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AUTHOR’'S STATEMENT.

For over fifty years the induction coil has held a pre-
eminent place in the experimental laboratory for the
production of high potential currents, but it did not be-
come a commercial piece of apparatus until Roentgen
announced his discovery of the X-rays in 1890.

Since these rays were most easily and effectively set
up . by the energy of the induction coil, there was an im-
mediate and widespread demand for apparatus of this
type capable of producing long disruptive discharges, and
a further impetus was given the industry thus established
when Marconi devised his wireless telegraph in 1896,
while the output since that memorable time has increased
with each succeeding year.

The art of coil making has been developed to a remark-
able degree of perfection chiefly by the empirical methods
employed by professional artisans, and while all of the
theoretical data provided by physicists are easily enough
obtainable, the actual processes of construction in accord-
ance with modern practice have not been hitherto avail-
able.
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I am aware that a number of books on induction coils
have been published, but for the major portion these are
small and valueless, while the more worthy ones contain
information that is neither connected, thorough, nor
specific. There is one exception, however, the work of
Hare; but this admirable treatise is based on the construc-
tion of a single large coil and which is built on strictly
orthodox English lines.

American methods differ materially from those em-
ployed in England and on the Continent, and while coils
constructed by our makers are less expensive, they are
certainly quite as efficient and mechanically stronger than
those built by our friends across the Atlantic.

The present work treats of eight different sizes of coils,
varying from a small one giving 14-inch sparks to a large
one giving 12-inch sparks. These various sized coils are
included in three specific designs, and I have tried to tell
in easily comprehensible language each process in
sequence, together with the dimensions of each part down
to the smallest screw.

In this country, the smaller coils sold in the open market
are usually wound with bare wire, while the larger sizes

are wound with cotton-covered wire. It has been deemed
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unnecessary to treat of larger coils than the 12-inch, for
there are no X-ray tubes made that will take care of the
energy developed by coils giving a greater length of
spark, while for wireless telegraph work where more
power is required than a 12-inch coil can supply, a high
tension transformer is more efficient and less liable to
injury.

Much of the matter in this book has never been pub-
lished before, as, for instance, the vacuum drying and
impregnating processes, the making of adjustable mica
condensers, the construction of interlocking reversing
switches, the set of complete wiring diagrams, the cost and
purchase of materials, etc., etc. Further, the construction
of coils is proceeded with so that the amateur can make a
creditable coil at a minimum cost, or the professional can
build a coil that will stand on its merits in a competitive
market. Owing to the large number of exacting tables,
errors, doubtless, have crept in, and I shall greatly appre-
ciate the favor if the reader will apprise me when these
are found, so that I may be able to rectify them in an-
other edition. Should the constructor meet with any dif-
ficulty, if he will write me fully I shall gladly try to assist

him in order that a first-class coil may result, and, further,
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I shall be especially pleased to hear from those who build
coils from the drawings and specifications herein con-
tained.

In conclusion, I desire to acknowledge my indebtedness
to Messrs. Charles R. Underhill and William Dubilier for
the most excellent service they have rendered in going
over the manuscript and the proofs.

A. Freperick CoLLixs.

54 and 56 Clinton Street, Newark, N. J.
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The Design and Construction of Induction Coils.

CHAPTER 1.
THE DEVELOPMENT OF THE INDUCTION COIL.

The modern induction coil, now so extensively used for
the excitation of Crookes tubes in radiography and for
the production of electric waves in wireless telegraphy,
had its earliest beginnings when Oersted, the Danish
physicist, demonstrated in 1819 that a current of elec-
tricity produced a magnetic field.

The experiment enabling him to make this remarkable
discovery was performed by passing an electric current,
generated by chemical action, through a wire held parallel

F1a. 1.—OERsTED'S DISCOVERY.

with and over a compass needle, as shown in Fig. 1, when
the needle was deflected at right angles to the conductor
carrying the energy. Oppositely when the current was
cut off the magnetized needle returned to its original
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position, proving conclusively that electricity in locomo-
tion possesses all the essential properties of the perma-
nent magnet.

Many modifications of this simple experiment were
tried, and in one of them the wire was given a rectangular
form as in Fig. 2, when it was found that both the upper
and lower portions became equally effective and comse-
quently increased the magnetic force produced by it.

F16. 2.—NEEDLE IN A LooPED CIRCUIT.

This led Schweigger, a German investigator, to devise in
1820 his ‘‘multiplier,”’ which consisted of a number of
turns of insulated wire wound on a hollow cardboard
rectangle while the magnetic needle was pivoted in the
center, as in Fig. 3.

Davy, an English chemist, assumed that the wire con-
ducting the current became magnetic on its passage
through it, and to demonstrate this he brought the con-
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ducting wire near some iron filings sprinkled on a sheet
of paper, showing that they were attracted to it, adhering

F16. 3.—SCHWEIGGER'S MULTIPLIER,

in a mass around its circumference. In this way Davy
proved that every part of
a conducting wire had a
magnetic field set up about
it when the current was
flowing.

Simultaneously with
Davy, Arago, a French
physicist, discovered inde-
pendently the magnetic
properties of the electric
current. He carried the
experiment still further,
however, by winding a
bare wire around a glass  Fi. 4.—Araco's Exeermes.

e T OO L
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tube as in Fig. 4, and on inserting steel needles into the
latter succeeded in permanently magnetizing them by caus-
ing an electric current to flow through the coil thus formed.
This effect he announced the latter part of 1820.

After these epoch-making discoveries, the next result
obtained having a material bearing on the evolution of the
induction coil was made by Sturgeon, an English experi-

I lllﬂllllllllllllﬂl H

F16. 5.—STURGEOKN'S F16. 6.—HENRY'S MAGNET.
MAGNET.

mentalist, in 1825. He ascertained that soft iron behaved
very differently under the magnetizing influence of a
current than did steel, in that it would remain magnetic
only while the current was flowing through the coil sur-
rounding it. Sturgeon produced the first electro-magnet
by winding eighteen turns of heavy wire around, but
insulated from, a bar of soft iron bent into the shape of
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a horseshoe, and found that the magnetizing effect was
greater than when the coil was used without the iron core.
Sturgeon’s magnet is shown in Fig. 5.

Following these researches our own Henry constructed
an electro-magnet with silk-insulated copper wire on the
principle of Schweigger’s multiplier. In this magnet a
round piece of soft iron a quarter of an inch in diameter
was bent into the usual form of a horseshoe, but instead
of loosely coiling a few feet of heavy wire around it, he
wound it with thirty-five feet of fine wire, making nearly
four hundred turns, as indicated in Fig. 6. When the

F16. 7.—~FARADAY’S APPARATUS.

terminals of this electro-magnet were connected with a
single cell, it became more powerfully magnetized than
another having a core of the same size wound with only
a few turns and energized by a current from half a dozen
cells.

Knowing full well from the foregoing experiments that
magnetism could be produced by electricity, physicists
believed the process to be reversible, and that electricity
could in turn be developed by magnetism. All were
unsuccessful until Faraday, an English scientist, accom-
plished it in 1831, and this discovery, exceeding in impor-
tance the one of QOersted, gave to the world not only the
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induction coil, but the alternating current transformer,
the dynamo, and the electric motor.

In his first conclusive efforts to demonstrate the con-
vertibility of magnetism into electricity, Faraday em-
ployed the simple apparatus shown in Fig. 7. It com-
prised a bar of soft iron wound with several layers of
insulated wire, the terminals of which were connected
to a galvanometer. Two permanent bar magnets were
arranged so that the N pole of the lower one made contact

with one of the ends of the core
of the coil, while the S pole of the
upper one likewise made contact
with the other end of the core, thus
bringing the N and S poles of the
opposite ends of the magnets to-
gether.
The experimentalist found, as
he had anticipated, that when the
F1a. 8—Fanapav's Ino00-  § pole of the upper steel bar mag-
net was brought near to or made
contact with the core of the coil, the needle of the galva-
nometer was deflected to the right, and that when the mag-
net was removed, the needle swung to the left. Faraday -
also noted that the current generated in the coil in either
case was of but momentary duration.

To Faraday must also be given the credit of construct-
ing the first coil for producing secondary currents by in-
duction. This he did by winding on the opposite semi-
circles of a soft iron ring, or a closed magnetic circuit as it
is now termed, two distinct coils of wire as in Fig. 8.
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The terminals of one of the coils were connected with
a battery, and the opposite terminals to a galvanometer.
As in the preceding experiment, he ascertained that
when the primary circuit, in which the battery was in-
cluded, was closed, the galvanometer needle would
be deflected in one direction momentarily, and that when
the circuit was broken, the needle likewise moved in the
opposite direction.

Faraday then constructed an induction coil similar to

F16. 9.—FaARraApAY'S INDUCTION CoIL,

that shown in Fig. 9, in which the first, or primary coil,
was wound around a straight bar of soft iron forming the
core, with the next, or secondary coil, wound over the
primary. To account for the production of one current
from another by electro-magnetic induction, the physicist
invented his curved lines of magnetic force, an explana-
tion of which will be given in the succeeding chapter.
The induction coil having been evolved this far, its
history relates chiefly to improvements rather than
to further discoveries. Theory and practice now went
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hand in hand; the developments that followed finally
resulting in induction coils that gave high potential cur-
rents, and therefore long and heavy disruptive discharges.

Lenz, a German mathematician, in 1833 deduced a law
relating to the direction of currents set up by electro-
magnetic induction based on the conservation of energy.
Lenz’s law says in substance, that the direction of a
current produced by electro-magnetic induction is always

il

F16. 10.—PAGE'S SPUR-WHEEL BREAK.

such as to cause it to oppose the motionr by which such
currents were produced.

The next advance of importance was practical rather
than theoretical, and was made by Page, an electrician of
Boston, who in 1836 introduced a rotating spur wheel in
the primary circuit, thus enabling the current to be made
and broken much more rapidly than was possible with
the hand breaks then in use. This, if we except the simple
plan of drawing one end of the battery terminal over a
file, was the first mechanical interruptor made. It is
illustrated in Fig. 10.
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Other improvements in interruptors were now in order,
and shortly after, Callan, of Ireland, devised a vibrating
contact breaker. Sturgeon followed with a mechanical
interruptor consisting of a wire dipping into a cup of
mercury, and operated by a cam and lever movement
that would make and break the current thirty-six times
per second, and later by means of a disk arrangement
produced a device that would interrupt the current five
hundred and forty times per second. Callan was the first
to employ a bundle of soft iron wires instead of a solid
core, which increased the efficiency of the coil. In 1837
he introduced the scheme of drawing the secondary wire
through a melted insulating compound while it was being
wound. About this time Bachhoffer, of Germany, applied
to his coil a self-acting make and break device, which is
the earliest recorded instance of the use of an automatio
interruptor.

Although to Poggendorf, of Germany, is usually given
the credit of suggesting the subdivided coil, there is no
question but that Page constructed the first induction coil
having a secondary built up of a large number of thin,
flat coils, which were wound separately and then con-
nected in series. This not only greatly facilitated the
process of winding, but considerably diminished the
potential difference between the successive turns.

The year following, namely, 1838, this investigator
designed and constructed the most powerful and efficient
coil that had yet been made. It was provided with an
automatic interruptor formed by a vibrating spring dip-
ping in a cup of mercury. With this apparatus he showed
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that an electric spark could be enormously lengthened by
heating the air of the spark gap, and demonstrated that
all the effects obtainable with a frictional machine and
Leyden jar could be repeated with an induction coil.
Neef, of Germany, devised in 1840, the familiar type of
vibrating spring interruptor operated by the core and
now in general use on small coils built in this country,
and on the largest coils made in England. Since one end
carries a heavy disk of soft iron, it is sometimes termed a

¥
F16. 11.—NEEF's HAMMER F16. 12.—F1zEAU'S CONDEN-
INTERRUPTOR. SER AROUND BREAK.

Neef hammer interruptor. It is shown in its simplest
form in Fig. 11. Wagner, also of Germany, brought out
the independent interruptor, and provided the contact
points with platinum tips. The efficiency of the induction
coil was greatly increased by Ruhmkorff, an instrument
maker of France, in 1851, who insulated the secondary
from the primary winding by a glass tube and the use
of glass disks or cheeks at the ends of the coil to further
protect it. To this maker is also due the commutator for
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reversing the current, and last but not least he built the
best spark coils of his time.

The last great improvement in the induction coil was
made by Fizeau, of France, in 1853, when he connected
a condenser across the contact points of the interruptor
as indicated in Fig. 12. Ruhmkorff at once adopted the
idea, and made condensers for his coils of leaves of tin-
foil insulated by sheets of oiled paper or squares of oiled
silk. The cumulative experience that accrued to Ruhm-

F16. 13.—RUBMEORFF'S CoiL COMPLETE,

korff through the preceding discoveries of others and his
own efforts enabled him to make a coil in 1867 that gave
sparks sixteen inches long; it is illustrated in Fig. 13.
During the past forty years there have been no striking
innovations in the general design of induction coils,
though much longer spark lengths have been obtained
through a better understanding of the laws of mutual
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induction. Condensers having dielectrics of mica and
made adjustable enable the maximum potentials the coil
is capable of giving to be produced. Since the discovery
of the X-rays and the advent of wireless telegraphy, sev-
eral new types of make-and-break devices have been
brought out, the mercury turbine interruptor introduced
into this country by Tesla, and the electrolytic interruptor
invented by Wehnelt having proved serviceable in solv-
ing the vexatious problem of a quick break. Finally, the
improvements in batteries, and especially the utilization
of continuous constant voltage currents generated by
dynamos, have enabled makers to build coils capable of
giving any length of spark up to fifty inches.
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CHAPTER II.
THEORY OF THE INDUCTION COIL SIMPLY EXPLAINED.

In physics the word induction is used to indicate the
electrification or the magnetization of a neutral body by
bringing the latter into the neighborhood of an electrified
or magnetized body with-
out actual contact taking
place between them.

There are several kinds
of induction, and among
these may be cited: (1)
electrostatic induction, (2)
magnetic induction, and
(3) electro-magnetic in-
duction; the latter may be
subdivided into (@) mutu-
al induction, and (b) self-
induction.

Electrostatic induction
is produced by the action
of one electrified or charg-
ed body on a second body.
A simple apparatus to de-
monstrate this electric at-
traction is shown in Fig.
14. TItis termed an electric
pendulum, and consists of a pith ball the size of a pea
suspended from an insulated support by a silk thread. If
now a glass rod or tube is rubbed with a dry piece of

F16. 14.—ELECTROSTATIC INDUCTION.
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cotton or silk, it will be positively electrified, and if,
when in this state, it is brought near the pith ball, there
will be induced in the latter a negative electric charge.
‘While the glass rod and pith ball as masses do not touch
each other, they are nevertheless intangibly connected
through the medium of the ether, and it is in this that the
static strains of electric energy are formed. When there
is a comsiderable distance separating the two oppositely
charged bodies, the outer lines curve away from the com-
mon axis as shown in Fig. 15, but as they approach each

poememm o= o,

—

-,

F16. 16.—STATIC LINES OF FORCE.

other more closely the lines straighten out. In electrostatics
induction must of course precede attraction, which is mere-
ly a manifestation of it.

In magnetic induction the curved lines of force follow
paths quite like those set up between oppositely electrified
bodies. If the N pole of a permanent steel bar magnet
is held in close proximity to a bar of soft iron, as in Fig.
16, the latter is magnetized by induction, and will remain
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in the magnetic state until it is removed from the field of
force. In this case the position of the lines may be made
visible by placing the steel magnet and soft iron bar end
to end, but separated a little distance, under a sheet of glass
or paper, and sprinkling iron filings on its surface, when
these will be definitely arranged as in Fig. 17, showing

F16. 16.—MAGNETIC INDUCTION.

clearly the curvature of the lines that magnetically link the
two pieces of metal.

In electro-magnetic induction, which is the kind that
chiefly concerns us in the theory of the induction coil, an

F10. 17—~MAaGNETIO LINES OF FORCE.
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electric current flowing in a conductor is partially changed

into magnetic lines of force rotating about it at right

angles to its direction. The magnetic field thus set up
exactly imitates the properties produced
by a permanent steel magnet. In Fig. 18
the heavy line may be considered as an
electric current with magnetic energy
whirling about it, or as a magnetic line
of force with electric whirls surround-
ing it.

If, instead of a straight conductor, the
wire is wound in a coil, the lines are nat-
urally concentrated and the magnetizing
force greatly intensified, for the current
traverses the same space many times
where before it traversed it only once. If
the coil is placed near to and in alignment
with one end of a bar of soft iron, or, bet-
ter, if it is slipped over the bar, then the
latter will become a temporary magnet by
electro-magnetic induction, as shown in
Fig. 19.

Fio. 18—GRAPHIO If two c!osed circuits formed of single
RerresenTaTiON  J0OpS of wire, or, as we have seen, what
CoRELECTRIC  is more effective, two coils of wire, are

M‘;;’I‘:L";" brought near to each other in the same
plane, and a current is sent through one

of them, then a current lasting only a moment will be in-
duced in the second coil; but at the instant the current is
cut off in the first or primary coil, another current of mo-
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mentary duration flowing in the opposite direction will be
produced in the secondary coil. The explanation of these
phenomena is that the primary coil is surrounded with the
circular magnetic lines of force as previously described,
and which is represented graphically as a closed dotted
line in Fig. 20, and as these expand in diameter, some of
them reach and impinge on the secondary coil, the turns
of which intercept the lines of magnetic force, and the
electric whirls rotating about them are conducted by the

F16. 19.—CONCENTBRATED LINES OF MAGKETIC FORCE.

wire forming the coil. This action, however, takes place
only when the magnetic lines are increasing in size, dur-
ing which different lines are cutting different turns of the
coil.

‘When the primary circuit is completely closed, and the
direct current flowing through it is constant, the lines of
magnetic force remain stationary, and hence no secondary
currents are induced. On the contrary, the instant the
primary circuit is broken, there is a decrease in the mag-
netizing force, and this sets the electric whirls into rotation
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in the opposite course, and another current is induced
in the secondary coil the other way, as the magnetic lines
again move across the windings of the coil in the reverse
direction. The induction between two coils placed closely
together is reactive, and there is an interchange of energies
between them. For this reason the processes of transform-
ing the energy of an electric current into magnetic lines
of force and these back again into electric currents are
termed mutual induction.

From the preceding
statements it will be read-
ily apparent that the ex-

pansion and contraction of

(..__ the magnetic lines pro-
PRINARY COIL duced by an increasing or a

: diminishing current in a

e 20 ucrioN B primary coil will cause the

lines of force to impinge
upon the turns of tne coil itself and in this way accentuate
the electromotive force of the current flowing through it.
These weakening and exalting effects of a current on
itself are termed self-induction and the characteristics of
a circuit which permit them to react on each other are
called inductance. It is these factors that cause excessive
sparking to take place on breaking the circuit, and none
on making it. If an iron core is inserted in the coil the
effects of self-induction are much more pronounced,
exactly as it is in the case of mutual induction.
There are certain metals that conduct the magnetic lines
of force better than air or other substances, just as some
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metals facilitate the flow of an electric current. For
instance, as silver is the best conductor of electricity, so
iron is the best conductor of magnetism. The most power-
ful magnetic field produced by a coil of wire is the space
inside of it, and if a bar of soft iron large enough to com-
pletely fill its interior is inserted it is possible to greatly
concentrate the magnetic lines and in this way to increase
the magnetization nearly ten thousand times.

When the magnetizing energy is impressed upon the
iron core, the lines of force are formed in and flow through
it until the ends are reached when they pass out of the
N pole into the air and find their way back again to the
S pole where the loops of energy are completed, as in
Fig. 19. The degree to which iron can be magnetized
varies greatly and this property, called its permeability,
ranges from 100 to 10,000 times as much as air, which is
taken as unity. The permeability of the core decreases
as its magnetization increases, and a point is soon reached
where the core is completely saturated and further mag-
netization is impracticable.

In an induction coil the current is interrupted very
rapidly and where a solid iron core is used the current
varies from its lowest to its highest values and vice versa
8o quickly that the magnetizing flux developed does not
have time to penetrate to its center, hence a core made
of a large number of carefully annealed soft iron wires is
productive of much better results than a single rod.

‘Where the primary and secondary coils are placed in a
plane with each other as in the illustration, Fig. 20, only
a few of the magnetic lines developed by the first, thread
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through the turns of the second. To utilize to the best
advantage all the magnetic force, the turns of the sec-
ondary coil are wound outside of and around the primary
winding, when, if the design is good, virtually all of the
flux is transformed into secondary electric currents.

The purpose of the induction coil is to step-up the low-
voltage direct current into a high-pressure alternating
current, and this is done by winding the primary with
two or three layers of large wire and the secondary with
a great many turns of fine wire. If the primary and
secondary coils are wound with equal lengths of wire
having the same diameter the output at the terminals of
the secondary would be practically equal to the current
taken by the primary, when the ratio of transformation,
as it is termed, would be unity.

The ratio of transformation is directly proportional to
the number of turns of wire on the primary and sec-
ondary coils, if we except certain small losses that result
in changing the electric into magnetic and the latter back
again into electric energy. Thus if there are 10 turns of
wire on the primary and 1,000 turns of wire on the sec-
ondary coil there will be 100 times as high an electromo-
tive force developed at the terminals of the secondary as
that employed in energizing the primary coil, while of
course the current or amperage will be proportionately
reduced.

To increase the intensity of the magnetic lines to the
greatest degree it is necessary that the primary circuit
should be broken as suddenly as possible and that the
rate or number of interruptions per second should be as
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high as can be conveniently obtained. These requisites
have led to many modifications of the vibrating spring
interruptor, and the invention of some new types, as the
mercury turbine and the electrolytic interruptors. The
purpose of all interruptors, whatever their type, is the -
same, namely, to make and break the circuit to the best -

possible advantage.
The addition of the condenser shunted around the make
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A, A, Core; B, B, B, Primary Coil; O, Interruptor; D, D, Condenser;
E, Battery; F, F, Secondary Coil.

Fi6. 21.—Di1agraM oOF INDUCTION CoOIL.

and break of an interruptor enables a much higher elec-
tromotive force to be obtained at the terminals of the
secondary coil than without it, owing to the action of the
primary current, which begins to rise in voltage, as we
have seen, due to the inductance of the primary circuit.
The excess current begins to charge the condenser the
instant the break commences to take place, thus prevent-
ing it from discharging across the contact points of the
interruptor as they break apart; otherwise the sudden-
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ness of the break would be destroyed and its efficiency
impaired. It must be obvious, then, that the shorter the
time required for the interruptor contacts to break apart
 the smaller the capacity of the condenser may be to coun-
teract the effects of self-induction. Finally the difference
of potential at the terminals of the secondary, and conse-
quently the length of the spark produced, is due chiefly
to these three factors—(a) the -electromotive force
impressed on the primary coil; (b) the relative number
of turns of wire on the primary and secondary coils, and
(c) the capacity of the condenser. Fig. 21 is a diagram-
matic representation of an induction coil with a source of
electromotive force and including the interruptor and
condenser, which is connected across the make-and-break
points.
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CHAPTER III.
SOME PRELIMINARY CONSIDERATIONS.

‘While induction coils and alternating current trans-
formers depend upon the same fundamental laws of mu-
tual induction for their operation and both types are
constructed upon the same general principles, since in
either case two coils are so disposed that by varying
the value of the current in the primary coil induced cur-
rents are set up in the secondary coil, the former is dif-
ferentiated from the latter in that the first utilizes an in-
terrupted direct current, whereas the second employs an
alternating current as the initial source of inducing energy.

There are many modifications of design for induction
coils, as well as various methods of construction, and
therefore, notwithstanding the fact that the theory in-
volved is in every instance the same, the product of some
makers takes on a long and slender form, while that of
others is short and thick, yet each constructor has valid
reasons for believing his coils are the best that can be
made. In this treatise eight different sizes of coils are
given fulfilling the needs of all classes of experimental
and practical work, while the plans and specifications sub-
mitted cover, in the opinion of the author at least, the
most effective proportions and dimensions of the various
parts. The calculations and other theoretical considera-
tions incorporated in the following data have been thor-
oughly tested out in actual practice and long experience
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in designing heavy-duty coils has permitted many defects
to be eliminated. Consequently the results have been
found eminently satisfactory and the coils have given
sparks that had a longer striking distance, or when cut
down carried more energy than many coils made by pro-
fessional constructors, the amount of wire forming the
secondaries in either case being equal.

F16. 22.—STRAIGHT CORE INDUCTION CoOIL.

Spark coils are rated by the length of the spark they
give, and thus it is we speak of a 14-inch or a 12-inch coil,
meaning that these distances are the maximum between
the terminals of the secondary that the difference of po-
tential established when the coil is in action is capable of
breaking down. It must be obvious then that this is a
very misleading and empirical method for determining
the effectiveness of a coil, as it gives only one of the fac-
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tors of the available energy set up and not the output in
watts, for the electromotive force only is estimated and
the current is neglected. It would be much more up-to-
date if the induction coil had the voltage and the current
stamped upon it as in the case of transformers, but it
will in all probability be a long time before this is done,
as the average purchaser of a coil is usually contented with
knowing its spark-length.

F16. 23.—Crosep Maa~eTIC CIRculT CoOIL,

The straight-core open magnetic circuit type of induc-
tion coil shown in Fig. 22 is the form universally adopted
by makers, who have found that while not as efficient as
the horseshoe type illustrated in Fig. 23, which has prac-
tically a closed magnetic circuit, it circumvents several
objectionable features of the latter, as for instance spark-
ing between the poles where high potentials are employed.
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In many induction coils to be found in the open market
the amount of iron in the cores is too small. The carve,
Fig. 24, by Ives, shows that when the core of a coil is
formed of a few wires and the number is then added to,
the difference of potential at the terminals of the second-
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F16. 24.—EFFECT OF INCREASING IBON IN CORE.

ary quickly increases up to a certain critical point; but
when this is reached, instead of decreasing, it continues to
rise, though much more slowly.

By enlarging the diameter of the core, and thus in-
creasing the amount of iron in it, it becomes possible to
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make and break the primary circuit a greater number of
times per minute than could otherwise be done, since a
core of large cross-section decreases the reluctance it of-
fers to the magnetic lines flowing through it, just as a
large copper wire offers less resistance to the flow of an
electric current than would a smaller one. This -per-
mits the magnetizing force to rise and fall very quickly
in the core, an essential condition where the interruptions
approximate several thousand per minute, as when a mer-
cury turbine or electrolytic interruptor is used. It is also
a well-known fact that in a coil where the core is long
compared with the length of its secondary, that is to say,
where the poles of the core extend several inches beyond
the cheeks of the secondary, less wire is required, for
the number of lines of magnetic force intersecting each
turn of the secondary coil is greater at the middle of the
core than at its ends.

In very small induction coils the primary or inductor
is usually formed of three layers of wire, and while this
practice is sometimes carried out in large coils, Hare has
shown that the third layer possesses no inherent value
and that a large coil having two layers with the break
properly adjusted gave as long a spark as the same coil
provided with three layers, while with a single layer the
length of the spark was cut down not more than one inch
in twelve. In another experiment he found that the heat-
ing effect of a short spark on a platinum wire attached to
the negative electrode was decidedly greater with three
layers connected in parallel than when two of the layers
were working in parallel or all of the layers were in series.

——— e
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Neither did the third layer present any advantage when
the coil was used for X-ray observations with a fluorescent
screen or for viewing visually the radiations with the
spectroscope, the result being better with two layers than
with three, since there is a greater rapidity of action at
the break due to the diminished inductance of the pri-
mary.

Oppositely the author has found that three layers gave
more effectual surgings than two layers when a coil of
large size was used to set up electrical oscillations in a
circuit, provided the capacity shunted around the break
was optimum or exactly that required by circumstances;
but if the capacity was too large or too small, though the
difference was slight, then two layers worked to the best
advantage. ’

As it is the adjacent turns of wire that produce the
self-induction of the emergizing current which gives rise
to excessive sparking on breaking the circuit, the primary
winding is sometimes formed of several small wires
twisted together and having a total resistance that is not
in excess of the single wire ordinarily used. This reduces
to a certain extent the inductance of the primary, though
the constructor need not resort to it, for with a good in-
terruptor and an adjustable condenser he will have no
difficulty in controlling the spark at the break.

A consideration of more importance is that the turns of
the secondary coil are brought nearer the core where two
layers of wire are used for the primary than where three
are employed. The most efficient coils have their second-
aries wound with single-covered silk insulated wire in-



INDUCTION COILS, 29

stead of double-covered cotton insulated wire. This re-
sult is not due so much to the more effective insulation
offered by silk, but to the fact that the turns of wire on
a large coil increase more rapidly than the length of spark
it produces. For this reason neither the length of the
secondary wire nor the diameter of its turns increases the
potential at the terminals, but the rise in voltage depends
upon the number of turns of fine wire and the mean
strength of the magnetic field in which the turns are
placed. Evidently, then, the smaller the secondary wire
—and this depends largely upon the material insulating
it—the larger the number of turns that can be wound in
~ the strongest portion of the magnetic field, and this gives

rise to a coil of comparatively short length and small
diameter.

In X-ray work the development of high potentials is
desirable, and a coil that has its secondary wound with a
large number of turns of exceedingly fine wire, giving
long attenuated sparks, is well suited to the operation of
Crookes tubes, but in wireless telegraphy shorter spark
lengths and a larger current output is much better adapted
for the production of electric oscillations. For these rea-
sons there are two sizes of wire given for the secondaries
of the 10 and 12-inch coils. For use in wireless telegraphy
the secondaries should be wound with wire having 50 per
cent greater cross section than is used in ordinary coils,
the number of turns remaining the same and the insula-
tion double that gemerally employed.

While small coils, i. e., those giving 2-inch sparks or
less, may have their secondaries wound with one continu-
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ous length of wire, it is the usual practice in this country
to wind the secondaries of large coils in sections, a method
which is at once simple, quickly done and effectual, since
the wire need not be wound carefully with each turn up
closely to the adjacent one, and high potential static
strains between the layers in continuous secondaries are
not nearly so apt to be set up, thereby lessening the proba-
bility of disruption from this untoward cause. Moreover,
a sectionally-wound coil is easier repaired than one wound
in successive layers, forming with its insulating com-
pound a solid mass.

Where a current from a primary or a storage battery
is used, a vibrating spring interruptor will give very sat-
isfactory results; but if the current is derived from =
110-volt circuit, then a mercury turbine or electrolytic
interruptor will give a sharper break and will prove more
effective. An induction coil provided with either a mer-
cury turbine or electrolytic interruptor may be operated
by an alternating current if a direct current is not avail-
able. In the former interruptor the crest of each alternat-
ing current wave flowing in the same direction may be
clipped off, the resultant current being equivalent to a
periodic direct current. In the latter interruptor when an
alternating current is used, the positive impulses only
will electrolyze the solution, which form bubbles of gas,
as though they were a portion of a direct current, while
the negative impulses produce no appreciable effect. The
drawback of using alternating current with these inter-
ruptors is that they are not at all economical in action.

The curves, Fig. 25, are by Mizuno, who plotted them
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to show how the spark lengths were affected by varying
the capacity around the contacts of the interruptor. One
of the sources of failure in constructing coils comes from
the use of condensers having values of capacity that are
too small to counteract the self-induction of the primary
current. When the value is increased so that the spark has
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F16. 25.—EFFECT OF CAPACITY ABOUND BREAK.

its longest possible length, it is termed its optimum capac-
ity, and if this value is further increased, the spark length
is again decreased.

Paper condensers properly made will give fair satis-
faction for small coils, and are by far the easiest and
most inexpensive to make. By filling the pores of the
paper used as dielectrics between the sheets of tinfoil with
_paraffin or other insulating compounds, its specific induc-




32 INDUCTION COILS.

tive capacity is increased, and consequently fewer sheets
of tinfoil are required; this will be evident when it is
stated that the specific inductive capacity of dry air is
taken as 1.000, while that of paraffin is 1.996. Counteract-
ing this favorable result to a large extent is the fact that
a high dielectric hysteresis takes place in all such sub-
stances on an instantaneous charge.

A mica condenser acts differently in that a full charge
may be given it on the break of the interruptor, and upon
the make it will deliver practically all its stored-up emn-
ergy almost instantaneously and without wasting it in
useless action in the dielectric. Adjustable condensers are
arranged in sections, so that the capacity can be varied
within, certain limits; if it has a total value of 1 micro-
farad, it may be subdivided into five parts, viz., 0.05, 0.05,
0.02, 0.2, and 0.5 of a microfarad ; these are mounted in a
box and lead to brass blocks on top, where connection is
made by means of plugs or by a lever operating contact
pins.

With these suggestions and the plans and specifications
to follow, the constructor of an induction coil needs
only to determine, first, the size of the coil he desires
to make; second, if the wite is to be silk or cotton cov-
ered; third, if the secondary is to be wound with wire
of small or large cross section, and fourth, if the con-
denser is to be of paper or mica, and fixed in its capac-
ity or adjustable. The uses to which the coil is to be put
and the amount of money to be spent will aid in solving
these problems in the majority of cases. For lighting
Geissler tubes, the production of Hertzian waves, wire-
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less telegraph demonstrations, etc., a 14-inch coil will
do; for electric spectrum analysis, wireless telegraph ex-
periments out of doors, etc., a 1-inch coil will prove ser-
viceable; for operating the smallest X-ray tubes a 4-inch
coil will be necessary, while the largest tubes made and
long-distance wireless telegraphy require all the energy
developed by a 10 or a 12-inch coil.
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CHAPTER IV.
FORMING THE SOFT IRON CORE.

The core of the coil should be made of carefully an-
nealed soft iron wire, and it is important to get the best
quality obtainable; for, as we have seen, its efficiency de-
pends very largely upon its low reluctance, just as the
conductivity of a circuit depends upon its low resistance.

After having decided upon the size of the coil to be
built, a reference to the following table will show at a
glance the dimensions of the core required. The size of
the wire used for this purpose is not a matter of great
moment, but it should not be larger than No. 18 Brown &
Sharpe gage, nor need it be smaller than No. 22, the last-
named size being well adapted for the cores of any of the
coils herein enumerated.

As the diameter and the length of the core have a pro-
nounced effect on the rapidity with which it is capable of
being magnetized and demagnetized, the proportions of
the core are of exceeding importance. The dimensions
and the amount of iron best adapted to each of the differ-
ent sized coils will be found in the following table:
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TABLE 1.
Proportions for Cores.

Spark Length No. of Wire Approximate Diameter of Length of
of Coil. (B. & 8. Gage). | Weight of Core. Core. Core.
Inches. Lbs. Ozs. Inches. Inches.

% 20 83 b s 5

1 20 141¢ % 14

2 20 2 12 114 1014

4 22 7 0 1% 12

6 22 11 13 W 14

8 22 18 10 21¢ 18
10 22 25 13 23 22
12 22 38 10 3 26

Having fixed upon the dimensions of the core, the next
step is to procure the wire needed. The weights given
above for the various cores are approximate, but will
serve to determine the amounts necessary. When pur-
chasing, it is advisable to get from one-quarter to one
pound more than the weights specified, which will allow
for waste, etc., except in the cases of the small cores. The
best kind for the purpose is a charcoal iron wire or a
black iron wire, and this can generally be procured at first-
class hardware stores. In any event use the softest wire
obtainable.

After the wires are cut into the proper lengths, all the
kinks must be removed and each piece straightened out.
Some of the larger bends may be eliminated by simply
drawing the wires through the hand, but the more abrupt
twists will have to be gently hammered out, with a wooden
mallet, on a hardwood block having a perfectly smooth
surface. These preliminaries attended to, the wires should
be rolled between two smooth hardwood boards.
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However good and soft the iron wire may be when pro-
cured from the dealer, it can usually be improved by an-
nealing. For the smaller coils this is not necessary, but
for the intermediate and largest sizes it is quite essential.
A simple method for annealing the wires of which the
cores are to be formed is to provide a gas pipe one or two
inches longer and ome-half an inch larger in diameter
than the core to be treated. The ends of the pipe are to
be tapped and fitted with screw caps as shown in Fig. 26.
The wires loosely arranged in a bundle are now inserted
in the pipe and the caps screwed on, when it is placed in
a charcoal fire and allowed to remain there until the pipe
and its contents have been gradually brought to a cherry
red, with plenty of charcoal on top, so that the fire will
burn out very slowly. The fire is then permitted to burn
out, and the pipe left in the ashes until perfectly cold.
‘When the wires are taken out, they will be very soft, and
their magnetic qualities greatly improved. The rods used
in the intermediate and larger sized coils should likewise
be annealed. :

There are several methods by which the cut, straight-
ened and annealed wires can be bound into a compact and
cylindrical bundle forming the core, but those given below
are the simplest and best adapted to the needs of the coil
builder. For any one of the first three smaller coils, the
core may be prepared by gathering the wires into a bundle
of the size specified in Table I. for the coil desired, and
then forcing them into a stout manila paper tube, the
length of which is a trifle in excess of the length of the
core to be made. By gently and carefully manipulating
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the wires, it will be found possible to force an additional
number into the tube after the latter is apparently full,

F16. 26.—GAs PrpE WITH SCREW CAPS.

A T
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and a little sperm oil put on the wires will greatly facili-
tate this task.

The tube may be made of heavy manila paper cut into
strips of the required width, while the inside diameter

F16. 27.—MAKING THE PAPER TUBE.

may be obtained by rolling it on a cylindrical piece of
wood turned to the required size, as shown in Fig. 27. As
the paper is wound round the wood it should be glued,
paraffined, or shellacked to hold it intact and make it

F16. 28,—~ARRANGEMENT oF CORE AND TUBE.

strong. When perfectly dry the tube will be hard, not
easily bent out of shape, nor will it be affected to any ex-
tent by moisture. By referring to Table II. the inside
diameter and length of the tubes may be ascertained, while
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Table ITI. shows how far one of the poles of the core
should project beyond one end of the tube, and the op-
posite end of the tube extend beyond the other pole of the
core. This arrangement of the core and tube is shown in
the drawing, F'ig. 28, and its purpose will be obvious when
the point is reached where the coil is assembled.

TABLE II.
Proportions for Small Tubes.

Spark Length of Coil. Inside Diameter of Tube. Length of Tube.
Inches, Inches. Inches.
% : 6%
17 7 63
2 1 104
TABLE III.

Table of Core Projections.

Spark Length of Projection of Core from Projection of Tube
Coll End of Tube. from Opposite End of Core.
Inches. Inch. Inch,
: :
(]
2 5% %

Thickness of paper tube g inch.

For coils of larger size, namely, those ranging from 4
inches up to 12 inches, much greater care should be exer-
cised in their construction, and the core is equally as im-
portant as any of the other parts. The wire for any of the
above sizes is made into a bundle, as in the case of the
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smaller cores, but axially through the center of the core
a rod of soft iron is inserted, and projects beyond the
poles as shown in Fiig. 29. This is to hold the hard rubber
tube and ends in place. The bar is tapped and fitted
with nuts on both ends, and of course must be placed in

F16. 29.—BaAR oF IRON THROUGH CORE.

the core before the latter is put into the tube. The lengths
and diameters of the rods are given in Table IV.

TABLE IV,
Lengths and Diameters of Rods.

Spark Length of Coil. Length of Core, Diameter of Rod. Length of Rod.
Inches. Inches. Inch. Inches.
8 14 i 1634
8 18 ?, 203¢
10 22 ¥4 243¢
12 26 3 2834

For any one of the intermediate sizes the core can be
forced into the tube, which should be 1-16 inch in thick-
ness, in the same manner as previously described for the
smaller coils; but for the larger sizes, that is for the 10
and 12-inch coils, it is better to proceed as follows: Pro-
cure a sheet of brass, say 14 of an inch in thickness and 3
inches on the side, and have a hole drilled in it exactly the
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diameter of the core to be used. It should then be coun-
tersunk on one side as shown in Fig. 30, so that the wires
forming the core will not meet with so much opposition on
being forced through. The wires are now laid parallel with

F1a. 30.
PLATE FOR
FoRMING
CORE.

and around the rod of iron, and bound to-
gether in a bundle with some fine wire. The
ends of the wires are inserted in the hole in
the plate, and as many added as can possibly
be forced through. This process is rendered
easier by supporting the plate in a vise, as in
the illustration, Fiig. 31. As the ends of the
wires emerge from the hole on the other side,
they are tightly wound with adhesive tape, so
that when the job is completed the core formed
will be very compact and straight and true in
shape and size. It can then be wound with

F1a. 31.—ForMING THE CORE.
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successive layers of manila paper until it is incased in a
covering 14 inch thick, and extending the entire length of
the core.

While it is not absolutely necessary, it is considered
good practice to heat the core to expel all the moisture—
this can be done in an oven—and then immerse it in
melted paraffin or a compound of beeswax and rosin. Fig.
32 shows a simple method of holding the core during the
process. After the core has remained a few minutes in
the melted compound, the tin vessel containing it should
be removed from the heat, permitting the wax to cool.

F16. 32.—IMMERSING THE CORE IN INSULATING BATH.
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‘When it has begun to solidify, the core can be removed by
the strings supporting it, and suspended in a convenient
place to harden. After it becomes thoroughly cool, it is
ready to receive the primary winding.
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CHAPTER V.
WINDING THE PRIMARY COIL.

The wire for the primary coil should be as nearly pure
copper as can be obtained. Much of the insulated wire
sold by dealers in electrical supplies is alloyed with in-
ferior metals, and hence its conductivity is greatly im-
paired. Pure copper wire is very soft and pliable, while
wire drawn from copper alloy is more or less hard and brit-
tle, depending upon the percentage of other metals in it.
Annunciator and bell wire, office and electric light wire
should consequently never be used for the primary of
a coil, as all of these wires have a relatively high resist-
ance, but the kind known under the trade name of magnet
wire is more nearly pure, and will give the best results.

In English-made coils the primaries as well as the sec-
ondaries are wound with silk-covered wire, but in Amer-
ican-made coils cotton-covered wire is almost altogether
used. The only advantage the writer has found in em-
ploying silk-covered wire for the primary is that the
ratio of copper to winding space is greater. There is
a slight difference in the diameters of silk and cotton-
covered wires for the same sizes, but as there are only
iwo layers on the primary, the dimensions of the latter are
not altered to any considerable extent in either case. As-
suming that double cotton-covered magnet wire is to be
used, the number of the gage and the amount required
may be ascertained from the following table:
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TABLE V.
Magnet Wire for the Primary Coil.
Spark Length of Coil. No. of Wire (B. & 8. Gage). AP"';:;“;:‘:;‘;‘_’" of

Inches.

16 25

1% 14 47

2 14 97

4 13 156

6 13 215

8 12 262

10 12 3876

12 10 376

If the coil is to be small, that is one giving a 2-inch
spark or less, the cheeks or wooden ends of the coil must
be provided at this stage of the work. These cheeks may

F16. 33.—CHEEK OF Coi. SHowiNG Core HOLE,

be of any ornamental design, but those circular in form
and japanned to look like hard rubber have found much
favor with makers in this country, and instructions for
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preparing them together with the required dimensions
will be found in Chapter XV. Suffice it to say here that
in the cheek to be used nearest the interruptor, and which
we shall designate henceforth as the front cheek, a hole
is bored through its center just large enough to admit
the end of the core projecting from the tube of paper,
as described in the preceding chapter. For three-fourths
the distance from the inside of the cheek the hole is bored
out a trifle larger, so that this portion will fit snugly over

F16. 34.—SpooL READY FOR WINDING PRIMARY COIL.

the paper tube. A cross-section as well as a side eleva-
tion of the front cheek is shown in Fig. 33, the dotted
lines indicating how the diameter of the hole is enlarged
to receive the paper tube.

The rear cheek has an aperture of uniform diameter
cut through its center large enough to slip over the paper
tube, but to fit it tightly; before the cheeks are set to
the ends of the tube the latter is well smeared with good
adhesive glue, and a spool is thus formed as shown in
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cross section, Fig. 34. Before the spool is laid away to
dry, the rear end of the paper tube, which alone sus-
tains the cheek, should have a cylindrical block of wood
inserted tightly into it, so that the paper and the cheek
may be firmly secured to each other.

When the spool is perfectly dry, it is mounted in a
lathe, the projecting core being inserted in the chuck, the
wooden end receiving the point of the back center. The

I

)
F16. 36.—S1DE ELEVATION OF WINDING DEVICE.

roll of magnet wire may be laid flat on a board or shelf
extending in front of the lathe bed. Through the front
cheek two small holes are bored, and these are a little larger
than the insulated wire used for the primary, since short
lengths of rubber tubing are slipped over the terminals of
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the primary where these lead to the base of the coil, for the
purpose of protecting the insulation.

One end of the primary wire is passed through one of
the holes of the front cheek from the inside preparatory
to winding, and all being in readiness, the mandrel is re-
volved slowly by a winch, or if the lathe is not equipped
with one, then it must be
turned by the belt. The
turns of wire are wound
closely together, and tight-
ly on the core clear up to
the inside surface of the
opposite cheek. It is then
given a heavy coating of
shellac varnish—made by
dissolving yellow shellac in
alcohol until a saturated
solution results—and the
second layer wound on top
of the firstt When the

= cheek where the winding

Fia. 36.—ENII; GEBI::“’;:II:N oF WIND- oo begun is reached, the

wire is cut off, leaving the

ends projecting through the holes about 4 inches. A second

coating of shellac is given it, when it is once more per-
mitted to dry.

If a lathe is not available, a winding device may be con-
structed at a small cost. An arrangement of this kind is
shown in the side elevation in Fig. 35 and in the end ele-
vation in Fig. 36. Two standards of iron, the lower ends
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of which are bent at right angles, are procured and
screwed or bolted to a heavy baseboard. Near the upper
end of each standard a hole is drilled, and in the left-hand
one a screw thread is cut with a tap. Into this is screwed
a rod of pointed iron which serves as a back center,
Through the hole of the right-hand standard is fitted a
spindle carrying on the outside a ratchet-wheel with its
pawl, while on the extreme outer end there is a winch
or crank provided with a handle. On the inside of the
standard the spindle is fitted with a disk of brass or iron,
and the extreme inner end is provided with a chuck,
all of which are clearly shown in the illustrations. The
dimensions of the winder should be in accordance with the
size of the coil to be made, and these will be found in
Table VI. As the lengths of chucks vary the exact dis-
tance between the standards cannot well be given, nor does
it matter within certain limits, as the back center may be
screwed in or out as the case requires.
TABLE VI.
Winding Device.

=
= Standards. . " Baseboards.

= ;sg b g
3 =
o o§
S 235 " . g g s . . 5
@ Swg a 8 & s - g 4 1
8 R 0 3 2 ° ] bl ]
= w2 2 | B | 2| 8| 8| 8|& | %

g
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&
B
[
4
g
&
8

Inch. | Inches. | Inches. | Inch. Inchee. [Inches. {Inches.

e |6 | % x| % | % || 61
1 8 8 1 1 12 9 1
2 12% 10 1% ’}é }'Z 1% 15% 12 1}%
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The method of winding the primary with the device is
the same as where a lathe is used. If it is not feasible to
construct a winding device, the primary may be wound
by hand, although the work is much more laborious, and
unless care is exercised the layers will not be wound on
the core as tightly as they should be.

‘While the winding device described is serviceable for
the smaller sized coils, and may even be utilized for the
larger ones if the dimensions are proportionately

increased, the writer strongly

recommends a lathe for wind-

ing all coils that are to give

more than a 2-inch spark. The

cores, beginning with the 4-inch

size, must be prepared for re-

ceiving the primary winding by

gluing upon the extreme ends of

the paper tube cylindrical rings

of wood having a thickness ex-

Flo. 3T Wo0D M@ FOB  actly equal to the thickness of

the two layers of wire of which

the primary is to be formed. The rings serve to retain the

turns of wire in their proper places. The ring on the right-

hand end has a wide groove cut circumferentially into its

surface, as well as two grooves on the opposite side of the

ring at right angles to its circumference, as shown in Fig.

37. This ring is put on the end of the core where the ends
of the primary are to come out.

As the cores, beginning with the 4-inch coil and on
up to the 12-inch coil, have iron rods in their centers,
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TABLE VIL.
Sizes of Wood End Rings.

£ g | & |« ' £ ¢

3| S | %Es| s ;| 3. s8 | %8

AEEEAE A AR A

31 || |5 | g Eg g
A s E 8 B

Inches. | Inches. | Inches. | Inches. | Inches. Inch. | Inches. | Inch. Inch
4 2 2 2 2 3

6 | 2% 2% 23 2 % é % ‘&t

AEAE AL AL RERENE AR

B | e | o | ek | i x| 8| %

the tapped ends of which protrude an inch or so, it be-
comes necessary to prepare these for their reception in
the lathe. This is done by screwing over the ends of the
bar of iron projecting from the core ends two cylindrical
blocks of wood, 114 inches in length and 1 inch in diam-
eter. The core is then ready to be put in the lathe, and
may be secured either by means of a face plate or a
chuck. The belt of the lathe may be removed, and a
crank handle attached to the end of the mandrel, if this
is possible, when the winding is done as previously
described.

As this work goes on, the insulation must be looked
after very closely, and especially is this true if the coil is
an 8, 10, or 12 inch one. Shellac or insulating varnish
must be used freely, and if there are any weak spots in
the insulation of the wire, small pieces of mica should be
inserted to prevent possible leakage. After the layers
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are wound, the turns of the wire where the terminals
emerge must likewise be insulated with mica; the termi-

Fi16. 38.—CoRE AND PeIMARY CoIL.

nals are then placed in the grooves cut across the wooden
ring, and bound there by means of fine twine wound round
the groove in the circumference, when the core with the
primary upon it will take on the appearance shown in
Fig. 38.
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CHAPTER VL

THE INSULATION BETWEEN THE COILS.
In the smaller coils the insulation between the primary
and the secondary windings may be formed of good
manila paper and this can be coated with melted paraffin
or with shellac during the time it is being wound on the
spool. The following table will show the thickness
required to prevent the strains developed by the different
sized coils from breaking through and dlsruptmg the
insulation of the primary.

TABLE VIIL
Thickness of Paper Insulation.

Size of Coil. Thickness of Insulation.

Inches. Inch.
e |
2
The width of the paper should be exactly that of the
distance between the inside cheeks of the coil, and should
be carefully and evenly placed, so that when it is finished
it will present a smooth and uniformly cylindrical sur-
face upon which the secondary can be wound direct.
For the larger coils a different procedure is resorted to.

A hard-rubber tube of the requisite thickness furnishes
the best insulating medium between the primary and sec-
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ondary coils, and by adhering to the following plan the
result will be not only a well-insulated coil, which insures
its owner to a large extent against breakdowns, but one
that is pleasing to look upon. The length, diameter, and
thickness of the hard-rubber tube will of course depend,
like the other parts, on the size of the coil that is in the
process of making, but the dimensions may be ascertained
by a reference to Table IX.

TABLE IX. _
Hard Rubber Insulating Tubes.

Inside Diameter Thickness of Outside Diameter
Size of Colls. | Length of Tube. of Tube. Tabe of Tube,

Inclies. I!lngl;e‘s. Iné:hea. In}%h. Iné:g/es
8 14 2 ! 8if
8 18 317 B 8%
10 22% 85¢ 4if
12 27i¢ 4ig 4%

The tube indicated for the coil under construction is
slipped on over the primary coil, and while the dimen-
sions of the tube given may make it fit rather closely, it
need not be too tight. Having procured the tube, it will
be necessary to turn or have turned a pair of caps for the
ends. While these may be made of the kind of wood that
i to be used for the cheeks and base of the instrument,
hard rubber is preferable, as it is more durable and pre-
sents a neater appearance. These caps have holes drilled
through their centers, to permit the iron rod in the core to
pass through to the outside, and two holes oppositely dis-
posed are also drilled and tapped in the cap, to be used on



INDUCTION COILS. 55

F16. 39.—END AND CROSS-S8ECTION OF CAP.

the end where the terminals of the primary emerge. Into
these holes are screwed brass connectors, into which the

Fie. 40.

—EX~D OF INDUCTOR IN
CROSS-SECTION.

ends of the primary are in-
serted and secured. Fig. 39
shows an end view and a cross
section of the cap and the po-
sitions of the holes.

The caps have shoulders
turned on their inner sur-
faces at the circumference;
this permits the smaller por-
tion to set into the end of the
insulating tube, while the ex-
treme periphery is flush with
the outside of the tube, as in

Fig. 40. The sizes of the caps are given in Table X.
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TABLE X.
Sizes of End Caps.

Di ter of D(l:sumce ?f
ame! () enter o
Lamaor | Ponide " | P tasiae Thickness | Diameter of | Holes for | Comnector
(o) ap. ole, rass Con- oles from
oil. Surface. Surface. P. Dectors Conter of
Rod Hole.
Inches. Inches. Inches Inch. Inch. Inch. Inches.
4 2% 214 % M 4 %%
6 81 % 3% 4 e 1
8 8% 8y Vs X 114
10 4% 85 % s | 14
12 4% 413 5% % 3% 1/

The brass connectors mentioned above are used as
binding posts to couple the ends of the primary coil to
the other parts of the instrument without
bringing the terminals outside of the caps.
The drawing, Fig. 41, shows the design,
while the dimensions are given in Table XI.
It will be observed that these connectors are
turned from solid brass rods, the shanks of
Flgog.'n_c,ﬁf“ which are threaded to fit those tapped in the

caps. A hole slightly larger than the diam-
eter of the primary wire is drilled entirely through the
axis of each connector, as well as two screw holes at right
angles to the one through the axis, and these are provided
with machine screws; the sizes and distances of the latter
from the ends are also given in the following table. Occa-
sionally the finished connectors can be purchased, but it is
more satisfactory to make them according to the specifica-
tions given, though if these are difficult to make, ordinary
binding posts may be used instead.
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TABLE XI,
Dimensions of Brass Connectors.

Spark Length |1y eterof | Lengthof | of Hoer | Diameter | Distance of
LR G| Boay. | “Shanke | Torough | Sitews. | feom Koder
Incliee. In}%h. In;‘h. In’tgh 5n3]:2 Ins::. In"c’h.

U
8 % % s | oo | u u
8 % 0.081 X
10 5 i 0.081 : b
12 5% 4 % 0.102 i »

After the inductor, of which the core and primary form
integral parts, is inserted in the hard-rubber tube and the
end caps have been brought into position, large brass
washers neatly finished and lacquered are slipped over the
ends of the core rods, the sizes of which may be had by
referring to Table XII.

TABLE XII.
Brass Finishing Washers.

Spark Length of Coil. | Diameter of Disk. Thickness of Disk. Diameter of Hole.

Inches. Inches. Inch, Inch.
: }
; % |k ;
12 2 % %

If a 4, 6, or 8 inch coil is under construction, then on
one end over the brass washer a hexagonal nut is screwed,
or to give it a more finished appearance, a brass cap nut
may be used similar to that illustrated in Fig. 42. Since
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in an intermediate sized coil a vibrating spring interruptor
is employed, the opposite end of the inductor is arranged
a little differently, in that instead of a hexagonal nut or a
cap nut to hold the hard-rubber cap in place, a cylin-
drical nut of soft irom, illustrated in Fig. 43, is drilled

F1a. 42.—Brass Car NurT. F10. 43.—PoLAR PRrOJECTION NUT.

half way through and tapped to fit the iron rod, and
screwed on, and this not only serves the purpose of the
former, but acts as the pole for the armature of the inter-
ruptor. The size of the polar projection nut required will
be found in the succeeding table.

TABLE XIII.

Dimensions of Polar Projections.

Spark Length of Coll. Diameter of Pole. Thickness of Pole,
Inches. Inch. Inch.
4 % 3
6 24 3
8 1 A

In the 10 and 12-inch coils the hexagonal nuts or cap
nuts are screwed into place on both ends of the inductor,
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since an independent interruptor is used. This completes
the inductor as shown in Fig. 44, and when these parts
have been finished and fitted, they may be taken apart, as
the hard-rubber tube is used on which to assemble the
secondary coil. '
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CHAPTER VIIL.
WINDING THE SECONDARY COIL.

The statements made in Chapter V relative to the purity
of the copper wire hold equally good for the secondary
coil. Silk-covered insulated wire brings the turns nearen
to the inductor, and hence into the most intense part of
the magnetic field, but cotton-covered wire makes the
strongest coil mechanically, although the external diam-
eter is considerably increased. This is the cause of the
disparity in the sizes of some of the foreign and domestic
coils giving the same length of spark.

The exact amount of wire required to produce a given
length of spark is a difficult matter to predetermine by
calculation, since in every case there are a large number
of factors to be taken into consideration. Some writers
advocate the use of a mile of wire on the secondary for
every inch of spark length desired, while others suggest
that a pound of wire per inch of spark length is about
the right amount. Obviously, in neither instance can
these figures be very accurate, for a mile of wire would
make a great many more turns on a small than on a large
coil, while the ratio between the weight of wire and the
diameter of the turns would not remain anywhere nearly
constant in the construction of large secondaries. The
total amount of wire either by length or by weight, how-
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ever, can be given approximately, and a reference to Table
XIV will indicate the sizes and the amounts required for

small coils.
TABLE XIV.

Size and Amount of Wire for Small Secondary Coils.

Pounds Required. Namber of
Spark Length Size of Wire, amber o
Por Conne" B.and S. Gage. Threads to Inch
Inches. for Bare Wire,
Bare. Cotton Covered.
}74 40 1 3y 82
1 40 b 74 114 24
2 88 1% 8 16

In many of the smaller-sized coils found in the open
market the wire of the secondary is bare, the insulation
being provided by leaving a small space between the turns.
Bare wire is, of course, very much cheaper than double
or even single cotton-covered wire, and if a screw-cutting
lathe is at the disposal of the constructor, any of the
coils up to and including the 2-inch size may be easily
wound with it. The slide rest should be set at the number
of threads per inch given in the last column of Table
XIV, and a guide fastened in the tool holder of the rest,
the wire leading from the spool on which it is purchased
to the spool in the lathe, as indicated in Fig. 45. In start-
ing, a hole should be drilled radially in one of the cheeks,
that is, from its circumference through to its center, where
another hole should be drilled from the inside to meet it,
as shown in the side elevation, Fig. 33.

The end of the wire is brought through this hole to the



62 INDUCTION COILS.

outside of the cheek, forming one of the terminals, and
if bare wire is used, it must be insulated with a bit of
rubber tubing. In small coils it is quite unnecessary to
wind them in sections, the successive layers being con-
tinuous and separated by sheets of paper. As the winding
progresses the turns should be insulated with shellac
applied with a brush. When a layer has been wound to
within half an inch of the surface of the cheek, it should

.4-

T
[

F16. 45.—WINDING A SECONDARY IN A LATHE.

be -examined closely to see that the turns are properly
spaced, for if any two adjacent turns touch each other,
the coil will be short-circuited. Around the layer of wire
a sheet of calendered paper, such as the better class of
trade journals are printed on, is tightly wrapped, another
layer of wire is wound and shellacked, and the process
repeated until the requisite amount of wire has been
put on.

A Dbetter coil may be made by using single cotton-cov-
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ered wire of the size given in the preceding table for the
length of spark required, and instead of calendered paper
using a good quality of blank newspaper that has been
soaked in melted paraffin. The wire should be coated with
paraffin applied with a brush while in a melted state, and
instead of spacing the turns these may be wound closely
together. When the winding is completed, the free ter-
minals are reinforced with No, 18 wire which is insulated
and brought out through the periphery of the cheek as
before. The coil is then ready to be covered with a sheet
of hard rubber. If a lathe is not available, the device
used for winding the primary may be utilized, but the
process will be much slower, since the wire must be guided
by hand.
TABLE XV.
Size and Amount of Wire for Intermediate and Large
Secondary Coils.

No. of Single
8, . No. of Wire Pounds of Wire
P¥dfar ™ | Cotignquersd | Pogads of IS, | for Wiress Tl for Winsera Tlo
es. Ordinary Coils. graph Col graph Co

4 86 6 83 16

(] 86 9 83 24

] 86 12 82 28

10 84 16 80 42

12 84 18 80 44

For all coils giving a 4-inch spark or over it is better
practice to wind the secondaries in sections. The amounts
of wire given in the above table are maximum for the
coils cited, but coils have been constructed with much less
wire where all the conditions were satisfied, the chief one
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of which is to have the turns effectively placed. The
number of turns of wire for secondaries designed for
wireless telegraph transmitters and other work where a
large current output is required should be the same as
for ordinary coils giving the same length of spark. This
will make it necessary to increase the diameter of the
sectional disks or pies, as they are called, or to increasa
the length of the core and the primary coil, or both, which
would give better results.

‘While a lathe properly equipped will serve the purpose
best, a winding machine similar to the one designed by
Hare will prove eminently satisfactory and can be con-
structed at a small cost. The machine, of which a vertical
cross-section is shown in Fig. 46, consists of a base of
cast iron or wood to which are screwed two standards.
These are drilled and tapped to receive oppositely-dis-
posed iron or steel centers; the latter should screw in and
out easily, as they will have to be adjusted frequently
while the pies are being wound. To prevent them from
becoming loose while the device is in operation, check
nuts should be provided to tighten them up.

A spindle having countersunk ends is arranged to rotate
between the centers; if the number of turns of wire is
to be kept account of, a projecting bar is screwed to the
left-hand collar of the spindle to work an automatic
counter. A brass disk a little larger than the diameter of
the section to be wound, and having a shoulder on one
side, the opposite side being turned perfectly true, is
mounted on the spindle by means of a set screw; a small
brass disk having a thickness equal to the section to be
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wound and a diameter % inch larger than the diameter
of the insulating tube of the inductor to be used (see
Table XVI) is slipped on the spindle; a third brass disk
of the same size and design as the first is now put on, so

F16. 46.—Cross SECTION OF WINDING MACHINE.

that the turned and trued surfaces face each other; a small
pulley is finally screwed into place against the shoulder
of the latter disk. The dimensions of the machine are
as follows:
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TABLE XVI.
Dimensions of Winding Machine.

Spark Length |  Helght DL r | Thicknes
of Coil, of Standards, Bet.ween Stand- | of Face Disks, | of (.ore Disks,  of Core Digke,
Inches. Inches. ards, Inches. Inches. Inches. Inches.

4 7 5 6% 33 s
8 7 5 61 8% s
8 7 5 T 43; 17
10 7 5 734 4% 1g
12 7 5 % 514 1g

Base length, 12 inches. Width, 12 inches. Thickness, 13§ inches.

Having procured this essential piece of apparatus, it
may be operated by means of a small electric motor belted
to it or turned by hand, a wheel having a small crank
being mounted separately for the purpose. The other
accessories of the winding outfit comprise a shallow pan
supported on metal angle irons or rods, so that the paraf-
fin wax or insulation compound may be heated and kept in
a melted condition. Inside the pan are soldered projec-
tions that carry at right angles to them a heavy brass
wire which keeps the fine wire submerged in the melted
wax or compound and yet permits it to run smoothly from
the spool to the winding machine.

A support for the spool of wire is made by attaching
two standards of flat iron 634 inches in height, 1 inch in
width, and 3-16 inch thick to a base board, the lower ends
being bent at right angles and holes drilled in them for
this purpose. The upper ends are also drilled to receive
a rod to carry the spool of wire. One end of a flat steel
or brass spring 3 or 4 inches long should be attached to
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one of the standards, while the other and free end is
arranged to press against the cheek of the spool; this is
to prevent the wire from unwinding too rapidly, especially
when the winder is suddenly stopped in its action. The
whole arrangement is illustrated in Fig. 47. It will be
observed that the pan containing the insulating wax or
compound is considerably lower than the center of the
winding machine and the spool of wire. This permits the
wire from the spool to pass directly into the wax under
the wire guide and to the pie that is being wound without
touching any part of the pan.

Fi1a, 47.—WINDING EQUIPMENT COMPLETE.

In this manner the wire of the secondary pies is given
a thin insulating coat of wax or composition, and while
the latter is yet hot the wire is wound in the space between
the brass surfaces, but before winding, a paper disk is
attached by a little paraffin to each of the brass cheeks,
so that it can be easily removed when cool; the pie will
then be a practically solid body.

The choice of insulating mediums is next to be consid-
ered. Paraffin is excellent, and some very large coils
have been successfully built in which it was used through-
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out for the secondary; it is an exceedingly pleasant sub-
stance to work with, and possesses a high dielectric
strength if not subjected to excessive temperatures. Under
such conditions it deteriorates and changes from its clear
white color to a yellowish brown, when its insulating
qualities are greatly impaired. Another disadvantageous
feature of paraffin is that it tends to collect moisture, and
this too lessens its value as an insulator where high poten-
tials are produced.

The best insulating compound for the secondaries of
induction coils is made of equal parts of rosin and bees-
wax, but as beeswax is expensive compared with paraffin,
the amount may be cut down and a very excellent com-
position, good enough for all practical purposes, may be
made by incorporating one part of beeswax with three
parts of rosin. This compound possesses many advan-
tages over paraffin, and among its admirable qualities it
may be cited that it does not suffer injury from overheat-
ing; its melting point is higher than paraffin; it does not
become brittle unless too much rosin is used, and it does
not collect moisture. It is, however, more difficult to
handle than paraffin; whether paraffin or beeswax and
rosin are used, the purity of the materials must be insisted
upon. If the coil is to be made up in the simplest manner,
either paraffin wax or the compound of rosin and beeswax
may be used for winding the pies and building up the
secondary; but if it is manufactured for the market, it
should be further improved by subjecting it to the vacuum
drying and impregnating process. In the latter case it is
customary to wind up the pies with paraffin.
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Before commencing to wind the pies the wire should be
thoroughly dried out, and this may be accomplished by
placing the spools in an oven at a low temperature for
several hours, taking care not to burn the insulation.
Another method is to place the spools of wire, together
with a dish containing a pound or two of calcium chloride,
under a large bell jar. The property which gives to this
salt its value is its power ‘to absorb moisture; and to
exclude the air from the outside of the jar, the latter may
be set in a shallow pan containing a little oil. Another
way is to utilize one of the brass disks of the winding
machine and smearing the edge with grease, so that the
edge of the jar will set in it.



70 INDUCTION COILS.

CHAPTER VIII.
WINDING THE SECONDARY COIL (CONTINUED).

The next step is to cut out a number of paper disks
having the same external diameter as that of the sec-
ondary to be wound and with apertures somewhat larger
than the outside diameter of the insulation tube. These
disks are to be placed between the pies to insulate them
from each other, and may be cut from thin white unsized
paper by means of metal dies, or forms, or with a pair of
shears. ‘The approximate diameter of the pies and the
paper disks and their inner cut-outs may be obtained from
the following tables, as well as the number required.

TABLE XVII.

Number, Diameter and Aperture of Secondary Pies.

External Il)laxlx:ewr of Pies.
Diameter of nches.
Spark h | Thickness of 2
of 'Coll, Inches.| Ple, Inchex. | s bere, Number of Pies
Ordinary. Wireless,
4 % 2% 55 63 80
8 = 8% e;g 7ig 37
8 WoB | o | B
10 g % 714 1g
12 i 5 T8¢ 8% 90
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TABLE XVIIL,
Number, Diameter and Aperture of Paper Disks.
Spark Length Diameter of External Diameter| Disks Between Total Number
of Coil, Inches. | Aperture, Inches. Inches. Each Pie, of Disks.
4 2% 55 6 186
6 83 614 6 228
8 8% 6% 6 390
10 43¢ 7 6 486
12 5 54 (] 570

The paper disks must be thoroughly dried out in an
oven or otherwise, and then immersed while hot in melted
paraffin or compound and allowed to remain in the bath
until thoroughly saturated; this done, the disks are
removed and either placed on japanned tin plates, such
as tintypes are made on, or they may be suspended by
spring clips from a line to dry.

‘Where a number of paper disks are placed between the
pies, the danger of breaking down from pinholes and

F16. 48.—TESTING PAPER DISKS,

inherent defects is minimized ; but if the constructor cares
to take the additional time and trouble, the disks may be
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thoroughly tested by the following modification of a
method described by Hare: One of the circular brass
plates of the winding machine may be laid on a sheet of
glass and connected to one of the secondary terminals of a
small induction coil giving a 14-inch spark. The opposite
terminal of the coil connects with a device formed of a
glass rod, one end of which is inserted in a cork, the latter
carrying a rectangle of copper wire, all of which is clearly
indicated in the illustration, Fig. 48. The paper to be
tested is placed on the brass plate while it is yet in sheet
form, so that the edges overlap that of the former; the
wire rectangle is then drawn over every portion of its
surface. If there are minute holes, air bubbles, or other
weak spots, the difference of potential will quickly punc-
ture it, and a spark will result.

If the constructor desires to ascertain the exact size of
the paper disks rather than to use the approximate size
given in the preceding table, he may proceed as follows:
The completed primary coil and core, or inductor, is
placed parallel with the edge of a drawing board on which
is secured a sheet of paper, as in Fig. 49, and its terminals
connected with a battery or other source of electromotive
force. Iron filings are now sprinkled on the paper, when
these will assume definite positions, indicating clearly
the paths of the curved magnetic lines of force. Selecting
the most intense portion of the magnetic field, a curve
should be drawn after the manner of that shown in Fig.
50, when the diameter of the pies and paper disks will be
obvious. While this procedure is not absolutely essen-
tial, it is well to follow it, since the different qualities of



74 INDUCTION COILS.

iron affect to some extent the contour of the lines of force.

One of the paper disks having been slipped over the
spindle of the winding machine, and secured to one of the
brass face plates with a little paraffin, all is in readiness
to wind the wire. The wax or compound being melted—
and it must be kept in a highly fluid state—the wire is put
under the guide wire in the pan containing it, drawn
through, and looped around a layer of paper attached to
the brass core disk with a little paraffin, if the pie is a

LORAWING BOARD

SHEET OF PAPER

PLOTTED LINE OF MAGNETIC FORCE
—FT T
i . I

i |

AT R T T TR

RADIUS OF PAPER ORSKS

e
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F16. 50.—~PLOTTING RADIUS OF PAPER DISKs.

middle or zero one, or around an insulating ring of cotton,
to be described shortly, if the pie is an outside one.

The end of the wire thus secured, the winding disks
are rotated as rapidly as may be. practicable; the wire as
it is being fed between the plates may be guided by a
small ivory paper cutter with a hole drilled in the end for
the wire to pass through, or it may be held down on the
curved edge of the pan by a woolen pad, and must be con-
stantly scrutinized for breaks, etc. The pad serves a triple
purpose in that it also wipes away any excess of the wax
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or compound, and applies enough tension to the wire to
wind it tightly.

Should the wire break, a neat and smooth joint must
be made; this may be done by scraping about 14 inch of
the cotton insulation from the ends of each wire and then
twisting them together as in Fig. 51. However well the
joint may be made, it must be soldered; again, the solder-
ing must not be done with acid but with rosin, and apply-
ing the solder with a small jeweler’s copper or by heating
the juncture in an alcohol flame, care being taken not to
char the insulation. The joint must be insulated by wrap-
ping with thread or by winding about it a band of thin

— =

Fi1e. 61.—MAKING A JOINT.

silk 14 inch wide, and then immersing this in the insulat-
ing compound until it is thoroughly saturated. '
When completed the pie must be permitted to remain
between the brass plates of the winding machine until the
insulation has cooled and set. It is then removed by
simply unscrewing the check nut and one of the centers,
when the spindle will be released. Having wound the
first pie, the process is repeated; but for the second pie,
instead of turning the spindle to the right, it is turned
to the left; the same effect may be had by winding the
pies in the same direction and reversing each alternate
one. This makes the first pie a right-handed helix and
the second a left-handed helix, as shown in Fig. 52; the
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third pie is, of course, a right-handed one, and so on to
the end. The object of winding each alternate pie in the

©® @©
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F16. 52.—NEw METHOD OoF CONNECTING PIES.

F16. 53.—NEw METHOD OF CONNECTING PIES.

F16. 64.—OLp METHOD OF CONNECTING PIES.

F16. 55.—O0OLp METHOD OF CONNECTING PIES.
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opposite direction is so that when the turns of the pies are
connected together, the inner terminals of the first two
adjacent and the outer terminals of the next two adjacent
ones may be connected together, as the diagram Fig. 53
illustrates. This method of winding obviates the objec-
tionable connections formerly employed, wherein the outer
terminal of one coil is brought down between the sections,
so that it may be connected with the inner terminal of the
next section to it, as in Figs. 54 and 55, a procedure that
tends to produce short-circuiting and sparking between
the individual pies and sections.

As the right and the left handed pies are wound, their
inner terminals should be connected, soldered, and insulat-
ed. The wires connecting the adjacent secondary pies
should not lie in a plane parallel with the axis of the induec-
tor, but should be of such lengths, say from 2 to 6 inches
each, that they may be wound helically around it. Each
pair of pies, that is a right and a left handed one, should
be connected together as they are wound, and a unit formed
by joining them with some of the insulation medium
smeared along the line of juncture, so that when all the
disks are finished, there will be no confusion as to the
direction of their windings.

It is not absolutely essential, though it is considered
good practice, to increase the diameter of the apertures of
the pies that are to be placed near the ends of the core.
The object of this is not only to bring the greatest number
of turns in the middle of the coil, where the magnetic
field is strongest, but also in virtue of the fact that at the
middle the voltage is practically zero, while at its ends it
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rises to its maximum pressure; and though many turns of
wire are lost, it prevents the possibility of sparking be-
tween the ends of the secondary coil and the inductor.

To provide for this clearance, which may range from 14
inch at the middle to 14 inch for a 12-inch coil at the ends,
as shown in the cross-sectional drawing, Fig. 56, the outer
pies are begun by winding with cotton thread, No. 40 or
50, and run through the paraffin or compound as in the
case of the wire, until the desired diameter is obtained,
when the wire is wound on over it. The proper diameters
of the cotton rings may be had by winding the thread on
the brass core disk to a depth given in the following table:

TABLE XIX.

Number, Depth, and Thickness of Insulating Rings.

4-lnch Cofl, 6-Inch Cofl, 8-Inch Colil,
of Rings ¢, Inch. Thickness of Rings % Inch. | Thickness of Rings 1g Inch.

|
Number of |Radial Depthof| Number of |Radial Depthof{ Numberof |Radial Depth
Rings. Rings, Inches. Ringe. Rings, Inches. Rings. , {nlclhgﬂ.

]

6

6

6

” ?I

- D~ PN
®®o®

Total number of rings 24| Total number of rings 82 Total number rings 60

Number of pies of |[Number of pies of |Number of pies of
minimum aperture 6 minimum aperture 5| minimumaperture 4

Total number of pies 80 Total number of pies 87|Total number of pies 64
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Data for Insulating Rings (Continued).

10-Inch Coil, 12-Tnch Cofl,
Thickness of Rings 3§ Inch. Thickness of Rings }5 Inch.
Number of Rings. |Radial Ii:‘m:;‘ Rings,  Numiber of Rings, |Radial D;g::li‘lg: Rings,

12 3¢ 10

12 & 10 %
12 b 10
12 10

12 5 10 I
12 e 10
10

10 ¥

Total number of rings............ 72{ Total number of rings............ 80

...................................

Note.—One-half of each of the number given are placed on one end, and the other half
on the opposite end of the secondary coil.

After the pies are prepared, the wire of each should be
tested to ascertain if it is continuous as well as for other
untoward defects, such as loops and inherent weaknesses
of insulation. Likewise the resistance of the pies should
be measured if the constants of the coil are to be preserved
for future use. Testing the continuity of the wire may be
done by connecting one terminal of the pie with a dry cell
and a galvanometer, or if the latter is not at hand by
touching the terminals to the tongue. Faulty construction
may be detected by slipping each pair of pies over the
inductor and testing with the interruptor, condenser, and
source of current as previously described.

A part of the number of pies, say three-fourths the to-
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tal number for the coil to be built, had better be wound
first, leaving the remainder until the exact number re-
quired can be determined by experiment. This is per-
formed by assembling a number of pies, say 20 or 25, for
the 4 and 6-inch coils, 40 or
50 for the 8 and 10-inch coils,
and 60 or 70 for the 12-inch m
coil, into a section and slip-
ping it over the inductor. It
is then tried out with the
voltage, current strength, in-
terruptor and condenser it is
intended to use with the com-
pleted coil. The terminals of
the secondary are brought to-
gether until the spark passes
between them. In this way it
is possible to more accurate-
ly ascertain the number of
pies necessary, and not only
may wire be saved by this
method, but the efficiency of
the coil increased, for each
additional turn of wire on the F16. 57.—SUPPORTING STAND FOR
secondary that is not needed SECONDARY.
increases its resistance and
cuts down the current without greatly increasing the length
of spark. ’

If the coil is to be built up as simply as possible, the
procedure is as follows: After the requisite number of

4

,...uil""
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pies have been wound and tested individually and collec-
tively, they are formed into the secondary coil by insert-
ing between them the number of paper disks designated in
Table XIX and mounting them on the insulating tube in-

F16. 568.—Bumpixe Up THE
SECONDARY.

closing the primary coil. This
work is begun by removing
the primary coil and its core
from the hard-rubber tube.
That portion of the tube the
secondary coil is secured to
should have its surface
roughened with a coarse file
and winding a fine and strong
fish-line helically around it,
so that each turn of the line
lies closely together. Care
must be taken to wind the
line tightly, for on this de-
pends to a considerable ex-
tent the fixed relations be-
tween the tube and the sec-
ondary coil.

Having marked off the po-
sition of the secondary on the
tube, it is placed in a sup-
porting stand as shown in

Fig. 57, and must be adjusted so that it is exactly perpen-
dicular to the surface of the top of the stand, and the tube
must fit snugly into the aperture of the latter. Over the
tube the pairs of pies with the paper disks are placed, as
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in Fig. 58. The projecting terminals are next soldered
and the joints insulated, while the leads formed by the
terminals at the ends of the secondary coil are left

=
=
E
=
=
=4
=
=
=
=
=
=
[
=

F16. 59.—THE SECONDARY ColL UNDER PRESSURE.

free. A board the size of the top of the stand, with a
hole in its center and four large cabinet maker’s wood
clamps, should be at hand, as well as a cylinder made
of heavy tin, the diameter of which is 1% to 1 inch larger
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and in length a trifle shorter than that of the secondary.
The former is placed over the latter, and all is in readiness
to pour the hot insulating material in the space between
the internal surface of the secondary coil and the tube,
and the external surface of the coil and the tin cylinder.
‘When all the spaces have been filled and the fluid reaches
the top, the board is dropped over the tube, the wood
screws are quickly adjusted and tightened up to bring an
even pressure to bear on the ends of the coil, as shown in
Fig. 59. When the paraffin or compound has set, the
screws and the cylinder may be removed. It will then be
found that the insulating tube of the inductor is surround-
ed with a hard and compact mass joining it to the second-
ary coil and to which it is rigidly fixed. The completed
secondary mounted on the insulator tube. together with the
inductor, is shown in Fig. 60.

F16. 60.—THE COMPLETED SECONDARY CoIL.
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CHAPTER IX.

VACUUM DRYING AND IMPREGNATING APPARATUS.

The methods cited in the preceding and succeeding chap-
ters for treating secondary coils and condensers require

FI16. 61.—1MPREGNATING VESSEL.

only such appliances as are
easily obtainable by the amateur
constructor wherever he may
abide. Apparatus built up in
accordance with these instruc-
tions will give excellent service
if not subjected to overloads and
careless handling, but where the
coils and condensers are made
in quantities for the competitive
market, and the maker’s repu-
tation must stand upon the ex-
cellence of his product, greater
precaution in applying the in-
sulation is necessary.

Nearly all professional manu-
facturers of induction coils have
equipments of some kind for se-
curing a higher insulation than
by the simple processes that
have been described, although

some of the less particular ones resort to the expedient of



86 INDUCTION COILS,

placing the built-up secondary in a vessel formed of heavy
tin or sheet iron and having an iron top which may be
screwed or clamped down, as shown in Fig. 61; the top or
cover, Fig. 62, which should have ventilating holes, is pro-
vided with two, three, or four long screws, so that the
secondary coil may be compressed.

After the secondary is put
into the vessel, a brass tube hav-
ing an external diameter equi-
valent to the diameter of the
aperture formed by the pies is
inserted, to prevent the wax
from filling up the hole. A
brass plate, also shown in Fig.
62, is placed over the top of the
coil, and the screws tightened
up; the vessel with its inclosed
secondary is then put into an
oven and heated to a tempera-
ture low enough to prevent the
paraffin or the compound from
igniting. Heating will of course

melt the insulating medium in

F1a. 62.—Top wiTH COMPRES- . . . .
SI0N SCREWS AND RING. the coil, but it will also drive
out to a considerable extent the
minute particles of air that were sealed in the insulation
when it was wound. When the vessel is taken from the
oven, the screws are released, the cover taken off, and the
plate removed ; hot melted paraffin or compound is poured
in the vessel, which will penetrate the spaces and pores and
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effectually prevent further absorption of moisture and air.
The brass plate is replaced over the top of the coil, the
cover put on, and the screws again tightened up. The ves-
sel is returned to the oven for an hour or two, and then
permitted to cool.

A steam-heated vacuum drying apparatus gives much
better results than the foregoing vessel. A simple type of
this apparatus is shown in Fig. 63; it comprises a vessel

F16. 63.—S1MPLE VAcuUM DRYING APPARATUS,

of heavy sheet or cast iron, and having a cover which can
be bolted down, forming an air-tight chamber. Inside the
chamber is a coil of piping, and this is brought out through
the bottom, where it connects with a boiler, so that live
steam can be passed through it. An air pump capable
of bringing the vacuum down to one-quarter of an inch is
connected to the chamber through a pipe near the top.
The chamber should be provided with a thermometer for
determining the temperature and a manometric gage for
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indicating the degree of vacuum produced. Where this
apparatus is used, the secondary coil is placed in the ad-
justable brass or iron frame illustrated in Fig. 64. It is
formed of four or six upright brass or iron rods set into
a brass or iron plate, and of such proportions that the
pies and disks will fit in snugly.
When all the pies are connected
with each other, a circular brass
plate, with holes to accommodate
the projecting rods, is put on, and
thumb nuts are screwed on and
down until the secondary coil is
under considerable pressure.
The frame with the coil in it is
then put into the vacuum cham-
ber, the head is screwed down,
steam is turned on in the pipe,
and the air pump set into opera-
tion. After the heat and the vac-
uum are maintained for from two
to six hours, the chamber is open-
ed, and the insulating compound
is poured into the containing ves-
sel as before, when it is again placed in the chamber and
the air exhausted. When the vacuum has reached 28
inches, the heat is turned on and the compound brought to
a high state of fluidity. In another hour the heat is shut
off, and when the compound is nearly cold the air is ad-
mitted, and this serves to drive the compound more tightly
into the pores. When cold the coil will be imbedded in a

F10. 64.—BRrAss FRAME,
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hard mass of insulation, with the greater portion of the
air and moisture removed.

In the more recent types of vacuum drying and impreg-
nating apparatus, the arrangement is such that the insula-
tion compound is allowed to enter the vacuum chamber
without breaking the vacuum, and in this way all possi-
bility of the dried coils absorbing moisture or air, as in
the previously described processes, is effectually elimin-
ated.

The apparatus comprises an open tank in which the
insulating compound is kept in a melted state, and this is
connected, by means of a pipe having a valve, with a
vacuum chamber, where the drying and the impregnation
takes place, while the vacuum chamber is connected with
a condenser which liquefies the moisture as it comes from
the chamber. A pump for exhausting the air completes
the apparatus, and is shown in Fig. 65. The operation
consists of assembling the pies and paper disks in a frame
as before and placing it in the impregnating chamber.

After it has been thoroughly dried out the valve is
opened, permitting the melted compound to flow from the
containing tank into the impregnating chamber, which
absolutely excludes from the coil every molecule of air
or moisture before the insulating compound reaches it.
After the melted insulation has run into the impregnating
chamber, and it has flowed into and around the coil, the
air pump is reversed and converted into a condensing
pump, when air will be admitted to the chamber under a
pressure of 60 pounds to the square inch, and which not
only forces the compound back into the tank, but also
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drives that portion on and in the coil into the pores of the
covering of the wire.

The principal advantage of vacuum drying and impreg-
nating is the thorough evaporation of the water out of
the insulating material. In the older processes of drying
with hot air the latter always carried a certain amount of
moisture, hence a thoroughly dry coil was practically im-
possible; again, in the ordinary impregnating processes
it is necessary for the compound to remove the air con-
tained in the insulating material before it can replace it.
‘Where the coil is dried in a vacuum all the air is removed,
and where the impregnating is done in vacuum the com-
pound has not only free access to the evacuated pores of
the cotton covering, but is moreover forced into it under
pressure,
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CHAPTER X.

CONSTRUCTING THE INTERRUPTOR.

Having completed the coil in so far as the inductor and
secondary are concerned, a suitable interruptor for auto-
matically making and breaking the circuit is the next re-
quirement.

There are many kinds of interruptors in use, but those
having a vibrating spring element, one end of which is
rigid while its opposite and free end carries an armature
operated by the core of the coil, is not only extremely
simple in design and operation, but reliable where the coil
is of small dimensions, and moreover it is easy to keep
in adjustment; for these reasons it is a very good inter-
ruptor for all ordinary classes of work.

There are three different types of spring interruptors
in general use, namely (1) those having a single spring
and a single break, (2) those having double springs and a
single break, and (3) those having double springs and
double breaks. Interruptors of the first and second types
are placed in series with the primary winding and source
of electro-motive force, and are worked from one of the
poles of the core, while in the third, termed an independent
interruptor, the main contacts are placed in series with the
inductor and source of electromotive force, the break be-
ing operated by a magnet placed in a shunt circuit.

The simple single-spring interruptor is used on coils in
this country up to and including those giving an 8-inch
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spark, though in England it is extensively employed in
coils giving 12-inch sparks and over. The double-spring
interruptor gives a more sudden break, owing to its pecu-
liar construction, and hence it may be applied with ad-

F16. 67.—SINGLE SPRING INTERRUPTOR, ASSEMBLED.

vantage to coils of the intermediate sizes, that is those
giving 4, 6, and 8-inch sparks; while the double-spring,
double-break interruptor, which is independent of the cur-
rent flowing through the main circuit, is the most effective
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of the vibrating-spring make and breaks, and should be
used with the 10 and 12-inch coils.

The single-spring vibrating interruptor consists essen-
tially of five parts, viz.,, the standard supporting the
spring, the spring with its platinum contact, the armature
carried by the free end of the spring, the standard sup-
porting the adjustable screw, and the adjustable screw
with its platinum contact point. Fig. 66 shows the inter-
ruptor dissected, and Fig. 67 illustrates it assembled at the
end of the coil. The dimensions of the different parts may
be ascertained from the following table:

TABLE XX.

Sizes of Single-Spring Interruptor Parts.

Standards, | Springs. Adjusting Screws.
% . 2 w0 & ¢ . g .

. =} . s
28 g g E 228 |8 g_ g = j ; 2 58 %%
tog - s |oE8 |aEs S S 24 S os g€ .

S g% = FEER R = I 3 = S | §=8
§g| 5= = g.;""‘ g5 . : | 45 S| 3 | 304
] Eo|EE|ss £ 8|2 8| EE|EE
g5 g |2&3|ze7| £ | E § | Rg |28
‘@ |Top.|Base.] B |& a =
¥l M| M 8| ¥ | M| 1% & ¥ | B
1% | %4 2 s | 28 | 2% w ¢ 4
2 1|0 ¥4 K | | 8% ¢ s i |1
Armatures. Platinum Disks for Spring Platinum Wire for Stationary
Contact, Contact.
Diameter. | Thickness. Diameter. Thickness, Diameter. Length.

Inches, Inches. Inches. Inches. Inches. Inches.

17 3

i T 5 % 4o e
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The standards, as well as the adjusting screw, are
turned of brass; the former having holes drilled and
tapped in the lower end in which machine screws are fitted,
so that they may be secured to the base of the coil. A hole
is drilled and tapped diametrically through the upper end
of each of the standards, to receive the adjusting screw
and the screw holding the spring respectively. The ad-
Justing screw standard has a slot sawed longitudinally
from the top to the screw hole, as shown in Fig. 66, to
render the adjustment easier and yet hold the screw
firmly; the end of the screw is drilled and tapped to re-
ceive a bit of platinum wire for the contact point.

The spring may be of steel or spring brass, and a small
disk or square of platinum should be soldered about half
way between the centers of the holes at either end of the
vibrating element, and by which it is secured to the stand-
ard on the one hand and the armature attached to it on the
other. The armature is made of a disk of annealed soft
iron and neatly finished, and finally all the brass work
should be lacquered. This may be done by cleaning the
brass work, thoroughly removing every trace of grease
and dirt and then applying the lacquer with a brush.

There are many kinds of lacquer for brass, but the fol-
lowing formula is one of the best and is largely used for
optical and other fine instruments. The lacquer is pre-
pared by placing in a tin or earthen vessel these ingre-
dients: Seed lac, 6 ounces; dragon’s blood, 40 grains; am-
ber and copal pulverized, 2 ounces; extract of red sanders,
14, drachm ; oriental saffron, 36 grains; coarsely powdered
glass, 4 ounces; and absolute alcohol, 40 ounces. Mix the
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ingredients and let the vessel stand in a slightly warmed
place for three or four days, shaking frequently until the
gum is thoroughly dissolved, after which let it settle for

F16. 69.—DOUBLE SPRING SINGLE BREAK INTERRUPTOR ASSEMBLED.

24 to 48 hours; by this time the liquid will be clear enough
to pour off, when it is ready to use. The cleaned metal
must be heated to a point where the lacquer dries as rap-
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idly as it is applied with a brush. The pulverized glass is
used to shake down the impurities.

The double-spring, single-break interruptors, for the 4,
6, and 8-inch coils, are in all their proportions, excepting
the length and thickness of the springs, exactly alike. The
different parts are shown separately in Fig. 68 and assem-
bled in Fig. 69, while in Table XXI will be found the

necessary dimensions.
TABLE XXI.

Sizes of Parts for Double-Spring Single-Break
Interruptors.

Dimensions, Front and |Dimensions Side Elevation.
Rear El n. Inches. Inches.

Helght. Top. Base. Top. Base.
Standard ............0.. 2% X 114 % 13§

Length Diameter of Scrow | Diameter of Milied Head.
Contact Adjusting Screw| T8 * b4

Length. Diameter.

Platinum Wire for Ad-
Justing Screw

Length. Width, Thicknees.

.........

Length. Width. Thickness, | Norx:

Aot

cont en

Steel Contact Spring ...| 2% % * to fach-Bole driled
in el % end 3f inch from

Length. | Width, | Thickness. bottem.
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Sizes of Parts for Double-Spring Single-Break
Interruptors (Continued).

For 4 Inch Coll. For 6 Inch Coil For 8 Inch Coil.

. i, . g o

IR AL B § § 1

BT iR :E

sArmatore Springs......| 5 3 4 | 6 &% & | T % &
Hard Rabber Plates..... 2% ¥ & (8% A N (4% K

Diameter. Thickness.|Diameter, Thickness.|Diameter. Thickness.
1 % 14 % 13 1

Diameter. Thicknees. Diameter. Thicknees.|Diameter. Thickness.

tares........ ...... 1 % < X% 1§ %

Length, ‘Width. Thickness.

Hard Rubber Base, ..... 4% 8 %

* NoT= : }§ inch hole drilled in armature end so that periphery of armature is lush with top.
3¢ inch holedrilled in fixed end 4§ inch from base. 3£ inch hole drilled 25¢ inches from -+ base.

The standard is of cast brass finished in lacquer. A
hole is drilled through the top, which is slotted, for the ad-
justing screw ; two holes are drilled and tapped in the bot- °
tom of the standard and the base, so that the former will
set on the latter 53 inch from one end, 21/, inches from the
opposite end, and 34 inch from either side. The contact
spring carries a nut on both sides of its free end, and in
the inner one a platinum wire is screwed; in the outer nut
and halfway in the inner one—the spring is between them
—is screwed a wire connection; the free end of the con-
necting wire projects through the hole in the armature
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spring and the stiffening brace of hard rubber; the end
of the wire is tapped, and on it two nuts, one of them of
hard rubber and one of brass, are screwed.

The springs are screwed to their respective supporting

PLATINUM POINT.
o o o
—eeee )
. MAINCIRCUIT 23 MAIN 8 SHUNT CIRCUIT CONTACT SPRINGS
O o
- g T SET.SCREW RR
' STANOARD
= ADJUSTING CONTACT
SCREW, SHUNT CIRCUT ﬁm
IRON PLTE FOR MANY
CIRCUIT CONTACT SPRING SOFT 1ON

mmawmmuammm

(05 -0

- ! emsusc SOFY RGN VOKE FOR CORES

T me ]
AONSTABLE WEIGHT

SOFT IRONWAGNET CORE o %“m'o'}
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F16. 70.—PARTS OF INDEPENDENT INTERRUPTOR.

brass blocks, and these in turn as well as the standard are
secured to the base, holes having been drilled through the
base and drilled and tapped in the blocks for the purpose.
The contact spring should stand parallel and in a line
with the face of the standard, and at a distance of 14 inch
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in front of it, while the spring carrying the armature
should be mounted 14 inch in front of the contact spring.
This will bring the armature disk very nearly in a line
with the end of the base and in a position where it can be

F16, 71.—INDEPENDENT INTERRUPTOR ASSEMBLED,

placed conveniently near the polar projection of the core
of the coil. To one of the screws holding the standard to
the base a heavy wire is led off, the opposite terminal
being connected with the screw holding the support of
the contact spring in position.
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Since the independent interruptor does not depend on
the magnetization of the core for its operation,.it is par-
ticularly well adapted for use with large doils, and many
manufacturers are equipping the intermediate sizes with
them. Different from the double-spring, single-break type
just described, it may be used in connection with all sized
coils without modifying any of its parts. The individual
parts of the device are shown in Fig. 70 and collectively in
Fig. 71, while the dimensions may be obtained from Table
XXII.

TABLE XXII

Dimensions of Parts for Independent Interruptor.

Dimensions, Frontand Dimetlilslo Side Eleva-
on.

Rear Elevations. Inches. ches.
Height. Top. Base. Top. Base.
1 Standard c..ee.eoveeensn 38 b4 11/8 % 1%

Diameter of | Diameter of
Length. Diameter. |Milled Head.| Check Nut.

3 Ad uﬂnﬁ Contact
S'cir:w or Main Cir-
cuit.... ..

134 s 58 78
For Main Circuit Screw, For Shunt Circuit Screw.
Diameter, Length. Length. Diameter.
Platinum_Contact Points
for Adjusting Screws. 1% b4 Tx *

Diameter of | Diameter of
Length. Diameter. |Milled Head.| Check Nut.

sting Contact Screw :
e Cieeatt | 24 s 1 %

1 & inch hole drilled and tapped from face to back ¥ inch from top. Ditto 1}§ inches
from &t:)m. 14 inch hole drilled and tapped through on side 4 inch from top.
3 End drilled and tapped out and platinum point inserted.
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Dimensions of Parts for Independent Interruptor
(Continued).

Length. Width. Thickness.

% Main Circuit Contact
8pring......cocoenne 23 174 N

Length. Width. Thickness.

¢ Iron Plate for Main
Circait Contact 8pring 1 1$ o

Length of | Diameter of | Diameter of
Screw. Screw. |Milled Head.

Bet Screw for Standard ,,

NG
2N
R
2

Length, Width. Thickness.

$ Shunt Circuit Contact
Spring....... vee we - 2% % ‘1’

¢ Brass Block for Main
Contact 8pring....... A % %

7 Brass Block for Shunt
Contaet Spring...... % 78 %

8 Soft Iron Armatare....|- 54 % %

3 8p! is of steel. 14 inch hole drilled and tapped 14 inch from each end ; 34 inch hole
cat out 1) Inches from bottom.

¢ Rounded top. inch hole drilled 34 inch from top. inch hole drilled and ta %
inch from top. P ach hole drilled and gpped & inch ﬂom’io:wm; Sorew is tamed piih s
shoulder making {ts total length 134 inches.

8 1¢ inch hole drilled 34 inch from each end. Platinum contact disk soldered to the spring
134 inches from bottom.

¢ 1¢ inch hole drilled and tapped in center of side. Ditto in bottom.

7 3¢ inch hole in side and bottom as above,

3 Slotted to d c'élnch on one side and 3¢ Inch across, to receive spring, inch hole
dlrmed in center of slo side. 34 inch hole led and 3¢ tapped in top ¢y of opposite
slot.
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Dimensions of Parts for Independent Interruptor

(Continued).
Length. Diameter.
Steel Rod for Carrying
Sliding Welght ... 8 %
| Diameter.
* Sliding Welght........ 1 | b4
10 8oft Iron Mlgnet 23
COres (2).eeseevrnaen % %
Distance from Core Ends.
Outside | Diameterof Rounded
Diameter. | Aperture. | Thickness. |Tapped End End.
11 Brass Disk ends for|
Magnet Cores (4)..... 114 % 1;' % 3
Length. Width. Thickness.
" Bven on, Yoke forl 2% % %
Polar Ends.
From § at
lar end
13 Polar Projections. . 1 to % at % 55x%
rounded
end,
Number of
turns onleuch
spool.
No. Amount. (A;l));:)x.)
Wire for et. ‘Doubl
Cotton toversdy "l 26 |Gouncis | 1800

* Hole ¢ inch drilled longitudinally through eemer. 1§ inch hole drilled and tapped at
right angies to above hole until they meet ; this is for set screw.

1¢ Threads cut on one end ; other end rounded.

11 Jy inch holes drilled in two lower disks, one within J inch of aperture, the other same
dmstance from edge. The magnet wire passes t.hrong h these.

11 Holes drilled and hpped% inch from each end to receive magnet cores. 3§ inch holes near
middle to screw yoke to

12 5‘ inch hole drllled th from top to bottom 8¢ inch from polar end ;‘ inch hole

and tapped for set screw In rounded end. This permits poles to be adjusted
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Dimensions of Parts for Independent Interruptor

(Continued).
Length. Width. Thickness,
Hard Rubber Base. ...... 6 8% %
S Brim et
Circuit......... veeue % b1 %

Length. Diameter.
18 Tron Break Rod....... 4 Y%

14 1¢ inch hole drilled ¢ inch from bottom. Iitto Jy inch from top.
1% Bent up at one end 34 inch. End of longest portion threaded.

When all of the above parts have been prepared, the
interruptor may be assembled. To one end of the main con-
tact spring, which is the thin one, the iron plate is secured
by means of 14-inch screw and a nut 3/16 inch thick; the
length of the screw is such that the nut projects 3/32
inch over its end, and into this is screwed and soldered
the platinum contact point. A small screw passes through
the spring and into the plate to keep the latter from turn-
ing. This leaves the end of the plate with the large hole
projecting above the end of the spring, while the oppo-
site end is screwed to its brass support, and the latter to
the hard-rubber base; it should set at a distance of 21}
inches from one end of the latter and 114 inches from
either side.

The shunt circuit spring is placed in the groove of the
cubical armature, and on the opposite side of the spring,
and likewise mounted in the groove with it, is the hard-
rubber plate, when the three pieces are screwed together.
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The bent iron break rod with a stop nut screwed on it 5
inch is then inserted through the upper hole in the hard-
rubber plate, which projects above the armature, and this
is rigidly attached by a nut on the opposite side. In the
top of the armature the brass rod for carrying the adjust-
able weight is screwed. The lower end of the spring is
then screwed to its brass block support, and the latter in
turn to the hard-rubber base, when the spring should set
14, inch in front of the shunt circuit spring, or 234 inches
from the front end. To the screw holding the support of
the spring to the base a few inches of insulated wire, about
No. 16, is connected, as this is a portion of the shunt cir-
cuit. :

The standard is secured to the base by two screws, and
the face of this should be exactly 14 inch back of the main
circuit contact spring, or 2 inches from the front of the
base. To one of the screws, a No. 12 insulated wire is at-
tached, having a length of several inches, for the current
for both the main and shunt circuits passes through it.
Into the extreme upper hole on the side of the standard the
set screw is inserted, and in the hole just below and at
right angles to it is inserted the adjusting contact screw
of the main circuit break. Into the lower hole the adjust-
ing contact screw is inserted and screwed in, so that it
passes through the aperture in the main circuit spring—
but care must be taken that it clears the spring, or other-
wise the interruptor will be short-circuited—until it makes
contact with the platinum disk soldered to the shunt-cir-
cuit spring.

The yoke of the magnet is screwed to the base; and as-
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suming the magnet coils have been wound—and it may
here be said that if double cotton-covered magnet wire is
used, there is no necessity for shellacking the layers—the
cores of the magnet are screwed into the yoke, and the
polar projection slipped over the upper ends of the cores,
which should be adjusted so that when the spring carrying
the armature is drawn to the magnet, the cube of soft iron
forming it will pass between them without touching either
of the poles. This precludes the possibility of the arma-
ture sticking to the magnet.

The binding posts are screwed into their respective holes
in the end of the base, and from these underneath are con-
nected terminals of No. 16 insulated wire. The terminals
of the magnet between the coils and the posts are pro-
tected by rubber tubing, and are connected in parallel in-
stead of in series, so both ends of each coil are brought
out and the two outer ends are connected to the posts near-
est them, while the two inner ends are crossed over and
connected to the posts. The interruptor is now ready for
use.

In double-spring interruptors the break is much more
sudden than in the single-spring type. This is due to the
fact that the armature and weight are carried on the thick
spring and the main circuit contact on the thin spring.
With this arrangement, when the armature is drawing
toward the magnets, the iron break rod does not begin to
pull the contacts of the main circuit apart until the arma-
ture has gotten under full speed. The momentum of the
armature by this time is so great that it precludes the pos-
sibility of the platinum contacts, which are sometimes
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welded together by the heavy current, from sticking, as
they do when the break is dependent on the magnetic pull
alone where a single spring is used.
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CHAPTER XI.
BUILDING UP THE CONDENSER.

The effectiveness and efficiency of a coil depend equally
as much upon the condenser connected across the make
and break contacts as upon the inductor, the secondary,
and the interruptor. If the condenser is poorly made, or
if it has too large or too small a value, as a reference to
the theory of its operation will show, the spark length of
the coil will be greatly reduced.

For the smaller-sized coils the making of a condenser is
a very simple matter, since it is only necessary to use any
kind of paper that is free from pinholes; but for the inter-
mediate-sized coils, if paper is used as the dielectric, it
must be carefully treated and the condenser built up and
insulated, so that every particle of air is excluded. For
the two largest coils, it is advisable to use mica condensers,
and it is desirable that these should be adjustable.

The exact size of the condenser for a coil of given spark
length is, like the determination of the amount of wire
for a secondary, best obtained by building up the device in
sections and trying them out with the interruptor and
source of electromotive force it is intended to use. The
following table will, however, give the sizes of the sheets
of paper and of the tinfoil as well as a fair approximation
of the number required for the 14, 1, and 2-inch coils:
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TABLE XXMI.
Sizes of Condensers for Small Coils.

s g | Sizegf Sheets | gize of Sheets .§_= .§ . ) :§§ 3
°‘i 'I“:i'::foll. of Paper, Ins. | ®3 | @m§ | & £5 4 §
- nehes. ’ ;E ;& z_e .sg .ss
- - -
G s s o2 g8 gm
O  |Length.| Width,[Length.| Width. ] < | 8 g
L 212 | |8 &
| 2 mg| 8 | so0 | 166 Vs 1500
| 10 332 92| & |120 | 248 i 1,%z| 8750
2 12 4% |11 534 | 1560 806 2, Toz. 8100

In condensers for induction coils, the sheets of tinfoil
alternate in position, as shown in Fig. 72; that is, the end

F16. 72.—PAPER AND TINFOIL CONDENSER.

of the first sheet projects over the paper dielectric to the
right, while the next sheet of foil projects over the inter-
vening paper to the left. By building up the condenser in
this manner, each of the alternate sheets of foil is insul-
ated from the next adjacent one by a sheet of paper with
a goodly margin, when all of those projecting from the
right are coupled together, and all of those of the left are
likewise attached to each other.
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For the 14-inch coil the dielectric may be made of thin
writing paper free from pinholes and thoroughly dried
out; it need not be further treated. When the condenser is
completed, it may be held intact by slipping rubber bands
around it. For the 1 and 2-inch coils a good typewriting
paper impregnated with paraffin may be used, and the
condenser held firmly together with tape bound around
it in two or three places. The capacity of a condenser
made with paraffined paper will increase in value per
square foot of surface area as against a condenser made
with plain paper, for paraffin has a higher dielectric con-
stant than air, which fills the pores of the former. Paper
that has been treated with the beeswax and rosin com-
pound is even better, while mica, in virtue of its high di-
electric constant and the exceeding thinness of the plates
that may be stripped off, is the best known for this pur-
pose. The following table will show the difference in the
values of some of the substances used as dielectrics in con-
densers:

TABLE XXIV.
Inductivities of Dielectric Constants.
7 N P 1.00
Parafin (8olid).......cccocvetvvecccacanes 1.68 to 2.30
BeOBWAX ...coveiecrvicvesscsscncscssacanas 1.86
ROBIN ......civiiieniieereeesoccnvananss 1.96
Petroleum .......cceeceeecececccccccnccns 2.00 to 2.25
Parafin Ofl........ciociveeinrncncnnccnnes 2.711
BhellaC ...ccveeverveevaccacsssecssacsanans 2.95 to 3.60
Olive Ofl .....cvvviiinrinnnccnncncnnenass 3.68
GlaB8 ....ccoierirritctctaressitaacnanans 3.00 to 10.00
MicA ...iiiiiiirnirenteccnectencccncannns 4.00 to 8.00
Castor Ofl .....ccccivvennncanenacnnnennes 4.97

A method for building up paper condensers that prac-
tically precludes the possibility of forgetting to alternate
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the sheets of tinfoil is to divide the total number of sheets
into two equal portions. One of the ends of each lot is
folded over 1/ inch, and this is repeated two or three times
until the divided portions assume a book-like form, as in
Fig. 73. The papers having been cut and paraffined, it is
only necessary to place the books of foil on either side,
lay two sheets of the prepared paper between them, and
turn a sheet of foil from the right-hand book over on it,
leaving a margin of an inch on the free edge, place two

F1a. 73.—MAKING A SI1MPLE CONDENSER.

more sheets of paper over it, and then turn a sheet of foil
over and on top of the latter from the left-hand book, and
so on until the condenser is completely built up. Care
must be exercised in placing the sheets of paper and the
foil evenly, so that the margins will be equal on both
sides.

For the intermediate-sized coils paraffin may likewise
be used to increase the inductive capacity as well as to
strengthen the paper, but here again beeswax and rosin in
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equal proportions, or in the ratio of 1 part of the first and
3 of the second substance, is preferable, the last-named
formula to be used where economy is an object. In any
case, the paper sheets should be thoroughly dried out
prior to immersing them in the bath. The method em-
ployed for drying may be either of those indicated for
similarly treating the secondary wire, namely, in an oven
or in a bell jar with chloride of calcium.

F16. 74.—DEevicE For BumpiNe UP A CONDENSER.

A couple of sheets at a time should be removed from the
drying chamber and plunged into the melted substance.
They should remain there until thoroughly impregnated,
then withdrawn and permitted to drain for a moment,
when they are placed between the guide rods formed of
tin, brass, or wood screwed to a baseboard, as shown in
Fig. 74, and a sheet of tinfoil is turned over it and pressed
down with the smooth edge of a rule. Two more papers
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are prepared, laid on top of the foil, and another sheet of
the foil from the opposite side is brought into position.

The whole condenser should be built up as rapidly as
possible, and when the requisite number have been laid, a
board one inch thick is placed on top, when the wood
screws are put on; but before any pressure is exerted, the
edges of the condenser are brushed over with the melted
insulation, so that every crevice is filled with it, and the
screws are screwed down tight. The pressure will ex-
clude almost if not quite all the air, and the condenser
will, when the screws are removed, be a hard and inte-
grate mass. This type of condenser may be further im-
proved by building it up in the manner to be presently de-
scribed for the making of mica condensers. The dimen-
sions of the sheets of tinfoil and paper suitable for the
intermediate sizes of coils are given in the succeeding
table:

TABLE XXV.

Sizes of Condensers for Intermediate Coils.

§ | sizeof Sheets i |2 ] g §
T | Rt o6y 20| |6 | By
a o

P 36| 5= |53 | 5B | 3B | EF

2-8 b E‘s 5% 2 2 o

&y |Length.| Width.[Length.| Width. g LR <| 85| <
b. oz Tb. oz

4 | 6% |8 6 | 4 [ 200 608|675 13¢ 1 1|1 14

6 6 | 8 6 4 500 | 1006 | 9625 | 2 112 (8 8

8 | 5|8 8 | 4 | 800 |1600 15400 | 234 (218 |5 2
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CHAPTER XITI.

ADJUSTABLE MICA CONDENSERS.

In the 10 and 12-inch coils, especially where these are
designed for heavy duty, mica condensers should be used
if possible, and these should be made adjustable. Mica
condensers are usually made in very small sizes, not only
because this laminated mineral has a high dielectric capac-
ity, but for the reason that its price rapidly runs up as
the size of the plates increases.

A good size to use for induction coils is made of plate
mica about 3 x 3 or 3 x 4 inches square, since smaller sizes
require much more labor to build them, while the larger
sizes are prohibitively expensive. The sizes of plate mica
are given in the abridged table below, but intermediate
sizes can be obtained, as there are about three hundred
different sizes quoted by dealers; and beginning at the
smallest size, each half inch adds from 25 to 50 cents per
pound to its value.

A fairly good plate may be obtained that bears the trade
name of electric mica, but it is not nearly as clear as
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the better grade, though it is much used nevertheless by
manufacturing electricians, owing to the fact that it is
quite cheap, selling as it does for from 50 cents to $2.50
per pound. Good mica can be split into sheets as thin as
réos of an inch, and it must be borne in mind that the
nearer the sheets of foil are placed together, i. e., the thin-
ner the insulating medium between them, the greater will
be the capacity of the condenser.
TABLE XXVI

Sizes and Amount of Plate Mica.

s Approximate ize of Pla Approximate
i [NomberorShems|  SEPpITe | NumberorShoss
1xX 4.....0....0 ... 1350 86X 6..cecune.n.. 150
2X 4.....00e... 875 8X 8 .ceeevennn. 85
8X 8. 610 8x 10 ...... ... (]
4 4............ 838 10 X 12........... 55
BX 5 ..covennn... 216

To build up a mica condenser having a capacity of one
microfarad, about 3,500 square inches of tinfoil 'are re-
quired, the exact surface area depending of course upon
the thickness of the mica plates separating them. If the
plates of mica are 3 x 4 inches, and the sheets of tinfoil are
21, x 334, then it will require 466 sheets of tinfoil, each
having 714 square inches of surface, to build up a con-
denser of one microfarad capacity. In the 10 and 12-inch
coils, the safest plan is to provide each with a condenser
having a capacity of five microfarads, and to subdivide
this into ten sections, hence each section will require 233
sheets of foil if the fractions are neglected. Table XXVIL
summarizes the above figures.
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TABLE XXVII.

Summarized Data for a 5-Miecrofarad Condensef for 10
and 12-inch Coils.

Total capaCItY «..vevveieriiereeiirerecasiacccssscoanns 6 microfarads -
No. of sub-divisions............c.coiviiiiiiiiiiiiintnnennernanns 10
Bize of mica plates. .....ccciveeeirncrancsecnssccnssccanss 3x4 inches
Total No.of mica plates............cooiiiiieedininnnencnnnennns 2,340
No. of mica plates in each sub-division.......................... 234
No. of pounds of mica required........................0o.e. 5 pounds
8ize of tinfoll sheets.......ccoviiviiriiineenniernssnrannan 215 x 3%,
No. of square inches in each sheet of foil....................... 7%
No.-of sheets of foil required for 1 microfarad................... 466
Total No. of sheets of foil required...............ccvevvveveenn 2,330
Total No. of sheets of foil required in each sub-division.......... 233
No. of pounds of tin foil required.................. 4 pounds 6 ounces

The easiest and most effectual method for making a
good condenser is to take the requisite number of mica
plates and tinfoil sheets and build them up alternately as
previously described, but with even greater care, for each
sheet of foil must be exactly 14 inch from the edges of the
mica, except that edge where it is connected with its com-
plementary sheets.

The section of the condenser is then laid flat on a thin
board in a small tin pan having a height of an inch or less.
In one end of the pan a tin spout 1% inch in diameter is
soldered, and this is fitted with a cork. On top of the con-
denser a smooth board thick enough to extend above the
edges of the pan by 14 inch should be placed, and a weight
of 2 or 3 pounds—a flatiron will answer admirably—set on
top of this. In the pan, which should be kept moderately
heated by means of a Bunsen burner or a stove, the in-
sulating compound of rosin and beeswax, which has been
brought to a high state of fluidity, is poured in the pan and
around the condenser, where it is permitted to remain until
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it has soaked in all the spaces. It is then drawn off
through the spout. This done, the pan with the condenser
in it, the latter being thoroughly heated throughout, is
placed in a letter press, as shown in Fig. 75, and as great
a pressure applied as may be practicable. If a letter press

F1a. 76.—8ECTION OF CONDENSER IN PRESS.

is not available, then cabinet maker’s wood screws may be
resorted to. ‘

After the compound has set and is perfectly cold, the
condenser may be removed, when it will be found to be a
hard and compact body. The opposite edges of the tinfoil
are soldered together with a number of short lengths of
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wire for the terminals. When ten of these sections have
been thus prepared, they are ready to be mounted, and to
make the condenser adjustable, the sections are secured in
a box that is usually screwed on the base of the coil, and
one of the two following arrangements is provided.

In Fig. 76 the first arrangement is shown, and this also
serves to illustrate how the sections are connected in paral-

F16. 76.—ADJUSTABLE BLOCK AND PLUG CONDENSER.

lel, and when thus arranged, the total capacity of the con-
denser is equal to the sum of the capacities of each indi-
vidual section. On top of the condenser box, which should
measure 6 x 6 x 10 inches outside, a hard-rubber bedplate
615 inches long, 114 inches wide, and 1% inch thick is
drilled and mounted to receive a brass bar 614 inches long,
1, inch wide, and % inch thick and having ten semi-
circular ares cut out on the side at equidistant points, and
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which is screwed to it. To one end of this bar is attached

" a.binding post. Opposite each arc in the bar is a block of
brass 1% inch in length, 1% inch thick, and these likewise
have arcs cut out on their sides, so that when the blocks
are oppositely disposed, a hole is formed that is % of an
inch in diameter, and tapered down to % inch at the
bottom. Tapering plugs are provided that are f inch
diameter at the extreme end and 1 inch at the shoulder,
carrying a screw end to which is fitted 1 hard-rubber cap
7% inch in diameter and 14 inch in length.

TABLE XXVIII.
Sizes of Parts for Adjustable Plug Condenser.

Length, Inches. | Width, Inches. |Thickness, Inches
Hard rubber bed plate. ..... 614 11, }é
Brassbar ... ........c... .. (374 1A 1T
Brass blocks (ten)............ i 1§ %
Dilameter at Diameter at Length of Screw
Extreme End. Shoulder. End.
Tapering plugs.............. s Y b4
Diameter. Length,
Hard rubber caps. . " Te

The condenser sections are connected to their respec-
tive brass blocks on one side, while the opposite sheets of
foil of all the sections lead to a binding post on the box.
It is obvious that if 14, microfarad is desired, it is only
necessary to put a plug in the first hole which connects in
the first condenser between the binding posts, all the other
sections being out of circuit. In a like manner a part or
all of the sections may be brought into active service by
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plugging up the other holes, and hence to obtain the proper
value of capacity for the operation of the coil, it is only
necessary to insert or remove the plugs.

The sections are mounted in the box by building them in

F16. 77.—S8ecTIONS OF MIcA CONDENSER IN BRASS FRAME.

a pile with partitions of hard rubber or pasteboard im-
pregnated with insulating compound between them, and
securing them in a brass frame as shown in Fig. 77. The
latter, it will be observed, is arranged so that it can be
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screwed to the bottom of the box, and this avoids all pos-
sible danger from mechanical jars.

Another scheme for adjusting the capacity of a con-
denser, and one that is largely used by manufacturers in
America, is by means of a revolving switch, the different
parts of which are shown in Figs. 78 to 85, but which will

F16. 78.—CoNTACT PLATE oF REVOLVING SWITCH. ToP VIEW.

be designated, for the sake of lucidity, by the letters
4,B,C,D, E, F, G, and H respectively. It may be con-
structed by procuring a semicircle of brass 31/ inches in
diameter, 14 inch thick at the circumference and 8g inch
thick at the axis. This may be made of thick sheet brass,
though it is usually formed of brass cast from a pattern
and faced on its lower surface and upper side at right
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angles to its axis; to the latter a brass rod 114 inches in
length and 14 inch in diameter is screwed to a depth of
Y, inch, and into this at right angles to it and to the
straight edge of the brass semicircle, 14 inch from the end,
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F16. 79.—CoNTACT PLATE OF REVOLVING SWITCH. SIDE ELEVATION.

a brass rod 114 inches in length is screwed in to a depth
of 1/ inch, while on its opposite end is screwed a bar of
hard rubber 114 inches in length, 34 inch in diameter, and
rounded at the ends, thus forming a handle. On the
under side and in line with its axis a brass spindle 114
inches long, 1/ inch in diameter, and tapped on both ends
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is screwed to a depth of 14 inch. This pa.rt of the switch
is shown assembled at 4 and B.

F16. 80.—Harp RUBBER BLOCK OF REVOLVING SWITCH. ToP VIEW.

F16. 81.—HARD FIBER PLATE. Tor VIEW.

A hard-rubber bed block 3% inches long, 234 inches
wide, and 14 inch thick is prepared by drilling a hole
14 inch in diameter 11§ inches from either end and 7%
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inch from one of the sides. Into this hole a brass collar is
fitted, and this has a hole drilled through it 14 inch in
diameter and through which the rod carrying the semi-
circle of brass is rotated. From the center of this bear-
ing the are of a circle is struck, the radius being 134 inches.
Ten holes % inch in diameter are drilled in the bottom
on the line of the arc, v inch apart, until a depth of 34

F16. 82.—Cro8s SECTION OF REVOLVING SWIT€H.

inch is reached, when a drill 5 inch is used on through,
Four holes 14 inch in diameter are drilled and tapped to
fit 14-inch screws at points marked a, b, ¢, d, and four holes
#% inch in diameter are drilled at e, f, g, h. A brass pin
34 inch in length and o inch in diameter is set in on top
of the block at i, while on the bottom a pin is set in at 5.
A top view of this block is shown in C, Fig. 80.

A piece of hard rubber, or preferably of hard fiber, as
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it is termed, and which is not so easily broken, 314 inches
long, 134 inches wide, and 14 inch thick, has ten holes
cut through on the line of arc of the same radius, diameter,
and distance apart as those in the hard-rubber block, and
four other holes corresponding to those designated as a, b,
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PIN
WITH COLLAR

F16. 856.—ANGLE F16. 84.—PLAR ViEwW or HArp FIBER
PLATE, PLATE IN CovER OF Box.

¢, d are drilled, all of which are 4§ inch in diameter. This
piece is shown at D, Fig. 81. Ten pins, each of which is 1
inch long and % inch in diameter, so that it will slide
through the holes intended for it in the hard-rubber block
and fiber plate, is provided with a brass collar, 14 inch
in diameter and v inch thick, soldered ¥ inch from its
rounded, or top, end. A compressional spiral spring, 14
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inch in diameter and 34 inch in length, is slipped over the
long part of the pin when the ends are inserted through
the holes in the fiber plate as shown in the cross-section E,
Fig. 82, and in detailed drawing F, Fig. 83. To the end
of each pin projecting through the plate a flexible insulated
wire conductor, say 8 inches in length, is soldered, the oppo-
site end being connected with one side of one of the sections
of the condenser; all of the opposite sides of the sections
are connected together by means of a flexible conductor.
The top of the box has a hole cut through its center, 314
inches long and 11/ inches wide, as shown at G, Fig. 84.

TABLE XXIX.
Sizes of Parts for Revolving Switch.

Diameter, Thickness at Thickness of
Inches, Cirenmference, Axis,
Brass Semicircle............ 814 74 5§
Brass Support Rod % g
rass Support Rod .......... i
Handle Raod........... % 1
Hard Rubber Handle ....... % 1
Brass Spindle Rod. .. ...... % 13£ .
Width, Thickness.
Hard Rubber Bed Block. . . 23 85 1§
Diameter. Diam, of Hole.
Brass Collar................ ¥ Yy ¥
Length. Diameter,
Brass Stop Pins (2).......... 3 i
Hard Fiber Plates. 31 ke
....... . 4
Brass Contact Pins.......... 1 %
Diameter. Diam. of Hole.
Brass Collar for Contact Pins % & *
Number of
. Length, Convolutions,
Brass Spiral Springs... ..... 3% Y 4,
Diameter. Thickness.
Brass Washer .............. Y ..
Length, ‘Width. Thickness,
Brass Angle Plate........ .. 1Y V4 o
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The revolving switch is now ready to be assembled. Over
the rod of the rotating semi-circle of brass is slipped a
brass washer, 84 inch in diameter and v inch thick, and the
rod inserted in its bearing in the hard-rubber block. A
brass angle plate shown at H, Fig. 85, and having a length
before being bent into shape of 114 inches, a width of 14
inch, having a hole 14 inch in diameter drilled near its
end and another fy inch in diameter, is drilled 34 inch
from the first. The large hole is placed over the rotating
rod that projects through the hard-rubber block, while
the small hole engages the pin. The plate and the brass
contact semicircle are then secured in position by two nuts
screwed to the rod. To the free end of the angle plate is
soldered a flexible conductor, say 8 inches in length.

The hard-rubber block is then screwed to the top of the
condenser box with 34-inch wood screws, the holes having
been countersunk so that the heads of the screws will be
flush with the surface of the block. The pins carried by
the hard-fiber plate are inserted through the semicircular
rows of holes in the hard-rubber base, the plate being
small enough so that it will set in the aperture cut in the
top of the box; the shoulders on the pins prevent them
from projecting entirely through, since the larger holes in
the base are drilled to a depth of 34 inch, while the ends of
the pins are free to pass through the smaller holes that
go entirely through. The spiral springs rest therefore
between the shoulders of the springs on the one side and
the hard-fiber plate on the other, and in this way it keeps
the ends of the pins projecting beyond the face of the hard-
rubber block % inch when the switch is open. The fiber
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plate is attached to the bottom of the rubber block by four
machine screws, 14 inch in diameter and 54 inch long.
When the semicircular brass contact plate is turned by
means of the handle, its edge, which strikes the contact
pins, being beveled, forces them down 14 of an inch
against the action of the springs, the latter serving to force

¥16. 86.—REVOLVING BWITCH COMPLETE.

the pins upward with considerable pressure, making good
contacts with the rotating contact plate. The condensers
are mounted in their box as previously described, but in
this case the binding posts are inserted in the end of the
box, the flexible conductor from the angle plate leading to
one, and the sides of the sections of the condenser coupled
together leading to the other. The binding posts or brass
connectors should be uniform with those designated in
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Table XI. for the sized coil the condenser is to be used
with. When completed, the revolving switch presents a
neat appearance, as shown in Fig. 86. A wiring diagram
of the switch is given in Fig. 122,
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CHAPTER XIIT.

REVERSING SWITCHES AND COMMUTATORS,

A coil, however small, should be provided with a switch
for making and breaking the primary circuit; and as it is
often desirable to change the direction of the current
through the inductor, it may be further improved by the
employment of a reversing switch or commutator.

In nearly all small coils found in the open market the
pole-changing switch is of the three-point pattern. In this
switch there are two lev<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>