3 Practical Mancal

FOR AMATEUR COIL-MAKERS.

Seaitls py; ¢ Libr
o & Library

G. E. BONNEY,

AUTHOR OF " Tuk ELECTRO-PLATERS Ha
" ELECTRICAL EXPERISENTS,

00K " AND

THien Eptrion.

WITH 135 ILLUS 7K ATIONS.

WHITTAKER & CO
Wure Hazv Sinaer, P

ernoster Square, Lonvon, E.C,
avp 66 Firon Aveser, Now Yoxk

STIERTE

190
BUSITLSS!
MAR 21 1935

PREFACE

Tue First Edition of this book was prepaved to meet
the requirements of Amateur Coil Makers desiring concise
information respecting the construction and repair of
Induction Coils. This included a description of batteries
and other generators of electricity employed in working
coils, and an account of such accessories to induction coils
as are in general use by the medical profession in the
application of electricity to the relief of pain, and cure of
disease. These features have been retained in the present
edition, which has been enlarged by an additional chapter
piving special instructions for making a coil suitable to
Riintgen ray work, or for use in the science of Radiography.
The field of usefulness for the induction coil has been
greatly enlarged by its proved suitability to the production
of X rays, together with its superior portability to plate
machines and other apparatus similarly employed. An
extension of its uscfulness in another divection is also

promised with a further development of the new system

lAY ') 1961 s of wireless telegraphy. Its application to this widened
field could not be dealt with in the present volume, but has
had full consideration in Mr, Bottone’s tivo books on
Radiography, and on Wireless Telegraphy, both published at
3¢ each by Whittiuker & Co., London,
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Corruatod Carl A § 1. DEFINITION OF INDUCTION. —\What is induce
Corrugated Carlx e i tion? What ae Induction Coils?

By common con-
sent this term is employed as a name for an apparatus
(invened by Mr, Mason, and subscquently improved
by M. Ruhmkorft), consisting of bin 3
with a o

a hobbin  wound
short coil of stout wire, over which is wound a
secondary coil of very fine wire of many thousand
turns, well insulated from each other, the \-\‘hnic fitted
with a central core of iron.  The name is not happily
chosen, It should have been inductive coils, since the
word “inductive

means “leading, persuasive, produc-
ing

and the usc of these coils is to produce a high
) SN1SF B . &
SR, 4 tension electric current om one having a low tension.
~urrent Transforme: The term Inducing Coils would have beer still more

INDUCTION CONLS THEORY OF INDUCT!0!

g R % N = . &
correct, since inducing is part of the verb nduce, a to its path. This will be shown further on as
explain its theory

word meaning * to influence; to persnade ; to actuate ) N
§ 2, THEORY OF INDUCTION. ~Early theories re-

to impel;-ta allare”. Thz apuropriatiness of thuse :
terms to ihe electrigal instranents er aonsideration specting induction were based on the assumption that
there existed two ¢l cities, one positive and the other

will be scen as we proceed in explaini the principles
tive, both of which were fluids. The fluid theory

of their construction, and -shea o oile of action. The
word * induction,” ‘on the ‘other hand, comes from the has been abandoned by clectricians, because modern
verb “induct,” which means " to introduce ; to bring observation of electrical cffects has rendered the theory
in ; to put in possession ;" none of which apply appro. 1o lonzzer tenable, The other theory of two eluctrici-
priately to the action of the inducing or inductive coil tics, that is ) kinds of the same thing, such as posi-
Some writers on the subject exalt the term to its Latin  tive and 0 ive, answering to the terms male and
form of inductorinm.  As, however, the terms * indue- female, is also fast passing v, We still speake and
tion " as applied to induced electricity, and * induction write of clectricity as being posi
coils,” as a name for the instrument under consideration, but we use these terms more to distinguish the bac
are now well ¢ stablished, 1 shall continue using them ward or forward movements of the curre than tc
until more correct terms have been greed ||1l\:\|| by the existence of two separate and different forms of
competent authorities.  Mr. John T. Sprague defines  €nErgY: Some of the newcst theories respecting in-
induction as “*the name given 1o effects produced out dueed currents of electricity are bascd on the assumpe
side of the body exc v force, or out of @ cirenit to tion that all bodics are enveloped in a fluid, to which
which the force is dircetly applicd.”  This is not a the name of cther has been given.  The dlectric cur-
very clear definition. ‘I'he wonderful influence exerted rent, in pas through a conductor, disturbs  the
by a current of clectricity on ail material lying in and arsangrement of its component parts, and the in turn
near to its path, is ot clearly defined by this authority,  are said to disturb the ether, which then transmits the
Perhaps it will be more clearly understood if put to the | disturbance to contiguous bodies. Whether this theory
reader in the following words. Induction is the name | i based on fact or on fancy we cannot here deter-
given to the attracting or repelling influence exerted by ming, but the fact remains that there is such a disturb-
a current of clectricity on all material lyinginand near | ance sct up in bodies near to clectric conductors, and
’ | these are especially obscrvable at the instant when the
- W Iictionary of Termsin Eloruicity : its Vheory, Sn-rces, 30d Appli-
sauons’” By fohm T, Spague o It has leen likened by Ampire and Professor Thompson 198

magnetic shiell sing the conductor of an clertric curent.
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current of clectricity is interrupted, as when the electric

circuit is broken. The observed effects go to show that
the interruption causes a kind of eddy or back-lash in
the current, which is felt by othier bodies susceptible to

its influence, and observed in them as t flowing
in an opposite dircction to that of the inducing current,

The

duc

inducing effects are more strongly shown in con-

ors actually in contact with the inducing conductor

throug
they
space only from the inducing conductor.  This goes to
show that cither the air or

\ a thin, but perfectly insulating substance ; but

are also observed in conductors separated by air
invisible con-

some similar

ducting mediwm transmits the inducing effects of one
conductor to another conductor.

PRI
further in the study of induction or of inductivity, it

1LEs oF INpueTioN.—Before we procecd

will be advisable to n 1 few of the

or laws, governing its action.  These, when well undur-

stoodl, will guide us in the construction of the cuils

hereafter describ
I'he inducing conductor and the conductor to be
The

1 they cross each other, and

induced must run paraliel, side by side, inductive

cifeet is weakened wie

may be neutralised by at crse position. The bare

conductors must must be
sparated by an insulating medium, or so-cialled non-
list of these

n in section S0, p. 221,

not touch cach other, but

condurtor of clectricity, A and  their

relative values is giv If two con-

ductors are in contact at any part of the circuit, or are

insufficicutly insuluted, they combine in forming one

" INDOCTION COILS.

this conductor induces magnetism in the iror, and con.!
. e
wnet whilst the current is passing.

The effcct here manife:

verts it into a n

3 il
ed as magnetism only exists

whilst current is passing through the conductor, and
ceases when the current is Broken. 2. When the insu-
lated conductor is doubled on itself, or wound into
a spiral, or made into a coil with or without a core ol
soft iron, the inductive effect of one turn of wire onl
another is manifested at the terminals of the battery or |
other generator of electricity (when the circuit is broken) }
by a bright spark, which increases in brightness with '}
the number of turns made by the wire.

A similar}

apark is observable at the terminals of a wire wound or

laid parallel to the conductor in the main circ wit, when
the necessary conditions are present. This effect is |
only observed at the instant of breaking contact with the |
battery, or, in other words, on the instant of the rupture §
of the main circuit wi 3. When a wire is thus made
into a long spiral with scveral coils close to each other,
and the bared metal parts near the battery terminals are
held in the naked and moist hands of a person, that
person will experienc
of the fingers

tingling sensation in the nerves
it when the circuit is broken, and
also when contact is made again with the battery, Thi

the ins!

manifestation of induction is also only momentary, but :
can be repeated as often as contact is made or broken. |
\Vhen a long coil of fine wire is wound on and over the i
main c the tingling sensation can be felt at the |
terminals of the second coil when contact is made or
broken at the terminals of the first ¢ !

principles, facts,’

RINCIPLES OF INDUCT?

sing the primary current in one dirces
tion only. and, there will be little or no
inductive cffects The
should be as thin, and yet as perlect as can be obtained.
The turns of the conducting wires of a coil should not

only be wound regularly side by side to the best

conductor conv

observed, insulating mudium

effect, but should also lic close to cach other, separatc d

only by the thin insulating medium, since cach turn
exerts an inductive influence on its neighbour, and this
influence is weakened by over insulation and want of
It will be seen further on, when we con-

liums, that the

contiguity.
ider the relative values of insulating m:
of these are conductors of electricity when the
surc of the current is sufficicatly high to

best
tension or pr
overcome their resistance, Therefore, in planning the
insulation of the wires, and other parts of a coil, regard
must be had to the tension of the curient employed in

working it, for if we employ a current of higher tension
on an imperfectly insnl ted or badly arranged coil, with
a view to obtaining better clivct from it, the extra
| the coil will overcome the resist
Wherever

this occurs ina coil, the inductive effect ceases, because

current forced thro!
ance of the insulation and break it down.
all the imperfectly insulated turns of wire unite to form

one large conductor in which the inductive effects of
the well insulated turns are absorbed.
The inductive cffects of a curre

least three manifestations. 1. When the insulated con-

observed by at
ductor is wound as a wire around a mass of soft non-
magnctic iron, the current of clectricity passing thiough

MAGNETIC EFFECTS OF INDUCTION. 15

There are, therefore, three distinct manifestations of
electric enrrent induction, or the inductive effects of the
clectric current observable, viz, the magnetic, the
calorific, and the physiological. We will consider each,
and prove them by means of experiments before we
proceed further

§ 4. MAGNETIC EFFECTS OF [NDUCTION.
covery of these effects was made by Hans Christian
Oersted, a Danish philosopher, who was doctor of philo-

he dis-

sophy to the University of Copenhagen, in the year
1800. Whilst occupying this position, he demonstrated
the identity of the forces of magnetism, electricity, and
galvanism. In a treatise published on the subject, he
proved that “there is always a magnetic circulation
round the electric conductor, and the clectric current,
in accordance with a certain law, always exercises deter-
mined and similar impressions on the dircction of the
magnetic needle, even when it docs not pass through,
but near the necdle,” He found that a magnetic ne dle
was influenced so much by the current of electricity
passing throu a conducting wire as to deviate from
its usual position when brought near the wire, and place
jtself in a position transverse to the path of the current.
When th .at discovery was published, it received
close attention from French sevants, and e
were made which led to the discove

periments
y that a current of
electricity passing through a wire not only influenced
a magnetic needle brought near to the wire, but also

exerted an inductive influence on another wire laid

parallel to it Following these researches, Professor
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Hle found that

re was wound aronnd

TFaraday n another  discovery.®
when a coil of insulated copper
a bundle of steel needles and a current of electricity was

the needles became magnetis

sent through the coil,
breaking contact with the battery several

alter
the steel necdles
iron
the
whilst the current was passing thro

very receives

and
became permanent mitg

for
temporary,

tines,
When
steel
existing only
the coil. This part of F

portant application in the
coils, their efficiency s
determined by the magnetic efficiency of the
To prove this, we will

soft wires were substituted
needles, magnetic effects were

dise

an construction of -1

duction 1o a

since great

extent
iron craployed in their
have recourse to two or three simple exper }

1. Procure a short bar of soft iron, 3% inches in length |

This must be of the best soft |

cores
nents.

MAGNETIC EFFECTS OF INDUCTION. ”

petmanene magnet, thus showi that the current of

cleetricity circulating in the coil of wire wound on the
iron corc has cxerted an inductive effect on the iron
net.  Disconnect one end
of the wire coil from the battery, the filings will at once
fall from the iron, thus showing that the iron has lost
its power of attraction at the instant when the current

of clectricity ceased passing  through the coil of wire

and converted it into a m

wound over the iron. Measured in fractions of time,

this m ic effect is not absolutely instantancous,
since all iron manifests a slight reluctance to receive
and also to give up magnetic cffects, because it takes
time to fully magnetise a piece of iron and also to
demagnetise it—that is to draw out the charge of mag-
netism.  But, in the case of very soft iron, the time
occupied in doing this is so small as to merit the term

instantancous,

by # inch in diameter.
charcoal iron, well
fire and allowed to
through a period of t lve hours.
spiral or helix of No.
wire, with the fold i
will be found to be non-magnetic,
filir

iron !
not attract bits of iron wire and iron
the two ends
cells in series,
The filings will be attracted to

® Professor S. P. Thomy es this
Davy, in the year 1830,

Magnetism," p. 286.

annealed by heating to redness in @i 2.
wWually cool with the hot ashes
Wind on this a long |
20 silk or cotton-covered copper
wound regularly side by side. “The
that is, it will
Connect
of the coil to a battery of three or four |
and hold the iron core to the iron filings. |
the iron core, as to a
very to Arago and

« Elementary Lessons in Electricity and}

ment,
does it part with the magnetic cha
bar of soft iron
after the

will be seen to stick to the bar current

the efficient working of the core:

I after the electric circuit is broken, and
| o

i

N COILS.,

18 INDUCTH
the armature of the magnet will not be released. 1f

core of an induetion coil, it does

hard iron is used in the
ce w sullicient charge of magnetism, sinee hard

not rece
as soft iron, and it does

iton is not so readily magnet

chargre when the electric circuit

not pirt with its sma

is broken.  From both causes, and for Vreasons,
therd
and intensity

3. Substitute

ire, the inductive impulses are lessened in frequency

a bar of hard steel in place of the bar of

ix to a coarse file

the wire he
If the steel has been

1wetic,

iron, connect one end of
and the other end to the battery
probably, be non-may
Now draw the

recently hardened, it will
and will not attract nor hold iron filing
over the teeth of the

end of the opposite battery wire
a current of electricity through

coarse file, and thus send

ix in a serics of jerky impulses.
inductive effect on the molecules;
the helix, ;u;ulu.n'u‘.y induce
netic polarity he effect of this
-ert the steel bar into a permancnt

the wire he
impulse will exert an
1"

of hard steel hicld in

A ma

and

e Lo § e

tion will be to cor

« magnet, which will not part w th the mugnetism when

of clectricity has ceased to l).ns'.l
i

the inducing current
If a strong
this experiment a bright

through the helix battery of three or fo

cells has been employed in :
interruption of the current whilst

spark will mark cac h t
the teeth of the file, and

drawing the battery wire ove
this spark will become brighter as the

steel becomes
its magnetic condition’ will exert anf
inductive influence on the coils of the wire helix sur
the bar, and these will also have an inducuve%

1

magmetised, because

rounding

CALORIFIC
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cflect on cach other. When the steel has been magnetised
a further experiment illustrating its inductive influence

may be performed

Connect the ends of the wire hel
to the terminals of a delicate (

horizontal galva

vanometer, such as the
neter shown at Fig. §8,p. 113, loosen
gnetised stecl. At the
instant of withdrawing the steel, a current of clectricity

will be induced in the coils of the helix, causing a

the helix and withdriuw the me

deflection of the galvanometer needle, and, on thrusting
A A 3 L 8
the steel again into the heli

another impulsive current
will he sent through the coil in another direction,  This
property has been made use of in the construction ol
magneto-dy

o machines, and in dynamo electric
When the hard steel core has been fully

metised, there will be little or no magnetic chs

machines,
"

s
in its condition under successive impulses of the current
and it will ce

¢ back the induct
communicatad by the interrupter.
tance to r

impulses
Because of this reluc-

ceive amd

ve up magnetism, it is unsuitable
core for an inductive coil

as ac
As an illustration of the correlation of encrgy, it may

he mentioned here that similar inductive effects have

Leen the near

zonveving high pressure stes

Donati 1

we

observed i

neighbourhaed of

pipes
,and an Italian named
, in or about the year 1875, performed
some experiments with a helix of steam pipe, in which
he claimed to have succeedud in magnetising an iron
core by means of high pressure steam driven through the
coils of pipe. )

§ 5. CaLoriric EFFECTS OF

n

INpucTION.—\Whilst

Get a picce of hard-hammered iron of similar size,
and wound in it similar manner, and repeat the experi-
The hard iron is not so readily magnetised, nor
ge so readily as the
I'he iron filings and bits of iron wire

clectricity has been interrupted. This experiment proves
the unsuitability of hard iron to form the corc of a coil
or the core of an clectro-magnet, since its reluctance to
receive and part with magnetic influences will hinder
If hard iron is used
in an electro-magnet, its magnetism will be retained
a conscrjuence,
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performing the experiments mentioned in § 4, we shall
have scen some of the calorific effects of induction, but
it will be advisable to repeat those experiments with a
view to obtaining these cffects only. By calorific effects,
I mrean those which appear to the eye as iiery sparks,
and results only obtainable by heat under other con-
ditions, the word calorific being taken in its general
sense as meaning “ heating, or makir hot.”  1f we take
a battery of some three or four cells in series, connect a
long wire of copper to one of the terminals at one end of !
the battery, and touch the ter minal at the other end with |
the end of the wire, we shall observe a bluish \y;\rY:,'
which will be red and fiery if we draw the end of the
wire along the
SCrew.
nearly touching

milled edges of the terminal binding
Bend the wire in a zig-zag manner with the folds
each other, then note the diflerence in
the brightness of the spark, Next, wind the wire around
a pencil or a ruler, with the coils close to, but not
The |
wse each coil will
libour, and Hm-;:v
of the current.

touching each other, and repeat the experiment,
spark will be longer and brighter,
have an
increase the tension or stress
replace the
the experiment.
the length and brizhtness of the spark, duc to the added §

inductive cffect on its nef
Now
pencil with a rod of iron, and again repeat

There will be a perceptible increase in

inductive effect of the magnetised
This cffect may be thus explained

iron on the coils u!i
The battery
power is absorbed by the iron and its surrounding coils
of wire on closing the cireuit of the battery, when they
reccive a cha

wire.

we of clectric encrgy 3 this is given up on

CALORIFIC EFFECTS OF INDUCTION. 21

breaking the circuit, and the discharge of this extra
curcent is shown in the form of a bright spark. The
interest attending these experiments is increased by

\in using the file employed in the experiments men-
tioned in § 4 The sparks given off from the file may be
directed against the naked hand without experiencing
any heat or painful sensation from their contact with the
hand, but their calorific character can be easily demon-
strated by holding a bit of cotton wool coated with
fincly-powdered gunpowder or lycopodium in their path,
or rolling a few bits of gun-cotton around the end of the
wire,

These sparks are caused by the combustion of small
prrticles of the conductor.  They arc more bright from
a file than from a picce of brass, because the current
frets off small particles of carbon from the file, and these
burn with more brilliance than particles of brass. We
shall note that the calorific effects of induction are only
observed on disruption of the circuit, and then only at
the points of disruption or contact 1litherto, the
experiments have only illustrated  the action of the
current in the primary coil, and the inductive effects of
The
«ame kind of action goes on in the primary coil and core
of an induction coil, and the effects are produced by
frequently interrupting the flow of the current, as by
drawing the wire over the teeth of a coarse file. We
must have 4 means for interrupting the flow of current,
and the act of interrupting this w
coutact to burn away.

the current on its coils and enclosed core of iron.

1 cause the points of
Ilence it is necessary to have




