earth that long distance trans-
mission became’ possible, Only a few miles. could- be
spanned by the true *“ Hertzian waves ” previously used ;
these electric waves called after Hertz were produced with-

out any earth connection. Waves of this class would

. radiate out into all space, whereas those set up by a

grounded transmitter, with the receiving instrument

* similarly connected to earth, would at least keep within

the immediate neighbourhood of the earth. Many
attempts have been made to direct these electric waves

e =
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and send them out in one partlcular direction, and some
success has been reported. '

In reading any account of the doings of wueless
telegraphy one 1s sure to come across the word “ an-
tenna.” Possibly one has previously fallen in with
thls word 1n connection with insects, whose -finy horns
or .feelers are called their  antennz.” The“#lectrician
uses this same word as being descriptive of his aerial
wire or feeler at the receiving station. This aerial wire
serves also for the transmitter, in which case it might
be termed an emitfer, but as the erection i1s common
to both the transmitter and receiver it is convenient
to let the word antenna simply stand for the aerial
erection.
 For distances up to about two hundred miles a storage
battery and an induction coil are sufficient .to produce
the necessary ether disturbance, but where a greater
distance has tQ be spanned, then a steam engine and
dynamo are called into play in order to supply a greater
energy -for the electric waves, - One of the transatlantic
stations 1s equipped with a plant Df over two hundred
horse-power.

In the most recent Marconi transmitter, and in the
Lepel and Poulsen systems, the current produced is no
longer 1in the form of intermittent sparks, but is a true
alternating current which, in general, continues uniformly
as long as the key is pressed down. The result is a con-
siderable economy 1n the power required for a given
range of communication, and a greater possibility of
accurate tuning. |
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CHAPTER VII

REPRODUCING SOUND AT A
DISTANCE

.

Transinission of sound througlfair, water, and metals—The string telephone—
The principle of the electric telephone—No sound transmitted—Telephone

. exchanges—Automatic exchanges—Trunk lines—The difficulty of sub-
marine telephony—Wireless telephones.

‘ N J E are all well aware that when a bady produces ox

emits a sound such body must be in a state of -
vibration in order to disturb the surrounding
~ air and ‘set up similar vibrations in this gaseous medium,
which in turn strikes upon the drums of our ears and
causes certain sensations. '

We know that the air is composed entirely of gaseous
particles or molecules of gas, which vibrate to and fro
when disturbed by a vibrating body. Each little mole-
cule has, as it were, to nudge 1its neighbour into
motion, so it is natural that the energy thus trans-
mitted takes time to. travel to a distance, and on its
way it will be gradually dissipated into other forms of
energy.

Man had long rec:::gmsed that air was not the only
conductor of sound, and that it was indeed a very poor
condictor when compared with water or metal. The
speed at which sound travels through water was care-
fully determined by experiments made, in 1826, in the
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Lake of Geneva. An ordinary bell when sounded under
" water could be heard at a distance of eight or nine miles
by placing a large ear-trumpet in the water at the distant
place. It has been suggested of late years to make use
of such an arrangement for communication between .
_ ships, but the reason for referring to the mat#gr here is

‘merely to make it quite clear that man ha@ definite
- knowledge of the propagation of sound through water.
It was then quite natural to test the velocity of sound
through solids, and it was determined that sound would
- travel fifteen times qumker through stgel than 1t would
through air. This gave rise to the scientific toy called
the string telephone, and later to a practical telephone
which was entirely mechanical, and consisted of a steel
wire tightly stretched from one sounding disc to another.
I remember seeing telephones of this class in- use in
public works, for communicating from one building
to another. The distance over which such telephones
can be used is very limited, for the energy of the sound
15 very qumkly dissipated 1n moving the molecules of
the steel wire.

‘The word telephone simply means an instrument
- {ot transmitting sound to a distance, but we now asso-
ciate the word with the electrical transmission of speech.
The telephone consists, like the telegraph, of two distinct
parts, a transmitter and a receiver. The fundamental
principle of the telephone is to control a battery current
by means of sound vibrations and reproduce similar
sound vibrations at a distant place. At first only musical
sounds could be transmitted, and even when Sir William
Thomson (Lord Kelvin) introduced Grzham Bell's
speaking telephone to the British Association meeting
in Glasgow in 1876, it was looked upon more as a scientific
toy than a thing of practlcal use.
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In order to simplify matters I shall not describe
any of the ‘earlier telephones, but pass on to the tele-
- phone of to-day. 1 shall préesume that the reader only
desires to know how the telephone works, without
learning all the details of wiring, etc. In the transmitter,
or speaking part, there is a small circular disczof metal

» =
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FIcG. Q.—THE PRINCIPLE OF THE TELEPHONE

The current from the battery (B} passes through the powdered carbon in
the transmitter (T) and goes over the line wire to the distant receiver (R}
The current is controlled by the vibrations of the transmitter, and the re-
sultmg current controls the little iron dlsc or diaphragm in the distant
recelver, as explained in the text,

about the same thickness as the leaves of this book.
This metal plate, or diaphragm, will vibrate under the -
influence of ordinary speech, while in the receiver,
or hearing part of the instrument, there is a similar’
metal diaphragm, which may be caused to vibrate in
exact unison with the distant speaking disc. In the
old string telephone the two discs vibrated in sympathy
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with -each other, because a tightly stretched string or
wire conducted the vibrations from the one disc to the
other. In the modern telephone the speaking disc
.controls an electric current, and the resulting current
-arriving at the distant receiver controls the other disc.
. When the speaker lifts the telephone receiver off its
hook, or support, a battery current is automiatically
switched on to the line wire connecting his- telephone
to the distant one. This current on reaching the distant
recelver passes round a small electro-magnet, in front
of which is placed the thin sheet-iron disc. As long as
a steady current flows around the electro-magnet it
merely produces a steady attractive pull on the iron
disc, and there is therefore no vibration. If, however,
‘the current 1s made to vary, then the disc vibrates,
under the varying magnetic force, and a humming
sound 18 produced. It only remains to control these
vibrations by controlling the current from the distant
end of the wire. In the distant transmitter the battery
current has to pass through a small box of finely granu-
lated carbon before reaching the line wire. In passing
through the carbon the current meets with considerable
resistance, because of the innumerable loose contacts
through which 1t has to make its way. If these particles
of carbon are pressed more firmly together, it is natural

. that the current can then more easily get through from

one to the other. It 1s therefore arranged that the
speaker speaks against a thin metal disc which forms
one side of the box containing the carbon, and as this
disc vibrates in sympathy with the speaker's voice,
1t controls the battery current passing through the
carbon powder. We therefore have an ever-varying
electric current passing along the line wire, and when
it reaches the distant station it energises the electro-
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‘'magret ih the receiver and sets up vibrations in the
metal disc, which the person at that end has placed
close to his ear. This little disc exactly imitates the one
_at the sending station ; and as the sending disc is moving

- with the air vibrations representing speech, so the

receiving disc again sets up these air vibrations which,
when interpreted by the listener’s sense of heafing, are
recognised as speech. Undoubteédly the most Temark-
able thing about the telephone is that a flat metal disc
can give to the air similar complex vibrations as we do-
with the aid of all our human speaking apparatus.
There is no doubt that the accomplishments of the little
imitative diaphragm fall somewhat short of the original
vibrations produced by our human speaking apparatus..
One has really to fill in more blanks than one imagines
in a telephone conversation. This, no doubt, accounts
for the difficulty some people find when using the tele-
phone for the first time.
- We now picture the diaphragm in the transmitter
performing a myriad of ever-changing vibrations, while
the electric current under its control is varying in a
cotresponding manuer, and at the distant end of the
line is causing the receiving disc .to -imitate the
vibrations of the transmitter disc. It is quite
evident that no sound passes along the wire, but
merely an electric current controlled by sound at the
one end and reproducing sound at the other end of
the line. o

A pair of telephon¢ instruments permanently con-
nected tﬂéether provide communication between two
definite places, but it was early recognised that if a
person in one part of a city could speak to any other
person in the city who had a telephone, then it would be
a much greater advantage. This was easily arranged,
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+" for it only meant bringing all the telephone wires to one
central office or exchange, where any two wires might
be connected together temporarily. * As the telephone
instruments and lines are rented .annually from the
‘Telephone Company, the parties thus hiring the tele-
phones are called the subscribers. All the sulg;crlbers
telephone wires therefore terminate at the d&fchange.
A very convenient way of making a temporary connec-
‘tion between one wire and another is to fasten a metal
plug to the one wire and a metal socket on to the other
wire, such as the movable plugs used in houses for con-
necting portable electric lamps, etc., to the electric
mams. As 1t 15 necessary to be able to connect any

. two of the telephone wires together, it is more convenient

to fix a socket to the end of every wire, and then use a
short length of flexible wire, having a plug at each end.
By placing one plug into the socket of one telephone
wire and the other plug into the socket of another sub-
scriber’s wire, these two subscribers’ telephones are
then directly connected through to each other. As
telephunes are now arranged with a return wire 1nstead
of using an earth connection as in the telegraph, i

is necessary to carry two wires from each instrument.
There are therefore two wires fixed to the socket, each
wire being insulated from the other. The plugs and
the flexible cords are similarly arranged with two separ-
ate wires, and when the plugs are iniserted in the sockets,
the pair of wires are connected in such a way that there
is a complete metallic circuit from the one telephone
instrument to the other and back again. "One wire only
was at first used, the ends being earthed ; but it was
found that the current in one overhead wire was apt to
set,up or induce a similar current in a neighbouring wire,
and this was more easily got rid of by making a com-



SHANGHAI TELEPHONE EXCHANGE

In the Telephone Exchange at Shanghai the operators are Chinese
% ] ® F ]
boys, who have proved very efficient workers. The method of making
connections is easily scen,
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‘ plete metallic circuit. To stmplify tl'le'descriptiﬂn of the
telephone exchange as much as possible, 1t 1s well to
think only of one wire connecting the two telephones
together.

The operator at the exchange may easily connect
any two subscribers together, but every subscriber
must be able to communicate with the operator and
inform her of the number he desires to speak to. Itach
subscriber, of course, has a number given him, these
numbers being stated in a telephone directory. It there”
_were only a very few subscribers, say, trom fifty 1o a
hundred altogcther, then one operator could attend to
them all and make the necessary connections and dis-
connections. In some cxchanges, howeyer, there are
as many as from five to ten thousand Sllij‘SLl‘leI"‘: lines
to look after; it is therefore neccssary to have a large
number of operators. Each operator will have {rom
eighty to a hundred subscribers to attend to, but she
must ' be able to connect thesc subscribers with any
other number in the whole exchange. The ends of all
the wires are fastencd off in small sockets arranged on a
table or upright board in front of her. She can eastly
reach’ any part of this board without rising from her
seat, as the sockets are made small and are very com-
pactly arranged. This operator may therefore, by
taking a flexible wire and two plugs, connect any two
of these sockets together. She will, however, find her
time well occupied in attending to the requests of the
eighty subscribers who may communicate with her
and ask her for any other subscriber in the exchange.
All the sockets in the board are, of course, numbered,
but when the operator receives a call from one of her
eighty subscribers, whose number may be 1563, 1t will
necessitate her locating that number before she can
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get in connection with him to ask him what number
he desires. It is therefore more convement to arrange
cighty other spectal sockets close beside the operator,
and to carry a branch line from No. 1 563 and ler other
subscribers to these sockets.  These are termed the
“answering jacks,” the word jack or spring-jack being
given to the small sockets. Each of an vperator’s eighty
subscribers has therefore an answering jack in addition
to the ordinary jack, and it will be more convenient to
connect the flexible wire {rom one of thesc answering
jacks to the number called for in the board. How 1%
the operator to know when one of her subscribers desites
to speak to her ? There 1s a tiny clectric lamp placed
immediately under cach of these answering jacks, and
when the distant subscriber desires to' call the operator’s
Lttention he lifts down lis telephone off its support,
and then depresses @ push-button, which causes the
tiny lamp opposite his answering jack to light up. In
some cases it is arranged that the lifting of the telephone
itsell switches on the lamp, thus saving the subscriber
the trouble of pressing the push-button. When the
operator sces the lamp light up she places one end of a
Hexible wire into the answering jack, and by means of a
<mall lever she can temporarily connect this wire to her
own telephone instrument, the receiver of which is always
ta ler car.  As soon as she learns the number of the
subscriber wanted shic switches off her own instrument
and places the other end of the flexible wire into the
jack or socket of the number called for. ‘The calling
subscriber is now directly connected through to luis
friend with whom he may converse. Yvhen he has
fnished his conversation and desires to have his teleplione
diﬁcmnnected, how is he to call the operator's attentlon ¢
This is very simply arranged. When she made the
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connection with the calling subscriber’s answering jack
the signal lamp went out, but there is another -lamp
which represents the flexible wire,  This lamp is not
lighted during the conversation, not until the subscriber
again depresses his push-button, whercupon this second
signal lamp glows, and the operator knows that she
may remove the flexible wire which was used in making
the connection. It is sometimes arranged that, when
the subscribers both place their telephones back upon
their hooks or supports, this signal lamp is automatically
switched on. This automatic arrangement is good,
for otherwise it often happens that a subseriber forgets
fo call oft when hmshed, so that he is believed to be
engaged when he may have finidhed some time pre-
viously.

We now see how one operator i1s able to connect eighty
subscribers to any other subscriber they desire ; but
what about the thousands of other subscribers ? There
1s nothing for 1t but to have another operator for every
eighty subscribers. It 15 clear that they cannot all sit
mn front of the board just described. Only three opera-
tors can work at this board without being much 1n
each other’s way, so 1t will be necessary to have another
duplicate board for cvery three operators.  The whole
board is thercfore called a multiple switchboard. Branch
lines are run from each socket in the first board to similar
sockets i the next board, or perhaps a betfer mental
picture is to think of gne subscriber’s teleplione line
coming in to the exchange and passing right along through
all the boards, being mercly tapped at each board by a
socket, just as onc might have a number of water taps
on one length of pipe. Iach operator may now connect
any of her eighty calling subscribers with any other sub-
scriber, but lhere artises a difficulty. How is she to know
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that no other operator has already connected some one
else to the number she Is asked for ?  Smith speaks to
his operator at thie first table and asks by number for
Jones, and while they are speaking Brown asks his
cperator, who 1s at a different table, to connect- him to
Jones.  What is to prevent the second operator from
connecting Brown to Jones, although he is already
speaking to Smith ?  Fortunately the operator can at
once tell whether or not the line called for is already
engaged. Before inserting the connecting plug she
touches a small metal ring at the mouth of the jack or
socket of the number called for and if she hears & loud
click in her telephonc she knows that the line is en-
gaged, and .she at once informs the calling subseriber
of this fact. This click may be heard any day at
an ordinary telephone by depressing the telephone
hook or support while holding the telephone to the car.
This cuts off the battery current, and a click will be again
heard when the telephione support is allowed to spring up,
thus switching on the current. This click is due to the
sudden making or breaking of the battery circuit. The
little rings at the cntrance to the sockets of one sub-
scriber are all connected together by a wire.  When
the operator touches onc of these rings with the wire
from her own telephone no current will pass, as long
as the subscriber’s line 1s free, and there is therefore no
click. If, however, any one of the jacks belonging to
one subscriber s in use, thee plug in it causes - this
wire to be connected to an earthed battery, so that
it any other operator now touches one of the jacks
or sockets belonging to .this number she will at once
hear a click 1n her telephone, as the battery current
will get to carth through her telephone. She there-
tare malees no further connectionns bt informe the ealle
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mg subscriber that the number he dﬁi\(ﬂ'd for is already
engaged.

It may be of interest to note, in passing, that in the
United States there are scveral large felephone ex-
changes in which the services of the human operator are
dispensed  with  entirely.  The connections and  dis-
connections arc all made by mmanimate automatic selec-
fors, which are controlled by “the subscriber himseit;
so that he is able to connect his own instrument with ;
any other instrument he desires, provided the number
desiked 15 not engaged. 1If a number 1s engaged, and a
sibscriber -endeavouls to connect his instrument to it
also, he hears "a distinctive sound in his insdrument
which significs that the desired line 18 engaged, and
it 15 impossible for him to cr:rnnf'ct to this line until it
15 irec.

One can not only speak by telephone te any part of
a large city, but to other far-distant cities, and even
from Great DBritoun to different parts of the Continent
of Europe. The Londoner may converse with the
Parisian although separated from cach other by a long
stretch of land and sca.  The extent of the sea to be
spanned 1s the main factor in determining the possible
distance to which one may speak. As long as telephones
arc connected by bare overhead wires, conversation
may be quite convenlently carried on over a distance of
a thousand miles and more, but when it is necessary to
cnclose the wire in an insulated cable, whether placed
under the ground or sca or not, 1t is quite a different
matter. The greatest cxpanse of sca that has been
successfully spanned so tar will not exceed fifty miles:
A simple relay or repeater such as 1s used with telegraph
instruments s of no use for a telephone. The telegraph
current 18 a make and break arrangement, whereas the™”
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telephone current iy o much more deficate and CVer-
VArying or undulatory current.  Can nothing be donc
to intensify the telephone current > Every telephone
currcnt is mtensified bhefore 1t leaves the transmitter,
by passing through an induction coll, the principle
of which will be cxplained in the following chapter.
1t is not VCTy convenient, however, to introduce induc-
tion coils inside g submarine cable. Some interesting
experiments have heen made by the clectriciang of the
British Post Office with o long stretch of cable on land.
A cable which conld only carry speech a distance of
s1Xty-six miles was so mproved by the imtroduction of
an induction coil ot every mile, that when thus arranged
it was possible to converse through one hundred and
seventy-six miles of the sqme cable.  We Still await
SOMe practical methed wherehy a cable may be made
"o carry telephone currents across the Atlantic,

It is not casy to grasp the fnll meaning of this diff-
culty in transmitting o telephone current through
long insulated cable, This difficulty has already been
reterred to, bhut the trouble is increased wlien instead
of the telegraph current we o substitute the delicate .
telephonce current.  Tq6 trouble is due to the faot that
when an electric current passes along a cable there is
not only the effect produced in the conductor, but also
in the neighbourhond srrounding the wire,  Woe may
picture the current in the wire setting up or inducing
another current or electric charge in the sheathing of
the cable or in the sutrounding surface of the sea-water
itself.  This induced charge attracts the current being
sent along the wire and thys retards it, so that it ic
partly dissipated and ATIVES i a very muel weakened
condition. Perhaps a more correct mental picture,
though not so prctaresque, is to think of the moving

r Sy -m
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current  setting up  an  clectro-magnetic  disturbance
in the ether around the cable, and 1t 13 clear that n so
doing it must expend some ol its initial energy.  This
troublesome property of a cable is due to 1ts capacity,
and while this may be balanced to a certain extent
for a telegraph current by adding condensers at either
end of the cable, this will not availl in connection with
delicate telephone currents operating sensifive instru-
ments, When a submariné telegraph cable 1s connected
to condensers the cable Is not directly earthed. It 1s
just as though the cable was connected to a metal plate
at cach end and left insulated from the earth, but another-
plate is plkeced very near to the first plate, and this second
plate is connectedt to earth. With an arrangement of
this kind it is found that the signals are very much 1m-
proved, so that as far as telegraphy is concerned the
difficulty has been -overcome and the signals kept quite
clear of cach other, It is only reasonable to suppose,
however, that the telephone current which we may
picture as a gentle Il])])lL of waves, in contradistinction
to the. telegraph splash, is more easily affected by the

retarding effect, so that the controlling current becomes
distorted and quickly dissipated.

The long-distance telephone lines connecting distant
towns together are called trunk lines, and the trans-
mitting power of these 15 so good that sometimes when
one is conversing with a man distant many hundreds
of miles, 1t is difficult to realise that he is not really
quite close at hand.

[ rémember on one occasion after travelling by the
2 p.m. cxpress-train from Glasgow to London, I desired
to communicate with my home, which 1s I a country
district distant more than {four hundred miles {from
London. On-reaching my hotel about 11 p.m., 1 gave
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the required number to the telephone operator, and in
less than two minutes 1 was speaking through to my
home. Of course, in the daytime during business hours
‘one has to wait one’s turn.as the number of trunk lines
15 limited. |

-



CHADPTER VIII .
WIRELESS TELEPHONY

I'irst wireless telephone—Speaking along a beam of light—Induction method
with parallel circuits—Practical installations-- Attempts to telephone with
the spark-telegraphy systein—Dispensing with the spark-gap—Transmitters
with an electric arc —A modern system---The distance already spanned—
Interference or cross-talk ditficulties—Prolessor Ayrton’s early prophecy.

T 15 of interest to note 'that a wireless telephone

existed long belore any wireless telegraph experi-

ments werc made. Very shortly after the imvention
of the telephone it was discovered that speech might
be transmitted along a bceam of lLight. The disc or
diaphragm of the transmitter was a thin plate of silvered
glass or mica, forming a flexible mirror. A powerful
beam of lLight, electric or sunlight, was thrown upon
this little mirror, and from there 1t was reflected to a
distance, firsf of all passing through a lens which focused
the hght mnto a beam of parallel rays. This beam of
hght fell upon the distant receiving apparatus, in which
was placed a selenium cell.  Selemum has a well-known
and peculiar. property ; its resistance to the passage
ot an clectric current through 1t varies according to the
amount of light falling upon 1t. The more light, the
more current passes.  Hence when the little flexible
mirror diaphragm is made to vibrate by the spcaker’s
voice it alters the light falling upon the distant selenium
receiver, and this controls a battery current passing
through a telephone receiver.  In  this way the
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movements ol the transmitting dise, the mirror, arc
imitated by the disc in the telephone receiver, and the
.speech 18 reproduced. This is true wireless telephony,
and has been employed in speaking (rom shore to ferry-
boats 1n the United States, but it 1s qmtp apparent that
the possible distance of trfmamlaamn 15 very limited.

Another obvious method of wireless telephony is by
induction.  When using the ordinary telephone a sub-
scriber sometimes complains to the exchange operator
that some other line has  got mixed up ”’ with his, as
he can hear conversation between other two parties.
When the operator informs him that it is merely cross-
tatk which he hears he 1s probably somewhat mystified,
and in any case he 15 annoved by the continuance of
this cross-talk conversation, Of course, what is occur-
ring 15 beyvond the control of the operator: 1t 1s the
result of the varving current in one party's current
inducing @ similar current in another party’s circuit.

A practical system of wireless telephony has been
adopted upon this plan, which is really the same as
Sir Wiiliam Preece’s wireless telegraph system with a
telephone transmitter mn the sending circuit. Preece
made use of this wirclesg_telephone system to establish
communication between the Jighthouse on an island (the
okerries) off the coast of Anglesey. At this point on the
coast the sea bottom 1s exceedingly rough, and the tidal
currents are so great that 1t was useless to attempt to
lay a submarine cable.

The distance hetween the island and the mainland is
about £wo and three-quarter miles, and 1t was found that
when a comparatively short wire, of less than half a
mile, was run along the island, and a parallel wire of
about three and a half miles in length was erected on the
mainiand, o good inductive effect was obtained between
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Hiese two distant cirenits.  The people on the wsland
could converse with those on the mamland, although
nearly three miles distant from one another. The fact
of being able fo use o telephone instead of & telegraph,
witl its accompanying code, was a distinct advantage.
This installation is still in use, as also 18 a stmilar instalia-
tion for transmitting wireless signals between the Rathlin
Isle and the Irish coast. The distance spanned n this
case is nearly eight miles, while the line on the island
is rather more than one mile in length, and that on the
mainland about five and a half miles, It 1s obvious,
however, that the distance over which this paralicl wire
system mav be used conveniently 1s very Iimited.

Experimenters naturally turned their attention fo the
spark-telegraphy systems, whichh have been described
in chapter vi. In some cxperiments an arc Jamp was
wsed as the variable transmitter, but while 1t was found
possible to transmit musical tones, all attempts at
reproducing  speech  gave very  poor results.  Many
similar plans, to control a spark discharge by sound,
have been tried, and with -more rapid sparking arrange-
ments much better results have been obtaimed.  Recent
wdvance, however, has been made in dispensing with a
spark gap, and causing the sound merely to vary a
contintone. emission of ether waves, produced by rapid
clectric oscillations in an aerial wire.

Onec system, based on the oregoing principle, was
devised by Professor Fessenden ot the United States.
In this a microphone transmitter was placed in the
path of the surging current which sets up the ether
waves, so that as the microphone varies the wave-produc-
ing current varics in sympathy with it. As early as
1905 the National Electric Stgnaliting Company (U.5.Al),
working Fessenden patents, undertook to cquip wireless
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telephone installations * guaranteed up to distances of
25, 50, and 100 miles.” _

We have scen already that the clectric arc was used
as a transmitter in the attempts at spark telephony,
but without success. When the electric are, however,
wis introduced as a producer of continuous waves great
progress was made and practical wireless telephony was
established,

We need not trouble with many details, but a general
idea of a modern installation of wireless telephony will
be of interest. A special arc i1s used, and this is surrounded
with ordinary ceal gas in place of air, while means are
adopted to keep the arc well defined and constant.
This is enclosed iIn a box with a cooling apparatus. I
several arcs are used 1n series the power of transmission
is increcasced.  The microphone transmitter is placed in
a battery circuit, and the wvariations i this circuit
imduce changes in a nelghbouring circuit in which 1is
placed the arc which acts as a generator of alternating
current of very high irequency. This electric current,
varying in sympathy with the sound wvibrations in the
first circuit, induces electric oscillations in an aernal
wire, which has one end carthed and the other extending
upwards into the atmosphere.  These electric oscilla-
tions in the aerial wire disturls the surrounding ether of
space, and send out electric waves. Those electric waves
arriving at the distant station are absorbed by the re-
ceiving aerial wire and affect a suitable detector (an
clectrolytic cell), and confrol a local battery current
which operates an ordinary telephone receiver, in which
the original sound 1s reproduced.

It 1s now possible to speak over a distance of nearly
two hundred miles by wireless telephony, and i1t 1s of
interest to note that the United States Navy, atter an
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exhaustive trial, have ordered twenty-cight sets of wireless
telephones capable of speaking over distances up to
twenty-five miles. It is obvious that the greater the
distance required to be spanned the more powertul
does the generator require to be.

It 1s apparent that wireless telephones will be subject
to cross-talk, but this difficulty is being fought by the
~adoption of “tuning,” of which we have seen the general

principle in chapter vr. |

Who knows but Professor Avrton’s humorous pro-
phecy may be fulfilled at some future time? In
the first days of wireless communication the learned
professor spoke of a time when, “if a person wanted to
call to a friend, lie knew not where, he would call in a
loud electro-magnetic voice, heard by him who had the
electro-magnetic ear, silent to him who had it not.
" Where ate you?’ he would say. A small reply would
come, ‘I am at the bottom of a coal mine,” or ¢ Crossing
the Andes,” or * in the middle of the Pacific.’ Or perhaps,
In spite of the calling, no reply would come, and the
person would then know his friend was dead !




: CHAPTER IX

HOW INDUCTION COILS WORK

The meaning of *Finduction "—An carly telephone tronble—Sir William
Presce's system of wireless telegml;hy-~S{::If-imluctiun ~‘The general
principle of the induction coil—What we gain--Make and break arrange-
ments—aAn analogy—The construction of an mduction coil—The use of
the eondenser —.A simple analogy-—3 iy the resulting current 15 not an
alternaling one— Uses of induction catls.

N our every-day life we are quite at home with the
verb fo induce ; we do not require 1o consult 2
dictionary to learn its meaning.  When we are
informed that a man has been enduced to go to a certain
town, say for sume public purpose, we do not picture
the man being taken there by force. We may think of
liim having some difficulty n acceding to the request,
" but when outside influence is brought to bear upon him
he is induced to go.

We have o somewhat analogous idea when we speak
of one body inducing clectricity in another body. 1 1t
be an clectrically charged body we mean that its very
presence will induce a complementary churge upon d
neighbouring body. 1t we are speaking of a wire circuit
with an intermittent clectric current flowing in i, we
may say that the current induces o complementary
clectric current in a neighbouring and parallel circuit.

It 15 natural that we should use the word induction
to distinguish such results from mere conduction. In
the latter case we conduct the clectric current from onc
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budy, by means of a conductor, to a second body, w hereas
in the former case we induce an electric current in a
circutt with which we have no material connéction.
That there must be a medium for all communications goes
without saying, and in the case of electric induction the
medium 1s the all-pervading ether, ‘

Sometimes induction takes place accidentally betu een
two circuits.  In the early days of the public telephone
scrvice, the telephone engineers were troubled very much
with induction difficultics.  On one occasion some
subscribers in I.ondon mmphuned of clicking sounds in
their telephones, and tlese noises became very annoying
during a conversation. It was found that these sub-
scribers’ lines passed along a certain street under which
some telegraph cables were laid, and there could be no
mistaking the causc of the annoying clicks ; they were,
undoubtedly, the Morse telegraph signals. The telephone
wires were on poles on the top of high buildings, while
the telegraph wircs were in cables buried in the earth,
and yet the intermittent current in the one wire induced
assimilar current in the other distant wire. |

When dealing with the subject of wireless telegraphy
I made no mention of Sir William Preece’s system,
although it was the first in the field, because it is based
upon a different principle from the systems now in use,
but a briet description of it may be of interest at this
point,

Preece’s wircless telegraph system is dependent upon
this phenomenon of induction which we are considering.
Just as the Morse signals were transferred accidentally
to another parallel circuit in the case stated, so Preece
endeavoured to send such signals over a much greater
distance. The scnder had a long straight wire, which,
unfortunately, had to be about as long as the dlstance
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over- which the signals were to be transmitted. The
sender had a convenient means of making and breaking
the flow of an electric current in this long line, which,
of course, was carthed at both ends. The distant re-
ceiver had a similar long parallel wire, and in circuit
with it he had an ordinary telephone receiver. When
the sender set up a momentary current in his long sending
wire, the operator at the receiving end heard a distinct
click in his telephone, and by such means It was found
possible to signal the Morse code over a considerable
distance without connecting wires. But from the amount
of wire required one can hardly call this a wireless system.
1t is obvious that if we must incrcasc the Iength of the
two distant wires, with the increasing distance separat-
ing them, there is nothing to be gained unless mn very
exceptional circumstances, such as in signalling across a
gulf without laying a submarine cable.. ‘

Some one might suggest that the long parallel wires
should be tolled up in the form of coils, and placed
parallel to one another. This, however, would alter the
condition of things entircly. The disturbed ether would
react upon the current in the sending coil and the trans-
mitting cnergy would be baffled.  This condition ot
things is known as sclf-induction. Before we can have
action between the coils they must be close to one another.
We have a practical application of such an alrangement
in the induction coil.

In these days of X-ray work, almost Cvery one has
some acquaintance with an induction coil.  Probably
some of us have youthful recollections of electric shocks
dealt out by small toy induction coils.

The general principle of the induction coil will be seen
in the following diagram, Fig. 1o.

By an induction coil we mean @ machine by which a
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current ot electricity in one wire or cotl will induce a
similar current in a sccond and scparate coil. One may
naturally ask what advantage 1s to be derived by doing
this., The result of a preliminary experiment scems
rather disheartening.,  We fit up two coils, connecting
one to a battery, and we place the second coil near it,
this coil being attached to an instrument for detecting
the flow of a current. The diagram (Iig. 10} shows this

I, 10— Priscreny or Isprorios Coirs

When the push (P} is pressed a current flows through coll Noo I from the
battery (B}, and at the muking awd breaking of this current an electric current
15 set up in coil No. 2, which iy quite separate,  This mduced current is
detected by the galvanometer {(3).

simple arrangement” with o bell-push inserted between
the battery and No. 1 coil, so that we may convenlently
switch off and on the current at will,

We know that as soon as we press the push a current
will flow In No. 1 coil. We press the button, and watch-
ing the detecting instrument in the other coil, we see its
indicator fall to one side, showing that a current of
clectricity has been set up in No. 2 coil, and it is clear
that this current must have been produced by induction
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from the battery current in No. I coil, as there 1s no
connection between the two coils. Still keeping a finger
on the push, we notice that the indicator has gone back
to zero, showing that the current is no longer flowing in
No. 2 coil, although the battery current is still flowing in
No. 1. When we let go the push, we notice the indicator
in No. 2 coil move once more, but this time in the opposite
dircction, and by repeating the cxperiment we find that
every time we make or break the battery current in
No. I coil 2 momentary current is set up in No. 2 coil.

We may leave the current produced at make out of
account altogether, for reasons which will be explamed
later. We need only remember that cach time we press
and let go the push in No. T coil a momentary current 1s
set up in No. 2 coil. The quicker we press the push the
more of these transient currents do we set up, and it we
could make them follow very closely at each other’s heels,
they would make practically a continuocus current.®

We cannot hope to operate a bell-push rapidly enough
to get this effect, and so automatic contact breakers are
required.  The induction coil may be made to do this
itself, or it may be mechanically done by a small motor,
but first of all we wish to see what advantage an duc-
tion coil 18 going to give us. |

We may imagine No. 1 coil sending out electro-mag-
netic waves in the cther, and these waves, as they fall on
coil No. 2, setting up a current in this coil. Tt 1s the
changes in this field of influence which give rise to the
induced current, for as long as the battery current keeps
up a steady influence, no current is induced in No. 2
coil, but only when the waves are being set up or with-

* If the momentary currents follow each other al the rate ol twenty per

second the result would be a practically continucus current, so all we have to
do is to find a means of breaking the batlery circuit twenty times per second.
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drawn does the current appear in the neighbouring coil.
The more of these waves or lines of force we can entrap
the better result we get, and we find the effect increased
for every turn of wire we add to No. 2 coil, so we make
this coil of very fine wire in order to get a great many
turns into the field of influence. If we made the two
coils exactly alike we should gain nothing, and even now
we cannot hope to increase the amount of electricity,
but we may alter its condition. We may think of the
battery current in No. T coil as an casy-flowing current of
considerable volume, while in No. 2 coil we have a small
current at a very great pressure. It is difficult to find any
convenicnt analogy, but I think onc may liken the pro-
cess to that of a mechanical lever. A workman wishes to
move a large stone, but finds it too heavy. He gets a
simple bar of iron, and putting one end under the stone,
he places sdme obstacle under the bar or lever near to the
large stone, and then applying his energy to the {ree end
of the lever, he finds he can easily move the heavy stone.
From whence did he get the increase of power 7 Linergy
cannot be created by a simple iron bar or by any other
means, but it is apparent that the workman moved the
frec cnd of the lever through a far greater distance than
the stone was moved, so that he merely concentrated his
energy. We might speak of the cnergy he put into
several feet of movement being concentrated into several
dnches, and this may serve as a rough analogy of what an
induction coil does : it cannot increase the encrgy, but it
concentrates it, and wec have a very high voltage or
pressure, sometimes reaching over a million volts. A
single battery cell gives a pressure of from onec to two
volts. | |

When the principle of an induction cdil is once grasped,
the construction is readily understood. No. 1 coil, which
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1s the battery circuit, is called the primary coil or circuit,
while. the coil in which the current is to be induced is
called the secondary circuit. The clectro-magnetic effect
of the primary coil is mcreased cnormously, by placing
a plece of iron inside the coil. A bundle of iron wires
15 used, as they magnetise and demagnetise quicker
than a solid piece of iron does. The battery or primary
circuit 1s wound around this bundle of wires, the coil
being, of course, carefully insulated, or otherwisc the
current will not go round and round the coil as is desired.
Once may always think of the msulation being to the
current what a pipe 1s to water or gas. The two ends of
this primary coill are connected to the battery, tliere
being a contact breaker inserted between one end and
the battery, as was represented in the diagram (Fig. 10)
by the bell-push.  The secondary coil of very fine wire
15 wound directly on the top of the primary coil, but very
carciully msulated frem it, and its two ends are left {rec,
being merely tinished off in convenient {terminals, so
that any desired picce of apparatus may be connceted
in circult with this coil

As already indicated, the contact breaker may be
worked by the induction coil 1tself, for the bundle of iron
wires, becoming a magnet whencver the battery current
flows round them, may be made to attract a plece of iron
attached to a spring, which, when attracted forward,
breaks the path of the current from the battery.

Immediately the circuit is broken the bundle of iren
wires lets go the spring piece, which, coming once more to
1ts normal position, allows the current again to pass,
whercupon the spring is again attracted forward, and so
the make and break is kept up continuously. The motion
15 exactly that of the gong-stick in an ordinary electric

..M R T N T P Fatmiel 4 ma1vel Frem e et rmtrrs o ok T T



How Induction Coils Work

-

spring that causes the monotonous hum in the air when
an induction coil 1s at work. .

The breaking of the battery circuit might be accom-
plished by turning a wheel round, having contact pieces
-at intervals on its periphery, and indeed this method was
cmployed prior to the automatic arrangement jusdt
described.  One.modern method s to give a rapid motion
to a contact lever by means of a small motor driven by
clectricity.  There are also clectrolytic contact breakers
now in use, but the object of all is merely to obtain
a rapid make and break of the battery circuit.  The only
other point to mention is that a condenscr, made up of
msulated layers of metal foil, 15 placed in the wooden
basc of the instrument, to act as a Leyden jar. The
induction coil is also supplied with a switch, to turn off
and on the battery current at will, and also a commuta-
tor switchsso that the direction of the current mav be
reversed.

It may be interesting to add a fow words of explana-
tion 1 connection with condensers. It 1s difficult to find
ang really helptul analogy, for if we picture a condenser
merely as a reservoir the analogy is very incomplete,
[f we 1magine the charged condenser as analogous to a
tightened steel spring, we get some rough representation,
when the spring s released suddenly, of the electric
oscillations occurring during the discharge of a con-
denser.  But perhaps the following analogy will be more
helpful for our present purpose, |

Suppose we take o pressure adr pump to represent an
clectric battery, and a very elastic bag to represent a
complete condenser with its two sets of plates, We
then have a tube connccting those two, and this will
serve to represent the electrie eircuit, while a stop-cock
in the connecting tube will stand for a make-and-break
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arrangement in the clectric circuit.  As soon as the stop-
cock 1s opened the pump forces a gas along the connect-
ing tube into the elastic bag, which quckly fills and
becomes distended. i the pumping pressure 1s very
great the walls of the gas bag may burst, or it that
somewhat cxceptional calamity does not occur, there
may be o leakage of gas through the walls of the bag.
This leakage 1s surc to occur in all cases unless the walls
of the bag are sufficiently thick. We close the stop-cock,
the pump stops, and leaves the gas-bag distended,
charged with gas. If we now open the stop-cock sud-
denly, the pump commences to work once more, but
the back-rush of gas from the distended bag retards the
action of the pump. In our analogy 1t 15 the space
inside the bag which represents the sheets of metal toil
in the condenser, while the walls of the bag represent
the insulating material or diclectric. It 1s thd dielectric
which is ruptured i the case of overcharging with no
possible way of escape for the charge.

Our analogy 1s necessarilly mcomplete, for the sheets
s of metal foil do not act merely as simple capacities, but
assist one another i this wise. When an earthed metal
plate 1s brought into the ncighbourhood of another plate
which is being charged, the capacity of the plate 1s
cnormously increased. In the induction coil we do not
earth the plate, or set of metal foils, we simply connect.
the condenser as a shunt circuit from the battery. When
the current is switched on to the induction coil, the
condenser 1s charged 1mmmediately, and at the same
moment the main circuit 1 broken by the forward move-
ment of the spring-piece or hammer. When the hammer
springs back and closes the battery circuit once more,
the condenser discharges into the main circuit and the
back-rush of current retards the starting ot the battery
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current. The result of this is that the current does not
start;;suddenly enough to cause an appreciable inductive
ctfect in the secondary circuit, in which there is an air
gap, while the rapidity of change at the break is Very
much greater. Hence we have practically a unidirec-
tional or direct current issuing from the terminals bf
the induction coil, and not an alternating current as one
might suppose.

The use of condensers in connection with military field
telephones will be explained in the last chapter, when we
shall be dealing with the electron theory. |

Induction coils have been of great service in connection
with telephones, an induction coil being an absolute
necessity munless for telephoges used only over a very
short distance.  Then we find large induction coils
playing a most important part in the production of
Rontgen rays, while a great deal of the experimental
work carried out in connection with the electron theory
has been dependent also upon the use of large induction
colls. |



CHAPTER X

CONCERNING LIGHTNING

" Its nature—Franklin’s experiment—An experimenter receives a fatal shock—
Lightning conductors—Drotecting electric circuils against lightning—ork
lightning—Sheet lightning—Ball lightning—Bead lightning—Thunder—
The immense clectric pressure in lighthing.

HILE primitive man was mystified and terror-
ised by great flashes of lightning descending
upon the earth, civilised man has been” able
to discover the nature and cause of this glgantic
plienomenon. -
When the illustrious American philosopher, Benjamin
Franklin, suggested that lightning was merely an im-
mense electric spark, it seemed too bold an assertion.
But he, and others, were soon able to prove that hight-
ning was an electrical discharge {from thunderclouds.
By sending up a kite into the neighbourhood ot thunder-
clouds, Frankiin was able to * draw the lightning from
the clouds.”  The wetted string of the kite was used at
first as the conductor, but this was tmproved upon by
another experimenter, who twisted o metallic wire
with the string of the kite, thus offering the eclectric
charge an easicr way of escape from the kite to the earth-
end of the string. Holding the wire by a silken cord,
which acted as an insulator, this experimenter made many
interesting electrical experiments. It must be clearly
understood that these experimenters did not intend that
thetr kites should act as lightning conductors, but merely
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45 & means of tapping the thunderclouds, and conducting
away some of the accumulated clectricity.  The man
who used the metal wire was able to conduct away more
electricity than the man who used the wetted string of
the kite. | |

It is obvious that there was o certain amount of danger
m playing with atmospheric clectricity, although the
cxperumenters had no idea of inviting the lightning on
to their strings or wires : they intended only to tap the
clectrified cloud and draw off some of the charge. One
Russian professor, however, wlen making some similar
cxperiments in St Petersburg, received o fatal shock
during a thunderstorm. This untortunate experimenter,
Professor Richmann, had arranged a vertical rod from
the roof of his laboratory, and connected this to o metal
ball on the ceiling of the room ; but he had omitted to
provide any possible way ot escape for the clectricity to
earth, and on coming near to the metal ball his body
formed o conductor, <o that the Jightning discharged
through his person, |
+ It became clear that if 4 pomted conductor was placed
on any high erection, such as a church steeple, and if the
lower end of the conductor was connected to the earth,
then the lightning could be conducted safely to the
earth without any damage being done to the building,
The electricity wounld not trouble to go through the stone
bullding when such g casy path was offered it by the
metal conductor,

In constructing lightning conductors it g advisable
to give the high-tension discharge a clear path and a
good connection with the earth by means of a large metal
plate sunk in the sub=soil. The water matns may also
be connected, but if we fail to give the electricity a
clear path, it may leave the conductor and do much
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damage to the property which we are seceking to protect.
It has been pointed out that the only sure lightning-
conductor 1s to cover the building with a wire gauze,
It 1s not convenient to put an ordinary building into a
metallic cage, but 1t is wise to adopt such precautions
il the case of powder magazines or stores of highly
inflammable materials. |

Other forms of hghtning protectors have been devised
to safeguard clectric circuits that are exposcd to the
elements.  In these circuits an earth wire 1s provided,
which, of course, is not connected directly to the electric
circuit, else the line current would take a short cut to
earth by 1t. It is sufficient, however, to have the end
of the carthed wire placed In close proximity to the
conducting wire, leaving only a small air-gap between,
It is quite impossible for the line current to leap across
this air-space resistance, but if lightning strikes the
conducting wire 1t can laugh at such trifling obstacles,
and, by its grcat pressure, lecaping the air-space it gets

safely to earth without damaging any of the electrical
instruments in the exposed circuit.

A simple fixed air-gap is quite sufficient in connection
with telegraph and telephone circuits, where only a very
small electric pressure 1s used. In the case of cxpensive
submarine telegraph cables great care must be taken in
providing an efficient lightning protector for the land
wire, for if lightning were to strikc this wire and reach
the submarine cable it might rip up the insulating cover
and leave the cable uscless,

Lightning does not often appear as a simple long
spark or streak of hight, but branches off in different
dircctions {rom the main line, and all such discharges we
commonly call zig-zag or fork lightning. What we know
as summer or sheet lightning may be merely the reflection
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The lightning discharge is exactly similar to the spark from an electrical
machine, but on an immensely grander scale. The discharge is between
a cloud and the earth,
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of one of these fork discharges occurring behind a cloud,
or it may be that sometimes there is a diffused or partial
discharge in the interior parts of the same cloud.

There is another class of lightning called globular
or ball lightning ; but this 1s much rarer, and is dis-
tinguished by its slow diffusion, its duration far eX-
ceeding that of ordinary lightning. There 1s no doubt
that such forms of lightning are visible for at least ten
soconds, and there arc reports of much longer durations.
The damage done by this form of lightning is otten
very great, so that an erroneous idea got about that on
cuch occasions there was a material thunderbolt lodged
in the earth, this notion being the result of reports
describing the holes actually made in the ground where
the ball lightning fell.  The ball of fire is undoubtedly
material but it cannot very well be composed of any-
thing but®air and gases derived from water-vapour, the
whole mass being in a highly electrified state.

There Las been observed on rare occasions d “pead
form of lightning, in which the long flash appeared to be
made up of little globes of fire forming a frain. This
bead lightning would seem to be an infermediate between
forld and ball lightning.

When o long electric spark 1s drawn {rom Qa very
large electrical machine, fhere is a considerable noise
produced, like the report of @ gun, and the same occurring
on o much grander scale 1 the heavens, where the noisc
v echoed from one cloud to another, produces 1 our
oats the effect of the thunder crash. The electric disturb-
ance sets up air vibrations or sound waves. These
travel through the air at a very slow speed, about 1100
fect per sccond, so that it takes the thunder some time
io reach us. Light, howevcr, travels through the ether
.t an immense speed, not falling much short of 200,000
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miles per second.  The light from the lightning therefore
reaches us much quicker than the sound of the thunder.
In this way we have a very simple method of calculating
now far distant the lightning is from us. If we only
desire an approximate fgure, wo may reckon the sound
travelling at a speed of one mile in five scconds.  If we
count the seconds after seeing the flash, and find that
there 1s a silence of fifteen seconds before the thunder
is heard, then we know that the thunder has travelled a
distance of three miles,

It after sceing a flash of lightning we fail to hear
any thunder, it may be that the flash we saw was merely
a reflection of some far distant discharge, or it may be
that the lighining we witnessed was at a greater distance
than fifteen miles [rom where we were, for that 1s about
the limit of the carrying power of thunder. We therefore
see that there cannot be a great deal of encrgy in the
thunder crasl, for the report of a4 cannon will CAITy
nearly four times this distance, while the noise of a
bombardment will travel twice as far agam. There is,
however, an immense electric pressure in the lightning
discharge, so much so that we often witness most alarming
destruction of property and life. If we consider the
clectric pressure required to produce quitc a tiny spark
across an air space we shall then appreciate the CNCrgy
n a lightning discharge. Remembering that a single
chiemical cell or * battery 7 only gIVCs 4 pressure varying
between one and two volts, we may be somewhat sur-
prised to learn that a pressure of one thousand volts is
required to causc electricity to jump across a tiny air-
gap of the one-hundredth part of an inch. If the ends
o1 two wires arc touching ecach other when the current is
started and they are then separated, the conditions are
quite different, as a bridge is formed of gaseous particles




Concerning Li ghtning

torn off from the ends of the wires. At present we are
considering two points with an air space between them
at the outset. It is indeed remarkable that this small
ali space offers so great a resistance.  If we now think
of a lightning flash sparking across a distance of one mile,
we may form some idea of the enormous electric pressutre
required.



CITAPTER XI1

THE MEANING OF THE ELECTRICAL
UNITS o

Ordinary meusures of material things—The nced for exact clectrical measure-
ments— A bsolute units—The practical unit of electric pressure-—The unit
ol current strength-—"The unit of electrical resistance The relationship of
these units —Other units-- How the pressure and current are measured—
Flectric melers.

OMETIMES we say that one object is three times
as large as another or only half the size of another,
and although we have more exact methods, all

our measurements of material things are merely compara-
tive. The rulers of the lund laid down certain artificial
ctandards with which we should compare the length

and weight of all objects. These standards are retained-

under lock and key in London.

A bronze bar thirty-cight inches long las two gold
studs sunk into the bar near its ends, on both studs a
line is cut, and the distance between these two parallel
marks is the length which they have determined as the
unit one vard, but in order to be exact the measurcment
must be made when the metal bar is at a temperature of

62 degrees Fahrenheit.,  All other lineal measures are

either smaller parts or multiples of this definite but

artificial standard.  The unit of weight 1s similarly

defined by a certain plece of platinum prescrved in the

Standards Office.  Four copics of these standards are

deposited in other places of sulety, in case of accident,
AR
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while we all possess some more or less faithful imitation
of these measures for our personal use, :

The case is somewhat different with electricity. We
construct standard clectrica] nstruments which we 150
In practice, but these have not been based on any such
artilficial plan as adopted for Iength and weight.  The
untts of electrical measurements have been sclentifically
determined, and can be reproduced at will ; so that,
while all our measuring of electricity in practice is dono
by comparing the effects produced on standard instru-
ments, we do not require that our legislators should
lock up any of these nstruments for a standard reference,
The scientist could reproduce them again at any time
if required. This question of scientifically-determined
antts will become clearer ag we proceed.

When the first Atlantic cables were laid, we had
no standard electrical Heasurcments.  Klectricians had
made measuring instruments, but there -were ng definite
units by which the effects might be reckoned. In the
came way our carly thermometers hiad 1o fixed scale,
This want of any electrical units was found very awk-
ward. There was no use of one electrician reporting
to another that the current required to be used ‘i
such that it moves the indicator of my measuring instri-
ment forty degrees.”  This value would depend al-
together on the construction of the said instrument, and
the particular way in which the scale of degrees had been
divided. It was quite cvident that if we were tao make
practical progress we should require some system of
standard units of measurement. We might have gone
upon the artificial plan of stmply taking any one particu-
lar measuring instrument, and agreed that when the
indicator of this instrument moved 2 certain distance,
we should reckon that particular value as the unit,

T : e a
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Our legislators would then have taken charge of this
ctrument and allowed us to make duplicates, which
could be standardised from the original instrument.
A wiser plan was adopted.

The British Association, in, 1861, appointed a com-
mittee of the foremost scientific men of the day, with
Sir William Thomson (Lord Kelvin) as president, and
the object of the committee was to suggest a suitable
basis of electrical measurement. Many years clapsed
hefore the final results were made public, but units
of electrical measurement were determined upon purely
scientific principles. These units were called the absolute
units, the word absolute meaning that they were iree
from any particular conditions, or, in other words, that
they had reference to no artificial electrical standard,
but could be scientifically reproduced at any time.

We shall be content to know that these scientists
arranged for us certain definite units of electrical measure-
ment.

It so happened that the umts thus scientifically
Jetermined were not of convenicnt size for measuring
the currents we have to deal with in practice, and the
committee therefore arranged a series of practical units,
which are definite multiples, or: sub-multiples of the
Jbsolute units. By the word sub-mulliple we mean 2
number whicl is contained 1n another a certain number
-of times.

We arc quite familiar with the idea of pressure 1in
connection with flowing water, and we state this as
being so many pounds to the square inch. When we
have electricity flowing along a wire we may measul
the elecirical pressure, but we cannot state this 1n any

ordinary mecasures, and so we coin a word to represen
LI T T [T I e The nﬁmmi’[tee C‘f thEBI'i,tISI’
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Assoclation named it after the illustrious ltalian, Pro-
fessor Volta, who discovered the mcans of producing an
‘electric current by chemical process. The wolf is a
definite multiple of the absolutegunit of pressure, which
was scientifically determined, but the reader may form
an 1dea of 1ts value from the fact that the electric pressure
at which any primary cell delivers its current is always
betwcen one and one and a half volts.

Before leaving the subject of wvoltages, 1t will be
well to fix in one’s mind the fact that the number of
volts does not signify the quantity of electricity passing
along a linc, but merely indicates the pressure at which
the current is being delivered. |

In order to measure the working value of water flow-
Ing i a pipe we must know more than the pressure at
which 1t is being delivered. We require to know its
rate of flow, which we say 1S SO many gallnns per minute,
We must have an equivalent measurement in clectricity.
As some néw word had to be coined to express the unit
of current strength or rate of flow, it was a happy sugges-
tion to immortalise the name of the great French scientist,
Protessor Ampere. When we use the word ampere to
denote this electrical unit, we find it more convenient
to omit the accent as used in the proper name. 1f one
remembers that the ampere in electrical measurements
is used In a similar sense to the words “ onc gallon per
minute,” there should be no confusion. We may say that
it requires a current of onc quartey ampere to make :
certain glow lamp light up, or that we must have a current
of ten amperes for a certain arc lamp. These state-
ments merely imply the current strength or rate of flow
of the current. They are not measures of quantity.

How are these two units, the volt and the ampere,
related to each other ? It will be of service to refurn tn
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the analogy of water fowing through a pipe. If the
water.is being delivered at a low pressure we must have
a considerable rate of flow, or mn other words a large
volume of water, to do any work, and we consequently
require pipes of a large diameter to conduct the water.
The electrical side of the analogy will be clear as we go
along. If we ncrease the pressure of the water we may
use less water and conscquently smaller pipes. A {flow
of a very few gallons per minute, in a small pipe, at a
high pressure, may drive a water turbine, and do the
same work as hundreds of gallons per minute passing
over a water-wheel at a low pressure. It 1s thercfore
apparent that the power of doing work 1s dependent
upon bhoth the pressure and the rate of flow. I1i we
increase the pressure then we may reduce the rate of
flow, or the other way about,

The clectrical resistance of any conductor is, of course,
increased by adding to the length of the conductor, and
also by reducing its cross scction or diameter. There
seems little room for confusion here, and yet I have
found beginners thinking that the large conductor should
offer greater resistance than the smaller one. No doubt
it is the solidity of the conductors that lcads them astray.
A piece of solid metal two feet square will offer a far
greater mechanical resistance than a piece two inches
square. The matter should be clear, however, if one
keeps in mind the analogy of the water pipe. A pipe
of small bore offers a greater resistance than one ot
larger bore. The analogy is by no means a perfect one,
for in considering the resistance of a pipe to a flow ot
water in it we bave to take into account the pressure
of the water current, whereas the celectrical resistance
of a wire is constant no matter what voltage is used.
Electrical resistance 1s an inherent quality ot a conductor.
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[t is true it may increase or decreasc with a fall or risc
of temperature, but it is not affected by the pressure of
the electric current. - |

We must have @ unit by which we con measure the
clectrical resistance of a conductor. The unit has been
very  conveniently arranged, for it 18 the resistace
which requires a pressure of one volt to drive a current
of one ampere through it This unit has been called the
ohm. after Professor Ohm (Germany), who first pointed
out that the strength of an electric current not only
depends upon its pressure but also upon the amount of
resistance offered by the conductor in which it is flowing.
This, when stated mathematically, s known as Ohm's
law. The standard ohm is the resistance offered by a
column of mercury 106°3 centimetres long and one square
millimetre in cross section, at.a temperature of 0° Centi-
crade.  *

Perhaps it will be casler to form a clearer 1dea of the
value of an ohm by taking an example cmploymg mea-
sqrements with which one is more accustomed to deal.
Roughly about six hundred yards of copper wire one-
tenth of an inch in diameter offers an electrical resistance
of one ohm. Three hundred yards of the same wire will
have a resistance of half an ohm, while sixty yards will
only offer a resistance of one-tenth of an ohm.

It will be of service to remember that the units are so
arranged thaf 1t requires a pressurc of once volt 1o send
1 current of one ampere throngh a vesistance of one ohm,
It will thercfore require a pressurer of two volts to send
the same current through a resistance of two ohms.
A pressure of onc volt would, however, send a current
of half an ampere through a reststance of two ohms,
and so on.

It may be of interest to remark n passing that the
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potential is not the same throughout the whole length
of the conductor. The pressure or potential falls from
point to point. If the circuit is of uniform resistance
throughout, there will be a regular fall of potential
along its length. The current strength or rate of flow
(atnperes) will, however, be the same 1n all parts of the
conductor, even although the circuit be made up of
lengths of wirc of various diamcters, The electrical
encrgy, which as already pointed out 1s the product of
the pressure and the rate of How, must necessarily fall
with the decrease of pressure. We therefore speak of
electrical energy being consumed although we under-
stand that it is merely transformed into some other
form of energy. The electrical energy lost owing to
resistance in the conductor is transformed into heat
cnergy. If the conductor be a large one this heating
effect will not be perceptible. -

When one is informed that the ampere is analogous.
to the measure “ one gallon per minute,” it is natural
to wonder why both quantity and time are not mentioned
in this electrical unit by which the rate of flow 1s mea-
sured. The word ampere in order to signify a rate of
flow must necessarily mean a certain quantity in a certain
time. We scldom meet the unit of electrical quantity
outside. of the scientific laboratory, but it has been
named the coulomb after a great French physicist, who
lived a century ago. This practical unit of quantity
was fixed by the British Association committec at one-
tenth of the absolute unit of quantity which they had
scientifically determined. It may give the reader some
idea of what a coulomb is, to say that if that quantity
of electricity is passed through an electro-plating appata-
tus it will deposit rather more than one milligramme of
silver. That is the meaning of a coulomb, and the
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ampere is a rate of flow of one coulomb per second.
With this fuller statement of the meaning of an ampere,
the analogy of one gallon per minute becomes more
obvious.

There are other electrical units with which the scien-
tist deals, such as the unit of electrical capacity, which
has been named the farad, after our illustricus Michael
Faraday who made so many important discoveries
while at the Royal Institution in London.

What about the measuring of volts and amperes ?
We have a voltmeter for indicating the clectric pressure
in volts, and an ammeter (ampere meter) for indicating
the rate of flow of the current in amperes. These are not
really meters in the sense that the public understand a
meter ; these instruments are more akin to steam
gauges, etc. They may be arranged to record the move-
ments ot, their indicators 1f desired, but even then they
only measure certain conditions of the current, the
pressure and the rate of flow respectively., The prin-
ciple of these m{;aauring mstruments 1s very qimplt
The clectric current is passed thmugh a col of wire,
thus setting up @« magnetic field in its immediate neigh-
bourhood. A magnetic needle, fixed upon a spindle, is
placed within the sphere of influence of the coil, and is
deflected according to the strength of the magnetic
field produced by the current in the coil. But how can
we  distinguish between volts and amperes, between
pressure and rate of flow ? -

What 1s the difference betweep a voltmeter and an
ammeter 7 The only difference in construction is that
in the voltmeter the current has to pass through a coil
of very fine wire, while in the ammeter the coil Is made
of a heavy or coarser wire. It is difficult to find any very
suitable analogy for this point, but suppose we desire

- ol
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to measure the rate of flow and the pressure of the wind.
To measure the former, we crect a very light windmill
on the top of a pole, and we adjust the mechanism so
that when a certain amount of wind has passed, the
windmill will have been driven round a definite number
of, revolutions. We might arrange that half a mile of
wind would turn the windmill fity thousand times,
so that we would usc means of registering the number
of revolutions, and by this we could reckon the rate of
flow of the wind. To measure the pressure of the wind
we shall be content with a rather rough-and-ready
apparatus for the sake of our analogy. We erect a
pressure plate held forward by a strong spring of known
tension. We can then note the pressure of the wind
against the power of the spring. buch an artangement
would not be very accurate, and even properly arranged
pressure plates are seldom uscd in observatories, as we
have mathematical tables by which the pressure may
be calculated from the rate of flow. However, the point
of assistance to us, by way of analogy, is that when we
measure the rate of flow of the wind we place as little
obstruction as possible in its path, the small windmill
being made of aluminium and delicately poised. In
the ammeter by which we measure the rate of flow of
an clectric current we place as little resistance as pos-
sible in the path of the current, hience the large conducting
wire in the coil, which offers practically no resistance.
To measure the pressure of the wind, we place a very
considerable resistance in its path, and then note the
cffect produced. To measure the pressure (volts) of an
electric current we place a considerable resistance in its
path, making it go through a coil of very fine wire.
Leaving the wind analogy out of account, we may
now get a clearcr view of the matter in this way, In

I
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the ammeter we require practically no -pressure to
send the current through the heavy wire, hence the
varlations in the magnetic field will be due to the rate
of flow of the current, which is the same at all parts of
the circuit. In the voltmeter we have, on the other hand,
so blocked the way of the current that it 1s a reading
of its pressure we get.  More accurate voltmeters and
ammeters are made, just m the same manner as the
siphon recorder is a more delicate form of the needle
telegraph or needle galvanometer. It will be remembered
that in the siphon recorder there is a stationary magnet
and a moving coil.  These  moving coil” voltmeters
and ammeters do not have the whole of the current
to be mcasured passed through them, but only deal
with o definite proportion of the whole current. There
arec also electro-static voltmeters and ammeters, but
the instroments just described will serve to show how
we measure the pressure and the rate of flow of an electric
current.

IF'or our present purpose, the consumer’s meter does
not concern us, but in closing the subject of measuring
1t may be noted that in this case it is the energy possessed
by the electric current which 1s measured and paid for.
This may be registered by a small electro-motor in sthe
meter, or by the chemical effect of the electric current,
and by other methods.  In this case the unit was laid
down by the Board of Trade, and is called the Board of
Trade unit (B. T. U.). This is defined as 1000 watts per
hour, a waff being a current of one ampere at the pressure
of one volt.




. CHAPTER XII
WAVES IN THE ETHER

Newton's theories of light disproved- - Electric waves and light waves—
Experimental proot of velatianship hetween light and electricity—A simple
analogy—The connection Letween the wave-length and the frequency—
Ether waves have totally different properties—Ether waves convey energy
—Experimental proof that light, radianl heat, and electric waves are all
of the same nature,

ONG before man lad discovered experimentally
the existence of electro-magnetic waves in the
other—as now used in wircless telegraphy—he

had abandoned definitely the idea that light was any
form of matter, as had been the scientific creed in it
[saac Newton’s time. -

Professor Thomas Young, of London, and other
physicists, disproved Newton’s theories and established
firmly the idea of an all-pervading medium in which
wave disturbances could be produced. To-day we have
no doubt that light is merely a series of very short waves
i1 the ether. It is unnecessary to prove the existence
of the ether in these days of wircless telegraphy, tor
surely every thoughtful man must he persuaded of its
rcal existence. .

As electric waves and light waves are both disturbances
in the same great ether occan, there is bound to be some
relationship between the two phenomena. This relation-
ship was proved by cxperiment in 1845, when Michael
Faraday, working ot the Royal Institution (London),

R
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rotated a beam of polarised light by means of a powerful
magnet. ke ]

As all ether waves are of the same kind, and as they
all travel with the same wvslocity, it is obvious that '
they can differ only in wave-length. In other words,
the only difference between light waves and radiant
heat waves lies in the distance between the crests
of the successive waves. Suppose we had a float or
plunger of some kind with a handle attached to 1t,
so that we could conveniently move it up and down
at the centre of an imaginary pond of still water. If
we were to move the plunger up and down very slowly
the waves would follow each other at some considerable
distance apart, whereas if the movements of the plunger
were rapid the waves or ripples would follow close upon
one another's heels, Far more waves would arrive at
the shoresin one minute when .the plunger was moved
rapidly. In order to compare the different sets or trains
of waves we could measure the distance from the top
or crest of one wave to the crest of the following wave.
Of course, it would make no difference 1f we measured
the distance from the dcpression or trough ot one wave
to the trough of the next wave, or if indeed we measured
the distance between any two corresponding points, on
neighbouring waves.  This is what we call the wave-
length. It will be observed that it has nothing whatever
to do with the length along the front or ridge of the
wave. By wave-length we simply mean the distance
between two successive waves. Rossibly some readers
would be more inclined to call this the width or breadth
of the wave, |

When we vibrate the plunger rapidly we produce
waves of short length. We see that there is a dis-
tinct connection between the rate or frequency of
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vibration and the length of the waves produced. The
quicker we.vibrate the plunger, the shorter will be the
resulting waves. As the velocily of travel of all ether
waves is the same, the connection between the frequency
and the resulting wave-length s very simple.  In one
second of time every ether wave will have travelled a
distance of 186,000 miles. Therefore 11 1000 waves are
set up by the vibrator dunng one sccond, the first will
have travelled to a distance of 186,000 miles when the
last wave is rcady to start. In other words, there will be
1000 waves equally spread over a distance of 186,000
miles. We do not require pencil and paper to calculate
the wave-length in this case, for if T000 waves occupy
a space of 186,000 miles, it 15 cbvious that cach wave will
occupy a space of 186 miles. We should say, theretore,
that the wave-lepgth in this case was 186 miles.

Some of the ether waves used in wircless telegraphy
are measured in miles, while, on the other hand, ether
waves as short as one two-hundred-and-fifty-thousandth
part of an inch have been measured. It 18 of coursc
quite impossible to realise the smallness of such dimen-
sions, but we can appreciate the tremendous range of
different wave-lengths existing n the ether.

We have seen that the whole diffcrence between any
one ether wave and another is in its length or the spacing
between the waves, and, of course, there must be a
corresponding difference i the frequency of number of
vibrations per second. It s marvellous that these ether
waves which only differ in this way possess such very
different properties. '

Commencing with the longest ether waves, we find
that these affect the detectors used in wireless tele-
graphy. We have seen that these waves may be spaced .
miles apart, but other electric waves of the same class
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have been produced as close together as six waves within
one inch. Twven this is very long when compared with
the majority of ether waves. When ether waves only
measure a few thousandths of an inch they produce
heating effects, and we speak of them as waves of radian!
heat. . As long as waves arc longer than one thirty-
thousandth part of an mch we call them dark-heat waves,
for they do not affect our vision, but as soon as they step
over that boundary line they do affect our eyes. They
cause the sensation of red light when there are about
thirty-four thousand waves to the inch. 1t the waves
are still somewhat shorter—or closer together—they
produce the sensation of orange colour ; still decreasing
in wave-length they produce the sensation of yellow,
then green, then blue, and when they have become so short
that sixty thousand occupy one inch they produce the
colour sefisation of wviolet., After that they cease to
affect our cyes altogether, and we call them waves of
ultra-violet light, signifying that they are beyond the
violet end of the spectrum.

Although these same waves of ultra-violet light fail
to stimulate our sensory organs of vision, thcy very
actively affect the chemicals upon a photographic plate,
Becausce of their chemical properties these waves vare
often called acfinic waves.

It 1s apparent that all these ether waves are conveying
energy to great distances. A transmifter in wireless
‘telegraphy acts upon the cther occan, This wave energy
may be carried through the ether broadcast across the
Atlantic Ocean, and, strange to say, an insignificant
little detector on the far distant shore receives sufficient
energy to cause some change within it, and 1n this way
signals are produced.

All these ether waves ma,y be reflected and refracied,
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or bent out of their straight course. We are quite con-
versant with the substances which will reflect light
waves and heat waves, while electric waves may be re-
flected by a sheet of metal. We are also well aware of
the transparent substances which will bend light waves,
the most common in practice being glass prisms and
lenses. In a similar manner we may bend heat waves
by passing them through a prism of rock-salt, whilc
electric waves are similarly refracted in passing through
a prism of paraffin wax.



CHAPTER XIII .
WHAT 15 ELECTRICITY?

In answer to the ttle—The nature of an eclectric current—The original
meaning of positive and negative electricities-—Qur present conceptions—
The electron—Continuous and alternating currents—The nature of an
electric discharge—An analogy of the electron current—The cause of the
magnetic field —The connecting link between matter and the ether.

LTHOUGH it 1s not necessaly that we should form
any idea of the naturc of electrical phenomena 1n
order to understand the working of telegraphs

and telephones, it may be of advantage to consider very
briefly the present conceptions concerning these.

We cannot answer the question which stands as the
title to this chapter, but we believe we can give an ade-
quate reply to the question, What 1s an electric current ?
.. Our present creed is based upon the electron theory,
which is quite romantic in its wide scope, but I need do
no more than merely touch upon one or two pomts
which are applicable to our present subject, as I have
written very fully upon the electron theory recently.®

First of all we must sec the meaning of the terms
positive and negative clectricity, which I have dvoided
purposely in the foregoing text.  *

That there are two kinds of electrification was evident
from the earliest experiments. We know that an electn-
fied body attracts any light object. In order 1o examine
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‘the conditions of this attraction we suspend, by means
- of a thread of silk, a very light ball about the size of a
pea and made from the pith of an elm trce. We use this
pith ball simply because of its small weight : it will be 50,
easily moved. We suspend the silk thread from a glass
pillar or other insulator, so that whatever electrical
charge we give to the pith ball cannot escape trom it.
After “ exciting "' a wvuleanite rod, by means of a fur
rubber, we bring the rod towards the pith ball, which
immediately jumps forward to mect the rod. We with-
draw the rod, to which the ball clings, but in freeing
the ball from the rod we are careful not to touch the
ball, as we wish it to retain the charge of electricity
the rod has given to it. We again bring the electrified
vulcanite rod towards the pith ball, which is now electri-
fied also, whereupon we find that it is forcibly repelled
from the rod. Do electrificd bodics repel ofie another
then 2 Not necessarily so, for if we excite a glass rod by
means of a silk rubber and bring this electrified rod
towards the clectrified pith ball, we find that the ball is
attracted to 1t, although the ball still flees from- the
electrified vulcanite rod. To make this matter as clear
as possible, 1t will be an advantage to suspend two pith
bakis from scparate supports. We first of all “electrify
one ball by contact with the electrified vulcanite rod,
and we find that this electrified pith ball attracts the
other non-electrified one. We discharge the electrified
ball by simply touching it with thc hand, and thus
allowing its charge tofescape to earth. There is, of course,
no sensation produced by so small a charge. We then
clectrify the same pith ball by contact with the electrified
glass rod, and we find that this ball attracts the other
non-electrified ball just as it did before. Therefore any
electrified body will attract a non-electrified body.
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When we-electrify one ball by the vulcdnite rod and
~ the other ball by the glass rod, we still find the same
attraction between the balls. It 1s only when we electrify
both balls by the vulcanite rod, or both by the glass rod,
that we find repulsion. Electricity produced by a glass
rod used to be called vifreous electricity, and that op-
tained from sealing-wax, or wvulcanite, was known as
restnous electricity,

Franklin suggested that the two different states of
electrification were due to a surplus in one case and a
defect in the other, of a mysterious fluid, but as to which
was which he could do no more than guess. He elected
to credit glass with the excess of the fluid, and so he said
that it was positively electrified, or charged with positive
clectricity. On the other hand, he supposed that a body
electrified by sealing-wax had a deficiency of the electric
fluid, and so he said that 1t was negatively cleetrified, or,
in other words, he said that the sealing-wax produced
negative electricity.

Our present creed 15 that the atoms of all matter are
composed of different congregations of particles or units
of negative electricity revolving within a sphere of posi-
tive electricity. Thesc ultimate particles of negative
electricity have been christened electrons, while some have
preferred to call them corpuscies, but we must keef:u n
mind the fact that they are not matter; they are the
stuff that matter is made of. But can these clectrons
be detected in nature, or are they purely hypothetical ?
Of course we cannot hope to h andln them or see them,
but we may prove their existence by the effects “ﬁhlﬂh
they produce ; indeed, we know really more about these
electrons than we do about atoms of matter. .Physicists
have determined the mass, the electric charge and the
velocity (Jf these invisible electrons.
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We believe that there are detachable clectrons which
can pass from onc atom to another. A steady motion
~of such electrons from atom to atom along a wire consti-
tutes a continuous or direct electric current, while a surg-
ing to and fro of these electrons is described as an alierrat-
ing current, |

A sudden expulsion of those detachable clectrons from
~one body to another constitutes an electric discharge,
and we picture the clectrons, in this case, being shot off
like bullets from the one object to the other. When we
rub a stick of glass with a piece of silk cloth we give the
glass rod an opportunity of banding over some spare
clectrons to the silk. We still say that the glass rod is
positively electrified, although it is suffering from a
deficiency of electrons, for we picture its atoms having
given up negative particles, thus leaving the positive
sphicres to predominate. It must be remembered that
this sphere of positive electricity is purely hypothetical,
as we cannot separate 1t from the atom of matter, while,
on the other hand, we have direct experimental proof of
the negative electrons,

Throughout the preceding puges we have pictured
currents of electricity flowing along wires and supplying
the necessary encrgy for telegraphs and telephones, but
now we can form some conception of what is really taking
place. In the first place we picture myriads of atoms hard
at work handing on spare electrons from atom to atom,
and m order to impress this phenomenon upon our
minds the following analogy may be of service. «There
15 @ game which T have seen children play, and which
may serve as an analogy of this process. The children
stand 1n a long row, and at onc end of the row is placed
a heap of objects—sayv a large number of pennies. At a
given signal the children pass the coins along from one
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to the other, till they reach the other end of the row
where they are deposited in a heap. No child is allowed
to accept a comn till he or she has passed on the previous
one. Another row of the same number of children stands
parallel to the first row, and these are also provided with
an exactly similar number of pennics. The game being,
of course, a battle royval between the two parallel rows as
to which row can transmit the whole of the coins in this
fashion from the one end of their line to the other in the
shortest space of time.  Only one row of children con-
cerns us 1 our analogy, and we picture the little ones as
representing the atoms m a length of metal wire. Each
atom passes on a mr}mclﬂ to 1ts naighbour and accepts
another corpuscle from the neighbour on its other side.
For the sake of analogy we start the game with each
child having one coin in his or her hand, so that the
moment the signal is given, representing the closing of
the electric circuit, a complete transfer commences
stmultaneously all along the line. Instead of having
a heap of comns at one end, we might arrange the children
in a circle and give them one coin each, so that the
comns would pass round and round the circle. This is what
we understand by a complete electric circuit ; a battery
or a dynamo acting as a pump in the circuit. We may
break the complete circuit, and then therc can be no
passing on of corpuscles.  The atoms try to pass their
corpuscles along, but the break acts as a barriecr. On
testing the electrical conditions of the ends of the severed
wire we do find o small difference of potential.

The first arrangement of the children’s game, 1n
which we had the children standing in a row, is somewhat
‘:111:;11(1‘;_{{:115 to an carth circuit in electrical affairs, . The
first child kept picking up coins, passing them along,
and the last child deposited the coins in a heap as they

T 11—
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were received. We therefore imagine the first atom
At the one end of a wire, winch 18 dipping 1nto the earth,
to be lhielping itselt to corpuscles one at a time, passing
them along, and the last Ltom at the other end of the
wire depositing these corphscles in the earth. There 1s,
of course, & baftery or a dynamo again acting as a pump:

This motion of the clectrons is only part of the phie-
nomenon, for as these MOVe they disturb the surrounding
other, and produce what we know as @ magnelic field
around the conductor, and, as already pointed out, it 18
his intimate connection between electricity and mag-
netism that gives us the practical telegraphs and tele-
phones ot our day. Herewe see that the connecting link
between matter and the etlier is the motion of electrons.
[t is the enormously rapid revolutions of electrons which
cause light waves,

Thero is a great deal of interest in this electron theory,
which has been deseribed by a great slatesman as A
bold attempt to umty physical nature, @ theory which
excites feelings of the most acute intellectual gratifica-
tion.”

While the opening senfence of this chapter 1s truc,
there is no doubt that when we oHCC become well ac-
quainted with e clectron theory we have gained @
distinct advantage ; we call ste more Teason in the
different phenomend connected  with telegraphs  and
telephones.

1 14



APPENDIX I .
A SHORT.HISTORICAL NOTE

_ . g.c. Man .discovers lodestone and observes 1ts
| magnetic properties.  These were known  at
least one thousand years before the dawn of
the Christian cra.

_ — p.c. Man observed the attractive property of
rubbed amber. The earliest record of this
phenomena 1s 600 B.C.

A.D. 1600. Dr. William Gilbert, onc of Queen Iilizabeth’s
physicians, discovered that amber was not the
only substance which showed the property i
attraction when rubbed.

.1.

1790, Professor Galvani, of [taly, made his historical
discovery with the legs of a trog.

1800. Professor Volta, of Italy, following up this experi-

| ment, discovered the chemical means of prodac-
ing an electric current.

181g. Hans Christian Ocrsted, of Denmark, discovered
that an electric current in a wire affected a
neighbouring magnet.

1820. Arago (France) and SIr H®mphry Davy (Lon-
don) discovered independently that a piece of
iron became magnetised by passing an electric

- current through an insulated wire surrounding it.

1825. The first soft’yron clectro-magnet mvented by

Staroann (T ondond
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1837,

1822,

1837.

1838.

1837.

1860.

1870.

1874.

18G0.

Morse {(U.5.A) patented his now universal system
of telegraphy, employing soft iron electro-
magnets,

A practical galvanometer was invented by
Schweigger.

Needle telegraph (galvanometer) patented by
Cooke and Wheatstone, in London.

Steinlieil  (Munich)  discovered that an  ecarth
civenit might be used in pluce of o return wire,
Page (U.S.AL) discovered that if an iron rod was
quickly magnetised and demagnetised it emitted

(L sound. |

Reis {Germany) transmitted music and words, the
latter only impericctly,

Graham Bell (U.S.A)) invented @ magneto-tele-
phone and transmitted speech. -

Hughes (London) invented a carbon microphone
transmitter.

Practical wireless telegraphy was set on toot by
Marcont (Italy).,  The practical experiments
were cartied out in Great Britain, but were
based upon discoveries made by Continental
sctentists.
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APPENDIX Il :

TAPPING A TELEGRAPH CIRCUIT

FEW words may lelp to clear up a possible diffi-

culty in connection with the use of condensers

when tapping a telegraph wire m order to use a
field telephone.

The one terminal from a portable {ield telephone is
connected to an existing telegraph wire and the other
terminal is earthed, the samc arrangement being made
at the didtant point with which communication is to be
established. This looks as if we had carthed the tele-
graph wire, and rendered it useless for telegraphie pur-
poscs.  This would happen but for the fact that a con-
denser has been inserted in the telephone circuit. Tlas
gondenser prevents the telegraph current getting through
t e telephone circuit, for the current cannot pass through
the insulation between the condenscr plates, bute the
alternating current of the telephone may opcerate across
the condenscr. I fear that any attempted analogy for
this would be clumsy, but the matter becomes quite
simple when we consider it from the point of view of the
electron theory. :

The telegraph current is a direct or confinuous current,
and we have seen in chapter X111 that this phenomenon
is due to a steady locomotion of electrons ; a continuous
chain of atoms handing electrons along trom atom to
atom. As the condenser forms a break in the telephonc
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circuit, 1t 15 clear that there can be no continuous chain
of atoms, so that 1t 1s impossible tor the direct current to
pass that way., Hence it 1s that telegraph messages may
be sent along the telegraph wire without in any way
disturbing the feld' telephone which has tapped the
tefegraph line.

On the other hanu, the telephone current 1s not a
divect but an alternafrstg current, and we have seen that
in this cage the clectrons are not handed aleng the line,
but mercly surge to and fro. These rapidly moving
electrons can affect onc another across the condenser
insulation, and we have no difficulty in setting up a surg-
ing to and Iro oi electrons m the circuit. Hence the
telephone current is free to operate, although a telegraph
current is cut off.

When a signalling instrument called a buzzer 1s uscd on
the telephone circuit, a second condenser 1s ilftmduced,
but thts 15 merely to prevent excessive sparking in con-
nection with the buzzer,
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" THE ROMANCE OF
MODERN ELECTRICITY

DESCRIBING IN NON-TECIHNICAL LANGUAGE WIHAT IS KNOWN AROUT
ELECTRICITY & MANY OF ITS INTERESTING APPLICATIONS

By CHARLES RR. GIBSON, A.LL.L.

AUTHOR OF Y ELECTRICITY OF TO-DAY,” E1C.

foxtra Crown 8ea,  With 3 Hlustrations and 11 Diagrams.  5s.

" Everywhere Mr. Charles R, Gibson makes admivable use of simbple
~aunalogies which Dbespeak the practised lecturer, and bLring the matter
home without techmical detail. The atteution is further sustained by
a_series of surprises. The description of electric units, the volf, the
ohm, and espeeially the ampere, is better than we have found in more
pretentions works, —- Aeadciny, .

“Mr. Gibsor’s style 1s very unlike the ordinavy text-book. It is fresh,
and is non-technical. Iis facts ape strictly sclentifie, lhowever, and
thoroughly up to date. If we wish to gain a thorough knowledwe of
electricity pleasantly and without too much trouble on our own part, we
will read Mr. Gibson's ‘romance.” ”— Eepository Times.

“ A book which the merest {yro totally unacquainted with elementary
electrical principles ¢an unilerstand, and should therelore especially appeal
to the lay reader. Especinl interest atlaches to the chaprer on wireless
telegraphy, a sulject which is apt tu “floor’ the uninitinted. The author
reduces the subject to its simiplest aspect, and describes the fundamental
principles, underlying the action of the colierer in language so simple
that anyone ean grasp them.” —Electyieit s,

“Contains a clear and conecise account of the various fortus in which
electricity is used at the present day, and the working of the telephone,
wireless telegraphy, tramears, nud dyvanivs is explained with the greatest
possible lucidity, while the nsurvels of the Xerays and of radium receive
thewr due notice.  Now that clectricity plays suchi an all-important pant
iy our daily Tife, such a book as this should e in the hads of every boy,
Indeed, older people woulil learn mich from its pages.  For instance,
how few people coulil explain the principles of wireless telegraphy in
a few words if sudidenly questioned on the subject, The book is well
i appropriately Hlustrated.”-- rapuhic. »

“ My, Gibson sets out to deserihe in non-technicsl language the marvel-
lous discoveries and adaptation of this pervasive and powerful essence,
and being a most thorough master of the subjecet, he leads the reader
through its mazes with o sure hand,  Tlironghout he preserves a clear and
authoritative style of exposition which will he understood by any intelli-
gent reader.”— Yerlshire Observer.

“A popular and eminently readable mgnual for those interested in
clectricad sppliances, 1t describes u simple and non-technical language
what 1s known about electricity and niany of its intevesting applications.
There are a number of capital illustrations and diagrams which will Lelp
the reader greatly in the study of the ook, ”?— Heeord.,

SEELEY ¢ CO., Lrn., 38 Gnesy RuUsseLL STREET.
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1TSS DISCOVERY 2 1T8 ACHIEVEMENTS

By C. R. GIBSON

AUTHOR OF **ELKCTRICITY OF TO-DAY,” ETC.

& Mr. Gibson tells the romantic story of the discovery of this won--
derful art, and the steps by which its runge has been extended, until
it cun achieve results which only a few years ago would have been
thought impossible,” —Newcasile Chronicle. '

‘i 'he explanation of the complicated system of photographing in
colours is porticolarly lucid, and, indeed, the narrative is everywhere
remarkable for its fluency and clear style,”—Bystander.

- %hould prove one of the moest popular and fascinating of this
writor’s books, and will inlerest all who are conneeted with photog-
raphy.’—The Photographic Monthiy.

« & faseinating story of trinwuphs of thought and patience, and
illustrated with remarkable photographs,’ ' Chureh Times.

«The author has made his book remarkably comprehensive, while
ghere is not a dry or uninteresting page throughout.”—CCountry Life.

THE ROMANCE OF MODERN
GEOLOGY
By E. s, GREW, MA.
With Tuenty-five Wlustretions. Eetra Crown Svo. Gs

«f Tr, Grew possesses the golden gift of a graceful style as well as a
complete mastery of his subject, and he has written a pepular Intro-
duction to modern geology which any one can read with pleasure and
understand from beginning to end.”— Daily Graphic,

v A fascinating outline filled in with many valuable facts and much
well-founded knewledge of the history and animal life of the carth.”
Shepic!d Duily Telegraph,

o Mr, Grew has done extremely good work in this volume of Messrs,
Secley’s excellent ¢ Library of Ktomance.” He is one of the few men
who can make special knowledge interesting to the general reader, o .
The illastrations are singularly felicitous.” —IJ-fm’y ‘Edymph
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“ an sntertaining volume, one MOre of o meries which seeks with much succeas to
describe the wonders of nature and science in simple, stiractive form.” —(raphic.

« Oyffery most, imteresiing deseriplions? of the strange and curious inhabitants af the
insect world, sure to excite inuiry and to (oster ohservation, There are ants whide
and yellow, locusts and cicadas, bees and Lutterities, spiders and bepties, SCOTPICTY
and cockronclies—and especially ants with a really scientitic investization of their
wonderful habitg, not in dry detail, hut in free and charming exposition and narrative.
An admirable book to put in the hands of & bay or gicl with a turn (T uatural science
_and whether or not.” — Educational Times,

" Both interesting and instructive, GSuel a4 work as this is genuinely pducative.
There are numerdus ustrations.”—Liverpool Courier, -

0 With beautiful original drawings Ly Carton Moore Park and Lancelot Speed, and
sfectiyely bound in dark blue cloth, blazonml with seariet and gold."—Laty,

v adipirably written and handsomely produced. Mr. Selous’s volume shaws eareful
research, and the illustrations of insects and the results of their powers are well
done,"— Worid.
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'+ No boy wiil be able to resist the delights of this book, full to the brim of 1nstrac-
tive and wonderful matter,”—Brifish Heekiiy.

* 1 This book has kept yonr reviewer awake when he reasonably expected to Le other-.
wise engaged, We do not remeniber coming across a more fascinaling volume, even W
a somewhat blasé reader whose husiness it is to read all that comes in his way. The
niarvels, miracles they should be called, of the modern workshop are here exploited by
Vit Williams for the benefit of rewders whia have not the opportunity of seeiny t Mg
womders or the necessary mathematicul knowledge to understand a seientific treatise
pa their working, Only the simplest hangaage s used and every eiort is made, by
illustration or by analogy, to make suiliciently clear to the non-scieptific reader how
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nents, caleulating machines, workshop machinery, portable tools, the pedrail, motors
ashore and, alloat, Hre endines, qutomatic maclines, sculptaring iachines—these are
L Tew of the chapters which erowsd Ahis splensdicd volune, " tducational News

w1t is difficult to make descriptions ot machinery and mechanism interesting, bt
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CATALOGUE OF BOOKS
o drmngsd alphabetically under the names of

Authors and Series

ABBOTT, Rev. E. A, D.D.
- Hints on Home Teaching. Crown 8vo, 3s.
How té Parse. An English Grammar. Fcap. 8vo, 3s. &d.

-How-to Tell the Parts of Speech. An Introduction to English
Grammar, Fcap. 8vo, 25, ' _

. How to Write Clearly. Rules and Exercises on English Composition.
Crown Bvo, 1s. 6d. '

Latin Gate, The. A First Latin Translation Book. Crown 8vo, 3s. 6d.
Via Latina. A First Latin Grammar. Crown 8vo, 3s. 64,

ABBOTT, Rev. E. A, and Sir J. R. SEELEY.
English Lessons for English People. Crown 8vo, 4, 6d.

ADY, Mrs. Ses CARTWRIGHT; JULIA, ; .
A XEMPIS, THOMAS. '

Of the Imitation of Christ. With Illuminated Frontispiece and Tithe,

Page, and Illuminated Sub-Titles to each book, Tn white or blue cloth, with inset minia-
tures. Gilt top ; crown 8vo, 6s. nett 3 also bound in same manner in real classie vellata.
Each copy in a box, 19s. 6d. nett, .

“It may wall be questioned whether the great work of Themas A Kaﬂ:ugi: hag
ever been presented to better advantage.”"—Tke Guardian, . L

ANDERSON, Prof. W, *

Japanese Wood EngrAvings., Coloured Tllustrations. Super-royal 8vo,
sewed, 25, 6d, nett ¢ haif-linen, 3s. 6d. nett; alsosmall 4to,cloth, 25, nett ; Tambskin, 35. nett,

ARMSTRONG, Sir WALTER. -

The Arh of Velaztjuez. Illustrated. Super-royal 8vo, é:s. 6d. nett. -
The Life of Velazquez. Illustrated. Super-royal 8vo, 3s. 6d. nett.
Velazquez. A Study of his Life and Art. With Eight Copper Plates and

many minor {liustrations. Super-royal 8vo, clgth, gs. nett,

Thomas Gainsborough, Illustrated. Super-royal 8vo, half-linen, 3s. 6d.

mett, Also new edition, small ¢to, cloth, 2s. nctt ; leather, 3s. nett and 3s. nett.

The Peel Collection and the Dutch School of Painting. With meny

-4

Ilustrations in Photogravure and Half-tone, Super-royal 8ve, sewed, ss, nett; cloth,

t $. nett, .
~- &, Q. Orchardson. Super-royal8vo, sewed, 2s, 6d. ; half-lipen, 3s,6d, nett.

AUGUSTINE, S. °

Confessions of S. Augustine, With Illuminated pages. In white ot

blue cloth, gilt top, crown Svo, 6s, nett ; also in real classic ve§um, each copy in a box,
. 304 Bd. nett.

BEDFORD, Rev. W. K. R. | . .
- Malta and the Knights Hospitallers, Super-royal 8vo, scwed, 2s. 6d.

nett} half-linen, 3s. 8d. nett. o

BENHAM, Rev. Canon D. D.,, F.5.A. - 5

The Tower of London. With Four Plates i Colours and many other
[llustrations. Supert-royal 8vo, sewed, ss. nett; cloth, s, nete.

Medieval London, With a Frontispiece in Photogravure, Four Plates

in Colour, and maoy other Ilustrations, Super-royal 8vo, sewed, 5i. nett; cloth, gilt
top, 78 nett.

. :
Old §t. Panl's Cathedral. With a Frontispiece in Photogravure, Four

Plates printed in Colour, and many other Tilnstrations. Supar-royal 8vo, sewed, 53. net,
or cloth, gilt top, 75. nett. ‘ ~
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BICKERSTETH, Rev. E.
- Family Pray erd for Six Weeks. Crown Svn. 35 64,
MCumpa.nmn to the Holy Communion, 32mo, cluth 18,

BINYON, LAURENCE. '
Thomas Girtin: His Life and’ Works, An Essay, W.lth qunty one

Reproductions in Autotype. Impenial 4to, £2, as. niett.

,Dutch Etchers of the Seventeenth Century. Illustrated. Super-rdyal

8vo, sewed, 25, 6d. ; half-linen, 33, &d. nett, | ,
- John Crome aad John Sell Cotman, Illustrated, Super-royal Svo,

sewed, 3s. Erd nett.

BIRCH, G. H.

London on Thames in Bygone Days. With Four Plates printed in
Colour and many other, Illuslratmns Super-royal Bvo, sewed, 5s. net® cloth, gilt top,
75. nett.

BRIDGES, Rev. C.
An Exposmun of Psalm CXIX. Crown Svn, 55,

CAMERON, D. Y.

Six Etchings by D. Y., CaMEroN and WILLIAM STRANG. With Bio-
o gmphma.l Notes. Imperial 4to, 65 nett. :

CARTWRIGHT, JULIA.
| ules Bastien-L.épage. Super-royal &vo, sewcd 2s. ful clutT} 3s. 6d. nett.

acharissa. Some Account of Dorothy Sidney, Cuuntess of Sunderland,
het Family and Friends. .With Five Portraits, Dr.my $vo, Ys

' Madame: Memoirs of Henrietta, daughter of Char 1&5 1, and Duchess of
Orleans. With Five Portraits. Demy 8vo, 7% 6,

Raphael in Rome. Illustrated, Super.royal 8v0, sewed, 2s. &d.; !h.lf-
linen, 3& ﬁd nett } also in small 4to, cloth, 2. nett ; leather, 35 ‘nett and 55. nett,

The E Wurl: of Raphael, Ilustrated. Super-—rﬂ ak 8vo, sewed

. as. 6d.; hdif ]men, 35 6d. Also new edition, revised, in’ small 4to, in cloth, a5 nett;
: lﬁather, 35. hett,

Raphael : A Study of his Life and Work. With Eight Copper Plates and

many other lllustratmns. Super-royal Bvo, 75 6d. nett.

CESARESCG, Thé Countess MARTINENGO. .o
.~ The Liberation of Italy. With Portraits on Copper. Crown 8vo, ss.

CHITTY J R Ned *
Thmg?. séen in China. 'With Fifty Illustrations. Small 410 ; cloth, 2s.;

leather, gs, ; velvet leather in'a box, 58 nett,

CHORAL SERVICE-BOOK FOR PARISH CHURCHES, THE.

Compiled and Edited by J. W.-EivtorT, Organist and Choirmaster ,of St Mak's,
Hamilton Terrace, London. Wlth some Practical Counsels taken by permission from
¢ N u:es on the Church Service,” by Bishop WaLswam How,

A. Royal 8vo, sewed, 15, ; cloth, %s. &L "7 M
B. rbmo, sewed, 6. ; cloth, Ech :
f’ée ﬁ:!:’awmg portions may be had separately '—
The Ferial and Festal Responses and the Litasy.. Arranged by
«7. W. EvLioTT. Sewad, 4d.
The Communion Service, Kyrie, Credo, Sanctus, and Gloria in
Excelsis. Setto Music by Dr. J. Nﬁ.TLﬂR, Organist i}f Yﬂr‘k Minster. Sewed, 4d.
CHURCH A. H.,, F.RS,
~ Josiah Wedgwwﬁ Master Potter. With many Iflustrations. " Supe

royzl vo, sewed, £5. m:tt 3 clath, 45, nett ) alsa small 4to, n:luth 2%, netls lea.t.hEr 35 a.nd
L BE. nett
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- CHURCH, Rev. A. ],

The Laureate’s Country. Scenes connected with the Life of Alfred,

Lord Tennyson. With Fifteen Copper Plates and numercus Vigpettes by E, HuLL.
Imperial 410, 215. . .

Nicias, and the Sicilian Expedition. Crown 8vo, Is, 6d. -
For other books by Professor CuurcH see Complste Catalogye.

CLARK, ]J. W., M.A,

Cambridge. With a coloured Frontigpiece and many other Illustrations
by A. BRONET-DesaIges and H. Toussaint, &%, Extra crown 8vo, 6. | also crown 8vo,
cloth, 23, nett] Eﬁm, 3%, * special leathef, in box, 55. nett,

CODY, Rev. H.A. o
An APo?de of the North, The Blography of the late Bishop BoMPAs, »

First Bishop of Athabasca, and with an Imtroduction by the ARCYbiSHOF of RUPERTS-*
LAND. With §2 IHustrations. Demy Bvo, 7s. 6d. nett,

COLVIN, Sir AUCKLAND, K.C.S.1, K.CM.G.

The Making of Modern Egypt. Fourth Edition, With Portraits and

g Map. Demy &vo, 185 neit. "

“Should take® rank as the standard history Jf our labours in Egypt.'.'-—f‘.h
Speciater. - . -

CORNISH, C. J.. T |
Animals at Work and Play: Their Activities and Emotions. With

Twelve Illustrations. Second Editign. - €rown 8vo, 6s.

Aniinals of To-day: Their Life and Conversation, With Illustrations
from Photographs ¥y C. REID of Wishaw. Crown 8vo, 6s.

The Isle of Wight. ~Illustrated. Super-royal 3vo, sewed, 2s, 6d, nett;
balf-linen, 3s. 4d. nett, 5

Life at the Z0o. Notes and Traditions of the Regent’s Park Gardens,
11ustrated irom Phntugrap‘r}s by Gameigg Bovron, Fith Ediion. Crown 3vo, 65

T hﬁs Naturalist on the Thames., With many Illustrations. - Demy 8vo,
75. 6d, . | ; |

]

-

The New Forest. Super-royal 8vo, sewed, 2s. 6d. nett; hilf-lin;:ni 3s. 6d,

nett ; also,neW edition, small 4to, cloth, 2s. ; leather, as, nett.

" A~ #The New Forest and the 18le of Wight. With Eight Plates and

many other [llustrations. Super-royal-8vo, 7s. 6d. nejt.

Nights with an Qld Gunner, and other Studies of Wild Life. With

Sixteen [Nlustrations by LARCELOT SPEED, CHARLES WHYMPER, and from Photographs
Crown Bvo, 0s,

Wild England of To-day and the Wild Life in it. With Sixteen

ltustrations from Drawings by LAncELoT SrEED,Rnd from Photographs. Crown 8vo, 6s.

Gothic Architecture, Edited by Sir WALTER ARMSTRONG, With over

Two Hundred lliustrations, Crown 8vo, 63, |
CUST, LIONEL.

The Engravings of Albert Diirer. IHustrated. Super-royal 8vo, half-

linen, 3s. 64. nett.

Paintings and Drawings of Albert Direr. Illustrated. Super-royal

8vo, sewed, 33. 6d. nett.

Albrecht Diirer. A Study of his Life and <. With Eight Copper
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DALE, J. M.

 The Clergyman's Legal Handbook and Churchwarden’s Guide.
 Seyenth Editton. Revised and brought up to date by J. S. RisLEY. 75 6d.

DAVENPORT, CYRIL. |

J - Cameos. With exaniples in Colour and manj' other Illustrations. Super-
royal 8vo, sewed, 5. flett? clothy 75 nett. ]

Royal English Bookbindings. With Coloured Plates and many other
Illustrations, Super-royal Evo, 55w¢d'; s, 6d. ; cloth, 4s. 6d. ' '

- DAVIES, RANDALL, F;SA. . - |
' English Society*of: tire- Efghteenth Century in Contemporary Art.

With Four Coloutéd and many other Lipstrations. Super royal Bve sewed, s, nett)
. cloth, 78 nett. - =T - s i "'J

. DAWSON; Rev. E. C. ~.
: The Life of Bishop Hannington. Crown 8vo, paper boards, 28, 6d.;

or with Map a2md Illustrations, cloth, 1s. 64, -~

DE LA BERE, K. BAGHOT. -

+ The New Poultry Guide for British Farmers and Others. Showing
th= one and only way of making Farey Poultry a rent-paying idustry. IS . '

DESTREE, 0. G. )

The Renaissance of Sculpture in Bélginin, ~illustrted, Super-royal |
Bvo, seweR, 25, 6d. nett; halflinen, 35 64, nett.

DODGSON, CAMPBELL.

The Etchmﬁs of Rembrandt. By P. G. HAMERTON, with an Annotated
Catalogue of all the Etchings by CaMreeELL DODGSON, with Fifty Facsimile Repro-
ductions of the most notable Etchings in Photogravucee, O)nly 280 copies printed, 225 for
sale, numbered 1-225. Double crown folio (zoX15in%.), £5, 5% bett

DOLMAGE, CECIL G, M.A, D.C.L, LLD., F.RAS.
-Astronomy of To-Day. A popul count in non-technical language.
Wisth Farty-gl Illuatratiunsand Diag.rfm. arEiEr::rgwI: l}?mu;:. nee!c}m 4aggr:1age
EARDLEY, WILMOT, Rear-Admiral S. - L e
Qur Fleet To-day and its Development during the last Half Century.
‘With many Illustrations, Crown 8vo, 5s. . ) :

ELZEVIR LIBRARY, THE,

Selections from the choicest English Writers. Exquisitely Illustrated,
with Frontishiece and Title-page in Colours b¥ H, M. BrocCk, and many other IHus-
trations. Half Lound in cloth, gtit top, 1s. 6d. nett; fuil leather, 25 netl velvet leather,

~ilt edges, in 2 box, 35, nett. o |
Volume 1. Fancy & Humour of Chatlés Lamb,

11 Wit & Imagination of Benjamin Disraeli.

IiI. Vignettes from Oliver Goldsmith.

IV. Wit & Sagacity of Dr. Johnson.

,, V. Insight and Imagination of johu Ruskin,

., VI Vignettes of London L.ife from Dickens.
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'“Si::eley* & Co Limited
EVENTS OF OUR OWN TIMES

Crown 8vo. Wlth Illustrations, 58, each.

- The Wl.r in the Crimea, By Gmcral Sir E, HamLey, K.C.B. Witl
Copper Plates and other Illustrations. ss.

The Indian Mutiny. By Colonel M.nLLnsaN, C.S5.1.  With Coppm

Plates and other Iltustratzons. 58,

The Afghan Wars, 183942, and 13 80. By ArcHiBALD FORBES
With Pnrtgﬂlts IndPlaan, 5539 42 73_ Y O

'Qur Fleet To-Day and its Dev ent during: the last Half Ceantury.

By Rear-Admiral 5. Ennnuw WILMOT, ith many Illustrations. 3s.

The Refoundin g of the German Empue. By Colonel MaLLESON, C.5.1,
With Purtr

The leera.m nf Ita.ly By the Countess MARTINENGO Cnsaanscu.
Withr Portraits on er. K%

Great Britain-in' Modern .Africa. By Epcax SAHDEESUH. M.A,
With Portraits and £ Map. xs.

g;he War in the Peninsula. By A. INNRS Sm.zm. With Pertraits and
ans, 51. ) | :

—— — . T . B

FERRAR, NICHOLAS

The Story Books of Little Glddmgl’l Being the Religious Dialugues

recited in the Great Room at Little Gidding H 631—2. From the QOriginal Mannscript
of NichorLAas Fexrax, With an Iatroduction h]r E. Crywys SHARLAHD, snd several
- Illustrations. Crown Bvo, Gs.

FLETCHER, W. Y. - .
~ Bookbinding in England and France. Seventeen Coloured Plates and

many nthr.r IIIustmtmns Sup:r roval Bvo, 7s. 6d. nett,

u Bookhmdmg in _France. Coloured- Plates, Super-royal; sewed, 2s. 6d.
| nctt ; half-linen, 3s. 6d. nest, |

FORBES, ARCHIBALD.

The Afghan Wars of 1839-1842 and 1373-1330 With Four Portraits
on Copper, and Maps and Plans. Crown vo,ss.

ENIUS, LEO.

ne Chidhood of Man. A I:-SFHTM Account of the Lives and Thoughts
of Primitive Races. Translated by Prof. A. H. Keang, LL.D. With 416 Ilustrations,

Demy 8vo, 168, nett,
FRY, ROGER,

- Discourses Delivered to the Students of the Royal Academy by Sir

Joshua Reynolds, With an Introduction and Notes by Rocer Fry, With hlrty -three
iasteations.” Square Crown 8vo, 75. 6d. nett.

GARDNER, J. STARKIE?
Armour in England, With Eight Culnured Plates and many other

IIIuatratmni Supar rnra.l Bvo, sewed, 3s. 6d. nett,

Foreign Armour in land. With Eight Coloured Plates and many

other Illustrations, Super-royal Bvo, sewed, 35. 6d. nett.

Armour in England. With Sixteen Coloured Plates and many other
IYustrations. The two parts in one volume. Suptr-r_gya'l 8vo, cloth, gilt top, gs. neit.
GARNETT, R., LL.D.

Richmond on Thames. Illustrated. Super*myﬁl »%s, sewed, 3s, 6d. pett,
. £ [
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GIBERNE, AGNES. .
Bedide the Waters of Comfort, Crown 8vo, 3s. 6d.

GIBSON, CHARLES'R, A.LE.E.

Electricity of To-Day. Its Works and Mysteries described in non-

- o
-

technical language. With 30 Illustrations. Eaxtra crown 8vo, 55. netl.
., “One of the best examples of populai’-scientific exposition we remember
]

. seeing."-wThe Tribune. .

Scientific [deas of To-day. A Poular Account in non-technical lan-

Euga of the Nature of Matter, Electricity, Light, Heat, &, &c. With 25 Hlustrations.
Ztra crown 8vo, 55, pett. |

GODLEY, A. D, B | -
+ Socrates and Athenian Society in his Day. Crown 8« 4s. 64,

GOLDEN RECITER. (Se JamEs, Prof. CAIRNS.) - .
. GRAHAME, GEORGE. | L | -

&

35, ﬁd. nett, -

Clande Lorrain. Ilustrated. Super-royal 8vo, 7s. 64. nett; half-lined,.

GRINDON, LEO.  °

Lancashire. Brief Historical and Descriptive Notes, 'With' ,many

‘Ilostrations. Crown 8vo, 6s.

_HADQW, WwW. H.

o

A Cromatian Composer. Notes toward the Study of J n_'s:pli- Hnydﬁ.

Crown 8vo, 28, 6d, Rett.

Studies in Modern Music, First Series. RBerlioz, Schumann, Wagner.
With an Essay on Music and Musigal Criticisin. With Five Portraits. Crown 8vo, 75, 6d.,
Studies in Modern Music. Second Series, Chopin, Dvorik, Brahmns.
With an Estay on Musical Form. With Four Portraits. Crown fvo, 7s. 6d. "

AAMERTON, Mrs, | |
Philip Gilbert Hamertan. Autobiography (1834-1858), and Memoir by

his Wife (1858-1804). With a Portrait. Demy Bvo. 163,

'HAMERTON, P. G. . : o
Chapters on Apimals. With 20 etchings by BooMmer and VETRENAT.
Post 8vo, cloth, 12s. 6d. : x

The Etchings of Rembrandt, and Dutch Etchers of the Seveunteenth

Century. By P. G. HAmERTON and Laugenck Binvon, With Eight Copper Plates
and many other Illustrations. Super-royal 8vo, 76. 6d. nett. L

The Etchings of Rembrandt, with an Annotated Catalogue of ali the

Etchings by CamppELL DopnGson, With Fifty Facsimile Repreductions of the most
notable Etchings in Photogravure. Double crown folio (z0X 15 ins.), £5, 55 nett.

Imagination in Landscape Painting, With many Illustrations. Cr. 8vo, &s.

Modern Frenchmen. Five Biographies — Victor Jacquemont, Henri
Perreyve, Frangols Rude, Jean Jacques Ampire, Henri Regnault. Crown 8vo, 7s. 6d.

The Mount. Narrative of a Visit to the Site of a Gaulish City on Mount
Beuvray. With a Description of the neighbouring City of Autun, Crown 8vo, 3s. 6d.

Round my House. Notes on Rural Life in Peace and War. Crown-8vo,
with Illustrations, 2s. 6d. nett, Cheaper edition, 25, nett,

Paris, Illustrated, New edition. Cloth, 2s, nett; leather, 33, nett; in
special leather, flﬁ‘:iit,. in box, 5s. nett. - | .
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_’Seéley & Co Limited
HAMLEY, Gen. Sir E. |

The War in the 'Crimea. With Copper Plates and other Illustrations
Crown 8va, 5s.
Cheap Edition, paper cover. Demy 8vo, 6d. nett

HARTLLEY, C. GASQUOINE.
Pictgres in the Tate Gallery. With Twenty Reproductions. Demy 4to
125. Hdd. nett.

e Also an Edition de Luxe on Duatch Hand-made Paper, limited to 100 numbered copics
" Qnly a few copies left, Price 253 nett,

HEATON, Mrs. C,
Life of Albert Direr. With Sixteen Illustrations, 8vo, 10s. 6d.

HERBERT, GEORGE.

The Tempf; Sacred Poems and Ejaculations. The Text reprinted from
the First Edition. With Seventy-six Illustrations after ALpErT Diingr, HoLBEIN, and

other Masters. Crown Bvg, cloth, as. nett ; leather, 3s. ; and in special yapp leather iv
box, 55. nett.

HOLLAND, CLIVE.

Things Seen in Japan. With Fifty beautiful illustrations of Japanese

Ufe in Town and Country. Small 4to, cloth, zs. nett; leather, 3s. nett; in hox, in
velvet leather, ss. neit,

Things Seen in Egypt. With Fifty Illustrations. Small 4te, cloth, 2s.
m elvet leather, in a box, 5a. nett.

HOW .
Iy reat War between Rome and Carthage. 23,

HUSON, T.

Round about Helvellyn, Twenty-four Plates in Etching and }xquatint.
Imperial 4to, 215, nett, Large paper copies (g0 only), L2, 125 6d. nett,

Round about Snowdon. Thirty Plates in Etching and Aquatint, With
Notes by J. J. Hissev. Imperial 8vo, 215, pett.

HUTCHINSON, Rev. H. N,
The Stnﬁ' of the Hills. A Popular Account of Mountains and How

They were Made., With many Illustrations. Crown 8vo, ss.

HU & i\rl;; C- A-

Greek Terracotta Statuettes. With a Preface by A. S. MURRAY, LL.D,

With Seventeen Examples printed in Colour and Thirty-six printed in Monochrome, gs.
- nett; or cloth, 7s. nett. | |

JAMES, CAIRNS,

The Golden Reciter, With an Introeduction by CAtrNs JAMzS, Professon
of Elocution at the Royal Academy of Music, &c. With Selections from Rudyard
Kipling, Themas Hardy, R. 1. ®tevenson, Seton Merriman, H. G, Wells, Christing
Rossettl, Anthony Hope, Austin Dobson, Maurice Hewlett, Conan Doyle, &%¢. &
Extra crown 8vo, 704 pp. Cioth, 3s. 6d,, and thin paper edition in cloth with gilt edges, ss.

;;A more admirable book of ity kind could not well be desired.”"—Liverges
Courigr.

The Golden Humorons Reciter. Edited, and with a Practical Intro.
duction, by CairNs JaMES, Professor of Elocution at the Royal College of Music and
the Guildhall School of Music. A volume of Recitations and Readings selected from
gm writings of F. Anstey, J. M. Barrie, 5. R. Crockett, Jerome K. Jerome, Barry Pain

- W, Pinero, Owen Seaman, G. B. Shaw, &'c, &¢, Extra croyR 8vo, over 700 pages
cioth, 33. &4, ; also a thin paper edition, with gili edges, 38 -
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Seeley & Co Limited .

jOY, BEDFORD.
A Synopsis of Roman History. Crown 8vo, 2s,

KEANE, Prof. A. H. (5S¢ FROBENIUS)

KERR, RICHARD.

Wireless Tele%faphy. Popularly Explained. With Preface by Six W, H.
Presce, K.C.B., F.R.S., and many Illustrations. Sixth Edition, Revised. Fcap. 8vo,
sewed, 15 ; cloth, 1s. 6d. *

LANG, ANDREW, |
Oxford. New Edition. With 5o Illustrations by J. H. LorIMER, R.S.A.,

T. HamiiTon Crawrorp, R.S.W., J. PENNELL, A. BRUNET-DERAINES, A. TOUSSAINT,
and R. KExT THoMAs. Extra crown 8vo, 6s. Also Pocket Edition, as. uett; leather,

3s. nett.  Special yapp leather, full gilt, in box, 5s. nett. “am

LEE, SIDNEY. <
Stratford-on-Avon. From the Earliest Times to the Death of Shakespeare.
New revised edition, with additional Illustrations. Ezxtra crown B8ve, 6s. ocket

Edition, es. nett; leather, 35. nett; and in special yapp leather, full gilt, in box, 35 nett.

LEFROY, W. CHAMBERS.
. The Ruined Abbeys of Yorkshire, With many Tilustrations by A.

EBruner-DEpAINESs and H. Toussaint, Crown 8vo, cloth, 25 nett ] leather, 35 nett and
5. nelt. :

LEGROS, ALPHONGSE.
Six Edchings by Alphonse Legros. With a Biographical Note. Im-
perial 4to, 6s. nett.
LEYLAND, JOHN.
" The Peak of Derbyshire. With Map, Etchings, and other IHustrations

by HErpERT RalLToN and ALFRED DawsoN. Crown 8vo, 75. 6d. And New Edition,
Crown 8vo, cloth, 2s.; leather, 3s.; velvet leather, in a box, ss. nett,

The Yorkshire Coast and the Cleveland Hills and Dales. With
Etchings and other Illustrations. Crown 8vo, 7s.6d.
LOFTIE, Rev. W, [. : |
' The Ions of Court and Chancery. With many Illustrations, chieﬂz by

HerperT RalLTon. Crown Bvo, cloth, 25 nett; leather, 35, nett and g5 ne

Westminster Abbey. With Seventy-four Illustrations, chiefly by HERBERT

RaiLron, Large crown 8vo, 7s. 6d.
Whitehall, With many IHustrations. Super-royal 8vo, sewed, 2s. 6d. nelt;
half-linen, 35. 6d. neth,

* MACKENZIE, Rev, W. B.

"
E
k

Married Life and the Dwellings of the Rightenua.: 35. 6d.; . white
sitk, 7s. 6d. . -

'MALLESON, Colonel G. B.,, C.5.1.
- The Indian Mutiny. With Copper Plates and other Iilustrations.

k:
e
;
Crawn Bvo, 55 .
The Refounding of the German Empire. With Portrait and Plans.
Crown 8vo, 55.
- McCARTHY, JUSTIN.
Charinge Croo* to St.' Paul’'s. Ilustrated by |, PexwxLL, Crown 8vo, 0s.
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'MINIATURE LIBRARY OF DEVOTION

Little Volumes of Short Extracts from the Christian Fathers, With Decoratiy
- Title-page and Photogravare Froniispiece., 32mo, cloth extra, each 1
. nett; lt:athcr each 1s. 6d. nett, Also Three Volumes in leather im cas
" 4., 6d. riett. ~Also bound in white vellum with gllt edges, each volume in
box, 2s. 6d. nett,

: Saint Augustine. = 4. Bish » Andrewes. % Canom Liddon.
aylor. g: ohn Keble. - Fénelon,

éllllt Chrysostom, omas g Kem;nis. 9. Wﬂlmi: I..aw.

MINIATURE PORTFOLIO MONO-
GRAPHS -

A New Edition in 16mo. Most of the Volumes haf: been carefully revise:

by the Auathors. Each Volume profusely lilustrated. Cloth, =3. nett; leather, 3
nett ; velvet leather, in box, gs. nett.

Peter Paul Rubens. By R. A, M. STEVENSON, |
i panese Wood Engrawngs By Professor W, ANDERSON,

osiah Wedgwood. By A. H. CHURCH, F.R.S., Professor of Chemist
ai Academy of Arts. Ne};f&' Reviged Edmun &4

D G Rnssettl By F. G. STEPHENS, One of the Seven Members of th

haelite Brotherhood.

The ]£arly Work of Raphael. By JuLra CARTWRIGHT {Mrs Ady}
Eﬂrﬂmm in Painting and Poetry. By WiLLiAM SHaARP (Fion:

|
A:llltnme Watteau. By CrLAuDE PHILLIPS; ‘Keeper of the Wallac
Collection .
Raphael in Rome, , By JuLia CARTWRIGHT (Mss, Ady).
The New Forest, By C. J. CorNIsH, Author of ¢ Llfe of the Zoo,” &
Gainsborough. By Sir WALTER ARMSTRONG, Keeper of the Nationa
Gallery of Ireland.

MITFORD, MARY RUSSELL.

Country Stories, With 68 Illustratmns by GEGRGE MoRRow. Crow

“rrrerloth, gilt top, 2s. nett; also in leather, 35. nett; and in special yapp leather, full gil
in hux-, 55, natt, |

»MONKHOQUSE, W. COSMO..

‘The Esarlier English Water-CaInur Pamters. With many Illustrations
Crown 8vo, &s. . L

MORIARTY, G. P. '
Dean Swift. His Lifeand Wntmgs Cheaper Edlhﬂﬂ, w:th Two. Purtmlt
on Copper. 3s. 6d. |

MOULE, Archdeacon A. E. »-

New China and Qld. Notes on the Country and Pmp'h: made durin,

a Residence-of Thirty Ye:.u': With Thirty Il[ustratmns. 'New Edition, Revise
Crown Bvo, 55. .

MOULE, Right Rev, H, C. G D.D. (Bishop of Burham).

The Sacred Seasons. Read:ngs for the Sundays and Holy Days of th
Christian Year, With text printed in red and black thruughuut and luminatéd wit
speciaily drawn. initial letters and other omameats, and whth twelve illuminated page

nntnd in three colours and gold after ﬂlnmmatmns in man%m-:ipts at the Britis
Riuse Eaira coowa tvo, 6. nett  also whita eloik, i

*
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ULE, Right Rev. H. C. G., D.D.—Continued;

At the Holy Communion, Helpsfor Preparation and Reeeption.” Cloth,

18, ; jeather, 25, neit; calf, 4s. 6d.

Christ's Witness to the Life4o Come. Crown 8vo, 3s.6d.
Cross and the Spirit, The. Stadies in the Epistle to the Galatians,
Foolscap $vo, 15. 6d. o . S -
Grace Bind Godliness. Studies in the Epistle to the Ephesians. Crown
dvo, as. Y R : .
In the House of the Pilgrimage. Hymns and Sacred Songs, 2s 6d. -
Imitations and Translations. Crown 8vo, 2s. 6d. nett.
esus and the Resurrection. Expository Studies on St, John xx. and xxi.
hird Edition, 28, éd. :
Lotrd's Supper, The, By BisHor RIDLEY, Edited with Notes and a
Life by the BisHOoP OF DYURHAM. Crown 8vo, 55 |
Our Prayer Book. "Short Chapters on the Book of Common Prayer.

16mo, 1s. ) leather, zs. netl . . |
Pledges of His Love, The. Thoughts on the Holy Communion. 16mo,
13, 5 leather, =5, nett,

Prayers for the Home, A Month’s "Cycle of Morning and Evening
Family Worship, with some Occasional Prayers, Crown 8vo, 35 6d.

Prayers and Promises. Messages from the Holy Scriptures. 16mo, Is.;

leather, 23. nett § €alf, 4s. 6do
The Secret of the Presence, and other Sermons. Crown 8vo, 3s. 6d.
Temppation and Escape. Short Chapters for Beginners in the Christian

Tife. 16mo, x5 ; jeather, 25. nett.

Thoughts on Christian Sanctity. 16mo, cloth, 1s.; leather, 2s. nett.
‘Thoughts on Secrét Prayer. 16mo, cloth, 16.; leather, 2s. nett; calf, 4s. 6d.
Thonghts on the Spiritnal Life. 16mo, cloth, 1s.3 leather, 28, nett.
Thoughts on Union with Christ. 16mo, cloth, Is.; leather, 2s. nett,

. MURRAY, A. S., LL.D,

E . 1.0

Greek Bronzes, With Fout Copper Plates and many other Illustrations.
Super-royal 8vo, sewed, 38, 6d. mett ] cloth, 45 &d. nett. .
Greek Bronzes, by Dr. MURRAY, and Greek Terracotta Statuettes, by

C. A. HutToN, ‘With Four Photogravures, Eight Coloured Plates, and Seysnsaesven
other Jllustrations. «In one Volume. Super-royal Bvo, cloth, 1os. 6d. mett. -~

} NETTLESHIP, ). T.

Morland, George. With Six Goppex Plates and Thirty other Iilustrations..
Super-royal Evo, sewed, g% netl, _i:‘;p{h,‘ ﬁs. BeLt, .

Artmoos.

art . An Exploration of. With Map, Fichings, and other Illus-
trations, 'Third Edition, Cheap Edition, 3% &4

Exmoor, An Exploration of. With “Maps, Etchings, and other Qllus-
trations. . Third Edition. . Crown 8v0, 75 6d, Cheap Edition, 3s- 6d.

YPALMER, SAMUEL.
The

 PENNELL, . and E.
B =k

Eclogues of Vir l An English Version. With F- rteen Co
Plates by the Aﬂhﬂ?t.f I‘lnp%?'xal 410, 213. & . N Fourteen Lopper
The Minor Poems of John Milton. -With Twelve "Copper Plates after

SAMUEL PALMER. Imperial 440, 315

A

and . pott ato, cloth, gilt edges, 25.-6d.
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PHILLIPS, CLAUDE. o
The Earlier Work of Titian, With many Illustrations. Super-royal 8vo

sewed, 1s. 6d. nett ; cloth, 45. 6d. nett.

The Later Work of Tittan, With many Ilustrations. Super-royal 8vo

sawed, 35, 6d. nett ! cloth, 45, 6d. nett,

Titian, a Study of his Life and Work., With Eight Copper Plates anc

many other Illustrations. Super-royal 8vo, gs, nett.

The Picture Gallery of Charles With many Illustrations. Super.
royal Bvo, sewed, 33, 6d. nett; ¢loth, 45. 6d. nett.

Frederick Walker, Sup.-roy.8vo,sewed, 2s. 6d. nett ; half-linen, 35.6d. nett
Antoine Watteau, Sup.-roy. 8vo, sewed, 2s.6d. nett; half-linen, 35.6d. nett;

also small 4to, cloth, 2s. nett; and 35 and ss. nett in leather,

POLLARD, A. W,

Itaélian Bogk Illustrations. Super-royal 8vo, sewed, 2s, 6d. nett ; half-linen,
3s. Od. nett,

PRATT, A. E.

Two Years among New Guinea Cannibals. A Naturalist’s sojourn
among the aborigines of unexplored New Guinea. With Notes and Observations by hit

son, HENRY PRATT, and Appendices on the Scientific Results of the Expedition. . Secong
edition. With 54 Tllustrations and a Map. Deamy 8vo, 16s. nett, Lo

PORTFOLIO MONOGRAPHS ON i
ARTISTIC SUBJECTS

“ A triumph of magnificens illustration and masterly editing,”— The Tigues.
NEW VOLUME, JUST PUBLISHED.

ENGLISH SOCIETY OF THE EIGHTEENTH

CENTURY IN CONTEMPORARY ART
By RANDALL DAVIES, F.S5.A.,

With many Illastrations, some in colours. Super-royal 8vo, 55. nett, and ‘in cloth, 75. netf.
Many of the Volumes are issuad in twa forms and at various nett prices. Where two prices are

given, the first is that of the paper cover edition; the second that of the cloth. When only
one price is given, the Yolume 1s bound in paper only.

ANDERSON, Prof, W.
apanese Wood Eagravings, 2s. 6d. and 3s. 6d,
ARM> I RONG, Sir WALTER.
- The Att of Velazquez, 3s. 6d.
The Life of Velazquez, - 3s. 6d.

The Peel Collection and the Dutch School of Painting. 5s. and 7s.
Thomas Gainsborough, Half-linen, 3s. 6d. C
W. Q. Orchardson. 2s. 6d. and 3s. 6d.
- BEDFORD, W, K. R,

Malta. 2s. 6d. and 35, 64. * :

BENHAM, Canon, and CHARLES WELCH, F.S5.A.
Medipval London. 5s. and 7s.
The Tower of London. 5s. and 7s.

BENHAM, Canon,
Old St. Paul's Cathedral, gs. and 7s.

= BINYON, LAURENCE. .

Dutch Etchers of XVIIth Century. 2s. 6d. and 35, 6d.
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BIRCH, G. H., F.G.A, .
London on Thames. 5s. and 7s.
CARTWRIGHT, JULIA (Mrs. ADY).
ules Bastien-l.e epage. 2s. 6d. and 3s. 6d.
he Early Work of Raphael, 2s. 6d, and 3s. 6d. -
Ra hael in Rome 2s. 6d. and 3s. 6d,

CHURCH , F.R.S. ;
Josiah Wed . §s. and 7s.
CORNISH,

The Isle of W:ght_ 23, 6d. and 3s. 6d.
The New Forest. 2s, 6d, and 3s. 6d.
CUST, LIONEL, F.5.A.
The Engravings of Albert Diirer. 2s, 6d. and 3s. 6
The Paintings and Drawings of Albert Diirer. 3s. 6d.
e DAVENPORT, CYRIL, F.S.A.
- Royal Enghsh Bnokbindmg-s 38, 6d. and 4s, 6d
Cameos, 5s. and 7s,
PIVIES, RANDALL, F.S.A,
ghsh Society of the Eighteenth Century in Cnntempnrary A
PESTREE, Q. G.
%= The Renaissance of Sculpture in Belgiuvm, 2s, 6d. and ~3s. 6d,
IFLETCHER, W. Y.
Buukbmdmg in France. 2s. 6d. and 3s. 6d,
"'GARDNER, J. STARKIE.
" Armour in En gland. 3s. 64,
- Foreign Armﬂur in England. 3s. 6d.
GARNETT, RICHARD, C.B., LL.D.
Richmond on Thames, 38. 6d. and 4s. 64,
GRAHAME, GEORGE.
E Claude Lorrain, 2s. 6d, and 3s. 6d.
'HAMERTON, P. G.
> The Etchings of Rembraadt. 2s. 6d. and 3s. 6d.
UTTON, C. A.
: Greek Terracotta Statuettes. 3s. 6d. and 4s. 6d. ~
LOFTIE, W. ].
. WhltEhaH 25, 6d, and 3s. 6d,
MURRAY, A, S, LL.D,
" Greek rﬂnzes ;1_ 6d. and 4s. 6d.
NETTLESHIP, ]
George Murland 55, and 6s. -

PHILLIPS, CLAUDE. ~

5 Fredenck Walker, 2s. 6d. and 15, 64,

y  -Antoine Wattean., 2s. 6d. and 3s. 6d.

The Picture Gallery of Charles l. 3s. 64,

- The Earlier Work of Titian. 13s. 6d.

= The Later Work of Tittan, 3s, 6d.
OLLARD, ALFRED W,

:  Italian Book [llustyations. 2s. 6d. and 3s, 64,
DIAD T © oA
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SHARP, WILLIAM.
Falr Women, 2s, 6d. and 35, 64.
STEPHENS, F. G.
Dante Gabtiel Rossetti. 2s. 6d.
STEVENSON, R. A, M.
Peter Panl Rubens. 3s. 6d.
WAERN, CECILIA.
John La Farge. 3s. 64d.
WEALE, W. H. JAMES,
Gerard David, Painter and Illuminator, 2s, 64, and 3s, 6d.

PRIOR, E. S., F.S.A.
The Cathelral Builders of En land. Illustrated. Super-royal 8vo,

sewed, 55, natt; cloth, extra gilt top, 7s, m:tl:

QUILLER COUCH, A, T. S

The Pilgrims’ Way A Little Scrip for Travellers. In Prose and.
Verse, With end papers in colour, and gilt tup Fcap. Bvo, cloth, 35, &d. nett ;. on thi. -

er, leather, cs. netr. . N
REYNOLDS, Sir JOSHUA. »
Discourses Delivered to the Students of the Royal Academy. With ; rw >

Introduetion and Notes by Rocir Fry, With Thlrt}" Thrat Itlustrations. Square Exi =3
Crown 8vo, 7s. 6d. nett. '

RIDLEY, B]‘.Ehﬂp
Nut Myth but Miracle, A Poem. 1Is. 6d.
Favourite Avenues. Poems.  2s, 6d. nett, .
ROP S, A R a
Lady Mary Wortley Mﬂntagu. With Eight Illustrations. Crown

gvo, cloth, 2s. ﬁd nett,

RUSSELL, W. CLARK. é

The BI‘ItlSh Seas, With upwards of Fifty I]Iustratlnns Crown 8vo,
cloth, =zs. ; leathar, 3s. ; special yapp leat;he.r in box, 55, nett. -

SANDRBY, W,

‘Thomas and Paul Sandby, Royal Academicians. Their Lives and .
Works, With many Illustrations. Crown 8vo, 7s. 6d. .

SANDERSON, E.

Great Britain in Modern Africa, With Four Portraits on Copper an;-_-'-'""_
~rMua;.  Crown 8vo, §s.

-

.. SCIENCE OF TO-DAY SERIES :

The volumes of this series give an attractive, lucid, yet at the same tinj»
scientifically accurate account of various subjects in non-technical language,
Iarge crown 8vo, §s, nett,

Astronomyof To-Day. ByC.G.Doumace,M.A.,LL.D, D.C.L,,F.R. A 5.
Electricity of To-Day. DB~ CHARLES R. GIEEO‘J, A.LE.E.
Smenﬂﬁc Ideas of To-Day. By Cuarues R, Gieson, A LR.E,

SEELLEY’S ILLUSTRATED POCKET LIBRARY.

Crown 8vo, cloth, gilt edge, 2s, nett; also in leather, as. nett; and
yapp leather in box at g5,

ADDISON and STEELE.

The Spectator in London,  With ifty-six Tllustrations by Raue
Ciwaver. and Headpieces by W. A. AT iN BeErRY, CI ovcH Ba™rEy. &



