


GIFT OF

Le
















EEECTRICTEY

IN OUR

HOMES AND WORKSHOPS.

A PRACTICAL TREATISE ON
AUXILIARY ELE’C’TRIOAL. APPARATUS. -

BY

SYDNEY F. WALKER,

M.LE.E., M.LM.E., Assoc. M. Insr. C.E. M. Awzg. LE.E.

Wity Humerons Flnstrations.

LONDON :

WHITTAKER & CO., PATERNOSTER SQUARE.
GEORGE BELL & SONS, YORK STREET, COVENT GARDEN.
1889.






G. B, P

PREFACE.

Tre following pages have been written to supply a
want which, it is believed, has been much felt. They
are an attempt to explain in simple terms the ordinary
every-day working of some of the forms of electrical
apparatus that are in use by outsiders, and not under
the constant supervision of trained electrical engineers;
and also, it is hoped that they will be of service to
young electrical engineers who are just commencing
to make their practical experience.

It has been felt that a connecting link is wanting
between the Electricity of the schools, and the electri-
cal engineering of practical life.

In too many instances, practical men have been
tempted to throw aside the study of the principles of
the science altogether, because the book they con-
sulted or the lecture they attended has failed to assist
them in the elucidation of those practical problems
which it was the business of their life to solve, and
even in some cases would appear to have indicated
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vi PREFACE.

a course of action or a method of treatment quite at
variance with that which eventually proved successful.

As it has been the Author’s lot to work, in the
practical sense, upon all the apparatus he deals with;
and as he has always found a careful study of the
principles of the science of very great service to him,
and further, as he has never found those principles
misleading in any case, provided that all the conditions
were accurately known, he ventures to hope that what
he places before the reader,in the followmg pages,
may be of some service to him.

The substance of the chapters which follow is, in
fact, merely a reproduction of the Author’s every-day
intercourse with the pupils of his firm, and with those
who have employed him in business.

From what has been said it will easily be under-
stood, that this book makes no claim to supersede, nor
to compete with, the able works of Ayrton, Thom-
son, Kapp, and others. If it has any relation to them
at all, it is supplementary; but in fact, it is intended
to hold a distinct place apart from those works, and to
cater, so far as may be possible, for those to whom the
meat given there would be too strong.

When the above was written, the Author hoped to
have covered the whole ground occupied by electrical
apparatus. Time, however, has obliged him to deal
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only with what are known as auxiliaries to the prac-
tical business of life, those in which only very small
currents are used. Should the present work, however,
find favour with those for whom it has been written,
he hopes to deal with electric lighting, transmission of
power, electrical measurements, and kindred subjects
in another book. He has now only to tender his best
thanks to those firms who have kindly lent illus-
trations for use in the book, viz.—to Messrs. Gent
and Co., Leicester, Paterson and Cooper, Johnson and
Phillips, Cox Walker and Co., New Telephone Co.,
Tasker Sons and Co., L. J. Crossley; and also to Messrs.
A. 8. Barnard and G. H. Lovegrove, who made the
original drawings, and to Major Barnard, who has
kindly assisted in correcting the proofs.

SYDNEY F. WALKER,
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BLECTRICITY
IN OUR HOMES AND WORKSHOPS.

—————

CHAPTER L
INTRODUCTION.

Ir may be as well to define the terms that will be used
in the course of this book, and to give explanations
that will enable readers to follow the instructions
without referring to another. At the same time, only
what may be termed popular definitions will be given,
the reader being referred to existing text-books, should
he desire to follow the matter up further.

Grossary or TErwms.

What is Electricity? We do not know, and for prac-
tical purposes it is not necessary that we should know.
‘We are only concerned in what its properties are—
how we can make it obedient to our will. Certain

s points, however, may be noted. For instance, it is
necessary to remember that we do not find electricity
ready made for us,as we do coal. In order to generate
electricity, as it is termed, work must be done by
some body, or energy expended on that body ; and this

1 B ’
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is true even of natural sources of electricity, such as
those which give rise to the phenomena of thunder-
storms ; the only difference being that, in these cases,
nature does the work, just as she has done the work
of storing coal or placing the glacier.

So far as our knowledge goes at present, electrical
energy, in the form of electric charge or electric cur-
rent, is analogous to heat energy, light energy, chemi-
cal energy, etc.; and when electrical energy is gene-
rated, it has been produced by a transference, directly
or indirectly, from one of the other forms of energy.
Also, when electrical energy is apparently lost or dissi-
pated, it is merely transferred into some other form of
energy, in the same way that it was or could have
been generated. The whole art of electrical engineer-
ing consists in the study of how best to transfer energy
from its existing form to that of electrical energy, with
as little escape to other forms as possible ; and how to
utilize the re-transference of electrical energy into some
other form, as best to further the work in hand.

Llectro-motive Iorce is analogous to pressure in steam
or water; in fact, the term “electrical pressure” is
coming into daily use. It is the property of doing
electrical work, or of expending electrical energy, that
may exist between any two points, such as the termi-
nals of a dynamo, or of a galvanic battery ; between
a hlghly charged cloud and the earth, or another cloud.
Whenever energy is expended upon a body in such
a manner that electricity is generated electrical en-
gineers express the fact by -saying that a certain
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electro-motive force is created ; that is, a certain power
of doing electrical work. Electro-motive force is some-
times expressed as Difference of Electrical Potential, in
a manner analogous to difference of temperature ; and
this expression merely signifies, as before, that a
measurable electrical force exists between two points.
It is also sometimes referred to as Tension, or Differ-
ence of Tension, meaning the same thing.

The Volt is the unit of electro-motive force, electric
tension, and electric potential. It is used by electrical
engineers in the same way that the lb.is used by
mechanical engineers. Electrical engineers talk of so
many Volts between the terminals of a dynamo, or
between electric lighting mains, just as mechanical
engineers talk of so many pounds pressure in the
steam boiler or the cylinder of the steam engine; and
the two expressions are used in exactly the same
manner. A mechanical engineer having to do certain
work, will first ascertain the pressure of steam he can
obtain before calculating the size of the engine he will
require. So, an electrical engineer, having a certain
amount of light to furnish, or certain mechanical work
to do, will first ascertain what pressure or voltage he
can depend on, before he calculates the sizes of his
carbons or his motor.

The two expressions agree also in the fact that both
become less, as they recede from the source, in pro-
portion to the work they do. Every one is familiar
with the fact that the steam issuing from the exhaust
of a steam engine is at a Jower pressure than at the
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entry port, and mainly because it has done work in
passing through the engine.

So, where a certain voltage exists at a certain point,
say between two electric light mains; when work is
done, the voltage is always lower beyond the work,
whether that be a lamp, a motor, or any other con-
sumer of electric current. Electro-motive Force is
usually written E.M.F.

The Volt is a perfectly measurable quantity, both in
its effects and in its inception. It is taken from the
attraction or repulsion between two electrically charged
bodies, and consists of a definite multiple of the force
exerted by one charged body of a certain size—the
gramme—upon another of the same size at a certain
distance—the centimeétre. For practical purposes it
will be sufficient for the reader to know that the Volt
is very nearly equal to the electro-motive force fur-
nished by the Daniell cell, and that the Le Clanché
battery, the Sulphur-Sal-Ammoniac battery, and the
Bichromate battery each give about 1} Volt per cell,
between their terminals, when not furnishing any cur-
rent ; that is, when no current is passing through them.

Electrical Resistance, Electrical Conductivity or Con-
ducting Power.

All known substances allow of the passage of elec-
tricity through them ; but some with much greater
ease than others. The metals, for instance, are said
to be Conductors, as they offer comparatively small
Resistance to the passage of electrical currents, in
comparison with such substances as silk, cotton, glass,
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earthenware, which have been termed Insulators, from
the supposition, in the early days of the science, that
they did not conduct at all. In reality there is an
irregular gradation from the bodies called insulators,
at one end of the scale, to those called conductors at
the other. Some substances,—such as carbon, sulphur,
the acids, water,—hold intermediate positions between
the so-called insulators and the so-called conductors.
Under certain conditions they may be classed as imper-
fect conductors, and under other conditions as imperfect
insulators. A few of them,—as carbon and others,—
have been termed semi-conductors.

The conducting power of, or the resistance offered by,
any group of bodies differs very considerably among
themselves. As, for instance, of the metals, silver and
copper conduct best :—

Representing the resistance of silver and copper by 1

That of Iron would be represented » 6

L] Lead 9’ ” £1) 12

,» German Silver P sl
elegiete:

Using the same standard, carbon would be repre-
sented by from 1,500 to 40,000, dilute sulphuric acid
100,000, water 1,000,000 ; dry air by infinity.

The conducting power of all bodies is naturally
affected by their form and size; thus, it can easily be
understood that it will require a greater expenditure
of energy to drive a given quantity of electricity
through two miles of wire of a given size than through
one mile. Further, the conducting power increases
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with the size, or cross section. Thus a No. 8 standard-
wire gauge wire of a given length offers less resistance,
or requires a smaller force to drive a certain quantity of
electricity through it, than a No. 11 wire of the same
length ; and a copper cable half an inch in diameter
will have four times the resistance of a cable composed
of similar metal and of the same length, one inch in
diameter.

Thus it comes about that bad conductors may offer
a low resistance, or demand the expenditure of a small
electro-motive force to drive a certain current through
them, if their sectional area be large and their length
small in proportion ; while a good conductor may offer
a very high resistance, demanding the expenditure of
a high E.M.F. if its sectional area be very small and
its length be very great; and it often happens that
the broad, deep bed of a river, or the moist crust of
the earth will offer a better conducting path for a
given current than a wire stretched by its side in air,
notw1thstand1ng the fact that the specific resm‘rance
of water is so high compared with that of the metals.

The Specific Resistance of any given substance, themn,
is the proportion that the measured resistance of a
given portion—say a cube of a certain size—of the sub-
stance, bears to that of a similar cube of the standard,
silver. The actual or absolute resistance of a body,
or its working resistance, as it would perhaps be more
appropriate to term it, is its resistance measured in
actual work by the EM.F. expended in driving the
unit current through it.
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It will be seen that specific resistance bears a close
analogy to specific heat and to specific gravity. The
facts above mentioned, as to the conducting power of
large masses of imperfect conductors, are very impor-
tant indeed in electrical engineering. = Often one’s
whole calculations may be upset by the presence of a
large body of moisture; and often, too, what would
otherwise be very puzzling phenomena are due to this
same cause—the presence in the path of an electric
current of a large mass of an imperfect conductor.

The conducting power of all substances is very
seriously affected by combining with other substances.
Thus, the specific resistance of an alloy of two metals
is higher than that of either of its components. The
specific resistance of compound salts, such ‘as sulphate
of copper, is considerably higher than that of either
copper or sulphuric acid. This fact is also of very
great importance in electrical engineering, impure
metals having a much higher resistance than pure.
The presence of a very small percentage of foreign
matter in copper or iron, will increase the specific
resistance of the metal as much as 50 per cent. and
more, The resistance of cast iron is very much greater
than that of wrought iron. The resistance of a soldered
joint, say two copper wires bound or twisted together
and soldered, is always much greater than that of the
same length of one of the wires. Hence joints are to
be avoided as much as possible where large currents
are used, as in electric lighting. ~ -

The fact pointed out above, also, that the resistaice
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of compound salts is higher than that of either of their
components, is of great importance in connection with
the working of galvanic batteries, as the substances
used in them are constantly changing, compounds be-
ing decomposed and new compounds formed.

It will be gathered also, from what has been said,
that if we know the specific resistance and the dimen-
sions of any body, we can calculate what its actual
working resistance ought to be; but it must always
be borne in mind, that in our calculations there are
many things, such as joints, that we can only approx-
imate, and we shall therefore do wisely not to work too
closely by our calculations. Always allow something
for coming up, as sailors do when hauling a rope taut.
It is usual to measure the resistance of any body, and
not its conducting power, as this lends itself more
readily to the calculations that are used in electrical
engineering, and to the measuremenis required for
dealing with conductors so as to produce certain re-
sults; the method of measuring actual resistances
being the E.M.F. expended when a known current
passes through the body whose resistance it is required
to know. This will be dealt with more fully later on.

The Ohm is the unit of resistance. It is equivalent
to the resistance offered by the following.

About 1 mile of No. 4 Copper Wire.

1

”» o ) ” ” ”
1 123

3 1] 2 .1" 2 33
1l

99 ETSH S9! ’ 17 3 2

It should be mentioned, that the resistance of nearly
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all substances varies with their temperature. With
metals an increase of temperature gives rise to an in-
crease of resistance. With carbon it is the reverse, an
increase of temperature giving rise to a decrease of
resistance. The resistance of the incandescent carbon
in the arc lamp is lower than that of the carbon from
which it came, and enormously less than that of the
surrounding atmosphere. In the incandescent, or glow-
lamp, as it is termed, the resistance of the glowing car-
bon filament is one-half and even less than when cold ;
so that the passage of the current through the filament
causes it to allow of more current passing with a given
EMF. On the other hand, the passage of the current
through a wire of a certain length, by raising its tem-
perature, causes it to allow less current to pass with
the same E.M.F. i

Electric Current is the expression used to denote the
fact that electricity is passing through any body or
series of bodies ; and it is equally correct whether the
bodies referred to are good or bad conductors,—whether
they are metals, water, or even air.

An electric current passes between two points when-
ever the electro-motive force existing between those
points is sufficient to overcome the resistance opposed
toit; and the strength of the current passing is directly
proportional to the electro-motive force available, and
inversely proportional to the resistance ; or, expressed in
algebraical form, if C stands for current, E for EM.F.,

and R for resistance, then C = 1}% When E is expressed
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in Volts, and R in Ohms, C gives the current strength
in Ampéres, the Ampére being the unit of current.
The current strength, or the number of Ampéres pass-
ing, is simply the expression conveying the rate of
transference of electrical energy that may be going
on. It may be referred back, if desired, to another
term, the Coulomb, the unit of quantity. A ‘current
of so many Ampéres means that so many Coulombs
per second are passing at the point where the observa-
tion is made ; and may be compared, for the purpose
of fixing the ideas, to the rate of flow of a river or
stream ; it being remembered, of course, that in one
case we have the flow of a material fluid and in the
other that of an intangible force.!

The term Coulomb is not often used in electrical en-

! The direction of an electric current is always from a higher
to a lower electrical potential. Thus, when an E.M.F., or differ-
ence of potential, exists between two points, one will be at a
higher potential than the other, or, as it is sometimes expressed,
one is 4 to the other; and that one is at the higher potential from
which the current passes. Thus, of two terminals of a battery
one is called +, the other —, and similarly with dynamos. In the
early days of electricity it was eustomary to refer to the earth
as zero; but since different points in the earth itself are neces-
sarily at different potentials when a current is passing through
it, this can hardly be maintained ; and, as a matter of fact, we
have no standard of electrical potential, nor are we able to say
definitely that the electric current actually flows in a given
direction; but what we do know is, that certain phenomena
always follow the connection of two points between which an
LL.M.F. exists, and that they are always consistent with the
assumption that the current passes from the point which we call
positive to that which we call negative.
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gineering. It is only of service when speaking ot
stored electrical energy, as in secondary batteries in
electrically charged bodies, such as clouds; or in the
conductors of long cables or telegraph lines.

Oh’s Law.—The algebraical expression above quoted
is that known as Ohm’s law ; and, as far as we know
at present, it is applicable to all electro-dynamic
action—that is, to all electricity in motion ; whether
the current and E.M.F. used be that of telephone
apparatus, that of large numbers of electric lamps, or
that of a lightning discharge ; and whether the path
open to the current be simple or complex; whether it
consist of a single conductor of one type, such as a
telegraph wire, or of a number of different types of
conductors; and whether there be one path open to
the current or many.

It is this law, with one other which will be quoted,
which forms the basis upon which the structure of all
electrical engineering is built. It is of the greatest
service when properly used; but it is absolutely
necessary to remember its universal application.
Wherever an E.M.F. exists, it will deliver a current
through the body or bodies across which the path
may lie, exactly in accordance with the law. Thus, if
we have two main cables insulated from each other,
connected, say, by incandescent lamps, the current will
not only pass through the conducting path offered by
the lamps, but through the insulating material ; or, in
the case of a naked wire supported by insulators,
through the film of moisture that condenses on the
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/ insulator ; and this shows at once the importance of
making the insulation resistance in proportion to the
EMF. present. Thus, with a low EMF. a com-
paratively low insulation resistance may answer very
well, but would fail utterly in the presence of a high
EMF. This again will be further developed later
on.

It will be seen at once that Ohm’s law, being an
algebraical expression, may be dealt with as any other
equation.

Thus, from C=g, we get E=CR.

Or, the electro-motive force existing between any two
points is equal to the product of the current passing
multiplied by the resistance.

Further, from the same equation we get R=g~.
Or, the resistance of any conductor, or system of con-
ductors, is proportional to the E.M.F. between its
extremities, divided by the current passing. This is
exceedingly useful in planning cables for electric light-
ing or transmission of power.

Electro-static Charge is another phenomenon that
perhaps had better be briefly referred to, though it
will not often come within the practical work of those
for whom this book is written.

Its meaning is simply as follows. It has already
been explained that electricity passes through bodies
which conduct. The same bodies have a certain
capacity, as it is termed, for storing it, just as bodies
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have a capacity for storing heat. We know that if
we wish to transmit heat through any body,—say a
metal,—we have first to warm the metal, and that a
certain quantity of heat will always be absorbed if a
warm fluid is poured into a cold vessel ; and we know,
further, that different bodies absorb different quanti-
ties of heat, under different conditions. So with elec-
tricity, whenever we transmit a current of electricity
through a conductor, it is necessary that the electro-
static system, consisting of the conductor, its insulator,
and any conductors outside the insulator, should re-
ceive a certain definite charge, or absorb a definite
quantity of electricity, before the working current
arrives at the other end. This is expressed technically
by saying that the condenser, of which the conductor
forms one coating, must be charged to the full potential
of the current before the latter can pass on. It will
probably be very rarely that the reader of these pages
will require to make use of the information contained
in this note; but it has a very important bearing on
many forms of practical apparatus, such as long tele-
graph or telephone lines, submarine cables, etc. In
the latter case, in fact, this phenomenon necessitated
the invention of a set of specially delicate instruments
to enable the received signals to be read, so much were
they enfeebled after passing through a long length of
cable, owing to its large electro-static capacity.

It also enters into the phenomena of lightning dis-
charges, and of the electricity which is generated by
the friction of belts over driving pulleys.
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Electrolysis is the property which electric currents
possess, of decomposing compound liquids through
which they pass; that is to say, liquids which are
formed by the combination of two or more chemical
elements.

A certain electro-motive force is necessary in each
case, varying with the liquid to be decomposed ; and
it is measured by the energy required to bring the
components into their original physical condition be-
fore combination.

The combination of two or more elements sets free
a certain amount of energy, which may appear as
heat, electricity, or in other forms, according to the
conditions present; while the decomposition of ‘any
body requires the expenditure of energy, just as an
expenditure of heat energy is required to convert
water into steam, and vice versd.

There are usually a series of chemical reactions
whenever electrolysis takes place, some of which in-
crease the amount of energy required to maintain
them, and others decrease it. Or, in other words, one
set of reactions,—the combinations which take place,—
set energy free and assist the current ; the other set,—
the decompositions,—absorb energy, and resist the
current.

As also an electric current, or, more properly speak-
ing, an electro-motive force, gives rise to decomposition,
so decomposition from any other cause gives rise to
electro-motive force. Thus, the strong affinities of zinc
and iron for oxygen, if allowed to act, give rise to
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electro-motive force in the galvanic cell; while, on
the other hand, the decomposition of the fluid from
which the oxygen is taken, absorbs energy, and takes
up a portion of that which would otherwise be avail-
able as EM.F., the resultant E.M.F. depending upon
the algebralcal sum of the increments of energy set
free and absorbed by these reactions.

In every form of electrolysis, whether it goes on in
a galvanic cell, in an electro-plating bath supplied
with an electric current from an external source, or in
the numerous instances where it is always at work,
though often unperceived, one rule holds good in-
variably. The gases, with the exception of hydrogen,
are always found at the plate or point called the
Axope, where the current enters; the metals and
hydrogen, at the place where the current leaves the
liquid, called the CaTHODE.

This property of the electric current is of great im-
portance in many cases that are not always recognised.
Thus,—wherever an existing E.M.F. can force a cur-
rent through any body containing a compound fluid
in suspension, it will proceed to decompose it, in ac-
cordance with the above law, and in proportion to the
strength of the current,—-and that is why the insula-
ton of dynamo-machines and other apparatus breaks
down occasionally without apparent reason, especially
in the face of high tensions or high E.M.F'.s, because
Ohm’s law comes in here, as elsewhere. Given a cer-
tain EM.F. and a certain resistance opposed to it,
and a certain current will pass, no matter what may
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be the nature of the body creating the resistance ; and
given a fluid, no matter how placed, with an electric
current passing through it, and electrolysis will follow.

The electric current will deposit certain definite
quantities of each known chemical element for each
Ampére of current, as per the table below. But it
must be remembered that these quantities will only
be deposited provided the tody has no opportunity of
reforming some other combination ; and in very many
cases it has this opportunity, so that the rule can only
be a rough guide; but, as it may be useful, it is given
here.

TAaBLE oF ErEcTRO-CHEMICAL EQUIVALENTS.

Grammes per

Coulomb. .
Electro-positive : —

Hydrogen . . N2 .. 00000105
Potassium . : 3 : g . 0:0004105
Sodium \ 3 : ; . . 0:0002415
Gold . ” 4 ) : 5 . 0-0006875
Silver . 1 5 ! ! . . 0:0011340
Copper (Cupric). = . : : . 000003307
»  (Cuprose) ; . : . 0°0006615
Mercury (Mercuric) . ? . . 0:0010500
" (Mercurose) . . < . 00021000
Tin (Stannic) . 5 ; X . 00003097
» (Stannose) . . F ; . 0:0006195

Iron (Ferric) ¢ : 3 7 . 0000147
» (Ferrose) . : 5 3 . 00002940
Nickel. s A ; 1 . 010003097
Zinc 4 . 00003412

ka5t et A LeaieoeaTeRey
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Grammes per

Coulomb.

Electro-negative :—
Oxygen . 5 ; ; . . 00000840
Chlorine . . : g : . 00003727
Iodine k 2 : 3 ¢ . 0-0013335
Bromine . : : : . . 00008400
Nitrogen . : : : ‘ . 0°0000490

The Work Done by an electric current in passing from
one point to another, through a conductor or series of
conductors, is measured by the product of the E.M.F.
existing between the two points, while the current is
passing, multiplied by the current strength ; or, shortly,
W, the work done =E, the EM.F., x C, the current.
And, if E be in Volts and C in Ampéres, the result is
in Watts, the Watt being the unit of work done, and
equal to 15 of an English H. P., or 24222 foot-lbs. It will
be seen that this method of measurement of the work
done by an electrical current is similar to that for all
work done. Thus, the work done by a heavy body in
falling from a certain height is measured by the pro-
duct of its weight and the height from which it fell.
Time, of course, enters into the calculation, as in all
other measurements of work done, the Watt being equal
to 2399¢ foot-1bs. per minute, or $3 foot-lbs. per second.

This formula is of great importance in connection
with electric lighting, transmission of power, and other
mechanical work, as it enables us to calculate the
mechanical energy required to produce certain elec-
trical energy; and, on the other hand, having given
certain electrical energy, we can calculate the amount

c
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of mechanical energy we may hope to recover, after
allowing for loss by heat and other conversions.

ke the formula” . ... L. L, "W=EC
and one of those given for Ohm’slaw . E=CR
and substituting for E its value C R in <

the first equation, weget . . . . W=CR

This is usually written H=C’Rt, and is known as
Joule’s law, for the heat developed by an electric
current in any conductor through which it is passing ;
heat, of course, being merely one form of worlk.

In other words, the heat developed in any conductor
per second, is measured by the product of the square
of the current passing, in Ampéres, multiplied by the
resistance offered in Ohms. C'R is measured in
Watts, just as EC was. In fact, one will stand for
the other, and can be directly connected with Joule’s
law of heat by his well-known heat equivalent, 772
foot-1bs.

It will be seen that this law shows us how to cal-
culate the heating effect of the current upon any
conductor, whether it be the carbon filament of an
incandescent lamp or a main electric lighting cable;
that is to say, the heating effect we should get, if
there were no sources of loss, such as radiation, specific
capacity for heat in the conductor, ete.

‘We may also obtain another formula from Joule’s and
Ohm’s laws combined, which is sometimes of service :

i Bl py e i
W=EC. C=p - W=}
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or the work done in Watts by an electric current is
equal to the square of the E.M.F. when the current is
passing, divided by the resistance. '

This formula is of service where the current is not
directly measurable, and will explain the reason that
the effects of a lightning discharge are so disastrous,
its E.M.F. being probably milliens of volts in some
cases ; though, owing to the great resistance opposed to
it, the current passing is small. It will be noticed that
it has been stated that the E.M.F., when the current
is passing, is to be taken, the reason being that the
measured E.M.F., or difference of electrical potential
existing between any two points, is less when a current
is passing ; the passage of the current over the con-
ductors in its path, before arriving at the two points in
question, taking toll as it were of the initial E.M.F.
generated, in accordance with Ohm’s law. This will
be dealt with more fully in the chapter on electrlc
light circuits.



CHAPTER IIL

THE ELECTRIC CIRCUIT.

Berore attempting to deal with any of the forms of
electrical apparatus that are in practical use, it may
be as well to give some idea of that which underlies
the working of all electrical apparatus, viz., the electric
circuit.

The electric circuit is the path or paths by which
the current passes; and it must be complete from any
given point, say the positive pole of the generator,
through the wires, cables, etc., forming the external
circuit, back to the negative pole of the generator,
and through that to the positive pole from which it
started. If any portion of the circuit be wanting;
that is to say, if there be any place, or any body
present in the path of the current, where the avail-
able EM.F. cannot force any current through, then no
current passes in any part of the circuit; and the
apparatus which should have been actuated by the
current does not work. A complete electrical circuit
is sometimes spoken of as a closed circuit, and the
operation of causing the current to cease is referred
to as breaking circuit, or opening circuit; and again, a

/ 20
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circuit in which no current is passing is sometimes
called an open circuit. Thus, a dynamo machine is
spoken of as being run on open circuit, when no work
is being done in the circuit external to the machine.
The same current,—that is, the same strength of cur-
rent in Ampéires,—passes in every part of a closed
electric circuit; so that if a body whose resistance is
comparatively high form part of the circuit, it will
weaken the current passing in every part, in accord-
ance with Ohm’s law; and conversely, lowering the
resistance of any part of the circuit will raise the
current strength.

Though it has been stated that for all electrical
action, or rather for the working of all apparatus re-
quiring the passage of electrical currents, a complete
electric circuit is necessary, it does not follow that
there may not be more than one electric circuit; in-
fact, there may be as many of them as you like, and
they may be arranged all to emanate from one source,
or to branch out from other circuits.. But no matter
how many there are, the same rules hold good, viz.,
that no current will pass in any circuit,~—whether it
be one of a number of circuits, a branch from another
circuit, or a simple circuit by itself,—unless that indi-
vidual circuit is complete; -and it follows, of course,
that in the case of branches from a larger circuit the
main circuit and the individual branch must be com-
plete. TFurther, when a main- circuit is divided into a
number of branches, technically called derivations, the
current in the main circuit divides between the branch
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circuits in the inverse ratio of their resistances, the
branch having the h1ghest resistance takmg the
smallest current, and vice versd. This again is strictly
in accordance with Ohm’s law.
_ A simple method of grasping the idea of an electric
circuit, which the Author has been accustomed to place
before the pupils of his firm in the early days of their
articles, is the following :—

Imagine a complete ring or hoop of wire, as shown
in Fig. 1; and that an electro-motive force arises at

¢

Fig. 1. Fig. 2

some point in the ring of sufficient magnitude to
generate a current. This current will go on circulat-
ing round the ring as long as the E.M.F. exists, and
the wire remains intact. For simplicity, it is assumed
that the ring is perfectly insulated from every other
conductor, and that there are no branch circuits.

Now, suppose that we cut the ring of wire with a
pair of pliers, at any convenient point, as Fig. 2. The
current will no longer pass. Now, let us take a galvanic
cell and connect its two poles—that is, the points at
which the current_can be taken from 1t~—to the ends
of the wire we have just cut, as Fig. 3. We have in
the galvanic battery the source of electricity we re-
quire, and the current from it will continue to circu-
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late through our ring of wire and our cell—which it
must not be forgotten forms part of our circuit—as
long as the cell continues to create an E.M.F., and
there is no break in any part of the circuit, either in
the wire loop or in the cell itself. But how are we to
know that we have a current passing ?- Well, in some
cases the action visible in the battery cell will tell us,
but not always ; and, as we shall see later on, a battery
may be consuming materials when no useful work is

[ ]

Fig. 3. Fig. 4.

being done. Cut the wire in a second place and con-
nect to the ends some apparatus that will denote the
presence of the current furnished by one cell, against
the resistance of our loop of wire ; say an electric trem-
bling bell, as Fig. 4. The current that will pass will
be as the EM.F. created by the cell, divided by the
resistance of the circuit ; that is, the combined resist-
ance of the cell, the bell, and the connecting wire. If
our bell is constructed to work with the current pass-
ing in our circuit, it will commence ringing, and will
go on until either the battery ceases to create an
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E.M.F., there is a break in the circuit as before, or
the resistance of some part of the circuit—say that of
the cell itself—rises sufficiently to reduce the current
below the strength at which the bell will work.

The question of the increase of the resistance of the
battery will be dealt with later on; at present we
will only consider actual breaks in the circuit: Cut
the wire in a third place, and, this time, insert a
push, as shown in Fig. 5, such as are to be seen in

1t

Fig. 5.

every optician or electrical apparatus dealer’s window,
and which consists simply of two springs mounted on
a board, and so arranged that the ivory button facing
them, when pressed by the thumb, brings them into
metallic contact; the ends of the two wires being
connected to the two springs.

If we have carried out the above experiment care-
fully, the bell will now ring whenever we press the
button of our push; and we have control of the bell
as long as we have no other break in our circuit. It
is obvious, of course, that the wire connecting the
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push, bell, and battery may be of any convenient
length, provided that the battery, wire, and. bell be so
proportioned that the latter will ring with the current
that passes. The reader will recognise the arrange-
ment as that of an ordinary domestic electric bell.

But now cut our wire in a fourth place, and we
shall find that we have lost the control of our bell,
because we have another break in the circuit besides
the one at the push. (Fig. 6.)

Fig. 6.

Let us suppose, also, that our wire is covered with
gutta-percha, which we know has a very high re-
sistance ; and is, for most practical purposes, an insu-
lator. Suppose that in any one of the connections we
have made—to battery, bell, or push—we neglected
to remove this covering before making our connection,
we should find that we had no current passing ; and
the reason would again be, because, in accordance with
Ohm’s law, the resistance offered by the two thick-
nesses of gutta-percha was so great in. proportion to .
the E.M.F. created by the cell, that no appreciable
current could pass. Therefore, in all connections be-
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tween wire and wire, or between wires and terminals
or other connecting pieces, we always first remove
whatever insulating covering may be present, and we
also scrape the wire bright, as dirt offers a. higher re-
sistance than copper. The reader must not imagine
that gutta-percha offers an impassable resistance under
all conditions ; each case works out in exact accordance
with Ohm’s law. It was only because the E.M.F. of
the cell was low, that the gutta-percha barred the

BLgie

passage of the current; if a high tension generator
had been used, some current might have passed through
the covering.

Let us attach wires to the bell and battery, and
lead them to a second push, as shown in Fig. 7. We
have now a circuit with two branches, the bell and
battery being included in each, and we therefore con-
trol the action of the bell from either push, so long
as there is no other break in the ecircuit. If there
should be a break in that portion of the circuit be-
tween the bell and battery which is common to both
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branches, we lose the control of the bell from both
pushes. If there is a break, other than that at the
push, in either branch outside the bell and battery,
we lose the control of the bell from the push belonging
to that branch.

Even a break in the circuit itself acts strictly in
accordance with Ohm’s law. If no current passes, it
is because the resistance interposed by the break is
infinitely large, compared with the E.M.F. available.
If the E.M.F. were increased very much, a current
might still pass, as in the case of the electric spark, the
arc lamp, and in a lightning discharge ; the strength
of the current in each case being strictly proportional
to the E.M.F. divided by the resistance; but it is
always necessary to be sure that we have all the re-
sistance of the circuit included in our calculation. Not
infrequently the resistance of the generator itself, of
the body from which the current proceeds, is of very
great importance. Often, too, matter which we do not
want, such as dust or dirt, interposes itself in the cir-
cuit, and before we can apply the law correctly, we
must know this resistance, and it must take its place
in our calculations.

It may perhaps be as well here to give the rule for
determining the joint resistance of two or more
derived or branch circuits. Supposing that we have
a source of electricity, with a certain E.M.F. available
at a certain point, from which branch out several
derived circuits, as they are called. The current in
each branch is determined strictly by reference to
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Ohm’s law ; that is, the E.M.F. being the same, all we
have to do is to divide it by the resistance in each case.
A dynamo feeding a number of incandescent lamps
is a familiar instance, and easily understood. Suppose
that the E.M.F. is the same at the terminals of all the
lamps; then, if the resistance of each lamp is the same,
the current passing through each will be the same;
but if their resistances be different, as when they are
of different candle-powers, or different patterns, then
we calculate the current in each case by the formula ;
and having obtained all the currents, add them to-
CJ« to the whole, and
we have the joint resistance of the group.

To take an example, suppose we have a dynamo, or
an electric light service with 100 Volts difference of
potential, and that we have lamps whose resistances
when burning are respectively 400 Ohms, 200 Ohms,
100 Ohms, 50 Ohms, 10 Ohms. These lamps will take
3+ Ampére, } Ampére, 1 Ampére, 2 Ampéres, and 10
Ampéres. The sum of these 104+24145+25=1375
Ampéres, and their joint resistance =% =757 Ohms.

The joint resistance of a number of branch circuits,
whose resistance is equal, as, say, a number of incan-
descent lamps, all of the same pattern and of the same
candle-power, is found by simply dividing the resist-
ance of one branch by the number of branches; thus,
if we have 20 lamps, each of 200 Ohms resistance, their
joint resistance is equal to 2% =10 Ohms, when they
are arranged as branch circuits emanating from the

gether, and apply the formula R=



THE ELECTRIC CIRCUIT. 29

same points. Of course, in actual work, you do not
always have all the branches emanating from the same
points, and it is therefore generally more convenient to
calculate the currents than the resistances.

For two branch circuits of unequal resistance, the
joint resistance may be found by multiplying their
resistances together, and dividing the product by their
sum. Thus, if we have two resistances 10 and 2, their
joint resistance = 1032 = 20 = 1'6 Ohms. For any
number of branch circuits greater than two, the for-
mula becomes somewhat complicated, and the method
given above, of finding the current strength in each
case, will be found simpler.

This matter will be explained more fully when
dealing with Electric Lighting Circuits. It may be
mentioned, however, that the rule applies to such
branch circuits as the insulation of telegraph or tele-
-phone lines, and to that of cables for electric lighting or
transmission of power ; each unit of length, say a mile,
or a hundred yards, and each pole, being considered as
a separate branch. Thus, if the insulation resistance
of a telegraph or telephone line,—that is to say, the re-
sistance beétween it and the earth,—be 1,000,000 Ohms
for 1 mile, for 1,000 miles it would only be 1,000 Ohms,
and the leakage path, as will be explained later, would
be very serious, as, with ordinary telegraph wire, it
would be less than that of the proper conducting path.

The Earth.—In connection with the electric circuit,
the EarTH, or GROUND, as the Americans term it, often
plays a very' important part.
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It has been cxplained that the electric circuit con-
sists of a path, from the generator, through the ap-
paratus that is to be worked and that which is to
work it, back to and through the generator itself. It
will be seen that the apparatus to be worked—the
bell, lamp, or whatever it may be—and that which is
to control it—say the push, key, or switch—may be
some distance apart. This requirement would ne-
cessitate two wires or conductors between the two
places, unless some other path could be found that
would perform the office of one wire, and carry the
returning current.

The crust of the earth, a river or stream, the metals
of a railway, the water and mud of a dock, the gas or
water service of a town, may each form this path, and
thus save one wire or cable. But it must be distinectly
borne in mind that “ earth,” or ¢ ground,” as anything
which answers this purpose is technically called, is
subject to Ohm’s law, exactly as the wire or cable
which forms the other part of the circuit is. If the re-
sistance of any part of the earth circuit is high, it
will weaken the current, exactly as a bad joint would,
or a small wire. Thus, if you make connection to the
gas-pipe, and there happens to be a good gas joint;
but, as often happens, a bad electrical joint ; between
one of the feed pipes and the main, you get what is
technically known as “ bad earth ;” or, in other words,
you have a resistance in the circuit that you had not
bargained for, and which must be avoided if possible.
So also with reference to the rails: if the connections
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between the rails at the fish-plates are not electrically
good, a like result will follow.

It must be borne in mind, too, that the resistance of
the earth circuit must be proportionate to the current
that is to pass. Thus, what would be good earth for
a telephone current may be very bad earth for an
electric-lighting current. Very large iron water pipes,
even, might offer so much resistance at their joints as
to be quite unsuitable for electric-lighting currents of
even moderate strength,

Another important point in connection with earth
is its variability under different physical conditions.
If the crust of the earth be used, for instance, in very
dry weather, or in frosty weather, the resistance may
be almost infinite, as the conducting path consists of
the moisture in the pores of the earth. Again, a dock
with 20 feet of water in it would afford a good con-
ducting path, whereas the dock empty might not.

It will easily be understood, too, from what has been
said on the laws of resistance, that it is of importance
to have a large surface in contact with the earth, or
whatever may be used for a return, as the resistance
offered by the earth will vary directly as the distance
between the two surfaces, and inversely as their sec-
tional area. It is also of importance that the earth-
plate should be proportioned to the current that is to
pass, and that it should be subject to as little chemical
action as possible. Under the very best conditions
there will be some resistance at the surface of the
plate, where it is in contact with earth; and that
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resistance will generally increase, owing to chemical
action. It is therefore wise, in laying down electrical
apparatus, when using earth, to allow for this, and to
make your earth connections very much larger than
-they otherwise would have to be, or than a considera-
tion of theory simply would dictate; that is to say,
the theory that would apparently apply at the time
the plate was laid down.

The earth is, of course, subject to the same laws of
derived circuits as other conductors; and we may ex-
pect-that if a portion of the earth’s crust, or a stream,
gas or water service, form part of several circuits, por-
tions of current from one circuit will occasionally find
their way into other circnits ; and accordingly we find
this the case with telephone circuits, it being most
difficult to prevent messages being heard in wires not
intended for them, owing to their passage by earth.
This is always more marked where earth is bad, or of
high resistance.

Insulation.—Before proceeding to the practical details
-of the construction of the various apparatus in use,
it will be advisable to devote a short space to the
-consideration of the most important of all points in
" .connection with electrical engineering, viz. that of insu-
lation. This is the rock that almost invariably wrecks
the tyro in electrical matters, and more particularly
even the man who, possessing but a slight knowledge
of the science, fancies there is no mystery about it.

It will be remembered that it was stated at the
beginning of the book that although bodies divided
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themselves roughly into three groups, which might be
termed for convenience, conductors, semi-conductors,
and insulators; yet the difference was only one of de-
gree. All bodies conduct, all bodies offer some resist-
ance; and whether a current passes or not, and what
current passes, is decided by Ohm’s law, no matter
what the substance may be.

It has been already pointed out, that a long length
of fine wire offers a higher resistance than a river, for
instance, though the wire is classed as a good conduc-
tor, and water as a very bad one. It should also be
noted that the conducting or insulating properties of
all bodies, vary with their physical condition. Thus
dry cotton is a good insulator, wet cotton a very bad
one. Dry glazed earthenware or glass are good in-
sulators ; the same with a film of moisture condensed
on their surface are very bad insulators.

Further, the relative values of different substances
as insulators vary inversely with the E.M.F. opposed
to them; and also, it must not be forgotten that the
electrical resistance of the insulator through its sub-
stance follows the same law as to length and cross
section as conductors, so that a substance which may
insulate very well where only a small cross section is
exposed to the E.M.F. present, may not do so if the
section is large. As for instance, in the case of two
covered wires touching each other outside their cover-
ing ; if they touch only at one point, the resistance of
the insulating material-—or the insulation resistance, as
it is technically called,—is high because the dimensions

D
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are small ; but if the two wires are twisted, and lie
together for some distance, the insulation resistance
may be very much less.

A substance that will insulate perfectly in the
presence of an E.M.F. of a few Volts, such as are used
in telephone and electric bell work, may break down
entirely under the strain, say, of 100 Volts, the E.M.F.
now used in most electric light work. And again a
substance that will answer for 100 Volts, may break
down under the strain of 2,000 Volts, the E.M.F. which
the Brush Cos. are using, and which apparently is to
be used in town supply.

Again, in the choice of an insulator for any par-
ticular work, the electrolytic properties possessed by
the current, and which have been already described,
must not be overlooked, nor its ability to spark across
short distances. A substance that may be a perfect
insulator when new—if placed to separate two points
or surfaces between which an E.M.F. exists,—-may
gradually break down from the action of the current
itself. Remembering, once more, that Ohm’s law
holds good here as elsewhere, whatever the fraction of
an Ampere of current may be which the law says shall
pass; that current will pass, and will do work, and
will probably alter the nature of the insulating sub-
stance, silently but surely; lowering the resistance of
the insulator, till some mechanical action comes into
play, such as the sharp edge of an iron plate, or a
needle-point left in a casting, and either breaks the
insulation down itself, or, by lessening the distance to
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the nearest point in the wire, provides the conditions
necessary for a spark to pass, with practically the
same result. ;

Again, the position of the points or surfaces that are
to be insulated, with reference to the rest of the
circuit, must be considered. Suppose a certain voltage,
say 100 Volts, to be present at the ends of the wires of
the exciting shunt coils of a dynamo. Let the resistance
of the coils be 50 Ohms, the current passing in them
will be 2 Ampéres. Now, it will be apparent that we
have the full 100 Volts present only between the outer
ends of the coils. Between the middle and one end
we have 50 Volts only, because from Ohm’s law E=CR,
C=2 as before, and R=25 Ohms. .. E=50 Volts. So,
if the field magnets have four legs each with 125
Ohms resistance, the E.M.F., or difference of potential
existing between the ends of the coils on either leg, is
25 Volts only; and this is no question of theory, it
may be proved by an actual test, with an instrument
called a Voltmeter, to be described later, or by any of
the methods described in the text-books. It is obvious
that we may carry this matter as far as we like. Say
that there are 25 layers of wire on each leg. Assum-
ing that the wire is uniformly wound, each layer will
have a resistance of ‘6 Ohm, and as the same current
passes, viz. 2 Ampéres, the E.M.F. between any coil and
the one above or below it will be 1 Volt. Further, if
the layer consist of 20 turns, the resistance of each turn
will be =025 Ohm, and the voltage between any two
adjacent turns at any point='025x2="03, or ¥ Volt.
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Thus it will be seen that the E.M.F., or difference of
potential, usually present between many points which
are in close proximity in coils and other apparatus is
very small indeed; and therefore as long as the volt-
age and insulation remain the same all goes well; but
should the insulation of any part be lowered, as by
wet, oil, ete., by adjacent coils coming into contact, or
by the deterioration of the insulator, the normal strain
is increased. Thus, suppose that a quarter of the re-
sistance of the coils of the dynamo magnets before
referred to be cut out, say by the ends of the coils
of one leg having come into contact with each other,
so that the current passes across this path instead of
round the coils. Assuming that our E.M.F. remains
the same, we have now only 375 Ohms opposed to the
100 Volts and 222=266 Ampéres passing, instead of
2 Ampéres. Our voltage will now be in each leg,
126 x 266=33"75V, instead of 25 Volts, and the rest
in proportion.

An increase of this magnitude, on the present con-
struction of dynamos would probably not be serious,
the only thing that would happen being increased
heating of the coils that were not cut out, and an
alteration in the lines of force. But suppose the above
figures were multiplied by 20, and the short circuiting
of a coil gave rise to an increased voltage of 250 V.,
between the ends of the coil of one leg, then the matter
might be very serious indeed.

The substances used for insulating are, silk and
cotton, in places where they will not become wet, as
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in coils of bells, telegraph and telephone apparatus,
dynamos, motors, etc., where also the space available
for insulation is small, and the covering cannot easily
be subject to mechanical injury. In some cases the
cotton or silk is further protected by a coating of some
insulating varnish, such as shellac or india-rubber;
but it is necessary to avoid all possibility of chemical
action between the varnish and the wire, or between
the varnish and the covering.

For wires which are exposed to moisture, or that
have to stand a certain amount of rough usage, india-
rubber, gutta-percha and Callender’s pitch compound
are used, generally in combination with wrappings or
plaits of cotton and tape.

For wires that run overhead, as telephone and tele-
graph wires, no covering is required, the air being the
very best insulator obtainable, when it is dry. For
these wires the rests are formed of highly glazed porce-
lain, or vitreous earthenware, made into special forms,
so that the path from the wire to the iron bolt carry-
ing the insulator, is as long as possible, and of as
small a cross section as possible. Ohm’s law comes in
again here. With telephone and telegraph apparatus
the wire is connected to ground at each end, and a
branch circuit will be formed to ground from the
wire by way of each insulator and its support, be it a
pole or the roof of a house. It will be obvious that
the resistance of a single such leakage path will be
very high ; and that, provided the E.M.F. be low, the
leakage current must be very small indeed ; and so, on
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short lines, it usually is. But it will also be apparent
that, as the length of the line increases, the number
of these leakage paths will increase also, and the
leakage current may be a very serious matter.

It is this which makes the problem of telephoning
over very long distances so difficult in our humid
climate.

Where the E.M.F. is high, as with high tension
Electric Light circuits, the leakage from even a com-
paratively small number of rests may be serious; but
at present the loss by leakage on high-tension Elec-
tric Light circuits carried overhead is inappreciable,
because the lengths of the lines are so small. It will
be seen later on that the insulation resistance of these
Electric Light circuits should be kept up for another
reason, viz. the safety of the public.

For the insulation of apparatus and parts of apparatus
used in electrical engineering, various substances are
used. Hard wood, when dry, is a very good insulator
for many purposes; wet wood is a very bad insulator
for any purpose. Thus, a ringing key at a colliery
shaft bottom, if mounted on wood, may work perfectly
at first, and fail after a time, owing to the wood be-
coming saturated with moisture.

Vulcanite—hard, black vulcanized india-rubber—is
a first-rate insulator for mearly every purpose, and it
does not readily absorb moisture ; but it is brittle and
expensive, and moisture will condense on its surface.
It is unsurpassed for small collars, knobs, ete., designed
to insulate two parts of an apparatus between which a
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high difference of potential exists, yet which must from
the construction of the apparatus be close together.

Vulcanized fibre, another substance somewhat similar
to vulcanite, is of great service in many places where
the brittleness and expense of vulcanite forbids its use.
It is tough, and, as its name implies, of a fibrous
nature. Its one drawback is, that it absorbs moisture,
and then its insulation resistance diminishes very con-
siderably. It must not therefore be used where it
will be exposed to damp or oil, except where only a
low E.M.F. is present.

The flexible fibre is not a good insulator.

Mica and asbestos are also used for insulation, chiefly
on account of their non-combustible properties; but
they can only be used in certain cases. Asbestos, when
worked into mill-board, answers very well for many
purposes, such as the insulation of commutator sections,
coils of magnets, etc., always provided it can be ar-
ranged that the sheet shall not be torn; but it is not
a perfect insulator.

The use of mica is more limited. Owing toits peculiar
laminated character, you can have a plate of mica of
a certain size as thin as you like, but it must be a
plate of one thickness all through. It is not workable
to section like other substances. It is somewhat brittle
too, and it is doubtful if its insulating properties are
as high as some people think. Slate and porcelain are
now being used for the bases of Electric Light switches
and fuzes; but the former is not a good insulator, and
will not answer at all for high EM.F.s ; the latter has
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the disadvantage that it is difficult to work and is
easily broken.

Once more, it must not be forgotten, that in the use
of all these substances, Ohm’s law is the sole arbiter
of the fittest, coupled, of course, with the law of dimen-
sions and resistance. Thus, it may be quite practicable
to use a comparatively poor insulator in the presence
of a low E.M.F., especially if the insulation path is
or can be made long and of small cross section, where
it would not be if the conditions are reversed.

Induction.—A series of phenomena in connection
with electricity that have a very important bearing
upon the working of all electrical apparatus, are what
are known as electrical induction, or electrical action
at a distance.

It has been explained how electrical currents pass
through conductors where continuity exists—where
continuity does not exist, another series of actions takes
place—induced electro-static charges are formed, and
induced currents are generated.

When an electro-static charge is held upon a con-
‘ductor, completely isolated from other conductors, a
charge of an opposite name is induced upon all other
conductors in the neighbourhood, that are not isolated.

Again, when a current of electricity passes round
a piece of iron, magnetism is énduced in the latter,
and will be rendered visible on closing the magnetic
circuit.

‘When a permanent steel magnet is brought near
a piece of iron or steel, magnetism is énduced in the
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latter, provided it lies in the path of the magnetic
circuit.

But the most important phenomena of all are mag-
neto-electric induction, and the induction of currents
upon each other.

It a permanent or an electro-magnet be brought
into the neighbourhood of a conductor, so that the
latter lies at right angles, or nearly so, to the path of
the magnetic circuit, or to the lines of force as it is
usually expressed in the text-books, an E.M.F. is
generated in the conductor, which will give rise to a
current, if a path be open for it ; and this generation
takes place as long as the motion continues, or as long
as an alteration in the field in the neighbourhood of
the conductor is going on.. Thus, suddenly exciting
an electro-magnet whose magnetic circuit crosses a
conductor, will generate an E.M.F. in the latter.
Suddenly causing an electro-magnet to lose its mag-
netism will have a similar effect; but the E.M.F. in
the former case will be in the reverse direction to that
in the latter ; that is, it will tend to produce a current
in the opposite direction through the electric conduc-
tor. Varying the strength of an electro-magnet will
have the same effects, though in a minor degree, as sud-
denly magnetizing it or causing it to lose its magnetism.

Upon the phenomena of induction the dynamo-
electric machine, the induction coil, and the trans-
former have been reared.

The property of inducing currents also extends to
wires in the neighbourhood of other wires. If, for in-
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stance, a second wire be wrapped round an electro-
magnet, in addition to the exciting wire; each time
that the exciting circuit is closed, an E.M.F. will be
generated in the second wire; and each time the ex-
citing circuit is broken, an E.M.F. will be generated
in the second or secondary wire, as it is usually termed,
the exciting wire being called the primary; but the
direction of the E.M.F. generated in the two cases will
be opposite to each other.

A variation in the strength of the current passing in
the primary or exciting wire is also followed by a
generation of EM.F. in the secondary, though in a
minor degree.

The directions of the secondary E.M.F.s are always
such as to resist the action of the primary current.
Thus, the current which passes in the secondary when
the primary circuit is closed, is in the opposite direc-
tion to that passing in the primary ; that which is
generated in the secondary when the primary circuit is
broken, is in the same direction as the current that was
passing in the former.

Similarly, weakening the primary current generates
a current in the secondary in the same direction as
that which is passing in itself. Strengthening the
primary has the reverse effect.

It is not necessary even for two wires to be together
on an electro-magnet for induction to take place. Sud-
denly making or breaking the exciting circuit of an
electro-magnet, generates opposing E.M.F.s within the
coils of the exciting wire itself; that when it is made
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opposing the current, and that when it is broken assist-
ing it. The latter has been known as the extra cur-
rent, having been so named by Faraday, to whom we
are indebted for so many researches upon electro-
magnetic induction. It is the extra current that
gives such a smart and often fatal shock, when the
circuit of a high tension Electric Light machine is
broken ; the coils.on the field magnets of the dynamo
generating, by induction, a very much higher E.M.F.
than the working E.M.F'. of the machine.

The secondary E.M.F. generated in all these cases de-
pends upon the primary E.M.F., the number of coils
taking part in the induction ; or, what amounts to the
same thing, the lengths of the wires exposed to induc-
tion ; upon the speed of motion where one or both
bodies move ; and inversely upon the distance between
the exciting and secondary apparatus.

It must be remembered, however, that in all these
cases, induction only takes place while motion is pro-
ceeding, or changes of magnetism are taking place, and
the currents generated are therefore usually only of
very short duration.

But it is not even necessary that iron should be
present, for induction to take place. If two wires be -
near each other and parallel ; when a current passes in
one, an E.M.F. is induced in the other at the moment
the first starts and at the moment the first ceases;
and these two are in opposite directions, and obey the
same rule as before ; viz., the secondary current is in
the opposite direction to the primary, when the latter
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commences, and in the same direction as the primary
when the latter ceases.

A variation in the current passing in one wire also
gives rise to induced E.M.F.s in the other, just as in the
case of the electro-magnet, with two wires wound on it.

The induction in the case of two wires also follows
the same rule as to distance apart, and to the lengths
of wire exposed to induction. The induction, for in-
stance, betwéen two telephone or telegraph wires
running parallel for several miles, and within a few
inches of each other, as on ordinary telegraph poles, will
be very great; while that between wires separated by
the width of a street, or only running together for a
short distance, may be inappreciable.

The reason for E.M.F.s being generated in conduc-
tors under the conditions named, is evidently due to
their passing through the magnetic circuit, or, as it is
usually termed, cutting the lines of force. Where an
electro-magnet is excited, a magnetic field, a magnetic
circuit, or magnetic lines of force, whichever term be
preferred, is created ; and the secondary wire lying in
their path, an E.M.F. is generated in it. The converse
takes place when the primary circuit is broken; and
this applies to all cases of electro-magnetic induction.
A magnetic circuit is either created, broken, or varied ;
and in each conductor lying in the path of the circuit,
an E.M.F. is generated.

From the above it naturally follows, that in conduc-
tors which run parallel to the directions of lines of
force, no E.M.F. is generated; and so it happens that
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no induction takes place between two wires crossing
each other at right angles.

For effective induction, where the secondary current
is to be used apart from the primary ; as in induction
coils used for experimental purposes, for telephone
transmitters, for the transformers now being intro-
duced into electric lighting ; the primary and second-
ary coils must be insulated from each other, and the
insulation should be proportionate to the H.M.F.s
generated. 'With induction coils, by wrapping a long
length of secondary wire round a shorter length of
primary, it is possible to generate very high E.M.F.s
in the former, using only very low E.M.F.s in the
latter ; each coil of the secondary that is brought
within the influence of the lines of force, adding to
the E.M.F.s generated. 'Where high E.M.F.s are
generated, and used for the purposes of Electric Light
distribution, being converted into low E.M.F.s at the
point of consumption, great care must be taken to in-
sulate fully between the coils, or the inductive action
‘will be destroyed to a large extent; and may give rise
to serious accidents.

But though, where it is desired to use electrical in-
duction as a servant, it is necessary to insulate the
two coils from each other, induction will take place
nevertheless without any insulation. One case has been
given, where the coils of an electro-magnet generate
an E.M.F. by acting inductively on each other ; coils
even are not necessary for induction. But it will take
place within a wire itself.
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Each portion of a conductor acts as a separate wire.
Thus, a copper rod half an inch in diameter, may be
taken to consist of a number of small wires all grouped
round a centre; and as apparently the first action of
a current is mainly confined to the surface of a con-
ductor, induction takes place between the outer wires,
so to speak, and the inner, giving rise to many
puzzling phenomena in connection with dynamo con-
struction, and with lightning discharges; about which
something will probably be said later on, Prof. Oliver
Lodge's recent investigations having considerably
modified our ideas with regard to the latter.



CHAPTER IIL
MAGNETISM.

MacneTism and Electricity are very closely allied, each
being more easily converted into the other than into
any other form of energy. In fact, as will be seen
later, the presence of an electric current implies mag-
netism, or, as it is termed, a magnetic field around the
conductor through which it is passing; while any
change of the magnetism of any body or system,—or,
as it is techmically expressed, any change in the
strength of the magnetic field,—immediately gives rise
to electric currents.

Like electricity also, we know very little of its
nature, though rather more than we do of the sister
science. We know, for instance, that an iron bar
when magnetized is longer than when not magnetized ;
and from various researches, principally by Professor
David Hughes, we gather that the act of magnetization
consists in an attempt by the molecules of the body
to turn on their axes, and to place themselves in line
with the direction of the magnetizing force. All bodies
conduct magnetism, some with greater facility than
others; but of all bodies, iron and its compounds, steel
and cast iron, alone exhibit appreciably the magnetic

properties, which are i—
47
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1. The property ot pointing, when freely suspended,
to those spots on the earth’s surface known as its mag-
netic North and South Poles,—one end, or one pole, as
it is termed, turning always towards the magnetic
North Pole, and the opposite one to the magnetic
South Pole.

2. The property of repelling the pole that,—if both
were freely suspended beyond the influence of magnets
other than the earth,—would point in the same direc-
tion, and of attractmg the opposite pole. Thus, two
north-seeking ends of a magnet; or, as they are called,
two north poles, repel each other, and two south poles
repel each other ; while a north and south pole attract
each other.

8. The property possessed by a magnetized body of
inducing magnetism in other bodies not in contact
with it, and in such a manner as to cause motion be-
tween the two, if either is free to move, or if the in-
ducing force is sufficiently powerful to overcome the
mechanical resistance to motion.

As with electricity also, we have a magnetic mrcmt
which consists of a closed ring of attractions, and
whose resistance to magnetization varies with the sub-
stance and with the dimensions of the magnetic con-
ductor. Thus, a long, thin bar offers a greater resistance
to magnetization than a short, thick one; and, stated
shortly, the magnetic resistance offered by any body
varies directly as its length in the direction of the
magnetic circuit, and inversely as its cross section.

Steel offers a greater resistance to magnetization
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than pure wrought iron, as also does cast iron; and
all three have the property of retaining their magnet-
ism to a certain degree, when once they have been
magnetized. As might be expected, upon the theory
that the operation of magnetizing consists in a twisting
of the molecules, those bodies, as steel and cast iron,
which offer most resistance to the inducing force, as
it is termed, retain more of their magnetism, and for
longer, than wrought iron. With very pure iron, such
as Swedish, Farnley, or Lowmoor, it is very difficult to
find any traces of magnetism when no inducing force is
present, while either will give a very high return for
a given magnetizing power that is applied. With steel
or cast iron, on the contrary, it is by no means easy to
induce them to accept of magnetization; but when once
it has been accomplished, they retain a very large per-
centage for some considerable time.

These properties are of very great importance in the
construction of electrical and electro-magnetic appara-
tus. Thus, the needles of compasses and miners’ dials
are always made of steel, their property of pointing
north and south being all the service that is required
of them. In any apparatus where a selective action is
required (or where an attractive power is required in
a light, portable form, as in the magneto-telephone
receiver), a piece of magnetized steel, or a steel magnet,
as it is called, is used.

Where it is required to control the magnetic effect
for the purpose of producing motion, pure wrought iron
1s generally used, for the double reason, that a smaller

E



50 ELECTRICITY.

weight will answer than with cast iron for the same
work, and that it responds more readily to the mag-
netizing influence,—usually an electric current,—taking
up and losing its magnetism readily at the will of the
operator.

In dynamo electric machines,—where parts of the
apparatus are required to retain their magnetism in
the same sense, that is, with the same polarity, as it is
termed, as long as the apparatus is working,—those
parts may be constructed from wrought iron or cast
iron, according to the fancy of the designer; but he
will have to provide a heavier weight of the latter, to
do the same work.

Those parts containing iron which are in motion and
continually changing the direction of their magnétiza-
tion, as the iron core of the armature, are always made
from the purest wrought iron obtainable.

It has been stated that there is a magnetic circuit of
attractions, or a continuous path for the magnetism,
just as there is a continuous path for an electric cur-
rent ; but with this difference, that magnetism always
passes, no matter how great the resistance, and the
effect of the magnetic resistance is simply one of degree.

Air, for instance, has an enormously greater resist-
ance than iron, some 1400 times, according to a recent
investigator, Mr. Kapp, to whom dynamo manufacturers
are very much indebted for his able researches, and
above all for his exposition of the law of magnetic re-
sistance. Yet, if no other path be open, the magnetic
influence will pass through air, imperceptibly, of course,
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until some body, such as a piece of iron, able to denote
its presence, is placed within its influence.

Perhaps the method adopted for explaining the
working of the electric circuit may be of service here.
Imagine a ring of iron or steel, not covered. Iron or
steel, because, as has already been explained, these
substances conduct magnetism better than any others,
so far as we know at present; uncovered, because we
know of no substance that will act as an insulator
for magnetism in the same sense that india-rubber or
gutta-percha does for an electric current. The bodies
which offer the highest resistance do conduct magnet-
ism, even under moderate exciting power, to a very
appreciable degree.

If we apply to any part of our ring an exciting power,
such as an electric current passing in a wire wrapped
round the iron, moderate in proportion to its resistance,
—that is, which will develop a moderate degree of mag-
netization in opposition to the resistance of the ring,—
we shall find scarcely any traces of magnetism anywhere
outside of the ring, though we can show, by suitable
apparatus, as will be seen when we come to deal with
transformers, that the magnetism is there, and is a
perfectly measurable quantity. It has only passed by
way of the ring, just as the electric current passes by
way of a wire, because, with the force available, that is
for practical purposes the only path open to it. Now
let us cut out, say one-sixteenth of the ring; and we
shall find that we have created a totally different set of
conditions, giving rise to totally different phenomena.
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First, then, the piece we have cut out—if free to
move, and placed at such a distance that the magnetic
power is sufficient to overcome the friction, mechanical
inertia, etc., present—will move back exactly into its
old plaee, or as nearly as it can, when the exciting
power is applied.

We shall find also that, if our ring is made of steel,
it has retained a certain power of attracting the piece
that we have cut out, after the exciting power has
been removed. If our ring is of wrought iron, it will
pull the piece up sharply when the exciting power is
applied ; while, when the current is broken, it can
easily be removed, and may even fall off itself if it is
heavy in proportion to the attracting power. If we
pursue the matter a little further, we shall discover
another and very important phenomenon. It has just
been remarked that, in the case of wrought iron, the
piece of the ring we had cut out might detach itself
under certain conditions. Let us find the conditions
under which it will not detach itself. Let the piece
we have cut out of the iron ring be replaced by a piece
fitting very exactly, the four surfaces being planed true
to each other. Now, we shall find that we have a
slightly increased holding power when the ring is ex-
cited; and further, that after the exciting power has
been removed, it will still require the expenditure of a
certain amount of energy to pull it away. The reason
is, that while the magnetic circuit is complete, a cer-
tain amount of magnetism remains in the iron even
after the exciting power has been removed. Foreibly
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pulling away the armature, or keeper,—as the piece of
iron employed to close the magnetic circuit is usually
called,—dissipates this residual magnetism ; and so, if
we replace the keeper ever so truly and carefully in its
place, we shall not require the same effort to remove it
as before. This phenomenon would form a very serious
drawback to the working of many forms of electro-
magnetic apparatus, if there were no means of getting
over it. Fortunately there are. It is sufficient if we
break the iron magnetic circuit by a film of air, a layer
of paper, or, more conveniently, a thin plate of brass,
to get rid of what would otherwise be the troublesome
effects of residual magnetism.

‘We shall also find another phenomenon arise, from
our having broken our ring by taking out a sixteenth
part as described. It has been explained that the
magnetic influence always passes, no matter what
may be the medium ; the effect of the insertion of a
resisting medium being merely the reduction of the
strength of the magnetism ; and it was also explained
that though magnetism passed invisibly, it could be
rendered evident by the presence of iron. This may
be shown in a very striking manner. If we take our
ring minus its sixteenth, place a sheet of paper or glass
over it, and sprinkle iron filings over the aperture,
we shall find these filings, when free to move under
the influence of the exciting power, arranging them-
selves in regular order from one end of our ring to the
other, across the break; and if we investigate the
matter further, we shall find that the reason these
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iron filings arrange themselves in this way is, because
each has become a small magnet, under the influence
of the exciting power of our ring, and each places itself
in accordance with the two laws before stated, viz. :—

1. That, it being a magnet, having a N. pole, that
should point to the S. pole of the large magnet, and
the S. pole of the filing to the N. pole of the large
magnet.

2. That the N. poles of the filings repel the N. poles
of other filings, and the S. poles the S. poles; and the
joint operation of these two laws pro-
duces the curves shown, which Fara-
day termed the lines of force, or the
direction in which the magnetic force
1s manifested.

As a ring would not usually be a
convenient form for a magnet that is
to be used in electro-magnetic appa-
ratus, the horse-shoe form is generally
adopted. For permanent steel mag-
Fig 8— worse-shoe nets, a strip of steel is bent into the

agnet. A . - .

form shown in Fig. 8, and its magnetic
circuit is closed by another strip of steel or iron, or by
some portion of the apparatus of which it is to form a
part. For electro-magnets, the horse-shoe form is also
generally adopted, but it is made in four pieces instead
of two; viz.: two limbs upon which the wire that is
to carry the execiting current is wound; a yoke, or
back piece to complete the magnetic circuit on that
side ; and the armature, facing the poles, and moving
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in accordance with the will of the operator who con-
trols the electric current, to complete the magnetic
circuit on the other side, as Fig. 9.

Lines of Force.—Before going further, it will be as
well to deal with Faraday’s very beautiful, but some-
what puzzling, conception, the lines of force.

Lines of force bear the same relation to magnetism

Fig, 9.—Four-piece Electro-magnet with Armature.

that current does to electricity. The production of lines
of force is the result of the work done by a given
magnetic exciting power, in opposition to the magnetic
resistance opposed to it; just as an electric current is
the result of a given E.M.F. acting in opposition to a
given electrical resistance. Moreover, the number of
lines of force passing at any point is a measure of the
strength of the magnetism at that point, just as the
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number of Ampéres passing in any electric circuit, or
part of a circuit, is the measure of the strength of
the electric current passing. As in an electric circuit
also, the current strength is the same in every part of
the circuit, so too in the magnetic circuit, the number
of lines of force passing is the same in every part;
with the proviso, as with the electric circuit, that if
two or more paths are open to the lines of force, they
will divide between those paths or branch circuits in
the inverse ratio of the resistance of the several paths.
Thus, if there be two paths open to the lines of force,
one through the air and the other through iron, the
dimensions being the same, they will divide in the
ratio, according to Mr. Kapp’s figures, of 1440 : 1.
Omne part passing through the air and 1440 through
the iron. It can easily be seen, however, that if the
air path should be short and of large cross section,
while the iron path was the reverse, an appreciable
portion of the lines would pass through the air.
This point comes out very strongly in the matter of
designing dynamo machines; what is known as the
leakage path being in some cases of comparatively low
resistance, owing to the form of the machine.

As with Ampéres also, lines of force are definite
measurable quantities. Dynamo manufacturers caleu-
late how many lines of force they have passing into an
armature, and what the section of the iron should be
to accommodate them, just as they calculate the num-
ber of Ampéres required in a given case, and the sec-
tion of conductor required to accommodate them, But
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we have no convenient quantities as yet, like the Volt
and the Ohm and the Ampére, that we can refer to as
analogous to the foot-pound in mechanics. We have
no familiar name representing so many lines, though
probably it may not be long before we have one. In
order to render the subject clear, therefore, we can only
refer back to the foundations of all these units, those of
force, mass, and time. The unit line is that force which
will move the unit body, the gramme, over unit distance,
the centimetre, in unit time, the second. Therefore,
when we say that there are so many lines of force
passing into the armature of a given dynamo, we mean
that we have the power present within the armature
to do that number of centimetre-grammes of work in
unit time, under the influence of the magnetism
created in the machine ; and, as engineers well know,
these quantities are directly convertible into the more
familiar foot-pounds, and H.P.

Lines of force, then, show the direction in which the
magnetism present will cause any free magnetizable
body to move; and the number of them at any point,
referred to unit quantities as detailed above, show the
force of magnetism available there, or, as it is termed,
the strength of the magnetic field.

It must not be imagined that magnetism and lines
of force represent continuous motion of the molecules
of the body through which the magnetism passes; or
that we should be justified in calling what we now
know as lines of force, a magnetic current. They are
gothing of the kind, nor are they analogous to an
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electric current, except in so far as has been described,
and for two reasons. First, because magnetism is an
influencing or inducing force, like gravity, and not a
moving force like heat or electricity ; and secondly, we
have a magnetic current, viz., the motion that takes
place in the magnetic circuit, among the molecules of
the bodies through which the magnetic influence
passes, at the moment the exciting power is applied,
and at the moment when it ceases.
It will be easily understood from what has passed,
that as the lines of force passing through air, say from
pole to pole of a magnet, can
Bl radiate in all directions, unless

% = their path is shaped for them by
[

e
Q ) the introduction of some piece of
< &( L iron, such as the armature, the
\\\t\\:\% ) force exerted varies, as in all simi-
R lar cases, inversely as the square
R of the distance from the poles.
¥nd It is doubtful, however, if this law
holds good in a sufficient number of cases to be of any
value, as it is evident that it must be subject to modi-
fication by every change in the conditions present.

It has been mentioned, that the existence of an
electric current passing through a conductor, implies
a magnetic field around the conductor. Thus, if a
current be passing in a wire, lines of force are created
in concentric circles around it (Fig. 10). That is to
say, a small magnet such as a magnetized steel filing,
if free to move, would place itself tangential to a circle
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of which the wire formed the centre, and simple iron
filings take up positions in concentric circles round the
wire, just as they do in curves across the poles of a
magnet. As before, the lines of force show not only

Fig. 11.

the direction of the magnetic influence, but their num-
ber or density shows the strength of the field surround-
ing the wire; and this again is proportional to the
strength of the current passing, and inversely to the
distance from the conductor.

The first effect of this property of electric currents
that became of any practical value, was the power
which it gave of deflecting a magmetic needle out of
the position we have seen it assumes, pointing parallel
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with the line of the earth’s N. and S. poles. Thus, if a
magnetized compass needle be suspended under a wire,
it will be found that when a current passes in the wire,
the needle will be deflected, the N. pole going to the

Fig. 13.

left when the current passes from S. to N. (Fig. 11)
over it, to the right when the current passes from
N. to S. (Fig. 12) over it, to the left when the current
passes from N. to S. under it (Fig. 13), to the right
when the current passes from S. to N. under it (Fig,

Fig. 14.

14). Thus, a current passing from N. to S. over the
needle and coming back from 8. to N. (Fig. 15) under
it, will deflect the needle in the same direction, the
N. pole turning to the right; while a current passing
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from N. to S. under, and coming back from S.to N.
over, deflects the N. pole to the left; and on this
principle a large number of electrical measuring in-
struments are made; an insulated wire being passed

Fig. 15.

continuously round the needle in the same direction.
It will be obvious that such an apparatus enables us
to discover the direction of any current passing through
the wire coils; and further, that, as the influence of

Fig. 16.

the current upon any given needle will vary with the
number of turns, and with the current passing through
the coils, we have to our hand the means of measuring
the strength of the currents we are using. This will
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be dealt with fully when measuring instruments are
under consideration.

Electro-Magnetism.—The law which has been enun-
ciated, which rules the deflection of a magnetic needle
when suspended under or over a wire, or inside a wire
coil, holds good equally if, in place of a movable mag-
netic needle, we have a bar of iron or steel, surrounded
by a coil of wire in which a current is passing. If the
current passes over the bar from us, and returns under
towards us, as shown in Fig. 17, the N. pole is on the
left, and the S. pole on the right.

A A
VS R )

Fig. 17.

From this it will be seen that we are able to mag-
netize a bar in either direction, with any given
wrapping of wire, by simply reversing the direction of
the current passing in the wire.

It will be understood also, that the number of lines
of force, or the amount of magnetization developed in
any bar, will vary in accordance with the law we have
stated, viz.:—it will depend directly on the exciting
power, and inversely on the magnetic resistance op-
posed to it.

The exciting power, again, varies directly as the
strength of the current passing in the wire, and as the
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number of times it passes round the bar, or, shortly, as
the Ampére-turns. And it will follow immediately
from these two, that with a short thick magnet we
require less exciting power, fewer Ampére-turns, than
with a long thin one; since, other things being the
same, the magnetic resistance of the former is less
than that of the latter. The resistance of each leg,
taking the horse-shoe form, is less; and also the re-
sistance of the back, or yoke, of the armature and of
the air space between the poles and the latter, because
the cross section will be necessarily larger.

This is in direct contradiction to the ideas that pre-
vailed in the early days of electricity, and to those
which are to be found in some of the older text-books.
In those days it was thought that you gained power by
increased length. The error was probably due to the
actual fact that you may gain power by using a long
electro-magnet, but from a totally different cause, viz.,
the increase of the exciting power. Electro-magnets
are often constructed by taking a piece of iron and
wrapping on it as much wire as you can. As each
succeeding layer of wire is farther and farther from
the iron, its exciting power becomes less in proportion,
whilst its electrical resistance becomes greater in pro-
portion to its length, so that you soon reach a point at
which there is no advantage gained by adding more
wire. If you take a longer bar, you increase your
magnetic resistance, but not so much as to balance
the increased exciting power that you gain from the
additional wrapping space.
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Steel is never used for electro-magnets, except in
special cases, and cast iron only in the case of the field
magnets of dynamo, where the direction of magne-
tization does not change. For all other purposes,
wrought iron of the very purest quality obtainable is
used ; the dimensions are either calculated or deter-
mined by experiment, or calculated from data fur-
nished by experiment; and the exciting power is an
electric current passing in a cotton or silk-covered wire,
wrapped round and round each limb of the magnet.



CHAPTER IV.
GALVANIC BATTERIES.

TrE theory of the galvanic cell has already been
sketched under the head of Electrolysis. It may be
briefly summarized for practical purposes thus.  When-
ever we have two dissimilar conductors present in a
liquid, we have a galvanic cell; an apparatus that will
generate an electric current, if a circuit be provided
for it. #

The galvanic cell usually consists of two metals, or
a metal and carbon, immersed in some -electrolyte;
that is, some liquid which the electric current can
decompose ; the whole being contained in a vessel of
glass, earthenware, or other suitable substance. A
galvanic battery is simply a number of galvanic cells
connected together. The containing wvessel is not a
necessary part of the cell. Such an arrangement as
an iron staple, holding a copper wire, moisture being
present, forms a galvanic cell; so also does the com-
bination of a metal with its oxide adhering to it, when
moisture is present.

The term is susceptible of even wider significance,
and may be taken to include any combination of bodies
giving rise to an ELM.F. by means of chemical re-

6 =
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actions. Thus, two gases, or a gas and a metal give
rise to E.M.F.; and any arrangement generating a
current, in which they are included, would form a gal-
vanic cell. It must further be understood, that the
different apparatus which will be described as forming
parts of a galvanic cell or battery, are really devices
for completing the electric circuit and maintaining it
in its normal condition, so that a current may pass
through it in accordance with Ohm’s law. It must
always be remembered that the generator, whatever it
be, forms part of the electric circuit, and that any dis-
connection occurring within it, such as a broken plate,
or no liquid in the cell, will prevent the passage of the
current, just as if a wire were broken outside. Further,
any increase or decrease in the resistance of the cell
or other generator, the internal resistance as it is called,
increases or decreases the resistance of the whole cir-
cuit, or of any portion of the circuit in which the
generator is included, and weakens or strengthens the
current passing, exactly in accordance with Ohm’s law.

In the case of the galvanic generator, also, we fre-
quently have more than one E.M.F. arising within
the cell, owing to the secondary reactions that are
necessary or unavoidable ; and, as has already been ex-
plained in connection with Electrolysis, the E.M.F.
obtainable at the terminals of the cell will be the
result of the algebraical sum of all the EM.F.s
present within the cell. Tt therefore follows that any
chemical reaction which gives rise to a fresh E.M.F.,
either assisting or opposing the initial EM.F. at the
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generating plate, modifies the final E.M.F. obtainable
at the terminals to that extent.

One other point should also be noted. The internal
resistance of each cell takes toll of the E.M.F. gene-
rated, just as any other part of the circuit, so that
the E.M.F. at the terminals of any galvanic cell or
battery of cells, will be higher when there is no current
than when any given current is passing, by the E.M.F,
expended in driving that current through the cell, in
opposition to its internal resistance, measured by the
formula E=CR, as before.

The most favourable combination for a battery
would consist of two conductors immersed in a liquid,
one having what is called a strong chemical affinity
for one component of the liquid, while the other con-
ductor had an affinity for the other components.
Unfortunately such a combination is never obtainable ;
and the nearest approach to it is when one conductor
has a strong chemical affinity for one component of the
liquid, while the other component, or components, are
caused to combine with a third substance placed near
the other conductor for the purpose; since, unless the
other components are disposed of, they form, with the
conductor which is not acted upon, one of the opposing
E.M.F's already referred to.

Thus the simplest and earliest form of battery, con-
sisting of zinc and copper plates immersed in dilute
sulphuric acid, is utterly useless for practical purposes,
because the hydrogen which is liberated on the copper
plate forms with it an EM.F. opposing that gene-
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rated by the combination of the zinc with the other
portion of the sulphuric acid and water.

All known galvanic batteries that are in practical
use, with one exception, have zinc as the generating
or consuming plate, the one that furnishes the power,
just as coal does in a furnace. Nearly all batteries
also use carbon as the plate which is not acted upon,
and which is called the collecting plate. A few forms
use copper, and one platinum.

One form of battery uses iron for the generating
plate, but it is confined to electric lighting, and has
done very little practical work up to the present, so far
as the Author is cognisant.

The principal variations in the different forms of
battery in use at the present day, are in the exciting
liquid, as the electrolyte in which the conductors are
immersed is called; and in the means provided for
disposing of the hydrogen gas—which always appears
at the copper or carbon plate—as fast as it is liberated.

The number of different exciting liquids in use is also
very small. They are: sulphuric acid, which is used
in some forms of the Daniell battery, and in all bichro-
mate and nitric acid batteries; sulphate of zine, which
is also used in Daniell’s batteries; chloride of zinc,
used in the Upward and the chloride of silver cells;
sal-ammoniac, which is used in the Le Clanché and
Sulphur Sal-ammoniac cells.

The substances used for getting rid of, neutralizing,
or oxidizing the hydrogen gas, are :—

Sulphate of copper in the Daniell’s battery, the



GALVANIC BATTERIES. 69

hydrogen displacing the copper from the solution, and
the latter being deposited.

Bichromate of potash, chromic acid, and nitric acid,
which are used sometimes separately, and sometimes in
combination, in the bichromate, Grove’s, and Bunsen’s
batteries, the hydrogen being neutralized by a rather
complicated series of reactions taking place within the
cell, resulting in the formation of water, chrome alum,
and other salts.

Chloride of silver, which is used in Dr. Delarue’s
battery, and in which the silver is deposited.

Oxide of manganese, in the Le Clanché battery, the
oxide being reduced to the sesqui-oxide, so that some
of the oxygen previously held by it in combination
is set free to combine with the hydrogen gas, and form
water.

Sulphur in the Author’s battery, the hydrogen
combining directly with it, in the proportion of two
atoms of H to one of S, and sulphuretted hydrogen
being formed.

Chlorine gas in the Upward, the hydrogen gas form-
ing hydrochloric acid with it.

In the Schanschieff cell, a solution of a mercurial
salt forms at once the exciting and the neutralizing
liquid.

Hydrogen gas, when newly liberated from com-
bination by the action of the electric current, is in a
very powerful state, and from its well-known strong
affinity for oxygen, is able to split up many compounds
containing it.
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In no battery are the chemical reactions confined
to the simple oxidation of the zinc and the com-
bination with the hydrogen. The compounds formed
in each case react upon each other, both chemically
and electrically, upon the primary compounds from
which they were formed, and upon the conductors
themselves. Thus the zinc oxide, or zinc sulphate,
or zinc chloride, produced at the initial stage of the
generation of the current, form, with the zinc plate
and theliquid in which both areimmersed, a secondary
galvanic battery, whose circuit is always closed ; and
it is therefore very important that the liquid electro-
lyte, in addition to containing an element having a
strong affinity for zinc, should also dissolve the com-
pound which the zinc forms, as fast as it is produced.
Failure to perform this office introduces within the
battery, at the genmerating plate, a resistance,—or its
equivalent, an opposing E.M.F., or both,—and so
weakens the current generated under given conditions,
in accordance with Ohm’s law.

So, too, in the Le Clanché cell, the zinc chloride
forms with the zinc and the sal-ammoniac what are
called secondary salts, which are fortunately soluble
in a saturated solution of sal-ammoniac, and therefore
do no harm, so long as the liquid is saturated.

Again, the sulphuretted hydrogen generated in the
Author’s Sulphur Sal-ammoniac battery, does not come
away, but immediately forms with the zinc chloride
a new set of chemical reactions, resulting in the re-
formation of sal-ammoniac, the original exciting liquid.
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Another important feature, therefore, in the success
of galvanic batteries is, that the exciting liquids shall
dissolve, or dispose of all secondary salts that are
formed, and not allow them either to introduce a
resistance or to generate an opposing E.M.F.

In all galvanic batteries the outer containing vessel
is either of glass, stoneware, vulcanite, or prepared
wood. The latter is very seldom used, and vulcanite
only when a special object, such as portability, is in
view. In most cases glass or earthenware is used.
Ordinary jam-pot ware will not answer, as the acids
used in some batteries soon destroy the glaze and
attack the ware. The glass and the earthenware
should be of the very best quality.

Nearly all batteries in practical use have a porous
division to separate the exciting liquid from that used
to neutralize the hydrogen. In the cases of the Le
Clanché, the Upward, and the Author’s battery, the
porous division is merely a containing vessel for the
substance surrounding the carbon plate. In one form
of Le Clanché, the agglomerate, it has been dispensed
with. These porous divisions are usually made of
fine clay. In a few forms of galvanic battery, that
need not be dealt with here, the action of gravity is
called into play, the heavier substance being placed
at the bottom of the jar, and the lighter allowed to
float on it.

The porous division only retards the mixing of the
liquids. When it is used to separate them, it does not
prevent their mixing with time; and that is one of
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the greatest difficulties attending the use ot galvanic
batteries where the current is required to be main-
tained at a constant strength. And the difficulty is
increased in some cases by the action of the current
itself, which always tends to carry the liquid it passes
through in the direction in which it is going itself.
Thus, the liquid in the carbon cell will always rise,
after a few hours’ work, from the passage into it of a
portion of the liquid in the zinc cell. '

‘Where the porous cell merely acts as a containing
vessel, as in the Le Clanché and Sulphur cells, the
liquid is required to work through, as otherwise there
would be no passage for the current.

The porous cells that are used in batteries vary
somewhat, according to the materials employed in the
battery. Thus, for bichromate and nitric acid batteries,
the porous cells are best a trifle hard—not too hard,
or they will offer too high a resistance.

For Le Clanché and the Author’s Sulphur battery,
a softer porous cell is better. By hard and soft porous
cells is meant, of course, hard-baked and soft-baked,
the former not being so porous as the latter. The
reason that harder cells are better for acid solutions is,
they are not so readily attacked by the acids them-
selves as the softer baked, and therefore last longer.

In the case of the Le Clanché and Sulphur Sal-am-
moniac batteries, the chief thing to be guarded against
is the crystallizing out of the secondary salts before
referred to, within the pores of the cells, closing them
up and sometimes cracking the cell. If a hard-baked
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porous cell is used for either of these batteries, its pores
will often be closed right up, and what is for practical
purposes an infinite resistance will be introduced into
the circuit. It must be remembered that the porous
clay itself has a very high resistance ; so that the con-
ducting path, for practical purposes, is by way of the
liquid én the pores; and if these are closed by a solid
body, such as a crystalline salt, there is no appreciable
passage for the current at all.

The zinc used in all galvanic batteries must be the
purest obtainable; and it is also wise to cover it with
a film of mercury, by a process known as amalgamat-
ing, because an amalgamated zinc lasts usually much
longer without attention than one not-amalgamated.

On no account must any foreign metal, other than
mercury, be present ; since it forms, with the zinc and
the liquid in which the plate is immersed, a small
galvanic battery whose circuit is always closed, as
with the oxide already referred to, but of far more
importance, and will immediately proceed to eat a
hole in the zinc.

Cast zinc, unless cast from the purest refined zinc,
and with great care to avoid the entrance of such
impurities, always contains these foreign bodies.
Further, as is well known, it is exceedingly difficult
to cast zinc perfectly homogeneous, and without dif-
ferent physical formations in different parts. Thus, if
one portion be harder than another, galvanic action
will take place between them. If there be any pro-
tuberances on the casting, they will give rise to gal-
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vanic action, between them and the main body of the
zine,

The amalgamation of the zincs is of far more im-
portance in acid batteries than in the Le Clanché and
Sulphur Sal-ammoniac batteries, as the action of the acid
upon the zine is stronger. In fact, though the process
of amalgamation, properly carried out, would appear to
take the mercury right into the sub-
stance of the metal, the acid follows
it ; and, after doing more or less work,
according to circumstances, the zinc
loses that bright appearance which
the mercury gave it, and will be-
have just as if it had never been
amalgamated, except that it will
have become very brittle. In acid
batteries, therefore, which are used
for telephone, telegraph, and signal
work, the zincs are now usually cast
in the form shown in Fig. 18, which
was first introduced by Mr. J. S.
Fuller. The truncated cone stands
in mercury, within the porous cell,
and keeps itself amalgamated by capillary attraction,
the mercury continually creeping up its surface. This
will not, however, protect it from what is known as
local action, viz., the galvanic action generated by the
presence of foreign bodies or different physical con-
dition.

Zincs, as they are termed, for Le Clanché and the

Fig. 18.
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Sulphur cells, are generally made from rod drawn spe-
cially for the purpose. They are cut to the required
length, drilled or slotted at one end, a strong copper wire
soldered in, the zinc amalgamated and the top blacked.
Rods of different thickness and length are used for the
different sized cells. By some makers the copper wires
attached to the zincs are covered with tape; but
though this partially protects them from the action of
sal-ammoniac spilt over them, it is only
a partial protection, as the covering soon

rots, and the wire is exposed as before ; KA
moreover, the sal-ammoniac may creep
under the covering and eat the wire in
two unseen. The Author prefers to have
a wire sufficiently stout not to be quickly
eaten through; and he finds that there
is rarely any trouble from this cause, as
the men in charge of the batteries soon
learn to look out for the green chloride L
of copper which is formed, and to scrape Fig. 19.

it off, to wipe their connections over

after doing a battery up, and to be careful not to spill
the acid or sal-ammoniac liquor.

The connections to the collecting plates are of con-
siderable importance, and in some cases of some diffi-
culty. _

In the case of the copper plates used in Daniell’s
battery, there is not much difficulty. In the trough
form of Daniell’s battery, the copper and zinc plates are
made about the same size, the former having a tongue
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left on of sufficient length to cast into the zinc, as
shown in Fig. 20, and to leave a strap to hang over the

division between the cells.

In other forms of Daniell’s bat-
tery, a strap is left on the copper
plate and either clamped to the
zine or a hole punched in the
copper strap to receive a terminal
screw in the head of the zinc.
With platinum plates, as the metal

itself is too expensive to allow of much in the way of
straps, the platinum plate is usually clamped to the
zinc, the latter being bent for the purpose.
Connections to carbon plates are the most difficult,
carbon itself being brittle and not easily worked, and
being also porous, so that unless precautions are taken
to prevent it, the liquid in which the carbon is im-

Fig. 21.

mersed, or some of the salts which are
formed in the battery, will creep up and
destroy the connection at the top.

There are two methods employed to
obtain a connection to the carbon plate
of a galvanic cell ; one is, to cast a lead
cap on the top of the carbon and a brass
terminal screw in the lead cap for the
attachment of the connecting wire (Fig.
21). The other is, to provide a brass
clamp (Fig. 21a). In the early days of

the Le Clanché battery, considerable trouble was ex-
perienced with cells breaking down for no apparent
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reason. The cause was traced eventually to a formation
of carbonate of lead between the carbon plate and its
lead cap, owing to the liquid having crept up the car-
bon, as before explained, assisted by the endosmosic
action of the current itself—that peculiar phenome-
non which carries the liquid in the direc-
tion in which it is going. Arrived at the
junction of the carbon with the lead, two
electro-chemical actions evidently took
place : first, there was the lead-carbon
battery with the liquid between, form-
ing, as with the zinc and its oxide, a
battery with a closed circuit; but there
was also the action of the current itself
passing from carbon to lead, whenever
the battery was at work. It is hardly
necessary to follow the reactions which
took place. The result was, that a white
substance, having a very high resistance
in proportion to the rest of the circuit
and stated by chemists to be carbonate
ot lead, gradually spread itself over the
entire connecting surface of the carbon-
lead joint, and for practical purposes B
broke the circuit; that is to say, the
introduction of this highly resisting
powder, directly in the path of the current, reduced
its strength so much,—in accordance with Ohm’s law,
—that the apparatus ceased to work when connection
was made,

Fig. 21a.
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/ The difficulty has now been overcome by the simple
plan of filling the pores of the top of the carbon,
where the connection is made, with paraffin wax.
‘Where that has been done, according to the Author’s
experience, the trouble has completely disappeared.
It is an open question whether lead caps with brass
terminals cast in, or removable brass clamps are best.
For many years, the Author invariably used the latter,
as they have the advantage that they can be easily
removed and cleaned, and that they will answer for
successive cells. The objections to them are, that they
are more expeunsive than the lead caps; that they re-
quire a stouter carbon plate than the former—otherwise
a workman is apt to break the plate in screwing the
clamp on—increasing the cost and decreasing the space
available for the oxidizing agent in a cell of a given
size ; and further, that in some cases, though they
could be got at for cleaning quite easily, they were
apt to require more cleaning than the brass terminals
on top of the lead caps. Owing to this combination
of circumstances, the brass clamp has fallen out of use
for the present, except where large carbon plates are
used, such as those in batteries for electric lighting.
The carbon plates themselves have also undergone
great changes, under the pressure of competition.
Years ago, only plates cut from gas-retort carbon were
used, and they were undoubtedly superior to the
manufactured carbons; but the cost of cutting the
carbon from the irregular mass in which it is de-
posited in the gas retorts, the price demanded by
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the gas companies for a material they were in those
days only too glad to get rid of, combined with the
improvement in the manufacture of the rival plates,
have entirely changed the conditions, and one now
rarely meets with a gas carbon plate in practical work.

One great fault that the manufactured carbons had,
which has since been overcome by the best makers,
was, the hard scale which was formed on the surface of
the plate in baking, which offered a very high resist-
ance to the passage of the current.

Though carbon is acted on less by the exciting and
oxidizing liquids, and the salts that are formed in the
working of the battery, than any other substance
except platinum, it is a mistake to -suppose that it
escapes entirely.

Being porous, for instance, the secondary salts, before
referred to, often crystallize out within its pores; and,
as seen in the case of the carbon and lead, some action
may take place and in fact usually does, as an old
carbon plate can rarely be used for a cell a second
time, if it has done much work in the first. Moreover,
carbon, like every other known body, is soluble by the
current.

Chromic amd, also, and some mixtures containing
nitric acid, act very powerfully upon carbon plates; so
much so, that a cell in which chromic acid is used
largely will not maintain a constant current, owing to
the fact that the electrical resistance of the carbon
plate rises very much from the action of the chromic
acid upon it,
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The batteries in practical use for teleptone, tele-
graph and signal work, are the Daniell’s, now almost
obsolete, the Mercury-bichromate, the Le Clanché, and
the Author’s Sulphur Sal-ammoniac.

The Daniell is made in two forms, the trough (shown
in Fig. 22), which is still much used for railway signals
and telegraphs ; and the jar form, as follows :—

An outer containing jar, a porous cell, a copper

Fig. 22. Trough, Daniell's battery.

cylinder, either surrounding the porous cell or inside
it, and having a strap on a convenient part, as already
described, to connect to the next cell, and an amal-
gamated zinc cylinder which takes the place left vacant
by the copper cylinder. If the copper is inside the
porous, the zine is outside, and wvice versi. With the
copper cylinder is a solution of sulphate of copper,
spare crystals being placed in any convenient manner,
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so that they can drop down into the cell as required
and maintain the solution at proper strength, during
the working of the battery.

The zinc cell is usually charged with water, or a
little weak sulphuric acid, and allowed to form itself
into sulphate of zinc. The battery does not reach its
full strength until a large percentage of zinc sulphate
is formed. Battery men usually take some of the
zinc liquor from old cells, to get up a newly-charged
battery, but they do mnot use sulphuric acid, as the
battery does not behave so well if they do, the action
of the acid upon the zinc being too energetic.

Where the Daniell is used for large currents, of course
sulphate of zinc would be used for the exciting liquid,
or even dilute sulphuric acid.

The Daniell’s battery, though it was justly hailed as
an enormous advance on previous batteries, inasmuch
as it enabled a continuous current to be maintained for
the first time, has long since been superseded for most
of the work for which it was formerly used, and for
the following reasons :—

Local action, as it is termed, that is to say, the inter-
action that goes on within the cell, irrespective of the
current-passing, is always very strong in Daniell’s
battery.

As already explained, the porous division only
separates the two liquids at first; gradually the sul-
phate of copper finds its way into the zinc portion of
the cell, and the zinc is immediately attacked by it;
zine, as is well known, being always able to displace

G
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copper from any solution in which it may be present.
So we have a deposit of copper upon the zinc plate,
forming once more the local cell with its ecircuit
always closed, and its attendant troubles. ‘

Copper is also often found within the pores of the
porous cell itself; holes are eaten in the copper plate,
and a greenish-grey compound, partly composed of
sulphate of zinc and partly of sulphate of copper, works
up all over the connecting straps, the sides of the cell,
and forms other local circuits.

The net result of all this is, that the battery requires
an enormous amount of attention compared to other
forms, and it has therefore been gradually pushed out
by cleaner and less troublesome cells. Added to the
above, are the facts that the cell has an EM.F. of only
one Volt, where the other forms in use have one and a
half, and that it is more expensive to work, irrespective
of attendance.

The Mercury-bichromate cell consists of an earthen-
ware or glass jar, more frequently the former,-con-
taining within it a porous cell.

Inside the porous cell, standing in mercury, a small
quantity being poured into the cell for the purpose, is
the zinc, of the form shown in Fig. 18, page 74, having
a stout copper wire, about No. 12 gauge cast in the
top of the zinc and an eye formed in the other end of
the copper wire, to slip over the terminal screw of the
carbon plate of the next cell.

In the outer jar stands the lead-capped carbon
already described, resting usually against the side of
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the jar and supported partly by the zinc wire of the
next cell. In the same portion of the cell is the bi-
chromate mixture, which consists usually of bichro-
mate of potash with a certain proportion of sulphuric
acid and water. The inner cell is generally charged
with plain water, the acid and bichromate from the
outer cell percolating through to the zinc as mentioned.
The cell, when first charged, furnishes very little
current, its internal resistance being so high, in con-
sequence of the plain water in the inner cell. As this
becomes acidulated by the percolation from the outer
solution, the resistance of the whole cell gradually falls,
and the proper current is furnished. A

Some makers of bichromate batteries send out two
kinds of powdered chemicals, a red powder for the
outer solution and a grey powder for the inner one;
the former is merely some special bichromate com-
pound and the latter a salt of zinc.

‘When first charged, the solution in the outer cell of
a Mercury-bichromate cell is of a deep orange colour;
and when the battery is furnishing its proper current,
that in the inner cell is the same, but apparently a
thinner and weaker solution. As the cell continues to
work, the solution in the inner cell becomes of a deeper
and deeper colour; then the colour in both becomes a
lighter orange, then green, and finally blue, when the
solution is quite exhausted.

So long as the solution is of an orange colour, the
cell will furnish a strong current for the work it has
to do; provided the other parts of the cell are in order.
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‘When it becomes green, the current is much weakened,
both on account of the increased internal resistance of
the cell, and of the decreased E.M.F., the secondary
salts before referred to having begun to form, and to
modify the resultant E.M.F. of the cell.

‘When the solution is blue, it may be taken that all
or nearly all the oxidizing material is used up, and that
the liquid in which the zinc stands is heavily charged
with these secondary salts, such as chrome-alum. If
the action of the cell be allowed to go on, dark blue
crystals of chrome-alum will be found closely adhering
to the carbon plate and zinc rod, and to the porous cell.

The cell is charged only with plain water, instead of
acid, or with a sulphate or chloride of zine, in order
to reduce the action upon the surface of the zinc, and
so preserve the clean amalgamated surface. If the
action upon the zinc be allowed to be too energetic, the
capillary action of the mercury will not be able to
keep it amalgamated, and oxide will form, often also
followed by a yellow deposit of some of the bichro-
mate salts, with their attendant troubles.

The zinc rod in a bichromate cell, or, in fact, in
any cell using acid, should be clean and bright, other-
wise a deposit forms upon the zinc, and the strength of
the current falls.

A zine which pits, or forms irregular circuits in
itself, owing to bad casting or impure metal, should be
replaced, as it will be sure to give trouble.

The current furnished by a bichromate battery will
occasionally fall, owing to a want of acid in the solu-
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tion. It has already been explained, that plain water
has about ten times the resistance for the same dimen-
sions, as sulphuric acid; and the resistance of any
solution in which acid is employed may be varied
within very large limits by altering the proportion of
the acid present. Thus, should there have been
present any impurity with the bichromate, which has
combined with a portion of the acid and withdrawn it
from solution, the resistance of the cell would rise, and
the current passing out would be weaker.

The only method of testing this, unfortunately, in
the absence of an acidometer, is by the tongue. Every
battery man knows when he has sufficient acid in his
battery by the taste; but it is by no means an agree-

able process.

* The porous cell also, as mentioned above, may be-
come hard; that is, its pores may be closed up, and
will add a very large resistance to the circuit. Another
troublesome fault in the porous cells of bichromate
batteries is, the bichromate salts creep up the porous
cell and form a crust outside the liquid at the top,
sometimes even forming a circuit of high resistance
between the zinc and carbon ; but it being one that is
always closed, forms a serious drain upon the cell.
This difficulty is overcome by filling the pores of the
cell with paraffin wax for about half an inch from the
top. ;

The same thing may be done with the bottom of the
porous cell, to prevent the zine rod from being stuck to
it by the crystals which form. '



86 ELECTRICITY.

Chromic acid has been used in these cells in place of
bichromate of potash and sulphuric acid; but it is
doubtful if much is gained, as it so quickly attacks
the carbon plates.

The mercury-bichromate cell is not so much em-
ployed as the Le Clanché, though many people prefer
them, and a great number are in use. The reasons
are, first, the cell is not so simple as the Le Clanché in
maintenance. There is not the ease and certainty of
finding your fault, and you need to have so many
things handy.

Secondly, there is more wasteful action going on, or,
as it is termed, local action ; chemical reactions that
do no good, and that waste material.

Thirdly, perhaps the greatest objection of all is the
use of sulphuric acid. It is well known that sulphuric.
acid will attack all fabrics except those made wholly of
wool, and will burn holes in them, leaving a nasty red
stain till the hole is complete. Further, it will burn
wood, cork, or the human flesh; all the above being
due to its remarkable power of absorbing water, so that
it is not nice to handle, especially where men may
have cuts or abrasions on their hands. The battery is
quite out of place for domestic electric bells, for in-
stance, owing to this failing.

The Le Clanché battery is the one that has done most
to forward the introduction of electric bells, mine sig-
nals, and other apparatus where the battery is or may
be in unskilled hands, and where the minimum of
attention is before all things the great desideratum.
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It has, like the others, an outer jar of glass or
earthenware. The favours are fairly divided in this
case, each make having its advantage. The glass
jars are made square, with a place for the zinc rod, as
shown in Fig. 23. They are lighter, and they have this
great advantage, that a battery man who will take the

Tig. 28.—Le Chanché Cell, with glass jar and lead-capped carbon.

trouble can economize very considerably in sal-ammo-
niac, as, if his batteries are in the light, the cloudy
state of his liquid will show him when to add more
sal-ammoniac or to change his liquor.

On the other hand, the corners of the glass jars are
very apt to get broken, so that a battery not unfre-
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quently fails, owing to the exciting liquid having all
run out of one jar. Moreover, they rather easily get
broken in carriage and in handling, and they lend
themselves very readily to the creeping action that
will be described presently.

Earthenware jars are heavier and take up more
room, but they do not break so easily ; and cracked jars
are not often found, after the
cells are at work, if the jars be
of the best makers. There are
now several makers of battery
jars, who make them from a good
vitreous clay, and put a glaze on
them which will resist all acids.
Figs. 23 and 24 show Le Clanché
cells complete, with glass and
earthenware jars.

Standing in the outer contain-
ing jar is the filled porous cell,
containing the carbon plate and
Fig. 24, Te Clanché Cell, the oxide of manganese that is

with earthenwarejarand o peutralize the hydrogen. The

clamped carbon.

capped or clamped carbon plate
is held centrally in the cell, and the space filled round
with a mixture of granulated carbon and manganese
dioxide. The former is the gas retort carbon crushed
to the size of a pea or small bean, and the latter is
the manganese ore, the richest obtainable, which is
erushed to the same size. The mouth of the filled cell
is closed with pitch, a glass tube being left in the top,
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projecting down into the mixture, to allow of the
escape of the ammonia gas which is formed, and of
the hydrogen gas, when it has not time to be neutral-
ized. 3
The proper proportion of manganese to carbon, and
the quality of both substances, have a most important
effect upon the working of the cell. Carbon, it will be
remembered, is a moderate conductor, oxide of man-
ganese is a very much worse conductor than carbon,
as all alloys or compounds are worse than the elements
from which they are formed. Therefore, if a large pro-
portion of manganese be used, the internal resistance
of the cell is increased, though the staying power of the
cell should also be increased, and wvice versd. Further,
manganese of the best quality, that is, yielding upon
analysis the highest percentage of pure oxide, is more
expensive than either carbon or manganese ore that
does not yield so high a percentage ; consequently it is
quite possible to make a cell of a given size that shall
be apparently equal to another of the same size, and
yet not do its work so well or for so long, by the simple
process of using either inferior manganese or an undue
proportion of carbon. It is obvious, of course, that
such cells could be made and sold for less than those
in which a proper proportion of high quality man-
" ganese was employed. The cell, having an undue
proportion of carbon, would even test better when first
charged, as its resistance would be less than that of the
other.
In the outer jar is placed a certain quantity of sal-
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ammoniac, crushed either to fine powder or to about
the size of a pea,—the latter preferably,—and the jar is
filled to about one-third from the top with the purest
water obtainable. Condensed steam water is alwa}s
best, if to be had ; failing that, soft water, not hard spring
Water should be used ; and the reason is the same as
that given for purity in other components of batteries,
viz., hard water contains other salts, such as lime and
sometimes magnesium, in solution; and, therefore, if
this water be used, these salts will take their part in
the electro-chemical reactions that go on within the
cell, giving rise to EXM.F.s and possibly adding re-
sistance, so that the battery cannot be made to do its
full work. Salts of lime are very apt to fill up the
pores of the porous cell, and cause trouble in the man-
ner already described.

For the same reason the sal-ammoniac used should
be pure, and care should be taken that the machine
used in crushing it does not introduce any impurity.
Ordinary commercial sal-ammoniac often contains large
percentages of the salts of other metals, which act very
prejudicially upon the life and work of the battery.
In particular, the Author has known of cases where the
porous cells had repeatedly given way, scaling and
breaking up after being in use only a very short time,
and apparently for no reason ; the cause having been °
traced eventually to either impure sal-ammoniac or to
hard water, containing metallic salts in solution.

Standing in the sal-ammoniac solution is the wired
amalgamated zinc rod which has been mentioned,
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The full action of the battery is as follows:—Zinc
combines with the chlorine gas and the oxygen gas
in the sal-ammoniac solution, forming zinec oxide and
zine chloride, and ammonia gas and hydrogen gas are
set free at the carbon plate. The hydrogen gas reduces
the manganese dioxide to sesquioxide, forming with
the oxygen, of which it deprives the manganese
dioxide, pure water. The zinc chloride, zinc oxide, and
ammonia gas form further combinations with each
other, as zinc-ammonic chloride, oxy-ammonic chloride,
and others, which are soluble in a saturated solution
of sal-ammoniac.

‘When a battery is first charged, if the filled porous
cell be placed dry in the sal-ammoniac liquor, no cur-
rent will be furnished, or practically none, there being
no connection between the liquid and the carbon plate.
As the liquid percolates through the pores of the
diaphragm, the resistance gradually falls, just as with
the bichromate ; but the reason is, that the solution
of sal-ammoniac forms the conducting path not only
to the carbon plate, but to every particle of the loose
agglomeration surrounding it, the mixture itself offer-
ing a very high resistance indeed. To get a cell up
quickly, battery men frequently pour some of the sal-
ammoniac liquor into the porous cell, so as to wet
the carbon and manganese mixture with it as much
as possible; but even then the cell will not reach its
full strength, or, to speak more correctly, the resist-
ance of the cell will not fall to its proper limit, until
the battery has been working some time and the elec-
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tric current itself has carried the liquid to every
particle. A good plan, if time permits, of getting a
battery up, is to allow a weak current to pass through
it for some hours by connecting its terminals to some
resistance, such as the high resistance circnit of a
detector galvanometer such as will presently be de-
scribed.

The mistake must not be made, of pouring plain
water into the inner cell, or “ Inside,” as it is termed ;
if it is required to get up quickly ; for the same reason
as in the mercury-bichromate and the Daniell’s bat-
teries when their zinc cells are only charged with
water, they will offer such a very high resistance.

After the Le Clanché cell has been working for some
little time, the liquid in the outer cell will have fallen,
owing to the portion that has passed into the inner
one, and may be filled up again, keeping it about two-
thirds full. As the cell works, the zinc rod becomes
coated with a thin powdery coating of some grey sub-
stance, probably the chloride of zine, but apparently
it does not seriously affect the working of the battery
in this case, provided the zinc is pure and well amalga-
mated ; but if any impurities be present, it helps to eat
holes and to form all the troubles known as local action.

One caution should be given here, with reference to
the quantity of sal-ammoniac to be placed in the cell.
Some of the text-books give directions, that only a
half-saturated solution should be used. It has already
been pointed out more than once, that the secondary
Salts formed in the battery are soluble in a saturated
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solution, therefore it seems obvious that a saturated
solution should be used, and that means should be
taken to maintain it in a state of saturation, notwith-
standing the demands made upon it by the working
of the battery. The simplest method of accomplishing
this is to leave some sal-ammoniac in the bottom of the
cell, and to allow the liquor to take it up as it wants it,
and as it will do if allowed ; and this is what is usually
done in practical work.

Where glass jars are used, in the light, a battery
man may save some sal-ammoniac, as already ex-
plained, by removing the spent liquor when it becomes
cloudy, and recharging.

The connection to the zinc rod is a very 1mportant
feature in all batteries. If it is made too small, it is
apt to break off, or get eaten in two; if too large, it
adds unnecessarily to the expense of the cell, and is
stiff and awkward to handle, wasting men’s time. In
the early days of the Le Clanché battery, galvanized
iron wires were used, which invariably rusted in two
at the point where the wire entered the zinc, or rusted
nearly in two and then broke off. They were also
very stiff to handle. '

In the author’s experience a No. 15 or No. 16 copper
wire annealed answers best for all sizes of Le Clanché
cells.

One of the greatest failings the Le Clanché battery
has, is the formation of a crust of sal-ammoniac on
the outside of the jar, reaching in time to the bottom.
‘Whenever the battery is placed in a warm situation,



94 ELECTRICITY.

the liquor apparently evaporates and then deposits on
the cold surface of the jar, but leaves a fine capillary
space between the jar and the white crust; and as,
when the crust reaches the ground or bottom of the
battery box, the outside and inside portions respectively
form the long and short legs of a siphon, the result is
that the cell gradually empties itself of its solution,
which is poured out on the ground; and hence two
serious evils arise. First, when any cell is empty of
solution, it breaks the circuit just as if a wire had
broken, so that the apparatus it actuates will not work,
and its action gets weaker and weaker some time be-
fore this happens ; and secondly, the liquid on the floor
or bottom of the battery box, the liquid and crust on
the outside of the jar, and the zinc and carbon standing
in the cells on each side,—zinc in one cell and carbon
in another, connected by the zinc wire above,—form a
galvanic cell whose circuit, though of high resistance,
is always closed. Therefore it is important that Le
Clanché and other batteries should be placed in a cool
situation; and if this, as sometimes happens, is not
practicable, this white crust should be scraped off as
fast as it forms, and the jars kept filled up. Partial
relief is found in greasing the top of the jar; and
Mr. Gent, of Leicester, has recently patented a jar of the
form shown in Fig. 25, the channel on the top being
filled with paraffin wax. The author is not aware how
far this has been successful.

The great features in favour of the Le Clanché are,
its extreme simplicity compared with that of other
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batteries, its cleanliness, the absence of any very
troublesome material, such as sulphuric acid, the com-
parative absence of local action, the small quantity of
materials used, and the small attendance necessary.

Its failing is, besides that already mentioned, it will
not stand hard continuyous work so well as other forms,
notably the mercury-bichromate, thoungh it will ap-
proach them to a very large
extent if it be made large
enough. It will easily be
understood that the staying
power of the Le Clanché
depends upon two things,
the neutralizing of the hy-
drogen gas and the solution
of the secondary salts.

The evolution of the hy-
drogen and the formation of
the primary salts will be
strictly in proportion to the
current passing; each Am-
pére, or fraction of an Am-

7 g ¥ 2 2 Fig. 25.— Gent’s arrangement
pére, delivering its equiva-  of LeClanché cell, preventing

lent of hydrogen, ammonia, the formation of white crust.

zinc chloride, etc., each second. Then it follows, that
if the ‘hydrogen cannot find oxygen at the same rate
as it is itself evolved, it must be delivered free and
set up its opposing E.M.F. Further, if the ammonia,
zine chloride, and zinc oxide cannot combine, and their
resultants be dissolved as fast as they are formed, they
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set up opposing E.M.F.s and resistance at the surface
of the zinc rod; the joint result being, that the battery
breaks down, fails to give a current, unless time be
allowed to recover itself; and it follows further, that if
the total quantity of current passing has been such as
to develop more hydrogen, ammonia, etc., than the
quantities of the other materials in the cell can dispose
of, the cell is worked out and requires renewing with
fresh sal-ammoniac and a fresh ‘inside’ (filled porous
cell). It will be obvious that, within certain limits the
solution of the above difficulty is merely a matter of
size and quantity; given a certain current for a certain
time, and a certain quantity of manganese and of sal-
ammoniac can deal with it; further, the rate of
delivery of current that can be taken from the Le
Clanché is also a matter of time and quantity. Thus
a certain current delivers a certain quantity of hydro-
gen, etc., per second. A certain surface and body of
manganese and a certain quantity of sal ammoniac
liquor are necessary to deal with these bodies at the
same rate as they are delivered.

In practice this resolves itself into the axiom: Make
your cells as large as you can in proportion to the
current passing ; and as you do not often know what
that is, make the cells as large as you can. Thus the
Le Clanché cells are made in three sizes, pints, quarts,
and five pints or half gallons, In the early days of
the battery everybody used pints; and, except in
special cases, where the current was small and such
as the small cell. could deal with, everybody had
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trouble, and many were inclined to condemn the cell.
Later, we got to the No. 2, or quart size, which answered
very well for a great many purposes, but was costly
where there was any leakage, the inside cells requiring
to be replaced very frequently. Now, many of us use
the largest size, because we find that it is cheaper for
all kinds of work, even for that for which the small
size would answer, because the larger ones go so much
longer without attendance; and for all cases where
leakage is present, the gain is enormous.

On the other hand, an eminent telegraph engineer—
the superintendent of one of the large railways—told
the Author he thought of adopting the small-sized cell;
but he was designing beautifully delicate apparatus,
that would work with very weak currents indeed, in
order to enable him to do so; and further, he had his
trained staff of battery men constantly looking after
them. . '

The striking contrast in the small attendance re-
quired to the Le Clanché, as compared with others,
will be gathered from the following. The Daniell’s
battery, under the best conditions, always requires
looking at every month or six weeks; the mercury-
bichromate from three to six months, the latter being
. exceptionally good work; and both of these batteries
will require attention at their time and often before
it, if they are doing no work. The Le Clanché will
go, under unfavourable circumstances, from one to two
years, and often longer, without even looking at, if the:
size of the cell be in proportion to ‘the work it has to

H
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do, except where it is placed in a hot situation. The
cells which work the bells in the author’s house, which
get a great deal of work, as there are bells from every-
where to everywhere, have been in use nearly six
years, and have only had very little attention during
the whole period ; they are half-gallon cells.

The matter of the use of materials was also strikingly
illustrated by the Author’s own experience in the early
days of mine signalling. As the signals were not much
in favour, he was obliged to contract at a low figure
to keep them going; and to save money and gain
experience he became his own battery man, with the
result that, although the batteries received the hardest
work that any battery was ever subject to, and he had
to go a moderately long railway journey to the collieries,
he succeeded in making the contracts pay, because the
material used was literally almost nil. All that was
required was care and attention.

- A form of the Le Clanché. battery which has been a
good deal used, but is not in the writer’s opinion so
good all round as the porous cell form which has been:
described, is what js known as the agglomerate, The
mixture of ox1de of manganese and carbon 1nstead of
being filled loosely into a-porous cell, is crushed t0 a
fine powder, and formed into small blocLs or briquettes,
under hydraulic pressure, some glutinous substance
being added to give cohesion. The carbon plate is
placed between two of these blocks, the three being
held together by two Indiarubber bands. Fig. 26
shows this form, It is evident that, since the porous
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cell is dispensed with, the resistance of this arrange-
ment must be less than that of the porous cell form ;
and in practice the results are very good at first, but it
is found that the agglomerate form requires very much
more attention than the porous cell form. The former
will do harder work for a time; but whether worked
hard or not, the blocks apparently soon become coated
with a white crust of the
secondary salts, and the resist-
ance of the battery is thereby
so much increased that it is
necessary to clean this off
periodically, and in fact some-
what frequently. The agglo-
merate cell will apparently do
a lot of hard work before it
requires renewing, provided
this white crust be got rid of
from time to time. In some
cases, the zinc has been en-
closed in a small porous cell,
which of course robs the bat- Fig. 26.—Agglomerate
= oy Le Clanché, inside,

tery of one of its great ad-

vantages; but the general consensus of oplnlon of
practical men is, that the porous cell form is best,
because cheapest both in first cost and in attendance.

Tee SurLrHUR SAL-AMMONIAC BarTERY

is similar in appearance and in nearly every detail to
the Le Clanché. There are the same glass or earthen-
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ware jar, preferably the latter ; the same porous cell,
with its clamped or capped carbon plate; the same
amalgamated zinc rod, with its copper wire soldered in
the top, standing in a solution of sal-ammoniac; but
the contents of the porous cell surrounding the carbon
plate consist of a mixture of granulated carbon as be-
fore, the place of the oxide of manganese being taken
by granulated sulphur of about the same size as the
manganese.

The purest sulphur only must be used, impurities in
this having the same effect upon the working of the
cell as impurities in the oxide of manganese or sal-
ammoniac would on the working of the Le Clanché,
viz., it would give rise to secondary reactions, that
would create resistance and opposing E.M.F.s.

Less sulphur may be used than manganese in a cell
of a given size, for the same work, since the whole of
the sulphur is available for combination, while only a
portion of the oxide of manganese is available, that
portion which constitutes the difference in oxygen
between the dioxide and the sesquioxide. It follows,
therefore, that the internal resistance of the cell is
less than that of the Le Clanché of the same size,
owing to the larger proportion ot carbon used, while
its E.M.F. is practically the same ; that is to say, its
EM.F. when no current is passing. And as EM.F.
at the terminals of the cell is equal to the total EMLF.
created by the reactions of the cell (less the charge
made upon it in accordance with the formula E=C R),
it follows that the working E.M.F. of the sulphur-sal-
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ammoniac cell should be a trifle higher than that of the
Le Clanché. Further, sulphur being cheaper than
manganese ore, the cell costs rather less to make.

The action of the sulphur cell is as follows : The zinc
combines with the chlorine of the sal-ammoniac, and
with the oxygen of the water as before, ammonia gas
and hydrogen gas being liberated within the porous
cel. The hydrogen there forms with the sulphur,
sulphuretted hydrogen, two atoms of hydrogen com-
bining with one atom of sulphur; but the action does
not stop there. As soon as the cell is fairly up to its
strength, zinc chloride is present ‘within the porous
cell, as well as the sal-ammoniac solution and the sul-
phuretted hydrogen. Hydrogen sulphide immediately
forms with it zine sulphide and hydrochloric acid, the
latter again combining with the ammonia gas to form
sal-ammoniac, the original solution.

The zinc sulphide apparently falls to the bottom of
the cell as a white powder, and does not take any further
part in the reactions.

One peculiarity of the sulphur cell is, that it takes
longer to get up to its full working strength than the
Le Clanché, this being no doubt due to the necessity
for the presence of zinc chloride within the porous cell.

Another result, however, that usually accompanies
this is, the cell appears to stand hard work better also.
According to the author’s experience, the cell will
stand what is known as a dead short circuit, or, to put
it more properly, a comparatively large current passing
through it, longer than the Le Clanché. All that has
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been said of the Le Clanché, with reference to cleanli-
ness, simplicity, convenience, and absence of local action
or waste of material, when not in use, is equally true
of this cell.

If a current of greater strength than the size of
the -cell warrants is allowed to pass for any time,
somewhat similar results happen to those that occur
with the Le Clanché. The hydrogen gas does not
cease combining with the sulphur, no matter what
current strength may pass ; but the hydrogen sulphide
does not then enter so readily into its secondary com-
binations, forming instead within the porous cell, and
after a time coming away freely. The presence of this
hydrogen sulphide undoubtedly reduces the strength
of the current passing, by introducing both resistance
and an opposing E.M.F.; but the E.M.F. generated
by the hydrogen-sulphide-carbon galvanic couple in
sal-ammoniac, is by no means so powerful as that of
the hydrogen-carbon couple, and therefore the effect
upon the strength of the cwrrent is not so serious.
Moreover, unless the large current pass for a consider-
able time—that is to say, unless the supply of active
sulphur is pretty well all used up, the battery is not
usually in the exhausted state the Le Clanché is after
a similar ordeal.

In other words, though the Sulphur Sal-ammoniac
battery is not able, any more than the Le Clanché, to
‘stand the passage of more than the fractional part of an
Ampére for any of the regular sizes made, it will appa-
rently stand a temporary accidental heavy drain for
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longer ; and it moreover has the valuable property of
giving warning, by the emission of the disagreeable
odour attending hydrogen-sulphide, that of rotten eggs,
when the proper working current is being exceeded. It
should be noted, however, that for some work—such as
where accidental short circuits are frequent, and the
battery is placed in a living room—the sulphur cell
would be inadmissible on account of the unpleasant
smell. :

Such cases should fortunately be rare; and the
Author hopes, therefore, that his battery may have an
extended use in the future. In his own work, which
consists principally of mining signals—the hardest
work, he believes, that any battery is subject to—it
has, so far, answered admirably.

The whole of the above cells are used only for either
very small currents or for apparatus using intermittent
currents. They will not stand the continuous drain of
a large current for many hours without breaking down.
In fact, the apparatus should be. arranged, if required
to furnish a current continuously, for small fractions
of an Ampére, % or even less; the smaller the current
the better the battery will stand up to its work.
Larger currents may be, and are, used in practice,
where the current only passes for a few seconds, such
as in signalling on railways, in mines, with domestic
bells, and the call-bells of telephone apparatus; be-
cause, though a large quantity of hydrogen and second-
ary salts are formed by the large current, in propor-
tion to the time the current is passing, the interval of
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rest between the signals gives time for the hydrogen
to be neutralized and for the secondary salts to be dis-
posed of. In such work as the microphone circuit of
telephone apparatus, where the current may be passing
for several minutes together, the apparatus is arranged
to work with as small a current as possible; though
here, too, the interval of rest is more relied on than
the weak current, as on very busy instruments, such as
those employed in telephone exchanges, special batter-
ies are always used—either very large Le Clanché or
special forms of Mercury Bichromate or Daniell’s ; and
they are kept up to their proper strength by frequent
attendance.

Batteries naturally, therefore, divide themselves into
two classes, those which furnish small currents, which
have been already described, and those which furnish
large currents, and which are used for electric lighting.
The only forms of battery for large currents that need
be mentioned are :—the Bichromate, a modification of
the Mercury Bichromate, which has special solutions
arranged to furnish a large current approximately con-
stant for several hours ; the Schanschieff, in which the
mercurial salt already mentioned is used, and which
has no porous cell; and the Lalande-Chaperon, in which
caustic potash and oxide of copper are the solutions.
As neither of these batteries is yet doing much prac-
tical work, outside the laboratory and special cases, such
as miners’ lamps, which will be more fully dealt with
later on, it will hardly be neoessary to refer further

to them,



GALVANIC BATTERIES. 105

As already mentioned, a galvanic battery is merely
a number of galvanic cells connected together. The
E.MF. obtainable with any galvanic combination is
a fixed quantity: with the Daniell battery, 1 Volt;
with the Le Clanché, Sulphur Sal-ammoniac and Mer-
cury Bichromate, 1§ Volts. That is to say, the highest
EM.F.s that can be obtained between the terminals
of any single cell of the types named, are the voltages
given; and as we have before seen, the working
EDM.F., that which actually exists between the ter-
minals of the cell when a current is passing, and which
is available for driving a current through that portion
of the circuit external to the cell, is less than the
figures named, by the charge made upon the E.M.F.
which results from the combined electro-chemical ac-
tions, of the sum which results from the formula
E=CR, E being the E.M.F. used in passing the cur-
rent C through the resistance of the cell.

Now, these voltages, 1 Volt and 1} Volts, would be
quite useless for practical purposes, unless we employed
very large conductors; and we therefore connect two
or more cells together, and so add their forces, just as
two horses attached to a carriage add their muscular
energy, or should do so, to pull it along. To connect
cells together so as to add their voltages or E.M.F.s,
the +pole (carbon or copper), where the current leaves,
of one cell, is connected to the —pole (zinc) of the next,
and its own—pole to the+pole of the one behind it.
The zinc wire is usually bent into a loop, which is
slipped under the binding-screw on the top of the
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carbon, and the latter screwed firmly down. The car-
bon pole +, at one end, and the zinc pole —, at the
other, are left free for connecting to the external cir-
cuit, and the usual plan is for two covered wires to be
brought down to the battery box, their ends bared,
scraped clean, one connected to the carbon pole by -
being placed under the binding-screw and the latter
screwed down, the other firmly twisted round the end
zinc wire. Between the end zinc and carbon exists

Fig. 27.—Le Clanché cells connected in series.

the full EM.F. or difference of potential due to the
number of cells in combination (Fig. 27).

It is obvious, that by adding cells together in this
manner we may have as high a voltage as we please,
always remembering that we add the resistance of
each cell to the circuit, as well as its power of overcom-
ing resistance, or its E.M.F. Thus, if we have 100
Daniell’s cells, or 1000, we can have 100 or 1000 Volts
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available to drive a current through the circuit formed
by the cells themselves and the work outside.

Now, it will be obvious that the fact mentioned—that
we add the resistance of each cell to the other resist-
ance of the circuit, as well as adding its E.M.F.—may
detract very much from the benefit that we receive, or
it may not, according to the condition of the outer cir-
cuit. Take a circuit whose external resistance,—that
outside of the battery,—is 95 Ohms, and a battery of 10
Le Clanché cells, whose resistance is 1 Ohm each. The
current passing, by Ohm’s law, willbe C=_ 5 - =1 =14
Ampére.

Now add 10 more cells of the same size and resist-
ance, and we get C=_%°_ 3 =% =about } Ampeére, and
if our apparatus we require the current to operate be
set to work with } to + Ampére, the addition of our 10
cells will have enabled us to do the work with 20 cells
that we could not do with 10. But suppose the in-
ternal resistance to be 10 Ohms per cell,—as in the
trough Daniell, and the voltage 1 Volt per cell, while
the external resistance is only 10 Ohms.

—_-1
With 10 cells we get C=-20 =+
_— 20 ey . b T
” 20 ” n C;—'1o+zoo_§1_1""'
— 30 —_30 res e
» 380 ” " C'")o+-«xoo_'3_1 7107

the current keeping practically the same, though we
are employing 20 or 30 cells instead of 10 and using
twice or three times the quantity of material. That
is to say, we get only the same result at twice or three
times the cost. If our bell is made to ring with ¢
Ampére, we do not get any practical advantage by
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using the larger number of cells, while, if it is made
to ring with 5 Ampére, it still refuses to do so. This
is a case, of course, that would rarely or never occur in
practice. It is introduced here in order to explode a
fallacious argument that is given in nearly all the
text-books, as to the proper method of connecting cells
so as to get the best results.

No electrical engineer would arrange a circuit hav-
ing all the resistance inside the generator, whether it
be a galvanic battery or any other form. If he was
unable to obtain any batteries except those having a
high resistance, he would wind his apparatus with a
gauge of wire that would reduce the current and at
the same time give him the result he required with
the smaller current ; and with such a construction, that
is to say, with internal and external resistance pro-
perly proportioned, every added cell would increase his
available ELXM.F. and working current. But on the
above imaginary case, or somewhat similar ones, the
text-books have built up a theoretical connection of
cells, to get the best results, which is most misleading.
It will be seen from the above, that if with our 1 Volt
10 Ohm cells, instead of adding their EM.F.s and
resistance, we join them in what is termed parallel or
multiple are,—that is to say, if, instead of adopting the
series plan, shown in Fig. 27, page 106, we adopt that
shown in Fig. 28, and connect the two batteries of ten
cells with the two copper poles of the two tens together
and the two zinc poles of the two tens together, and
connect them to the external resistance, as shown in



GALVANIC BATTERIES. 109

the figure,—it will be obvious that we have only the
same voltage as with one set of batteries; but we have
halved the resistance of the battery as a whole. In-
stead of C= ;1%-=+ Ampére, we have now with
20 cells C=_2° =193=1 Ampére, or we have nearly
double the current ; and if we use 30 cells in the same
way, we have C= 10 =2, or about } Ampére.

But although this plan looks well in theory, it will

Fig. 28.—Two trough Daniell’s batteries connected in parallel circuit.

not work, and is never used in practice ; and the reason
1s, that the batteries obey Ohm’s law just as every other
part of the circuit does, and that the current takes
cognisance of all the conditions present. 4

. It has been explained, that whenever an E.M.F,
finds a path open to it, such that the current can pass
through and come back to the starting-point, it drives
a current through that path; and it has also been ex- -
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plained that either resistance or opposing E.M.F. will
prevent the passage or modify the strength of the cur-
rent. ,

Now, in the present case we have, in theory, two
E.M.F'.s equal and opposite, and two resistances exactly
equal; therefore no current should pass. In practice,we
have nothing of the kind; the E.M.F.s are never equal,
nor are the resistances; consequently, if -the E.M.F.
at terminals of battery A be 10-b Volts, while that of
battery B is 956 Volts, A will have a preponderance of
1 Volt, and will drive a current through both in the
direction of the excess E.M.F., the strength of which
will be C=33;="000 Ampére; a small current, but
always passing, and it must be remembered, in the
one-half of the battery passing in the opposite direc-
tion to the working current and assisting such actions
as the working of the sulphate of copper into the zinc
cell in the Daniells,

As a matter of fact, too, the difference in E.M.F. may
easily be more than the hypothetical case given; and
even if it be not at first, when the batteries are con-
nected, the action of the current will soon make it so,
by the old method that has been so often mentioned,
of setting up opposing E.M.F.s and building up re-
sistances. In making cells, no maker could ever pos-
sibly guarantee that any twenty cells, or even any two,
shall all have exactly the same E.M.F. and resistance ;
though they may be made from the same material,
by the same hand, and that hand shall be as careful
"as human hand can be. Nature does not make all the
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grains of manganese ore the same; nor does the
chemist make his sulphate of copper, or his sulphur,
or his sal-ammoniac all exactly the same, grain for
grain. Further, a slight extra squeeze of a lead cap
in cooling, or in the pouring in of the mixture of
carbon and manganese, may make sufficient difference
to start this action. Cells which are perfectly alike
for practical purposes, may easily have a difference of
this kind, when pitted against each other, as in the
arrangement of connections described.

It is for this reason, therefore, that the electrical
engineer never connects his batteries in parallel circuit,
as shown above, unless it be for a very temporary pur-
pose, such as a few hours’ lighting by primary batteries.
If he cannot get his batteries of low resistance he
makes his circuit outside of his batteries of high resist-
ance. He makes his batteries of low resistance if he
possibly can, except in special cases ; but he does so by
making them larger, having larger plates, more solu-
tion, ete., and he then obtains the double benefit of low
resistance and lasting power in his cells; that is, the
larger the cells are made, the larger current they will
stand for a given time without attention, and the
longer they will stand a given current.

The number of cells to be used for any given work
is of great importance in electrical engineering, as it
affects the working of the apparatus in two ways. If
you have the cells too few or too small, your apparatus
is constantly failing ; but, on the other hand, every
cell adds to the expense, both of installation and of
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maintenance, since the same current passes through
each cell, consuming the same quantity of materials in
each, or approximately so; and, further, each added
cell increases the strength of the current passing
through all the cells. If the cells be made larger
too, the current strength is increased, owing to the
reduction of the internal resistance of the battery,
but the advantage gained by the larger cell usually
more than counterbalances this. Perhaps there is no
point upon which the practical man is more likely to
condemn what may be called laboratory or book theory
than this. He buys or makes an apparatus, say a
trembling bell, that will ring with one cell, when con-
nected directly to the battery. Perhaps he puts a
hundred yards of wire in the circuit, and finds that it
will ring then. He fixes the bell where it is only
rung occasionally, and it apparently goes all right for
some time ; but if he places a similar bell in an office
or an hotel where it is rung very frequently, and uses
only one cell, though it rings very well at first, just
as it did in his preliminary trials, by-and-by it fails;
first, at times towards the end of a day’s work, then
more frequently. The customer to whom the bell was
supplied, who was delighted with it at first, now thinks
electric bells are very good—when they act. In many
cases, the young contractor,—who possibly has only
allowed for one cell in his contract,—does not attempt
to repair the mischief at the source, he will prefer
tinkering the bell a bit, cleaning the contacts, regulat-
ing the spring, cleaning the push spring contacts or
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the wire connections; and after a thorough overhaul
of this kind, very probably the bell goes on ringing
again all right, but not for long. In a few daysor a
few weeks, according to the amount of work the bell
is called upon to do, the same thing happens; and
the customer asks if this will be necessary every few
days or weeks; if so, he is going back to the old
bells, and so on. Possibly, the young contractor,
in addition to having only one cell, has it of the
smallest size made, and in that case his troubles are
intensified. If he had used the largest size, the extra
expense would have been very trifling, but it would
have enabled his bell to hold out longer. If he
had fixed two larger cells, he probably would have
had no trouble at all for some time. Unfortunately,
no rule can be given either for the number or the
size of the cells to be used in each case, as these
must depend entirely on the conditions of work, and
must usually be a matter of individual experience.
The failure of the battery was due to two causes,
increased resistance and decreased E.M.F.; and it is
exceedingly difficult to estimate the value of these
two factors. As a rule, where the insulation is perfect,
twice or three times the number of cells that theory
would dictate should be used. Where the insulation
is good and the work very hard, it may even be as
many as eight or ten times. Much again depends
upon the construction of the cell. If that be made
with no reserve of power, a larger number will be
required in the battery, and vice versd. Two grand
I
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rules should always be remembered, the larger the cells
are, the longer they will go without attention ; and on
the other hand, the more attention you can give to a
battery, the smaller and weaker it may be. Further,
you can make up your power either in the size of the
cells or in their number, the former being usually the
best plan.

Faults—Perhaps the most difficult of all electrical
work, and yet the most fascinating, is the discovery
of Faults, as they are technically termed, or sources of
failure,

The battery, where one is used, is the most fruitful
in faults. It is the part the trained engineer flies to
first.

To understand how to seek faults without loss of
time, one had better understand what is meant by a
fault. An apparatus ceases to work, or works badly.
In most cases this will be due to the working current
having fallen below that for which the apparatus is
constructed. How has this happened, if the cause of
the trouble is in the battery ? As already explained,
the current can be weakened either by loss of E.M.F.
or by increase of resistance, or both, as one leads
usually to the other. Thus, if the resistance of the
battery be increased, the charge upon the E.M.F. for
the current passing through it is greater, and therefore
the E.M.F. available for overcoming the external re-
sistance and driving a current through the apparatus,
whatever it may be, which the current is to actuate,
will be less.
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The principal sources of increased resistance are dirt
and the chemical reactions before referred to. Dirty
connections always increase the resistance, for instance
dirty wires under dirty screws. Another source of re-
sistance is the evaporation of the liquid. Since the
resistance of any body through which a current is
passing varies inversely as the cross section, it follows
that the evaporation of the liquid, by reducing this
sectional area, will raise the resistance of the cell.

Sometimes also, an outer jar will be cracked, and the
liquid gradually leak out, in which case the current
gets weaker and weaker and finally ceases when the
jar is empty, or nearly so, the resistance of that cell
having increased practically to infinity.

‘When the battery is placed in warm places, too, the
crust which forms and which has already been de-
seribed, will empty a cell just as a crack in the outer
jar would have done.

Other sources of resistance are the filling up of the
pores of the porous cell, and of the carbon plate where
carbon is used; the formation of highly-resisting
crystals round the carbon, or round the carbon and
manganese or sulphur; the formation of a crust upon
the zinc; and lastly, of the reduction of the conduct-
ing power of the liquid, by the chemical actions that
are constantly going on. Where sulphuric acid is used,
as the acid is displaced the resistance of the liquid
rises and the EM.F. falls.

And now to find the fault. Personal inspection by
an experienced electrician will often detect a fault
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at sight ; but the more experienced he is, the less he
will be disposed to rely upon his eye, if he can possi-
bly avoid it. He will take the detector galvanometer
shown in Fig. 29 with him, and will usually find the
fault with unerring certainty in a few minutes.

The detector galvanometer, which will be described
more particularly under measuring instruments, is an
arrangement of insulated wire surrounding a vertically
suspended needle magnet, so that when the current
from a battery or other source of electricity is sent
- through the wire, the deflection of
the needle out of the wvertical is
roughly proportional to the current
passing. A piece of insulated wire
is connected to each of the two ter-
minals, of what is termed the short
or quantity circuit of the detector,

the covering being removed from the
Fig. 20.—Detector  ends of the wires, the bared ends

ralvanometer.

scraped clean and firmly clamped

under the terminal screws. The other ends of these
galvanometer wires, as they are termed, are bared and
scraped, and held, when testing, firmly between the
thumb and forefinger of each hand. A place is scraped
clean with the knife on the zine wire or strap of each
cell, the galvanometer placed where its dial can be seen,
and the engineer proceeds to test each cell in succession
by pressing- the bared ends of the galvanometer wires
firmly on the bared places on the cell connections, as
shown in Fig. 30: A cell of a given size will produce
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a certain deflection on a certain galvanometer while
both are in order, so that by testing each cell in suc-
cession, in the manner described, those that are more
or less faulty can be detected, and, what is more, the
cause can be discovered. Suppose, as is usually ar-
ranged, that the galvanometer gives a deflection of 45°
with a cell at its full strength. If the battery has

Fig. 30.—Testing a Cell with a Detector Galvanometer.

been at work some little time, probably some of the
cells will now give 85°, 30°, 20°, some even 10°, and
possibly one or two 0°. If the apparatus has ceased to
work entirely, the replacement or removal of the cells
giving 0° will generally put matters right, as they must
be offering a very high resistance indeed; practically
they are dead horses, stopping the others working by
their inertia.
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It may be, however, that the apparatus is only work-
ing weakly, and in that case several of the cells may
be giving 5° or 10°, while the rest give 30° and 35°;
or they may all be giving only 10° to 15° all having
worked down together; in either case the removal of
the weak cells, or the renewal of their faulty parts, will
put matters right.

The next point is, to discover why any cell is weak.
Is it the zinc? the solution ? the carbon ? the copper
plate ? the filled porous? etc. If the zinc is at fault,
it can usually be seen by simple inspection ; or, to
make certain, place a new zinc in the cell, or scrape
the zinc well, and test again. If the deflection is
unchanged, it is not the zinc. Sometimes it is the
connection from cell to cell, the zinc wire or strap,
which has been allowed to become dirty. Remove
this, and clean the terminal screw, and test again. If
this makes no difference in the deflection of the gal-
vanometer needle, examine the carbon itself, and, if
practicable, make a connection to the carbon plate be-
low the cap or clamp. This failing, examine the solu-
tion. . With the Le Clanché or Sulphur Sal-ammoniac
batteries, if there is some sal-ammoniac on the bottom
of the outer jar, the solution is all right; if not, the
solution may be exhausted. Put some fresh sal-am-
moniac in, cut the cell out of the circuit, if the deflection
is very low, and allow the saturated solution to work
into the inner cell, when the deflection will probably
rise, the failure being due to the secondary salts, which
have not been dissolved, crystallizing out within the
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porous cell. In the case of the Mercury-bichromate,
look at the colour of the solution; if bright orange,
taste for acid; if that is right, the porous cell is pro-
bably hard.

With the Le Clanché and Sulphur Sal-ammoniac
batteries, if the zine, carbon, connections, and solution
are right, the filled porous must be at fault. Change it,
or let it rest. Sometimes a cell will get up with rest,
especially if it has had a temporary short circuit.
Frequently the porous cell becomes cracked in work-
ing, owing to the expansive force of the crystallizing
salts ; and the conclusion is erroneously jumped at that
the cracked cells are faulty ones. This is not usually
the case; the cracking of the porous jar often saving
it, by lowering the resistance of the cell. If the pores
were to fill up instead of bursting the cell, then the
internal resistance would rise, as the area open for the
passage of the liquid would be less.

In some cases, however, where impure materials are
used, the porous cells may be cracked, and the cells
down as well, owing to the chemical action of the
foreign matter.

Primary galvanic batteries, that is to say, those
batteries in which electrical energy is furnished by the
direct consumption of zinc and other materials, have
not, as yet, been much used for electric lighting, owing
to the cost per lamp per hour, or per Watt per hour,
being so very much higher than the cost when fur-
nished by a dynamo, driven by a steam or gas engine;
and also from the great difficulty experienced in main-
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taining the current at a uniform strength. With
batteries which are to furnish electric light, the con-
ditions to be worked to are quite different from those
ruling with the batteries that have been already de-
scribed as in use for telephones, telegraph signals, etc.
‘With the latter, all that is required is that the ap-
- paratus shall work; it will not matter if a bell rings a
trifle louder at one time than another, so long as it
rings loud enough to be heard ; but with electric light-
ing, the current strength must be absolutely uniform
within certain limits, or the battery furnishing it is
useless. No one would tolerate a glaring light during
the early hours of the evening, and a very poor one
later on. The difficulty is caused solely by the alter-
ations in the resistance and E.M.F., due to the chemical
reactions that have so often been referred to; but with
this difference, the battery that is used for electric
light always furnishes a large current, while that used
for telephone and signal work uses a very small cur-
rent, therefore any variation in the resistance of the
battery will have far more effect with the former than
with the latter, owing to the operation of Ohm’s law.

The attendance also upon primary galvanic batteries
used for electric lighting is a very serious item. All
the difficulties that have been mentioned in connec-
tion with other batteries are present here, in a greatly
intensified form ; and it is usually necessary to attend
to the solutions every few hours, instead of every few
months or years.

Some inventors have resorted to the plan of intro-
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ducing secondary batteries, connecting them directly
with the primary battery, and the lamps with the
secondary ; and this is done on the plea of economy,
the actual reason being, however, that, as will be seen
later on, the secondary acts as a regulator and reser-
voir to the primary. It will receive the current from
the primary day and night, and so apparently avoid
the waste which always rules in a primary battery
when it is not doing useful work, as a primary battery
can never be at rest. It also maintains the current
strength more uniform in the outer circuit, the lamps,
etc. But the economy is not real. In fact, the intro-
duction of the secondary battery causes more waste,
though it undoubtedly covers some of the faults of the
primary battery, if rather expensively.

There is one portion of the electric lighting field
that it is to be hoped primary galvanic batteries may
be useful in, viz., that of the Miner’s Portable Electric
Lamp. Though the cost of zinc and acids used in
producing the light here bears the same or even a
higher proportion to that of coal used in driving a
dynamo, as in other cases; yet, as the quantity itself is
small, and as, moreover, it has the advantage of being
made into a portable form, whereas the engine and
dynamo cannot, it is hoped that in this field it may
do good work.

The sine qud mon for a miner’s lamp is, of course,
that the battery shall furnish a fairly constant current
for the time of a miner’s shift, including the time
occupied in going to his work and returning from it.



CHAPTER V.
ELECTRIC BELLS.

Erecrric BELLs are of two kinds, those known as
trembling or vibrating bells, which ring continuously,
as long as a current of the required strength is passing
through them, and single-stroke bells, which ring once
each time the circuit is completed..

Trembler bells are used principally for domestic
purposes, and occasionally for mines or fire alarms.
Single-stroke bells are used more for mines and rail-
way signals, where a clear, distinet signal is of
importance.

The construction of each is nearly the same, the
differences being in the form of the apparatus, and in
the arrangement added to the trembler bell to cause
the hammer to vibrate.

In each there is an electro-magnet. made in four
parts, two limbs of round iron carrying the coils, a
flat back or yoke piece, sometimes made part of the
frame to which the electro-magnet is fixed, and the
movable armature with bell-hammer attached.

In the single-stroke bell, as shown in Fig. 31, the
armature is pivoted, and either it or its hammer shaft

works between regulating screws. so that its distance
122
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from the poles can be adjusted. In some forms, as
where the bell-dome is carried under the electro-mag-
net, the pull of the latter is balanced by a spring whose
tension can be regulated, the object being to pull the
armature back after striking. In those forms in which
the bell-dome is over the electro-magnet, a straight
steel spring is usually provided for the same purpose;

Fig. 31.—Inside of Single-stroke Bell, showing Electro-magnet and
Hammer and Regulating Screws.
but it does not come into action until the blow has
been struck. This form is decidedly the best.

In the trembler bell the armature is attached to a
short, broad steel or brass spring, of sufficient strength
to pull it away from the magnet poles when the cur-
rent is not passing. The other end of this spring
usually forms a current-breaker, or contact piece.
‘When the bell is not ringing it rests against an ad-
Justable stop, placed for the purpose, as shown in Fig.
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32, When the current passes round the electro-magnet,
the armature, being attracted, causes the hammer to
strike the bell, the latter being placed so that it can do
so; but it at the same time causes the contact spring
before mentioned to leave its contact point, and
thereby break the circuit. The circuit being broken,
the attraction of the armature ceases, it falls back
from the poles, remakes contact, and is again attracted;
the result being the continuous
vibrating ring, similar to the old °
clock alarum, with which every
one is familiar.

It will easily be understood that
the electro-magnets and other
parts of electric bells should be
properly proportioned to the work
they have to do. A large, deep-
‘toned mining or fire bell,—whose
ring is required to be heard either

) at a long distance or above the
Fig. 32.—Trembler Bell, : 5 5

showing vibrating Ar- noise of moving machinery,—re-

Dature, Hammer, and  quires a harder blow than a small

bell, such as is suitable for the
kitchen or servant’s bedroom of a private house; and,
again, the hall of a large hotel may require a bell not
as loud as a mining bell, and yet louder than one that
would answer for a private house.

A little consideration will show that, in order to
provide the requisite strength of blow, two things
" principally have to be considered—the size of the
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electro-magnet itself, and the exciting power; and in
practice it works out cheaper to make your electro-
magnet large and powerful, than to have more power
elsewhere. It has already been fully explained, that
the power you get out of a given electro-magnet de-
pends directly on the exciting power and inversely on
the magnetic resistance offered to that power by the
magnetic circuit, consisting of the two legs, back, and
armature ; and it has also been explained, that with a
given sized core of iron, the useful quantity of wire, and
therefore the exciting power you can apply, is limited
by the fact that each succeeding layer is larger and
larger, offering greater proportional electrical resist-
ance ; while, being farther from the iron, its magnetiz-
ing effect is less. Therefore, if you make your electro-
magnet small in proportion to the work it has to do,
you can only get the necessary strength of blow on
your bell by increased current strength, meaning an
increased mumber of cells, increased cost of mainte-
nance, and more frequent attention.

Perhaps there are few points in connection with
electrical engineering so little appreciated by outsiders
as this. It is so difficult for them to see how they can
possibly be saving money by paying twice or three
times the sum for an electric bell that they need do;
and yet, if they were to take two bells, one with the
electro-magnet large and powerful, and the other with
its electro-magnet small and weak, and carefully test
them, checking the total working cost in each case,
the result would be somewhat surprising. The weaker
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the magnet, the greater must be the current strength ;
and so, where either magnet or battery are weak in
proportion to the work to be done, the whole apparatus
is an endless source of trouble. The battery is con-
tinually failing, do what you will, and continually
requiring attention and renewals.

Another necessary feature of the magnets of electric
bells is, that the cross section of the iron employed
should be as large as possible ; thin cores entail more

Tig. 83.—Forged Iron Bobbin for Electric Bells.

work upon the current, and therefore upon the battery,
than thick ones. Further, the pole pieces and the
armature should present as large a surface as possible
to each other, though the former must not thereby be
brought too close together, as the lines of force—which
obey the law of magnetic resistance here as elsewhere,
—will find a leakage path that will appreciably reduce
the strength of the field between the poles and the
armature, and therefore the pull upon the latter.

In the clectro-magnet used by the Author’s firm, and
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worked out by him, the iron core of the coil is made
to form the end or collar which holds the wire in and
the pole piece as well, the bobbin or complete magnet
leg being formed either by taking a piece of round
iron of the full diameter that the wound coil will have,
and turning it down between the ends, as shown in
Flg 38, leaving a collar at each end, or by forgmg a
piece of iron to the same shape.

There are several advantages
in this form ; but the principal is
—the magnetic resistance of the
air space between poles and arma-
ture, and that of the joint at the
back, are so much reduced, ow-
ing to the increased sectional
area. At the same time there
need be no fear of leakage from
pole to pole, as these can be
placed a considerable distance
apart, without materially affect-
ing the gain. It will be noticed  Fig. 34 Trembler Bell,
also, that the exciting wire of the )
electro-magnet comes right up to the pole piece, so that
the full possible work is got out of it.

Perhaps a more important point than even the di-
mensions of the electro-magnet is, that proper provision
should be made that changes of temperature or other
causes do not put it out of working order. Trembler
bells are usually mounted on wood bases, arranged to
hang vertically, with a cover over the electro-magnet,
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the hammer shaft protruding through a hole in the
cover provided for it, as shown in Fig. 34. In the early
days of electric bells, the electro-magnet and its arma-
ture, with their brackets, were mounted separately on
the wood base, the most common type being that where
the back piece of the electro-magnet was attached to
a brass angle bracket, the latter being screwed to the
wood base. The spring carrying the armature was
also attached to a brass angle bracket screwed to the
base, and a second bracket of similar form carried a
second smaller steel spring, which, when the bell was
not in use, pressed against the back of the armature,
forming the contact-breaker. In those days, there
used to be frequent complaints that bells did not ring;
and often, on going to ascertain the cause, it would
be found that the armature, or one end of it, was
jammed hard against the poles and could not move; in
other cases, the contact spring had worked back, ow-
ing to the continual vibration, and was just nof making
contact, so that no current could pass. One minute’s
work was usually sufficient to put the matter right;
but it was exceedingly annoying, and in some cases
expensive, when it happened frequently, where a rail-
way journey was necessary. The iron springs that
were used in those days were also a possible source of
failure, owing to their liability to rust. The whole of
these difficulties have been overcome by : first, using
brass or well-made steel instead of iron springs, and
secondly by mounting the whole apparatus upon an
iron framework, as shown in Fig. 32, page 124, the
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contact pillar being insulated from the iron base, though
supported by it.

The matter has even been carried further, some
forms of mining bells having a complete iron case, the
terminals and contact pillars being insulated from the
case by collars of vulcanite or vulcanized fibre. In
America, too, they are even making small domestic
bells on the same lines.

In using these iron-cased bells, it must be remem-
bered, of course, that
the iron base and iron
cover are conductors,
and therefore the
bared ends of the wires
used to connect the
terminals to the wire
on the electro-magnet,
or to the outside wires,
must not touch the
iron case. If they do,
no current will pass
through the bell coils, all going by way of the iron
case; the resistance of the latter being so small in
proportion to the former.

With single-stroke bells precisely the same difficulties
occurred in the early days as with tremblers. The
electro-magnet and the supports of the armature were
screwed direct to the wood base; the bell dome being
carried by the cover, as shown in Fig. 85, and the ham-
mer protruding through a hole made forit. After a

K

Fig. 35.—Single-stroke Mining Bell.
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little time, possibly, the bell refused to ring, and its
armature was found canted round, with one end touch-
ing one pole and the other end pointing away, so
that it could not move; and in this case the remedy
was not always so easy, if it was a large bell. The
same arrangement has overcome the difficulties in this
case as with the trembler bell, the whole of the work-
ing apparatus being mounted on a metal base, as
shown in Figs. 31, ete., page 123.

A mistake that is sometimes made in the construc-
tion of electric bells is, the armature and hammer are
made too heavy. This construction is based upon a
wrong appreciation of the principles of the electro-
magnet. It is supposed that by having a greater mass
in the armature you obtain a greater pull, because the
magnetic resistance is thereby lessened. But though
you undoubtedly lessen your magnetic resistance a
little by, say, doubling the thickness of your armature,
you nearly double the mechanical work that the cur-
rent has to do; so that, setting off this heavy loss
against the trifling gain on the other side, your ad-
vantage is a minus quantity, and you will find that
your battery requires very much more attention in
consequence ; and unless it is made originally of very
much ‘larger sized cells than would answer with a
lighter armature, it is constantly falling below work-
ing strength. »

It must never be.forgotten that it is your battery
which suffers for all these. mistakes or false economies,
such as that of too small electro-magnets, though there
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may be nothing to show it, and you may fancy that
you have got hold of bad batteries, whereas you have
an improperly constructed bell.

The same remarks apply to the hammer. It is often
imagined that you obtain a harder blow by using a
heavy hammer; but practical experience shows that
you do not, and the reason is a very simple one, viz,,
that in increasing the weight of your hammer, you
increase the dead work which the current has to per-
form, more than you increase the blow. The blow
would be harder if pulled up with the same force as
the lighter hammer, but it is not; the product of the
velocity with which the hammer approaches the bell,
multiplied by its weight, which is the measure of the
force of the blow struck, decreases after a certain
weight is reached. .

Domestic Electric Bells—The earliest practical appli-
cation. of electric bells was naturally to domestic
purposes. As soon as it was discovered that a bell of
the form described might be made to ring at will, by
connecting it with a battery and some form of cn'omt
closer, as described in the chapter on the electric
circuit, it was applied at once to communicate from
dlnmg, or drawing, or bedroom to kltchen {rom princi-
pals’ office to clerks, etc.

It will be seen that all that is required for this pur-
pose is—that the bell shall be placed where it is re-
quired to ring to; the battery where convenient; and
the circuit closer, —or push, as it is termed, from the
fact that contact is made by pressing or pushmg a
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centre piece,—should be at the place it is required to
ring from; and that the three,—bell, battery, and push,
—should be connected by wires insulated from each
other, so that no contact can be made except that at
the push, in obedience to the will of the operator. In
practice this is accomplished by placing the battery
in some out-of-the-way spot, leading two covered wires
away from it, connecting one of them to the bell, and
taking a wire from the other side of the bell and
leading it, with the one from the
battery, to the push.

The usual form of push is shown
in Fig. 86; it consists of two Ger-
man silver springs, attached to
a circular wood or vulcanite base
by screws. One spring remains
usually close to the wood base, the
other being arranged, by its form,
Fig. 36.—Inside of Push, b0 stand away from it, until brought

showing Springs and into contact by pressure of the

Connecting Wires. o 2

centre piece. A wood, china, or
metal top, with a hole in the centre, screws on to the
wood base ; and through this hole in the centre pro-
jects the thumb-bit or centre piece, working freely, so
that on the pressure of the finger being applied, it
brings the two German silver springs into contact, and
thus closes the circuit.

It has been mentioned in the chapter on the electric
circuit, that any number of circuits may be formed,
having the bell and battery in common and part of the
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wires, but having separate circuit closers. This is
taken advantage of to arrange communication between
several rooms in a house and the kitchen, the wires

being branched.

Each branch leads to its
own push, and each push
completes a circuit of its own
from the room in which it is
placed to the kitchen, and in-
cluding the battery and bell.
This is the arrangement used
generally for small houses of
about six or eight rooms,
where the servant cannot
make much mistake, and has
not far to go to find out who
rings.

The arrangement is ren-
dered more certain by giving
each room a number, and
pressing the push in that
room the number of times
corresponding. 'Where ne-
cessary, also, the front door
may have a separate bell of
its own, another branch cir-
cuit being formed for it, in-

FROWY

oL

Dattery

Tig. 37.—Diagram showing the
Connections for Ringing two
Bells separately from different
Pushes,

cluding its own push or pull, its own bell and the

battery, as shown in Fig. 37.

For large houses, however, and for hotels, the above
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simple arrangement would be unsuitable. A servant
could hardly be trusted to be sure of the difference,
say, between twelve and fifteen, even if ladies
would have the patience to ring as many times. It
is necessary, therefore, to make other arrangements to
indicate the room calling. This may be done by
giving each room a separate bell, as in the old days of

Fig. 38.—Indicator, with Bell, Battery, and Pushes.

the pull bell; but the plan does not work out very
well, It is difficult to obtain sufficient variety of
sound, and there is not the indication of the bell
swinging, as with the old bells.

The plan usually adopted is, to give each room its
own branch circuit, which shall include the bell and
battery, its own push, and, in addition, an electro-
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magnetic arrangement that shall indicate which room
has rung.

The whole, or a number of these electro-magnetic
arrangements are placed together in one case, and
behind a gilded glass, each one operating some form
of tell-tale or indicator, and making it visible opposite

Fig. 89,—Thorpe’s Semaphore Indicator.

a hole or space left in the glass. Fig. 88 shows an
indicator with ‘battery and pushes connected.

There are various patterns of indicator, some depend-
ing for their action upon the properties possessed by
permanent steel magnets, others consisting of trip
actions worked by the magnetism imparted <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>