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PREFACE TO THE SECOND EDITION.

Tue great favor with which the first
edition of this little work has been received
and the steadily growing interest in its
subject, together with many valuable im-
provements and researches, may be given
as the reasons for this new edition.

The hook has heen thoroughly revised
partly rewritten, and conside

le new mat-
ter, with twenty-six new illustrations, added
It has been hrought up to date as far as elec-
trical science has gone.

To detail all that has bheen done is too
great a task for a preface; we may briefly
mention the following new matter:

Coils for gas and automobile engines;
medical coils, concise directions for opera
tion and repairs; new forms of contact
breakers, including electrolytic and mechiani-
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cal; gas-lighting apparatus; primary and
secondary batteries.

The chapter on X-Ray Appdratus has
heen entirely rewritten, and is thoroughly
practical; and an entire chapter on Wireless
Telegraphy has been added. In a book of
this size it is not feasible to give specific
directions agd full dimensions for the manu-
facture of Mll the apparatus described”

ndeed, much of the latter must be adapted
tothe particular purpose for which-it is to
be utilized. Agaih, the same amount of
material will not always produce the same
results. A little closer winding, greater
pressure applied to the cooling wax of a
condenser, and the output or capacity of
either is changed.

Matters purely of design or taste are to
e governed by the creative faculty of the
worker: but such general details and rules
are given as will he sufficient to enable one
possessing ordinary constructive ability to
make his own apparatus.

The whole process of, coil-making does

Preface.

not require high mechanical skill, but chiefly
patience and attention to details; and, ]wll
haps hest of all, mt few tools are needed,
all of a simple kind

We heg to acknowledge courtesies re-
ceived from Messrs. Queen & Co., the
Scientific American for frontispiece and
Fig. 13, Mr. Goldingham's book on Oil
Engines for Fig. 12, and others who have
heen of assistance to the author

0 The best
American and English practice has been
adopted ; the American standard gauges and

sizes of wires are used, except where noted.
A list of works, particularly of value to
the coil worker, will he found following the
index.
H. S. Norrie

(Norman H. Schueider.)
APRIL, 1901,
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Coil Construction.

pleteness of the variation of currcn.t in the
first or primary coil. and the proxim.ty of
the woils. And the insertion of a mass of
soft iron within the primary coil by s
consequent magnetization and (lem:u;n(_ll-
zation augments still further the mducl.\\'c .
effcct.  There arc other contributing
causes which cannot be treated of here,
but are of not so much importance as the

foregoing. )

In the Ruhmkorfl coil, which is an ap-
plication of the above laws, the prim:\ry
coil is of large wire and the secondary coil
of extremely fine wire, of a length many
thousand times greater than the wire of

the primary coil. The current is abrusily
¢ ble

broken in the primary circuit by a sui
device—the contact breaker or rheotome.
The current induced in the s(-rmulary.zll
the make of the circuit is in the opposite
direction to that of the primary coil and
battery, but the current at the break .of
the circuit is in the same direction as that

of the primary. The effect of the current

CHAPTER L
COlL. CONSTRUCTION.

IN commencing a description of the
Ruhmkorfl coil and its uses, a briel men-
tion of the fundamental laws of induction
directly bearing on its action will assist in
obtaining an intelligent conception of the
proper manner in which it should be con-
structed and handled.

Any variation or cessation of a current
of electricity lowing in one conductor will
induce & mome

tary current in an adja
cent comductor; and il the second con-
ductor be an insulated wire coiled around
the first conductor, also a coil of insulated
wire, the effect is heightened. The in
tensity of the secondary or induced cur-
rent increases with the number of turns of
its conductor, the abruptness and com-

Corl Construction. 3

at the break of the circuit is more power-
ful than that at the make, which latter is
also somewhat neutralized by the oppos-
ing battery current. A condenser or Ley-
den jar is connected across the contact
breaker to absorb an extra current induced
in the primary coil by the break of the cir-
cuit, which would tend to prolong the mag-
netization of the core beyond the de
limit.

ired

The whole apparatus is mounted on a
wood base, having the conde
bottom for the sake of compactn

It is not herein intended to describe all
the minor operations in the construction
of a Ruhmkorff coil. A sufficient descrip-
tion and review of the main points to bhe
consulered, however, will be

ven toenable
a person fairly proficientin the u

of simple
tools to construct a serviceable instrument,

The parts and their arrangement in re-
lation to one another are shown in Fig. 1,
but are not drawn strictly to scale., al-
though very nearly so,
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C is the core, consisting of a bundle of
soft iron wires as fine as can be obtained.

1

-

i

The greater the subdivision of the core the
will it respond to the magnetizing

quicker

6 Coil Construction.

outside the coil. But although the induc-
tive effects would be heightened and less
battery power required, the slowness of
the circuit to demagnetize would alone be
detrimental to rapid oscillations of current.

There would also be a loss from a great-
er hysteresis (energy lost in the magaeti-
zation and demagnetization of iron). A
core magnetizes quicker than it demag-
netizes, and the latter is rarely complete ;
a certain amount of residual magnetism
remains, hysteresis being strictly due to
this retention of energy (Sprague). Hys-
teresis shows itsell in Ireat, but must not
be confounded with Foucault or eddy cur-
rents. The latter are corrected by sub-
dividing the metal, but the former deptnds
upon the quality of the metal, and increases
with its length.

Moreover, a coil with a closed magnetic
circuit requires an independent contact
breaker.

In most of the alternating currents used
in lighting their rapidity ol alternation is
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current in the primary coil, and lose its
magunetism when the current ceases. It
has another advantage, n that the disad
vantageous eddy, or Foucault currents,
are lessened, which fact, however, is of
not enough importance to need extended
consideration.

Many coil-makers saturate the core with
paraffin or shellac, which is of slight bene-
lit.  This core is wrapped i an insulating
layer of paraffined paper or enclosed in a
rubber shell, there not being any great
necessity to use more than ordinary insu-
lation between the core and the primary
coil.

In the majority of induction coils or
transformers™ used in the alternating
current system of clectric lighting, the
iron cores lorm a closed magnetic cire

A closed magnetic civeart in a Ruhmkorfl
coil could be obtained by extending the
iron core at each end and then bending
and securing the ends together, forming,
as it were, a ring partly inside and partly

Coil Construction. 7

but one hundred and twenty-five periods
per second. As in the simple e¢lectro
magnet, the proportions of diameter and
length ol the primary coil and core will
determine its rapidity of action. A short
fat coil and core will act much quicker
than a long thin one. But on a short lat
coil the outside turns would be too far
removed from the intensest part of the
primary field. .\ good proportion of core
length is given in the following table :

Spark Length Tron
of Coit. Core,
] x4
[} 57 x "
t y Jigt 28
t 2% 9" x '
" 17 x 1)
085 5 so ey T e Ry U

The primary coil 2 consists of two or
not more than three layers of insulated
copper wire of large diameter, bemg re-
quired to carry a heavy current in a 2.inch
spark coil, probably from 8 to 10 amperes.
In designing the primary coil & great ad-
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vantage arises from using omparatively
few turns but of large wire. Each turn of
wire in the primaiy . s a choking effect
upon its neighbor by what is termed sell-
induction,

As the primary coil and core may be
considered as an elcctro magnet, it may
not be out of plice to notice the rule gov-
erning such. Magnetization of an iron
core is mainly dependent upon the ampere

Coil Construction. 9

induction, there would be trouble at the
contact breaker, owing to the large current
it would have to control.

The most suitable sizes of wire for the
primary coil are: No. 16 B. & S. for
coils up to 1inch spark; No. 14 B. & S,
up to 4 inches of spark, and Na. 12 B.
& S. for a 6inch spark coil. The coil
should be, say, one-twellth of the core
length shorter than the core.

turns of the coil surrounding it—that is,

7'is the insulating tube between the pri-
one ampere rried around the core for

mary coil and the secondary coil S. Here
one hundred turns (100 ampere-turns) f great precaution is neces
would equal in effect ten amperes flowing
through ten turns. Practi ly speaking, : through of sparks from the secondary coil.
there would be certain variations to the This danger cannot be underestimated,
rule, for one difficulty would arise in that

ary to prevent
any liability of short circuiting or breaking

and the tube should be cither of glass or
hard rubber, free from flaws, varying in
thickness with the dimensions ol the coil.

the smaller wire used in conveying the
smaller current would fit more compactly
and allow more turns to be nearer the It should extend at least one-tenth of the
core, the active effect of the turns always totzl length of the primary coil beyond it
decreasing with their distance from the at each end. The end of this tube can be
core. Aud although a large current and
few turns would not have so much self-

turned down so as to allow of the hard
rubber reel ends being slipped on and heid

10 Coil Construction. Cotl Construction, 1

| in position by outside hard rubber rings .sections is to divide up the space on the
i (Fig. 2). insulating tube by means of hard rubber
! The secondary coil consists of many rings placed at equal distances apart, in
number according to the number of sec-
rated from the primary coil by che insu- : tions desired (Fig. 3). The space between
each set of rings, or between the coil end

turns of fine insulated co:per wires

i A B

[Rnel —é’;’r

Syl Fic. 3
and a ring, is wound with the wire select
ed, the fiilled sections constituting a num-
ber of complete coils, which are finally con-

ing compound at each end. In coils giving

under 1 inch of spark this coil may be nected in series. The sectional method of
wound in two or mnre sections. Wwind:ng prevents the liability of the spark
The usual manner-of constructing these Jumping through a short circuit, but
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heightens its tendency to pass into the pri

direction as full as desired, then join the
outside end of the left-hand coil to the in-
side end of the righ’t hand coil. This
bringing the outside end
o down between two disks, or in a vertical

mary coil at the ends, where it must be
therefore speciady insulated from it
In winding thesc sections there is a necessitated

@
B
\, D
N
\
Fis. 4

7

g hole in the sectional divider, and thereby
rendered it liable to spark through into its
own coil. This is shown in Fig. 4, 4 and
C inside ends, B and D outside ends, the
disk being between £ and €.

method now generally adopted which has
maoy good points, although at first it may
secem complicated. The old way of filing
two sections was to wind both in the same

Coil Construction. Coil Construction.

Reference to Fig. 3 shows the new
method, and Fig. 5 shows an enlarged
diagram of sections 2 and 3 of Fig. 3.

Sections 1 and 3, Fig. 3, are filled with
as many turns as desired ; the spool is
then turned end for end, and sections 2
and 4 are wound, being thus in the oppo-
site direction of winding to sections 1
and 3.

The inside ends of 1 and 2 and 3 and 4
are soldered together, and the outside
ends of 2 and 3 are also soldered together.

I'he outside ends of 1 and 4 serve as ter-
minals for the coil.

This method of connection leaves all the
turns so joined that the current circulates
in the same direction through them all, as
will be scen by an examination of the en-
ig. 5.

larged diagram,

Sprague, in his ' Electricity : Its The-
ory, Sources, and Application,” recom-

mends that the turns of wire in the sec-
ondary coil shall gradually increase in
number until the middle of the spool is

reached, and then decrease to the spool
end, in order that the greatest number of
turns be in the strongest part of the mag-
field (see Fig. 6). D D D are section
dividers, S
coil. The s

ondary windings, P primary
ection of the size of wire to

SN

/
%

be used depends on the requirements as
to the spark. 1If a short thick spark be
desired, use a thick wire, say No. 34 B.
& S.; il a long thin one, use No. 36 to
No. 40 B. & S.

Although it is impossible to lay down
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rules for determining the exact amount of
wire to be used to obtain a certain sized
spark, yet a fair average is to allow
1t} pounds No. 36 B. & S, per inch spark
for small coils and slightly less for large
ones.

The most satisfactory and perhaps the
casiest way for large coils is to wind the
secondary in separate coils, made in a
maaner similar to that employed in wind-
ing coils for the Thompson reflecting gal-
vanometer.  This method, first described
by Mr. . C. Alsop in his treatise on
“ Induction Coils,” is somewhat as fol

lows :

A special piece of apparatus (Figs. 7 and
8) is necessary, but presents no grreat difh.
culty inmunubacture. A metal disk, 2, one-
sixth of anineh thick and 7 inches in diame
ter, is mounted on the shaft S, A sccond
disk is provided with a collar and set
screw, A, in order that it m- : be adjusted
on the shalt at any de

d distance from
the stationary one. When the diameter

Coil Construction.

of the coil to be wound has been decided
upon, a wooden collar, W, with a bevelled
surface is slipped on the shalt, it corre
sponding in diameter with the desired
diameter of the hole through the centre of
the secondary coil. As these coils are
’ going to be made as flat
ringsand slipped on over
the insulating tube, a re-

mark here becomes ne-

cevsary on this diameter.
Reference to Fig. o will
show that it is intended
r the
reel ends shall fit very

that the coils nga

loosely on the tube 7°

(Fig. 1)—in [act, that
there shall be a clearance of possibly
one-half inch in the extreme end, diminish-
ing gradually to a fifteenth of an inch in
the centre coils. Therelore it becomes
necessary to provide a number of wooden
rings equal to the desired diameter of the
central hole in the coil. The thickness of

N

Fis 8.
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the wood determining the width of the in-
dividual coil depends on the selection of
the operator ; but the rule may be laid
down that the narrower the coils the bet-
ter the insulation of the complete coil will
be on completion, i

One-sixteenth of an inch is a very fair
average, and has been generally adopted
by the writer.

A quantity of paper rings are now cut
out of stout writing paper which has been
soaked in melted paraffin.  1f a block or
pad of letter paper be soaked in paraffin
and allowed to become cold under press-
ure, the ring may be scratched on the sur-
face of it and the block cut through on a
jig saw. The central apertures of course
will vary in size with their position on the
tube 7" (Fig. 9).

The coil winder is now cither mounted
in a lathe or fixed in a hand magnet winder
in such manner that it can be steadily and
rapidly rotated. The wire to be wound
comes on spools, which can be so threaded
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on a piece of metal rod that they turn
readil
paraffin is provided with a round rod,

would be neces

ry in winding a wider

A metal dish containing melted coil, but the spaces can be filled up, using

ordinary care that no radical irregularity

; preferably of glass, fixed under the paraffin | occurs—that is, that only adjacent layers
[ sutface, so that it can rotate freely when | are likely to commingle. i :

| the wire passes under it through the | When the space is filled up to the level
1 paraffin,  Two paper rings are slipped on of the paper disks and the paraffin is hard,
| the winder that they may form, as it were, loosen the set screw, and removing the
| reel ends for the coil, ".l il the metal outside disk, the coil can be slipped off, or
\! disks have been warmed it is an easy mat- a slight warming will loosen it. Any
| ter to lay them flat

number of these coils can be made, and
there are the advantages in this mode of
construction that a bad coil will not spoil
the whole secondary, and that the wire

can be obtained in comparatively small

The end of the wire is then passed

through the paraffin under the glass rod

for a distance of, say, 6 inches, and held to

‘ and through the hole #7 in the metal disk
1
‘

the disk outside with a dab of paraffin or quantities

beeswax Then the winder s rotated

As cach coil will not be ol very high re-

| and the space between the paper disks is sistance, the continuity of the wire can be

filled with wire. The paraltin, being hot, readily tested by means of a few ce

Is of
battery, connecting one end of the coil to
one pole of the batter;

will adhere to the wire, and cooling as the

rivaAave ¢ > winder, l ¢
wire davs down on the winder, hold th and the other pole

of the battery and coil end touched to the

turns together and at the same time insu-
late them from each other. It will not be

tongue. 1f a burning sensation is experi-
possible to lay the wire in even layers, as

enced, the connection is not broken.

22 Coil Construction.
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Where possible the coils should be meas- fectly dry, which end can be accomplished
ured as to their resistance on a \Vheat by subjecting the whole spool to a short

stone bridge, | period of baking in a moderately warm
When the requisite number ol coils has oven.

been prepared, they are assembled in the | The accompanying table gives the

following manner (Fig. 9) : The coils, hav length of No. 36 silk-covered wire that

ing their aperture diameter graded, are
placed in order, and starting with the one
having the largest hole, it is slipped over
the primary protection tube 7, one end
Leing brought out through a hole in the
reel end drilled vertically or between the
re

I end and the coil. A couple of paper
rings are then slipped on the tube, and an-
other coil placed over them, having its

chds connected as in 3. This process

is continued until all the coils are in place.
The annular space between the coils and
the tube 7 (Fig. ¢) is lilled in with melted
parallin and the coils gently pressed to
;:clln‘r‘ s as o lu!m A compact mass,
paralfin being poured over the outside of

the whole combination. Belore wind

any wire used in this work it must be per-

will fll a linear space equal to one thick-
ness of the wire in different-sized rings.
This si

turns per linearinch.  Therefore on a ring

ze wire wound tight will give 125

having amiddle aperture of thinchesand an

outside diameter of 4 inches, there will be

156 turns, or a total length of 1347 inches.
I'bis is obtained as follows : 13 inches X
3.1416 = 4.7124 (or 4.712); 4 inches X

4.712 4 12.56

3.1416 = 12,5664 (or 12.5

= mean circumference—viz., 8.635 incl

This mean X number of turns in thick-

ness of ring between the two circumfer-
ences—viz., 156 = 1347 inches.
To obtuin the length of wire necessary

for a ring occupying more than the space







