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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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AUTHOR S STATEMENT.

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 ^-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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author's statement.

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

Fig. 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 conse
quently increased the magnetic force produced by it.

Fig. 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

Fig. 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
Flg. 4.—Arago's Experiment.
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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-

Fia. 5.—Sturgeon's

Fig. 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

H
Fio. 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 Oersted, 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
Fig. 8.—Faraday's Induc S pole of the upper steel bar mag
tign Ring.
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

Fio. 9.—Faraday's Induction Con,.

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

8
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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

Fig. 10.—Page's Spur-wheel Break.

such as to cause it to oppose the motion 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 automatic
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

10
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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

Fig. 11.—Neef's Hamjier
Interruptor.

Fig. 12.—Fizeau's Conden
ses 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 Euhmkorff, 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 Euhm-

Fio. 13.—Ruhmkorff'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 (a) mutu
al induction, and (b) selfinduction.
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. Fig. 14.—Electrostatic Inductign.
14. It is 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
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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 considerable 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

Fig. 15.—Static Lines op Forcb.
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

Fig. 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

Fig. 17.—Magnetic 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.
If two closed circuits formed of single
Fio. 18.—Graphic
Representation
loops of wire, or, as we have seen, what
of
Electric
is more effective, two coils of wire, are
Current and
Magnetic
brought near to each other in the same
Whirls.
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

INDUCTION COILS.

17

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

Fig. 19.—Concentrated Lines of Magnetic 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

18
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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
duced by an increasing or a
diminishing current in a
Fig. 20.—Mutual Induction Be
primary coil will cause the
tween Two Coils.
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
so 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 lowvoltage 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

A, A, Core; B, B, B, Primary Coll; C, Interruptor; D, D, Condenser;
E, Battery; F, F, Secondary Coil.
Fig. 21.—Diagram of Inductign Con,.
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 m.
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
mada 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.

Fio. 22.—Straight Core Induction Coil.

Spark coils are rated' by the length of the spark they
give, and thus it is we speak of a %-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-todate 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.

Fio. 23.—Closed Magnetic Cbccit Coil.

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 aa
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.

26

INDUCTION COILS.

In many induction coils to be found in the open market
the amount of iron in the cores is too small. The curve,
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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Fig. 24.—Effect of Increasing Iron 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.
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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 energizing 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-
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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 generally 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 a
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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Fig. 25.—Effect of Capacity Around 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 indue-
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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 en
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
withins 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 ia
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 wire 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 %-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.

34

INDUCTION COILS.

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 coto 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 lastnamed 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 I.
Proportions for Cores.
Spark Length
of Colll.

No. of Wire
(B. & S. Gage).

Inches.
X
1
2
4
6
8
10
12

20
20
20
22
22
22
22
22

Approximate
Weight of Core.

Diameter of
Core.

Length of
Core.
Inches.
«H
1*
10^
12
14
18
22
26

Lob.
.,

OZ9.
3%

Inches.

'2
7
11
18
25
38

12
0
13
10
13
10

2^
3

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 firstclass 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.

36

INDUCTION COILS.

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 one-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,

Fig. 26.—Gas Pipe with Screw Caps.
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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

Fig. 27.—Making the Paper Ture.
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

Fig. 28.—Arrangement of Core and Ture.
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 TL the inside
diameter and length of the tubes may be ascertained, while
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Table III. 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, Fig. 28, and its purpose will be obvious when
the point is reached where the coil is assembled.

table n.
Proportions for Small Tubes.
Spark Length of Colll.

Inside Diameter of Tube.

Length of Tube.

Inches.

Inches.
%

Inches.

1
2

6%
m

TABLE III.
Table of Core Projections.
Spark Length of
ColL

Projection of Core from
End of Tube.

Projection of Tube
from Opposite End of Core.

Inches.

Inch.

Inch.

l"
2

P

t

Thickness of paper tube A 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 Fig. 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

Fia. 29.—Bar 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 Colll.

Length of Core.

Diameter of Rod.

Length of Rod.

Inches.
4
0
8
10
12

Inchec.
12
14
18
22
20

Inch.

Inches.
14

H
20%

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 y8 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
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, Fig. 31. As the ends of the
wires emerge from the hole on the other side,
they are tightly wound with adhesive tape, so
Fig. 30.
that when the job is completed the core formed
Plate for
will
be very compact and straight and true in
Forming
Core.
shape and size. It can then be wound with

Fig. 31.—Forming the Core.
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successive layers of manila paper until it is incased in a
covering % 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 moisturei—
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.

Fia. 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 cottoncovered wires for the same sizes, but as there are only
two 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.
Approximate Number of
No. of Wire (B. <fc S. Gage).
Spark Length of Colll.
Feet Required.
Inches.
l
2
4
6
8
10
12

16
14
14
13
13
12
12
10

25
47
156
215
262
376
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

Fig. 33.—Cheek of Coil 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

1
mi

iV

Fig. 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

tfl

Fio. 35.—Side 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 first. "When the
cheek where the winding
Fio. 3G- -End Elevation of Wind
was begun is reached, the
ing Device.
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.
PKndWrojedcetin g
ofCorewithLength
Standards.
Baseboards.
CofOhpuecnki.ng
(Ap roximately).
aa
SizeofCoil.
Ucight.

Inch.
X
l
2

Inches. Inches.
6
6
8^
8
12
10

Width.

Inch.
%
1
IK

%
Mle

Inch.
%
i2

I
»-0
Na
35

Inch.
H
f*
92
78

i
i

is

Miw
1

Inches. Inches. Inches. Inches.
6 1
Wi
%
i
9 1*
15^| 12 1^
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The method of winding the primary with the device ia
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
Fig. 37.—Wood Ring foe
actly equal to the thickness of
Inductor.
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 righthand 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 VII.
Sizes of Wood End Rings.
Diameter
Core.
of
Coll.
of
Size

Dofiameter

withPaper.
Core
Covering.

1
DOiuatmseitder

|
DIinasmietder
Rings.
of

CGiroculvaer.
Rings.
of

o
H
aa
|a

i3
3
•mO

CGirocuvlaer.

of
Width

of
Depth

Inch.
ih
T*ft
=
=

i
Inches.
4
6
8
10
12

Inches.
2
2*
2%
3=
8ft

Inches.
2
2%
2%
3ft
3/,

Inches.
2
2%
2%
3tV
3=

Inches.
2%
2%
3V
35?

Inch.

Inches.

Inch.

II

%
1
1
IK

X
%
&
%

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, V/2 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-

Fig. 38.—Core and Primaey 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 VI.
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 disrupting the
insulation of the primary.
TABLE VIH.

Thickness of Paper Insulation.
Size of Coll.

Thickness of Insulation.

Inches.

Inch.

1
2

1

A

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 Kubber Insulating Tubes.
Size of Colls.
Inches.
4
6
8
10
12

Diameter
Length of Tube. Inside
of Tube.
Inches.

Inches.

UK
18%
22%
2~H

2%

Thickness of
Tube.

Ontside Diameter
of Tnbe.

Inch.
H
A
H

Inches.
2%

3%
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
is 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
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Fig. 39.—Eno and Cross-sectign of Cap.
the end where the terminals of the primary emerge. Into
these holes are screwed brass connectors, into which the
ends of the primary are in
serted and secured. Fig. 39
1 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
CONNECTOR
Fig. 40.—End of Inductor in treme periphery is flush with
Cross-sectign.
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.
Distance of
of Center of
Diameter of Diameter of Thickness Diameter of Diameter
Spark
Holes
for
Connector
Inside
Outside
Length of
Rod Hole. Brass Con Holes from
of Cap.
Surface.
Surface.
Colll.
nectors.
Center of
Rod Hole.
Inches.
4
6
8
10
12

Inches.
2%

Inches
2^

Z%
±%

SX

Inch.
%
%
A
%

Inch.
X
X
A
%
H

Inch.
X
X
X
%
%

Inches.
i
IX
IX

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 XL
It will be observed that these connectors are
turned from solid brass rods, the shanks of
Fig. 41.—Brass
which are threaded to fit those tapped in the
Connector.
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
of Length of
Length of of Connector Diameter
Shank.
Body.
Coll.
Body.
Inches.
4
6
8
10
12

Inch.

Inch.
X

|

X

Inch.
%
%
7
TV

I

Diameter
of Hole
Through
Axis.
Inch.
0.072
0.072
0.081
0.081
0.102

%

Diameter Distance of
of Set Screw Holes
Screws. from Ends.
Inch.
A

Inch.
A

1

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 Colll.

Diameter of Disk.

Thickness of Disk.

Diameter of Hole.

Inches.
4
6
8
10
12

Inches.
1
1

Inch.
A

Inch.
M

ft
i*

|

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 iron, illustrated in Fig. 43, is drilled

Fio. 42.—Brass Cap Nut.

Fig. 43.—Polar Projectign 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.

Inchaa.
4
6
8

Inch.
%
%
1

Inch.
s

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 interrupter 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 VTL
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 nearerj
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.
Spark Length
of Colll.
Inches.

Size of Wire,
B. and S. Gage.

1*
2

40
40
38

Number of
Threads to Inch
for Bare Wire.
Bare.

Cotton Covered.
%

1

3

32
24
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
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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

Fig. 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 better 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
of Wire Pounds of Wire
Spark Length of Cotton-Covered
Pounds of Wire forNo.
Wireless Tele for Wireless Tele
Collls,
Wire
for
for
Ordinary
Collls
graph
Collls.
graph Collls.
Inches.
Ordinary Collls.
4
6
8
10
12

36
36
36
34
34

6
9
12
15
18

32
32
32
30
30

16
24
28
42
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 increase
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
core disk
BRASS FACE P late!

BRASS FACE PLATE

1/

Fio. 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.
Distance
Diameter
Diameter | Thickness
Spark Length
Height
of Colll, of Standards, Between Stand- of Face Disks, of Core Disks, of Core Disks,
Inches. I Inches.
ards, Inches.
Inches.
Inches.
Inches.
4
<>
8
10
12

OH
•'4

if
->78
1„

Base length, 13 inches. Width, 12 inches. Thickness, 114 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 6% 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.

Fiq. 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.
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CHAPTER VIII.
WINDING THE SECONDABY 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.

of
Spark Length Thickness of Diameter
Pie Aper
of Colll, Inches. Pie, Inches. ture,
Inches.

External Diameter of Piee.
Inches.
Number of Pies
Ordinary.

4
G
8
Kl
12

Wireless.
30
37
04
80
00
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TABLE XVIII.
Number, Diameter and Aperture of Paper Disks.
Diameter of External Diameter Disks Between
Spark Length
Each Pie.
of Coll, Inches. Aperture, Inches.
Inches.
4
6
8
10
12

5

5«
&4
V/s
7«
7«

6
6
6
6
6

Total Number
of Disks.
186
228
390
486
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

Fig. 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 %-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
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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

/TAOH/S OF PAPER OAM3
Fig. 50.—Plotting Radius op 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 y2 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

Fig. 51.—Making a Joint.
silk y8 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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Fig. 52.—New Method of Connecting Pies.

Fig. 53.—New Method of Connecting Pies.

Fig. 54.—Old Method of Connecting Pies.

Fig. 55.—Old 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 induc
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 Vi
inch at the middle to y2 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 Kings.

4-Inch Coll,
Thickness of Rings & Inch.

6-Inch Colll,
8-Inch Colll,
Thickness of Rings ft Inch. Thickness of Rings % Inch.

Depth
Number of Radial Depth of Number of Radial Depth of Number of Radial
of Rings,
Rings.
Rings, Inches.
Rings. ,
Rings, Inches.
Rings.
Inches.
6
6
6
6

A
I

8
8
8
8

s

Total numbe r of rings 24 Total numb)>r of rings 32
Number of' pies of Number of pies of
minimum t perture 6 minimum a perture
5
Total numbe r of pies 30 Total numbet of pies 37

10
10
10
10
10
10

?

Total numb er rings 60
Number oi' pies of
minimum aperture 4
Total number of pies 64

80
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Data for Insulating Rings (Continued).
10-Inch Coll,
Thickness of Rings % Inch.

12-Tnch Colll,
Thickness of Rings % Inch.

of Rings.
Number of Rings. Radial Depth
Inches.
12
12
12
12
12
12

of Rings,
Number of Rings. Radial Depth
Inches.

I

10
10
10
10
10
10
10
10

1

Total number of i
Number of pies tif minimum apTotal number of pies

Total number of i
Number of pies c>f minimum ap8 erture .
14
80 Total number of pies
94

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 coll.
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, bad 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
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
Fig. 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
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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
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
Fig. 5S.—Building Up the
tube, it is placed in a sup
Secondary.
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

Fig. 59.—The Secondary Coil 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 % 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 bo
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.

Fig. 60.—The Completed Secondary Coil.
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CHAPTER IX.
VACUUM DRYING AND IMPBEGNATING APPARATUS.

The methods cited in the preceding and succeeding chap
ters for treating secondary coils and condensers require
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
Fig. 61.-Impregnating Vessel. by the simple processes that
have been described, although
some of the less particular ones resort to the expedient of

/
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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
Fig. 62.—Top with Compres
the coil, but it will also drive
sign Screws and Ring.
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

UVC STEAM
Fig. 63.—Simple 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
Fiq. 64.—Brass Frame.
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
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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

INDUCTION COILS.

91

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 INTERBUPTOR.

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-

Fig. 67.—Single Spring Interruptor, Assemrled.
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.

ofLength
rk
Inches.

Standard?.
Inches. ofHoleDiainetcr forAdjustingISncrhesw.,
ght,

Diameters, Inches.

£|j
'3
a

S 2"
lisa"

I*
1%

X
%
%

Top. Base.
X
%
H

2

Adjusting Screws.
Inches.
gth,
Inches.
Dofiameter Screw,
o|
1=1
III
§

Springs.
LIencnhgetsh.T
dth,
Inches.

a
%
i

Armatures.
Diameter.
Inches.

Thickness.
] nches.

H

A
/8

!

1!
%
1%
2%
3?s

Platinum Dteks for Spring
Contact,
Diameter.
Thickness.
Inches.
Inches.
i
s
$
3!

9
ii

$
A

Vs

H
%
l

8

Platinum Wire for Stationary
Contact.
Diameter.
Length.
Inches.
Inches.
A
A
A
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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,
i/o 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

Fig. 69.—Dourle Spring Single Break Interruptor Assemrled.
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 Elevation. Inches.
Inches.
Height.

Length.
Contact Adjusting Screw

Top.

Base.

Top.

Base.

X

IX

%

IX

Diameter of Screw.
=

A
Length.

Diameter.

X

X

Length.

Width.

Thickness.

1

X

X

Length.

Width.

Thickness.

Length.

%
Width.

IT
Thickness.

IK

X

%

Diameter of Mllled Head.
%

Platinum Wire for Ad-

Brass Support for Con-

Steel Contact Spring ...
Bran? Support for Anna-

Noti:
A inch hole drilled in
contact end U inch from
top, % inch hole drllled
in fixed end X inch from
bottom.
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Sizes of Parts for Double-Spring Single-Break
Interruptors ( Continued) .
For 4 Inch Coll.

Hard Rubber Plates

1

4

J

i

i
i
I

5
2*

X
K

A
A

For S Inch Coll.

t
6
3%

11

a

lie
A
A

A
A

For 8 Inch Coll.

i
f

1

s

j

*

e

7
4%

K
%

A
A

Diameter. Thickness. Diameter. Thickness. Diameter. Thickness.
Soft Iron Disk Anna-

1

%

1M

%

IX

i

Diameter. Thickness. Diameter. Thickness. Diameter. Thickness.
Disk Screw for Arma
tures

Hard Hubber Base.

.,,

1

IX

1^

Length.

Width.

Thickness.

*X

3

X

X

* Note : W) inch hole drllled in armature end so that periphery of armature is flush with top.
% inch hole drilled in fixed end A mcn from base. Y\ inch hole drilled 2% inches from -f 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 % inch from one end, 2*4 inches from the
opposite end, and % 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

f©
XXX SCREW
HOLES
—

J
n
SIDE
BE

ADJUSTABLE WEIGHT
SOFT IRONMAGNET CORE
EH"
Fiq. 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 % incn
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in front of it, while the spring carrying the armature
should be mounted % 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

Fig. 71.—Independent Interruptor Assemrled.
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 coils, 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, Front and Dimensions, Side Eleva
Rear Elevations. Inches
tion. Inches.

Standard .

Adjusting Contact
Screw for Main Cir
cuit

Height.

Top.

Base.

Top.

Base.

3

X

VA

H

IK

Length.

Diameter of Diameter of
Diameter. Mllled Head. Check Nut.
A

For Main Circuit Screw.
Platinum Contact Polnts
for Adjusting Screws.

Diameter.

Length.

H

X

Length.

%

%
For Shunt Circuit Screw.
Length.
I
Tt

Diameter.

Diameter of Diameter of
Diameter. Milled Head. Check Nut.

Adjusting Contact Screw
✓7'8
for Shunt Circuit
T«s
H
1 A inch hole drllled and tapped from face to back % inch from top. Ditto
from bottom. % inch hole drllled and tapped through on side >4 inch from top.
' End drllled and tapped out and platinum polnt inserted.

inches
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Dimensions of Parts for Independent Interruptor
(Continued).
Main Circuit Contact
Spring

* Iron Plate for Main
Circuit Contact Spring

Length.

Width.

Thickness.

2%

X

Length.

Width.

Thickness.

1

X

A

Length of Diameter of Diameter of
Screw. Mllled Head.
Screw.
Set Screw for Standard . .

* Shunt Circuit Contact
Spring

H

X

Length,

Width.

2%

Thickness.
A

• Brass Block for Main
Contact Spring

X

X

» Brass Block for Shunt
Contaet Spring

%

X

%

H

" Soft Iron Armature.

H

' Spring Is of steel. % inch hole drllled and tapped y± inch from each end ; y± inch hole
cut out 1H inches from bottom.
' Bounded top. M inch bole drilled 14 inch from top. U inch holo drllled and tapped
inch from top. A inch hole drilled and tapped ft inch from bottom ; screw is turned with a
shoulder making its total length 1)4 inches.
* % inch hole drilled \X mch from each end. Platinum contact disk soldered to the spring
1)4 inches from bottom.
' % inch hole drilled and tapped in center of side. Ditto in bottom.
7 !>6 inch hole in side and bottom as above.
8 Slotted to depth. W inch on one side and Wl inch across, to receive spring, W inch hole
drilled in center of siotted side. % inch hole drllled and tapped in top ft of edge opposite
slot.
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Dimensions of Parts for Independent Interruptor
(Continued).
Steel Bod for Carrying
Sliding Weight . . .

Length.

Diameter.

3

A
Diameter.

>s Soft Iron
Cores (2)

Magnet

1

%

2%

%
Distance from Core Ends.

Outside
Diameter.
11 Brass Disk ends for
Magnet Cores (4)

" Soft Iron Yoke for

Diameter of
Aperture.

Thickness. Tapped End

iK

%

A

Length.

Width.

Thickness.

2%

%

Vz

%

Hounded
End.

%

Polar Ends.

•» Polar Projections.

Wire for Magnet (Double
Cotton Covered)

1

From f at
polar end
to^at
rounded
end.

%

No.

Amount.

Number of
turns on each
spool.
(Approx.)

26

0 ounc s

1300

t'rS'

• Hole A inch drilled longitudinally through center. % inch hole drllled and tappwl at
right angles to above hole untll they meet ; this is for set screw.
10 Threads cut on one end ; other end rounded.
11 i, inch holes drllled in two lower disks, one within A inch of aperture, the other same
distance from edge. The magnet wire passes through these.
" Holes drilled and tapped % inch from each end to receive magnet cores. % inch holes near
middle to screw yoke to base.
>* % inch hole drilled through from top to bottom % inch from polar end % inch hole
drilled 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.

Hard Rubber Base.

6

14 Hard Rubber Plate for
Armature of Shunt;
Circuit

%

K

Length.

Diameter.

Thicknefts.
H

15 Iron Break Rod.
14 % inch hole drllled -f, inch from bottom. I itto A inch from top.
10 Bent up at one end H 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 %-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 2*4
inches from one end of the latter and I% 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 hardrubber plate, when the three pieces are screwed together.
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The bent iron break rod with a stop nut screwed on it ^
inch is then inserted through the upper hole in the hardrubber 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
Vo inch in front of the shunt circuit spring, or 2% 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 y2 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 CONDENSES.
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
1, and 2-inch coils :
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TABLE XXIII.

Sizes of Condensers for Small Coils.

h
P
1*
2

Size of Sheets
of Tinfolll,
Inches.

Size of Sheets
of Paper, Ins.

Length. Width. Length. Width.

7^
10
12

7^

"2

3
4
5%

a

a

1.

1.

o3

ci2

s
Pi

i

80
120
150

166
246
806

1*

tj
il

E*

<

It

1

l,2oz.
2, 7oz.

•4

o
8 .

If
■
m
1500
3750
8100

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

Fig. 72.—Paper and Tinfoil Condenses.

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.

s
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For the %-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.
Air
1.00
Paraffin (solid)
1.68 to
Beeswax
1.86
Rosin
1.95
Petroleum
2.00 to
Paraffin Oil
2.71
Shellac
2.95 to
Olive Oil
3.58
Glass
3.00 to
Mica
4.00 to
Castor Oil
4.97

2.30
2.25
3.60
10.00
8.00

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 Vi 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

Fig. 73.—Making a Simple Condenses.

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.

Pig. 74.—Device for Building 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.
Totinffoil
ofSherts
SNhuembtesr
of
Lbs.edIn
Inreches
(
A
p
r
o
x
i
m
a
t
e
)
.
si Size of Sheets Sire of Sheets
Tinfoil.
Surface. Capacity
Paper.
of
of Tinfoll, of Paper, Ins.
Inches.
SparlCoof
Amoun Requii
Length. Width. Length. Width. e°
P
!
lb. OZ.
4
4
608 5775
5^
6
300
1 1
1 12
4
6
6
500 1006 9625 2
4
8
0
800 1600 15400 2^ 2 13

,oxlmate
'eight.
F
lb. oz.
1 14
8 8
5 2
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CHAPTER XII.
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
njVir 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.
Size of Plates
in Inches.
IX
2X
3X
4X
5X

4
4
3
4
5..

Approximate
Number of Sheets
per Pound.
1350
675
610
338
216

Size of Plates
in Inches.
6
8
8
10

X
X
X
X

6
8
10
12

Approximate
Number of Sheets
per Pound.
150
85
68
55

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 3x4 inches, and the sheets of tinfoil are
2i/> x 3%, then it will require 466 sheets of tinfoil, each
having 7% 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 XXVII.
summarizes the above figures.
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TABLE XXVII.

Summarized Data for a 5-Microfarad Condenser for 10
and 12-inch Coils.
Total capacity
6 microfarads
No. of sub-divisions
10
Size of mica plates
3x4 inches
Total No. of mica plates
.,
2,340
No. of mica plates in each sub-division
234
No. of pounds of mica required
5 pounds
Size of tinfoil sheets
2% 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
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
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 % mcn m 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 V4 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

Fig. 75.—Section of Condenses 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-

Fig. 76.—Adjustarle Block and Plug Condenses.

lei, 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
6X<2 inches long, 1% inches wide, and % mcn thick is
drilled and mounted to receive a brass bar 6% inches long,
i/> inch wide, and A inch thick and having ten semi
circular arcs 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 y2 inch in length, TV 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 A of an
inch in diameter, and tapered down to T\ inch at the
bottom. Tapering plugs are provided that are t\ inch
diameter at the extreme end and % iuch at the shoulder,
carrying a screw end to which is fitted a hard-rubber cap
tV inch in diameter and y2 inch in length.
TABLE XXVIII.
Sizes of Parts for Adjustable Plug Condenser.
Length, Inches. Width, Inches. Thickness, Inches

k
Diameter at
Extreme End.
A
Diameter.
A

X
X
Diameter at
Shoulder.
X
Length.
H

H
e
TI
A
Length of Screw
End.
H

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 % 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

Fig. 77.—Sectigns 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

HANDLE

Fig. 78.—Contact Plate of Revolving Switch. Top View.

be designated, for the sake of lucidity, by the letters
A, B, C, D, E, F, G, and H respectively. It may be con
structed by procuring a semicircle of brass 314 inches in
diameter, y8 inch thick at the circumference and % 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 1V4 inches in
length and y2 inch in diameter is screwed to a depth of
% inch, and into this at right angles to it and to the
straight edge of the brass semicircle, % inch from the end,
HANDLE ROD

SUPPORT ROD

um
BRASS SEMI- CIRCLE

BRASS COLLAR

■WASHER
I TH-Tfill BRASS NUT

CHECK NUT
Fig. 79.—Contact Plate of Revolving Switch.

Side Elevation.

a brass rod iy$ inches in length is screwed in to a depth
of Vi inch, while on its opposite end is screwed a bar of
hard rubber iy2 inches in length, % 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 1V4
inches long, 14 inch in diameter, and tapped on both ends
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is screwed to a depth of V4, inch.
is shown assembled at A and B.
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This part of the switch

Fig. 80.—Hard Rurrer Block of Revolving Switch. Top View.

Fig. 81.—Hard Firer Plate. Top View.
A hard-rubber bed block 3% inches long, 2% inches
wide, and y2 inch thick is prepared by drilling a hole
y2 inch in diameter Iff inches from either end and %
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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 *4 inch in
diameter and through which the rod carrying the semi
circle of brass is rotated. From the center of this bear
ing the arc of a circle is struck, the radius being 1% inches.
Ten holes -rV inch in diameter are drilled in the bottom
on the line of the arc, A inch apart, until a depth of %

Fig. 82.—Cross Sectign of Revolving Switch.
inch is reached, when a drill & inch is used on through,
Four holes % inch in diameter are drilled and tapped to
fit %-inch screws at points marked a, b, c, d, and four holes
inch in diameter are drilled at e, f, g, h. A brass pin
% inch in length and A inch in diameter is set in on top
of the block at i, while on the bottom a pin is set in at j.
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, 3% inches
long, 1% inches wide, and ys 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,

Fig. 85.—Angle
Plate.

Fig. 84.—Plan View of Hard Firer
Plate in Cover of Box.

c, d are drilled, all of which are
inch in diameter. This
piece is shown at D, Fig. 81. Ten pins, each of which is 1
inch long and A 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, y± inch
in diameter and tV inch thick, soldered fV inch from its
rounded, or top, end. A compressional spiral spring, %
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inch in diameter and % 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 ±Vi inches wide, as shown at G, Fig. 84.
TABLE XXIX.

Sizes of Parts for Revolving Switch.
Diameter,
Inches.

Brass Semicircle

8M

Thickness at
Circumference,
Inches.

Thickness of
Axis.

H
Length.

Brass Support Rod
Brass Handle Rod
Hard Rubber Handle
Brass Spindle Rod
Width.

Thickness.

Hard Rubber Bed Block. . .

%
Diameter.

Brass Collar

Length.

Brass Stop Pins (2)

Dlam. of Hole.

X
H

Diameter.

A
Width.

Hard Fiber Plates
Brass Contact Pins
Brass Collar for Contact Pina

lH

H
=

Diameter.

Diam. of Hole.

a

=

Brass Spiral Springs

%
Diameter.

Brass Washer
Brass Angle Plate

I
Number of
Convolutions.
4.

Length.
Thickness.

%

=

Length.

Width.

Thickness.
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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, % inch in diameter and ■jV 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 1^4 inches, a width of y2
inch, having a hole % inch in diameter drilled near its
end and another -fo inch in diameter, is drilled % 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 %-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 % 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 hardrubber block A 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, % inch in diameter and % 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 % of an inch
against the action of the springs, the latter serving to force

Fig. 86.—Revolving Switch 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
bos, 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
with. When completed, the
neat appearance, as shown in
of the switch is given in Fig.
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the condenser is to be used
revolving switch presents a
Fig. 86. A wiring diagram
122.
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CHAPTER XLTL
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 levers made of spring brass; in the
larger end of each a %-inch hole is drilled and a &-inch
hole y2 inch from the small end. The levers are connected
together by a bar of hard rubber, which is screwed to them
through the small holes. The levers and the posts may be
mounted on a base of hard rubber or directly on the bed
of the induction coil. The posts are to be set into the base
% inch from each other, measuring from the centers, thus
leaving a space of % inch between them, while the centers
of the large ends of the levers are mounted % inch from
each other. Fig. 87 shows the three-point switch assembled,
while Table XXX. gives the sizes of the different parts.
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A four-point switch is better than one with only three
points, for in the former the current can be cut off as well

Fig. 87.—Three Point Switch.
as reversed. In this switch the points of each lever are
placed 1 inch apart, and the two inside points V2 inCh from
center to center, while the pivotal points of the levers are
iy2 inches center to center. The dimensions of the parts

Fig. 88.—Four Point Switch.

for this switch will likewise be found in Table XXX.
One size of either the three or four-point switch will serve
equally well for the y2, 1 and 2-inch coils. Fig. 88 illus
trates a four-point switch complete.
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TABLE XXX.

Sizes of Parts for 3- and 4-Point Switches.
Length.
Inches.

% tapering
to%

Leven
Connecting Bar for 3Point Switch . . .
Connecting Bar for 4Point Switch . . .

Points

1

IX

%

Diameter of
Heads.

Thickness of
Head.

X

Diameter.

Washers
Thumb Screws

Width.
Inches.

H
Height.
T5

Diameter of
Shanks.

Yz inch in
center
rounded to
^ in ciroumference.
Diameter of
Hole.

Length of
Shank.

M drilled
and tapped.

Thickness.

V.

X

Diameter.

Milled
heads,
drilled and
tapped base.

For any of the intermediate and even the largest sized
coils a double-throw double-pole knife switch shown in
Fig. 89 is used; but as these can be purchased cheaper
from supply dealers than they could possibly be made, a
detailed description is not considered necessary. Suffice
it to say that the contact blades are pivoted to the center
posts and insulated from each other by a hard-rubber or
fiber bar to which is attached a handle of the same ma
terial or of wood.
In Great Britain and on the Continent the reversing
commutator devised by Kuhmkorff is used extensively on
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coils of every size from the smallest to the largest. It
can be recommended for the 4-, 6-, and 8-inch coils as
these are operated by interruptors working from the core
of the coil. A commutator of the size given may be
applied to any of the intermediate coils.

Fig. 89.—Dourle Pole Dourle Throw Knife Switch.
The device comprises a solid cylinder turned of hard
rubber or wood, to which are screwed, in grooves cut on
oppositely disposed sides, arcuated strips of brass. Each
of the latter takes up about a quarter of the circumference

Fig. 90.—Perspective View of Rkvolvino Element.
of the cylinder, and they set in flush with its surface. On
either end of the cylinder a short brass rod is screwed in
forming a spindle, which in turn is supported by brass
standards. To one of the ends of the spindle is attached a
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SEGMENT

HARD RUBBER
SEGMENT
CYLINDER
Fig. 90a.—Cross Sectign of Commutator.
handle, so that the cylinder can be rotated. On a lino
drawn at right angles to the axis of the cylinder are two
spring brass brushes supported at the base by brass blocks,
while the upper and free ends make contact with the arc

Flq. 91.—COMMUTATOB, FRONT ELEVATION.
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uated brass strips or segments or with the surface of the
cylinder as the case may be.
It will be observed by referring to the cross section, Fig.
90, that one of the brass strips is connected with one end

Fig. 92 —Plan View of Commutator.
of the spindle, through one of the screws securing it to
the rubber, while the opposite segment is likewise in con
nection with the opposite end of the spindle. The stan
dards and the brass blocks may be secured directly to the
bed of the coil or mounted on a hard-rubber base. A front
elevation is shown in Fig. 91, a plan view in Fig. 92, and
a perspective view in Fig. 93, while the dimensions may
be ascertained from Table XXXI.
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TABLE XXXI.
Sizes of Parts for Commutator.

Length.
Inches.

Diameter.
Inches.
M inch holes
drilled % in. deep
in both ends, and
tapped.

Hard Rubber Cylinder.
Brass Commutator
Segments (2)

Length.
1H

Width.

Thickness.

Brass Spindle (right
hand)
Brass Spindle (left
hand)

Length.

Diameter.
X

Length of
Shank.
xx

Brass Standards (2). . .

Spring Brass Commu
tator Brushes (2). .
Hard Rubber Base . .

Diameter of Shank.
A

X
t^j in. holes drill
ed A in. from top.
! £ in. holes drilled
and tapped in bot
tom.

Length.
*X

Diameter.
X

Length.

Width.
1^

Length.
Iff

Diameter.
%

^s in. hole drill
ed through one
end. Set screw in
end.

Length.
*x
Length.
4^

Width.
i/
n

Two holes ^ in.
drilled at one end
for brass blocks.

Brass Blocks (2).

Hard Rubber Handle.

Two -ft in. holes
drilled in ends.

Two holes -fa in.
Thickness. drilled ana tapped
in sides, and two
X
Lg in. holes in bot
tom.

X
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For large coils employing an independent interruptor,
an interlocking reversing switch, which is a refinement of
the commutator just described, will prove more service
able, for it prevents the current from flowing through the
inductor until the make-and-break mechanism is in work
ing order, and consequently eliminates the danger of short
circuits and possible burn-outs.

Fig. 93.—Rotating Commutator Complete.
This device consists of two rotating rods or spindles,
each of which is provided with a crank handle formed of a
bar of finished cast brass, drilled at its larger end to
receive the rod and fitted with a set screw and drilled at
the smaller end, through which a screw passes into a hardrubber bar, rounded at the end, all of which is shown in
Fig. 94. The right-hand spindle carries on its lower end
a hard-rubber disk, Fig. 95, having four slots cut across
its circumferential surface at equidistant points, as well as

Fig. 95.—Commutator Disk and Brushes.
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two arcuated depressions diametrically opposed. Two
strips of brass are then
screwed to its periphery, and
the ends bent over in the
slots. Through the disk a
hole is drilled from the sur
face of one of the slots to
the aperture for the spindle,
and tapped to receive a set
Fig. 96,-Locking Plate.
screw■ To the under Surface
of the disk a triangular in
terlocking plate, Fig. 96, is screwed, but is separated from
7 "\MA*DL£ /f/WOlf

0\

X

\a

LOCH/NC PLATE

SUPPORT BLOCK

Fio. 97.—Plan View or Commutator and Switch.

it a distance of -^ inch by brass washers, as will be
seen in Fig. 94. This plate has a curved slot cut through
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it, and the open end should extend directly across the
depression, as indicated in the plan, Fig. 97. Refer
ring again to Fig. 94, between the handle and the disk a
thin brass washer, a thick brass washer, and a collar
having a set screw are slipped over the spindle, and when
the switch is mounted these serve as bearings as well as
to prevent any vertical play of the rod.

Fig. 98.—Commutator Mounted on Base of Coil.
To the left-hand spindle, on the lower end, a cast-brass
locking lever having a long shoulder is secured by a set
screw, and screwed to this is a spring-brass shunt contact
lever set at an angle of about 110 degrees to the crank lever,
so that when the handle is thrown to the left the end of the
contact lever slides on a beveled contact plate, as shown
in Fig. 97. Between the locking lever and the handle a
thick stationary washer, a thick bearing washer, and a
collar are placed over the spindle to retain it in its proper
position. Screwed to the bed of wood, which in turn is
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screwed to the under side of the bed of the coil, are four
brass blocks, each of which has a projection at right angles
to its base, thus _[_. To each projection is screwed a brass
spring or contact brush with a curved end, and these
make a sliding connection with the brass strips on the
hard-rubber disk, as shown in Fig. 95. The sizes of the
different parts will be found tabulated below:
TABLE XXXII.

Sizes of Parts for Interlocking Switch.
Length.
Inches.

Brass Spindle for Reversing Swtch.
Brass Spindle for Interlocking
Switch
Hard Rubber Handles (2)

Diameter.
Inches.

3&

6

3M

A
X

tH

Thickness at Thickness at
Spindle End. Handle End.

Cast Brass Cranks (2)

*%

%

Thickness.

Diameter.

Brass Collars with Set Screws (2) . .
Brass Washers for Spindles (2) ...
Brass Washers for Reversing
Spindle
Hard Rubber Disk
Brass Washers (2)

X

X

1

tV

1
2

X
A

Brass Locking Plate

Cast Brass Locking Lever

Surbase

X
Length on
Straight
Sides.

Length on
Arcaated
Ed^e.

Thickness of
Blade.

Shoulder
Diameter.

X

%
Width.
\i taper
ing to y6
X

2K

X
Length.
2%
Length.

Spring Brass Contact Lever
Spring Brass Brushes (4)
Brass Supporting Blocks (4)
Beveled Brass Contact Block
Contact Strips for Hard Rubber
Disk

%

%
%
2
Length.
6

Thickness.

A
A
X
X
A
Width.

4

X
X
X
Thickness.
A

Length.

%
Height.

%
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The operation of the reversing and locking levers is
as follows : When the handles of both switches are paral
lel and at right angles to the side of the base of the instru
ment, the current is cut off in both the main and shunt
circuits, for the upper and lower commutator brushes
will rest in the arcuated depressions in the hard-rubber
disk, and the contact lever will be thrown off the con
tact plate. Now, before the commutator can be moved,
the locking switch must be thrown to the left, when the
pin releases the angle plate, and the shunt circuit is com
pleted through the movable contact and the contact plate.
When in this position the commutator can be turned
either to the right or left, by moving its handle, when the
current will be reversed accordingly. Fig. 98 illustrates
the handles of the interlocking switch mounted on the base
board.
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CHAPTER XIV.
SPARK-GAP TERMINALS AND OTHEB FITTINGS.
Although an induction coil without spark-gap terminals
is of little service to the experimentalist, yet curiously
enough the small coils offered for sale by dealers in elec
trical supplies are without this very essential fitting. The
makers of such coils evidently assume that pieces of wire
inserted in the posts connected with the terminals of the
secondary will suffice to form a spark gap, and this is in
a measure true, but these are very inconvenient unless the
experiments are to be confined to Geissler tubes and the
like, but for disruptive discharges, such as are necessary
to send wireless telegraph signals, the spark is most effec
tive when it takes place between balls.
In the small-sized coils a binding post screwed into the
periphery of each cheek will serve well enough to support
the discharge terminals. For the %-inch coil binding
posts of the size shown at A, Fig. 99, may be used; for
the 1-inch coil, the size indicated at B; while for the 2-inch
coil a double binding post like that depicted at C will be
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found advantageous. In any case, stiff brass rod of the
requisite length should be cut, and the ends that are to
form the spark gap should be sharpened. Over the sharp
ened ends brass balls should be fitted, which may be done
by simply drilling a hole in the ball to its center and

Pig. 99.—Binding Posts for Secondary Terminals.

slipping it over the sharpened point, or the wire may be
threaded and the hole tapped out. The balls may be of
any kind of metal, although zinc gives the best result, and
further they may be either hollow or solid. The follow
ing table will show the size of the rods and the approxi
mate diameter of the balls. In the 2-inch coils hard-rub-
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ber handles may be fitted to the outwardly projecting ends
of the rods.
TABLE XXXIII.
Sizes of Spark Gap Fittings for Small Coils.
Hard Rubber Handles.
Length of
Rod.

Diameter
of Rod.

Diameter
of Balls.

\i in. Coil.

3 in.

A in-

%in.

1 in. Coil.

4 in.

Kin.

^in.

2 in. Coil.

6 in.

H in.

'4 in.

Length.

Diameter.

2 in.

Kin.

While the sizes of the spark balls are specified in the
preceding table, the actual diameter is of little conse
quence, but those cited will be more nearly in proportion

Fig. 100.—Spark Gap Terminal for Small Coils.
to the size of the coil in so far as the design is concerned.
The spark-gap terminals forming the oscillator for a
small coil are shown in Fig. 100.
For the intermediate sizes of coils the standards through
which the spark-gap electrodes slide may be made in
three parts and then assembled, forming a neat and effec
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tive arrangement, and one which will keep the discharge
terminals in alignment. Lengthwise through a cylindrical
and tapering hard-rubber standard a small brass tube or
sleeve having thin walls is tightly fitted. The lower end
of the standard is turned down closely to the tube while
in the surface of the shoulder two holes are drilled and
tapped out; the shank is then inserted in a strip of wood,
and screws are driven through it and into the base of the
standard. Fig. 101 shows a cross section of the standard
secured to the strip of wood, the latter being attached to
the top of the cheek of the coil when the instrument is
assembled. A set screw is provided
midway between the top and the
HARDRJEKR
shoulder to connect in the terminal
of the secondary coil.
Diametrically through a brass
ball a ^y-inch hole is drilled out,
and a second hole % inch is drilled
through and tapped out at right
angles to the first. A small binding
Fig. 101.—Cross Sectign post is screwed in on one side, and
of Spark Gap Stan
a brass rod threaded on one end and
dard.
slotted longitudinally on the other,
so that it will spring more or less, is screwed into the
opposite side. Through and fitting snugly into the larger
hole in the ball a spark-gap terminal, having a hardrubber handle and a sharpened end, but threaded at a
point where the rod assumes its normal diameter, is
inserted. The dimensions of the different parts of the
standards and the spark terminals are given in Table
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Fio. 102.—Spark Gap Terminal with Ball Detached.

XXXIV. One of the spark-gap terminals with the spark
ball detached is illustrated in Fig. 102, while Fig. 103
shows one of the standards, its terminals and ball assem
bled.

Pro. 103.—Spark Gap Terminal Assembled.
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TABLE XXXIV.
Sizes of Spark Gap Terminals and Standards for
Intermediate Sized Coils.
Tigering
Rubber
Standard.
4 in. Coil.
6 in. Coil
8 in. CoU
Braes Tube.
4 in. Coil.
6 in. Coil.
8 in. Coil
Brass Ball
for Standard4 in. CoU
6 in. Coil.
8 in. Coil.
Binding
Post.
4 in. Coil.
6 in. Coil.
8 in. Coil
Spark
Terminal.
4 in. Coil.
6 in. Coil.
8 in. Coil
Spark Gap
Ball.
4 in. Coil.
6 in. Coil.
8 in. Coil.
Hard Rub
ber Handle.
4 in. Coil
6 in. Coil.
8 in. Coil.

Length
Over All.
Inches.

Length of
Shonlder.
Inches.
2

3
»H
Length.
m
3

Length.
%
%
%
Length.
5
6

Length.
3
3
3

Diameters of Shonlder.
Inches.
Base

Top.

34
H
l

%
%
%

3
Outside
Diameter. Thickness.
A
A
A
A
A
A
Diameter.
%
%
%
Diameter.
A
A
A
Diameter.
e
T%
B
TI
A
Diameter.
i
Ws
Diameter.
A
A
A

Length
of Shank.
Inches.

Diameter
of Shank.
lnches.

H
X
X

X
%
H
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If a larger coil is to be built and used for wireless tele
graph work, the terminals of the secondary may be con
nected with standards as above, but the length should be
increased to 4 inches for the 10-inch coil and to 41/2 inches
for the 12-inch coil, with proportionately longer bases;
if, on the other hand, the coil is to be employed for ener
gizing X-ray tubes, then a spark gap with adjustable

TERMINAL ROD
HARD RUBBER HANDLE
TERMINAL DISCS
7f=»

BRASS SPINOLE

RRASS STANDARD

Fio. 104-—End Elevation of Spark Gap Device.

terminals as shown in Figs. 104, 105, and 106 is more con
venient.
This arrangement comprises a brass spindle with
shanks turned on the ends, and this is supported by brass
standards secured to a strip of hard rubber, which is in
turn screwed to one of the cheeks of the coil. A hardrubber handle is attached to one end of the spindle, while
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the opposite end carries a light brass rod pointed at the
end. On this end of the spindle is likewise rigidly
mounted, by means of a thumb nut, a hard-rubber bar or
strip, preferably the former since it is stronger, that

LEVER ROD

Fig. 105.—Side Elevation of Spark Gap Device.

extends to the opposite cheek of the coil, on which is
secured a complementary brass standard.
This latter standard carries a spindle to which is
attached a second light brass pointed terminal rod oppo
sitely disposed to the first and in alignment with it. The
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end of the hard-rubber bar is connected with the terminal
rod at a point above the spindle and so that it can turn
freely. It is obvious now in virtue of the mechanical
movement employed, that if the handle turning the first

Fig. 106.—Spabk Gap Terminal Complete.

terminal rod is moved to the right, the points forming
the spark gap will recede from each other, or if turned to
the left they will approach each other. Table XXXV
gives the dimensions for the device for the 10- and 12-inch
coils.
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TABLE XXXV.
Sizes of Parts for Adjustable Spark-Gap Terminals.

Brass Spindle.
10 inch Coil

Diameter
of Shank
Ends.
Inches.

Diameter.
Inches.

13

A
16

1

X

X

A

1

X

X

15
Length.
Brass Spindle (Short)
Brass Standards (3) .

Length of Shanks.
Inches.
Handle
Terminal
End.
End.

Length
Over All.
Inches.

A
«X

%

6

%

Brass Terminal Rods
10 inch Coil
12 inch Coil

%

Brass Terminal Disk
Brass Lever Rod

1

Brass Lever Rod
Nuts, Milled Heads
Hard Rubber Con 10 in. Coil
necting Bar
12 in. Coil

%
Width.
A
X
Length.
11%
14%

Thickness.
Ys
%
A
Diameter.
%
78

An accessory of every large coil, especially if it is to be
operated with a 110-volt current, is a safety-fuse block.
This little device may be formed of a pair of brass stan
dards 'which support flat blocks of brass terminating in
hollow cylindrical ends. The upper surface of each block
has a V groove cut longitudinally in it; the free ends are
drilled through to receive screws that secure it to its
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respective standard. A piece of glass tubing is inserted
in the cylindrical ends of the terminal blocks, and axially
through the former a fuse wire is carried, the ends of the
latter projecting through small holes and lying along
CYL1NDER CAP ENDS.
BRASS BLOCK

STANDARD

HARD RUBBER BASE
Fig. 107.—Fuse Block.

the V grooves until the screws are reached, when it is
given a turn around these, which are then screwed down.
The sizes of the different parts for the fuse blocks will be
found in Table XXXVI, and a side elevation is shown in
Fig. 107.
TABLE XXXVI.

Sizes of Parts of Fuse Blocks.
Length.
Inches.

Diameter.
Inches.

Brass Standards (2). .
Brass End Blocks (2)

%

Braes Cap Ends (2) . .

A

Glass Tubing

2

Width.

Thickness.

%

8

Outside Diameter. Inside Diameter.
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For the smaller coils the binding posts can be pur
chased in the market more cheaply than they can be made ;
for the intermediate and larger sizes of coils the ordinary
posts are not well adapted, and hence it is a good plan to
make them. Plain binding posts present the best appear
ance for connecting the inductor with the source of elec
tromotive force, and these may be made by cutting a rod
of brass % inch in diameter into 2V2-inch lengths and
then turning a shank 1% inches in length and V4 incn in
diameter. This leaves the post proper 1 inch in height
A hole x\ inch in diameter should be bored diamet
rically through the post midway between the top and
base, and a hole *4 inch in diameter should be drilled and
tapped axially from the top through to the hole for receiv
ing the terminal of the power circuit. A screw with a
milled head, the latter being % inch thick and % inch in
diameter, is inserted in the top of the post. The brass
work of all the different parts should be polished and
lacquered in accordance with the instructions previously
given.
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CHAPTER XV.
THE BASE AND OTHEB WOODWORK.

The coil and its subsidiary apparatus being completed,
the next consideration is the base upon which the various
devices are mounted. The base is made of hard wood,
and mahogany, oak, and cherry are the kinds that have
found most favor, the former having been almost exclu
sively adopted by the professional coil builder.
There are several kinds of ma
SLIPTON&UE
hogany, the choicest coming from
Cuba and San Domingo, while the
lower grades are much lighter and
are imported from Honduras.
Owing to its fine grain it is easily
polished and extremely durable,
except under lateral strain, and
hence it is one of the most popular
Fig. 108.—Mitered Joint
of all the woods with instrument
With Slip Tongue.
makers. The wood of the Amer
ican wild black cherry is the kind selected by cabinet
makers, since it is harder and tougher and takes a higher
polish than other woods of the same species.
Oak is cheaper than mahogany or cherry, and is noted
for its solidity, strength, and resistance to moisture. In
virtue of its handsome graining and its ability to receive
a polish, together with the good qualities previously cited,
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it is sometimes preferred for the bases of coils to other
woods. There are two groups of oaks, the white and the
black; the white is the more compact, though care must
be taken in its selection, for the mossy cup, or burr oak,
which resembles it in appearance, has a much coarser
grain. When oak is used it should be quarter-sawed, that
is to say, the log is cut lengthwise into quarters, so that
these in turn can be cut into boards parallel to the radius
of 45 degrees between these cuts; these sections will then
be so nearly in the plane of the medullary rays that they

Fio. 109 —Designs for Coil Cheeks.
show the best giain, and boards cut in this manner are
less likely to warp and less liable to shrinkage.
The method employed by the cabinet maker for joining
the corners of the base of the coil, or box for the con
denser, is to miter the joints, and after gluing secure them
by means of a slip tongue, as shown in Fig. 108; but if
the constructor desires to make this part of the instrument
himself, and if he is not skilled in the art of joinery, he
may miter the joints as before and brace them by gluing
angular blocks inside the corners, which will greatly
increase its strength.
The woodwork necessary for the small coils comprises
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a pair of cheeks, a base, and a set of four base blocks, the
dimensions of these pieces being given in the succeeding
table. The cheeks are usually circular, and planed flat,
where they are to be screwed to the base, as shown in Fig.
109. These cheeks may be made of hard wood to match
the base, or they may be made of soft wood and japanned
to look like hard rubber.
A good japan may be made by melting 48 pounds of
asphaltum in a pot, and when melted add 10 gallons of
linseed oil ; run in the pot 8 pounds of common gum animi
and mix it with 2 gallons of oil; pour the mixture into
the melted asphaltum, then run 10 pounds of common
amber and mix with 2 gallons of oil. This running is
also added to the set pot, the contents of which are boiled
for three hours longer, during which time 7 pounds of red
lead, 7 pounds of litharge, and 3 pounds of copperas are
added and the boiling continued until the mass sets be
tween the fingers into a hard mass. Allow it to cool, and
then thin with 30 gallons of turpentine.
TABLE XXXVn.

Sizes of Bases and Cheeks for Small Coils.
Rabbet.

Bases.

Size of Coil. Thickness
of Wood.
Inches.

% inch.

Length of
Base.
(Outside
Dimensions.)
Inches.

9

1 inch.

A

2 inch.

%

15^

Width.
Inches.

Depth.
Inches.

Width.
Inches.

Depth.
Inches.

1

A

IK

X

A
A

1^

K
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Sizes of Bases and Cheeks for Small Coils (Continued).
Base Blocks.

Cheeks.

Size of Colll. Thickness.
Jaches.
% inch.
1 inch.
2 inch.

%

Diameter.
Inches.

Length.
Inches.

Width.
Inches.

Thickness.
Inches.

Project
Beyond Line
of Base.
Inches.

2^

1

%

X

y*

*X
4&

%

A
H

X

One edge of the sides and ends of the base are rabbeted,
so that when it is completed a removable bottom, usually
of some soft wood, may be set in flush and an interior
space formed for the condenser between it and the top.

Fig. 110 —Base of Small Coil Inverted.
The dimensions of the top are the same as those of the
outside of the base, and if the edges of the first are molded
so that it tapers down to
or ^ inch when it is glued
on, there will be little of the cross section to show. To
the removable bottom a block, of the same kind of wood
as that of which the base is made, is secured to each cor-
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ner, either with glue or screws or both, so that the edges
of these may extend a little beyond the line of the base.
This not only adds to the appearance of the coil, but serves
to raise it slightly from the surface it sets on, a very good

Fig. 111.—Base of Small Coil Complete.

idea where the coil is used in connection with a plunge
battery, the solution of which frequently spills. Fig. 110
shows the base of a small coil inverted ready for inserting
the condenser, and Fig. Ill
illustrates the base complete.
I
For coils of the intermedi
ate sizes there are, other than
the base, a base board to which I I
the cheeks of the coil are
Ends for
screwed, strips of wood that Fig. 112.—Finishing
Coil Cheeks.
are secured to the cheeks of
the coil for bracing the former and protecting the latter;
similar but shorter strips forming the bases for support
ing the hard-rubber standards in which the spark-gap
terminals are inserted, and finishing ends for the cheeks
that slip over the inductor, as indicated in Fig. 112. As
in the smaller coils, the base has mitered corners secured
by slip tongues, and the middle of the ends and sides are
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cut away as illustrated in Fig. 113. The edges and cor
ners of the base may be rounded.
The cheeks for these coils may be variously designed to
suit the taste of the constructor.
Fig. 109, A, B, C, and

Fig. 113.—Base for Intermediate and Large Coil.
D, indicates some of the styles employed. These cheeks
are sawed from a single piece of wood, and if it is well
seasoned they will not warp. The finishing ends are
sawed out and then molded on a machine, producing a
cross section similar to that in Fig. 112. The strips that
brace the cheeks and those that support the terminals
forming the spark gap are made plain with smooth ends.
The sizes of these parts are given below :
TABLE XXXVin.
Sizes of Bases and Other Woodwork for Intermediate
Coils.
Bam.
Length.
Width.
Size of Colll.
Height.
Thickness.
Inches.
Inches.
Inches.
Inches.
4 inch.
6 inch.
8 inch.

28
31

20
21
22

z%

%
%
%
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Sizes of Bases and Other Woodwork (Continued).
Base Boards.

Cheeks.
Size of
Coll.

Height.
Inches.

width.
Inches.

Thickness.
Inches.

4 inch.

10

10

%

6 inch.

m
12

m
12

%

13

%

18X

8 inch.

Length.
Inches.

Length.
Inches.

4 inch.

uh

6 inch.

13

8 inch.

Thickness.
Inches.

12

H
%

14

%

Finishing Ends.

Strips.
Size of
Coll.

Width.
Inches.

Width.
Inches.

Thickness.
Inches.

Tnside
Diameter.
Inches.

%
%

X

h

X

Outside
Diameter.
Inches.

ThicknesB.
Inches.

4%

%

6^

%
1

SH

Terminal Strips.
Size of
Colll.

4 inch.

Length.
Inches.

Width.
Inches.

Thickness.
Inches.

10

%

A

12

%
V

X
is

6 inch.
8 inch.

The beds and cheeks of the 10- and 12-inch coils are
patterned after the intermediate sizes. Some makers of
induction coils use hard-rubber cheeks; and while this
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material certainly provides a better insulation for the
ends of the coil than does wood, yet it adds considerably to
the expense of construction, as a reference to the cost
of materials will show. The strips supporting the sparkgap terminals may be of wood or hard rubber, the dimen
sions of course remaining the same. An additional piece
of woodwork employed in the larger coils is a box for the
condenser, which is mounted on top of the base. These

Fig. 114.—Condenser Box.

boxes have tops and bottoms that project Vi inch beyond
the external measurements of the box proper, and their
appearance may be further improved by slightly round
ing off the edges of the top and half-rounding those of
the bottom, leaving the corners sharp, as shown in Fig.
114. The bottom is glued to the box, and the top, after the
condenser is placed inside and the revolving switch
mounted on it, is screwed down. The dimensions of the
bases and of the box for the condenser, which are the
same in either case, will be found in Table XXXIX.

INDUCTION COILS.

165

TABLE XXXIX.
Sizes of Bases, Condenser Boxes, Etc, for Large Coils.
Dimensions in Indies.
Condenser Boxes.

Bases.
Size of Coll.

Thick
Thick
ness of
of
Length Width. ness
Wood. Height. Length Width. Height. Wood.

10 inch.

31

19

1

4

10

6

6

12 inch.

asy2

20K

1

4

10

6

6

Base Boards.

Cheeks.

A

Bracing Strips.

Size of Colll.
Thick
Thick
Thick
Height. Width. ness. Length Width. ness. Length Width. ness.
10 inch.

11%

12 inch.

W4

11%

1

15

14

1

1%

13M

1

16

15

1

2

Terminal 8trips.

Finishing Ends.

Thick
Length Width ness.

Inside Outside Thick
Diam. Diam. ness.

X

Size of Colll.

10 inch.

11%

1

12 inch.

13^

1

X

*H
4/s

6%

1
1

The bed and other woodwork is completed by rubbing
the exposed surfaces down with the finest sandpaper until
they are very smooth, when they may be varnished, or if
a higher finish is desired they must be polished. A
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French polish is not difficult to obtain after a little experi
ence, and a satisfactory polish will be produced if the
following method is adhered to: After the surfaces have
been rubbed smooth with sandpaper, French polish, which
can be bought already prepared or made by dissolving
about 6 ounces of bleached shellac in a pint of methylated
spirit, is then applied to a pad or rubber, formed of cotton
wadding wrapped in a piece of linen, and this is rubbed
over the surface of the wood until a good body is pro
duced, when a circular movement is given the pad until it
is dry.
As the rubber begins to get dry it will become more
sticky, but this may be counteracted by applying a few
drops of raw linseed oil to lubricate it, though care must
be taken not to use too much. If the polish is too thick,
then more of the methylated spirit must be added to it, or
if too thin more shellac. The first bodying in, as it is
termed, will not give a polish, as the process is just begun.
It must, on the other hand, be sandpapered down a little
before commencing the next rubbing, but the paper must
be used lightly or it will rub through to the wood.
The work must be gone over several times with the rub
ber, which should be used slowly and evenly, and the
pressure should not be too hard. The finishing process is
called spiriting off, which means that instead of applying
polish to the rubber the last time, methylated spirit alone
is used. This kills the oil that has been rubbed on with
the polish, and at the same time it gives the surface a
bright gloss.
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CHAPTER. XVI.
WIRING DIAGRAMS FOR INDUCTION COILS.
After the coil and its subsidiary appliances are mounted
on the bed, the instrument is completed by connecting the
various parts together. The wiring is done under the
bed of the coil, which effectually conceals all of the rough
connections, leaving the top free except for the devices and
the terminal binding posts.
In the smaller coils the connections may be made by
looping the ends of the wires around the screws with a
washer under and another over the loop, but in the inter
mediate and larger-sized coils the terminals of the connect
ing wires should be soldered to the screws or if it is desired
to take the coil apart for demonstration purposes the
wires may be soldered to the washers. The size of the
wire used for these connections should be the same as that
employed for the primary winding, or it may be larger but
never smaller and it should be double cotton covered and
well shellacked. Wherever the wires cross each other the
parts must be well protected by short lengths of flexible
rubber tubing, or in lieu of this it may be wrapped with
adhesive tape, though the first method will make the neat
est looking job.
The following wiring diagrams show all the various
connections for the different* sizes and types of coils. As
there is very little or no wiring necessary for the secon
dary coil, the diagrams show only the primary, and the
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latter is drawn as a single layer of wire in order to make
the connections as clear as possible. This method of
graphically illustrating, however, has the disadvantage of
bringing the terminals of the primary out at the opposite
ends of the inductor, whereas in reality the terminals pro
ject from the same end. By placing the devices on the
bed as indicated in the succeeding chapter, and connecting

ARMA TORE
/A/TERRURTOR
PRIMARY COIL
AOJUST/MG SCREW

a
BINDING POST
CONDENSER

+
TO BATTERY

^BINDING ROST
Fig. 110.—Wiring Diagram for Simple Inductign Coil.
them as shown in the succeeding diagrams, there will be
no difficulty encountered in properly wiring the coil.
In the small coils, where there is no reversing switch
employed, the wiring takes on the very simple form indi
cated in Fig. 115; from one of the binding posts a wire
leads to the standard carrying the adjusting screw of the
interruptor. The complementary standard carrying the
spring leads to one terminal of the primary coil while the
opposite terminal is connected to a second binding post.

INDUCTION COILS.

169

The condenser is bridged across the interruptor contacts
by connecting one side to the standard carrying the ad
justing screw and the other and opposite side to the stand
ard supporting the vibrating spring.
Where the coil is fitted with a three-point reversing

ARMATURE
INTERRUPTOR
ADJUSTING SCREW

CONTACT LEVER
BINDING
+
TO BATTERY
binding post
Fig. 116.—Wiring Diagram for Inductign Coil with Three-Poini
Switch.
switch the connections are made as shown in the diagram,
Fig. 116. The switch is included within the dotted circle,
and a reference to it will not only illustrate the method
of wiring but will serve to render clear its mode of opera
tion. The rear post A is connected to one terminal of the
primary coil through the interruptor, while the point B is
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connected with the opposite terminal of the primary. The
points A and B serve as pivots upon which the parallel
ARMATURE
JS/T£RRUPTOf<

Fig. 117.—Wiring Diagram for Induction Coil with Four-Point
Switch.

contact levers—insulated from each other—may be moved
to the right or left. The point C is joined to one of the
binding posts leading to the battery, and C and D are
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connected together. The middle point E leads to the
other binding post, to which the negative side of the bat
tery is attached. When the contact levers are in the posi
tion shown in the diagram, the current passes through the
circuit in the direction indicated by the arrows ; but when
ARM A TORE
INTERRUPTOR

APJUSTING SCREW

BINDINO POST
DOUBLE THROW
OOl/BLE ROLE SWITCH

Fig. 118.—Wiring Diagram for Induction Coil With Dourle Pole
Dourle Throw Switch.

the levers are moved to the left, C becomes the nil point
and D the active point, consequently the direction of the
current is reversed.
Where a four-point switch is used, the connections are
made as shown in the diagram, Fig. 117. From one of
the battery binding posts on the bed of the coil a wire leads
to the point A, while the opposite post connects with the
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point B. A pair of parallel levers, insulated from each
other, are arranged to make contact with C and E and D
and F. C and F are connected together, and are joined
to one of the terminals of the primary coil ; D and E are
likewise connected together and lead to the opposite termi
nal of the coil through the interruptor contacts. When
ARMA TURE
INTERRUPTOR CONTACTS

ADJUSTING SCREW

BINDING POUT

o—+
+

TO BATTERY

=...--"

binding post

Fig. 119.—Wiring Diagram for Induction Coil with Ruhmkorff
Commutator.

the levers are in the position shown in the diagram, the
circuit is of course broken and no current can flow. If the
levers are thrown to the points C and E, the current takes
the direction of the arrows, but if they are to the left,
making contact with the points D and F, the current will
traverse the circuit in the opposite direction.
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If a double-pole, double-throw switch is employed, the
connections are virtually the same as where a four-point
switch is used ; but as the contact posts and blades of the
former occupy relatively different positions from the points
and levers of the latter, the diagram, Fig. 118, is given.
The method of connecting in a Ruhmkorff commutator

Fig. 12ft—Wiring Diagram for Inductign Coil With Independent
INTERBUPTOR.
is shown in Fig. 119. The + binding post is connected
with one of the standards of the commutator, and the —
binding post with the other standard. From the stand
ard of the interruptor carrying the adjusting screw a
connecting wire leads to one of the commutator brushes,
while the free end of the primary is connected to the sec
ond commutator brush.

i
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It is now apparent that when the connections are made
as set forth in the diagram, the circuit will be completed
so that the current will pass from the + terminal up one
of the standards of the commutator, thence through the
plug BAR

PLUG BLOCKS

TO TCRMINAL Of
PRIMARY COIL

V
to /nterkuptor magnct
Fig. 121.—Wiring Diagram for Block and Plug Adjustarle Condenser
and Independent Interruptor.

spindle to the segment and the brush A through the interruptor contacts and to the primary coil. After ener
gizing the latter the current returns through the brush B
of the commutator, the segment, spindle, and standard,
and thence to the binding post to which the — pole of the
battery is attached. If now the handle is turned a half
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revolution, the position of the brushes will be reversed in
their relation to the segment, and the current will flow
through B and return via A, thus reversing the current
through the inductor.
The interlocking reversing switch is employed to ad
vantage only where an independent interruptor is used;
and in order to present a complete wiring diagram of the
first, an elementary diagram of the second will be neces
sary. By referring to Fig. 120, it will be seen that one
terminal of the + binding post is connected to the sta
tionary contact of the standard carrying the adjusting
screws for both the main and shunt circuits, namely, the
primary coil and the interruptor magnets. From the
spring contact block in the main circuit a wire leads to
the primary coil and thence to the opposite binding post.
A shunt circuit, indicated by the light lines, is formed by
the contact block, to which the spring carrying the arma
ture is attached, the magnet coils, and back to the — bind
ing post.
The connections for an adjustable condenser of the plug
and block type are shown in the diagrammatic sketch,
Fig. 76, while the method of connecting it across the in
terruptor contacts is shown in Fig. 121. In the adjustable
mica condenser operated with a revolving switch the ter
minals of all the sections are connected together, and lead
direct to the standard of the interruptor carrying the
adjusting screws for the main and shunt circuits.
The
opposite side of each section is soldered to its respective
spring pins underneath the hard-rubber block. From the
angle plate, which is attached to the spindle carrying the
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brass semicircular contact and hard-rubber handle, the
flexible conductor leads to the brass blocks supporting the
main contact spring of the interruptor, all of which is
clearly brought out in the diagram, Fig. 122.

BRASS CONTACT
SEMI-CIRCLE

5MICRO-FARAD CONDENSE*
ACROSS MAIN CIRCUIT
CONTACTS

TO TERMINAL OF PRIMARY COIL
INDEPENDENT INTEHRUPfgR
TO + BINDING POST

w

YlOMKRt-rAnAD CONDENSER
ACROSS MAGNET CONTACTS

Fig. 122.—Wiring Diagram for Revolving Switch Condenser and
Independent Interruptor.

The interlocking switch connections are shown diagrammatically in Fig. 123, and its relation and control of the
main and shunt circuits are also made apparent. From
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the + binding post a connection is made with the station
ary contacts of the interruptor as previously described;
but instead of the primary being connected directly with
the spring contact block in the main circuit of the inter
ruptor, it leads to the commutator brush marked A. "When
the handle of the reversing commutator is turned to the

TO BATTLKV
Olt DYNAMO

binding post
Fig. 123.—Wiring Diagram of Independent Interruptor and
Interlocking Reversing Switch.

right, the brushes A and B are connected through the seg
ment on the hard-rubber disk, and the circuit is then com
pleted through the primary coil, the opposite terminal
being connected with the brush C, and the continuity of
the circuit is preserved on through to the — binding post
by means of the brushes C and D, which now rest on the
same segment. The shunt circuit is derived by connect
ing the contact block supporting the spring carrying the
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armature to one of the terminals of the magnet coils, and
the other terminal of the latter on to the shunt-circuit
lever.
The shunt-circuit contact block E is connected
with the main line leading to the — binding post as shown.
If now the handle of the reversing commutator is turned
to the left, it is obvious that A and D will rest on one of
the segments, and B and C on the oppositely-disposed one.
Under these conditions the current will pass through the
inductor in the reverse direction, since it will flow from B
and C to the inductor instead of from B and A, as it does
when the handle is turned to the right. If the handle of
the lever is in a neutral position, the brushes A and C will
rest on the arcuated depressions in the surface of the hardrubber disk, and hence the main circuit will be broken.
When the handle of the locking switch is turned back to
its neutral position, its contact lever will be thrown off
the block E, and the pin engaging the slot of the plate will
lock the reversing lever. A complete wiring diagram of
the foregoing devices is given in Fig. 124.
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CHAPTER XVII.
ASSEMBLING THE COIL.
To assemble a small coil is a simple matter, and one that
would seem to require no instruction, but I have had oc-

Fjg. 125.—Plan View of

Inductign Coil.

casion to observe that in this as in many other things there
are two ways to proceed, and the right one will be found
the easiest and best.
To begin with, all the parts, together with the necessary
wood and machine screws, connecting wire, rubber insulat
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ing tube, etc., are laid out on a table or bench. Through
the top of the base, holes must be bored for the screws
that are to sustain the cheeks of the coil, the interruptor
standards, reversing switch, if one is to be used, and the
binding posts. Plans for these bases, which include the
y2, 1, and 2-inch sizes of coils, are given in Figs. 125, 126,
and 127. The first two are drawn to a scale of y2 inch to

Fb. 126.—Plan View of One-Inch Inductign Coil.

the inch, and the third to Vi inch to the inch, and a glance
will suffice to show the relative positions of the holes, while
the distances between them may be ascertained with an
ordinary rule. The holes for the screws are indicated by
heavy black shaded circles, while the light and dotted lines
show the arrangement of the different parts on the base.
The base having thus been prepared, all the metal parts
are secured to its top by inserting machine screws and
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tightening them up. The shank of each screw should be
provided with two washers, so that the connecting wire
may be looped around it and a good contact made between
them. When the interruptor, reversing switch, and bind
ing posts have been set in their proper positions, they
should be connected up in so far as possible before the
coil is screwed to the base.
This done, the secondary of the coil may be finished off

Fig. 127.—Plan View of Two-Inch Coil.

with black bookbinder's cloth, cut so that the ends will
overlap 14 inch and glued together, or a neater appear
ance may be given the coil by covering it with a thin
sheet of hard rubber, and this not only looks better, but
prevents the moisture from reaching the paper insulation
of the secondary. In this case the ends of the hard-rubber
sheet should just meet, and the length, width, and thick
ness of the sheets required to cover the different sized
coils are given in the following table :
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TABLE XL.

Sizes of Hard Rubber Sheets for Covering Induction Coils.

Sizes of Colls.

% inch.

Length of Coll.
Inches.

1 inch.

*H
»X

2 inch.

™%

4 inch.
6 inch.
8 inch.
10 inch.
12 inch.

Width of Colll,
Inches.

Thickness.
Inches.

A
A
A
A
A
A
A
A

Through the sheet of hard rubber oppositely disposed
holes are drilled Vi inch from the edge and % inch apart,
as shown in Fig. 128, and when this is done it should be
immersed in hot water, when it may be easily bent around
the coil and laced up with waxed shoemaker's thread; it
will then assume the form of a perfect cylinder. The
laced juncture is of course placed underneath, and as it
sets very closely to the base, it cannot easily be seen. The
secondary terminals that have been previously brought
through the radial holes in the cheeks are connected to
their respective binding posts, which are screwed into the
former.
The coil is then screwed to the base with wood screws at
a and b, Figs. 125, 126, and 127, and the primary terminals
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with their coverings of soft-rubber tubing are brought
through the holes c and d to the under part of the base,
where one leads to the standard carrying the vibrating
spring and the other to one of the binding posts, as shown
in the wiring diagram, Fig. 105, provided no reversing
switch is used, or if a three or four-point switch is em
ployed, then the connections must
conform to the diagrams, Figs.
106 and 107.
Before the condenser is set in
the interior of the base, terminals
should be formed of sheets of tin
foil folded over several times, and
the ends of these are twisted
around the shanks of the screws e
and / between the washers, so that
a good contact may be formed.
The condenser may now be laid
in and the tinfoil terminals con
nected to the opposite ends by
bending or rolling them up to
Fig. 128.—Hard Rurrer
gether. The wiring must be scru
Covering.
tinized, to see that it does not touch
at any point where it would cause a short circuit; and if
there are places where it has a tendency to do so, it should
be insulated with paper, mica, or other material. If the
condenser does not completely fill the length or depth of
the base, then folded papers should be placed around and
on it until it cannot be deranged by any subsequent ordi
nary usage it may get. If the coil is to be carried around or
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shipped about, it is a good scheme to fill the space in the
base not otherwise taken up by the condenser with par
affin, as this will effectually prevent it from shifting. In
assembling the 1 and 2-inch coils the method of procedure
is exactly the same as that described, but the connections
are of course arranged to suit the exigencies of the case.
Fig. 129 shows a small coil completely assembled.
Preparatory to assembling an intermediate sized coil,
a sheet of hard rubber prepared as described in connec
tion with the small coils is laced tightly around the sec
ondary with the seam on the opposite side from the ter
minals. The cheeks of the coil are slipped over the
protruding ends of the hard-rubber insulating tube that
separates the secondary from inductor. The terminals of
the secondary should be soldered to flexible silk-covered
conductors, 6 or 7 inches in length, formed of several
strands of fine wire and inclosed in a good quality of softrubber tubing. The terminals thus prepared are drawn
through the holes in the cheeks, leaving the free ends ex
posed above the upper surface. These are cut off about
2 inches above the tops of the cheeks, and the insulation,
both rubber and silk, taken off nearly flush with it, so
that the bare ends can pass into the brass tubes in the
hard-rubber supports for the spark-gap terminals, the
purpose of which will soon be apparent.
The cheeks are now secured to the base board by means
of four lVo-inch flat-headed wood screws put through the
board from the bottom and screwed into each cheek. Next
the brace strips are screwed into place on the side, and
then the cross strips supporting the hard-rubber standards
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are attached to the upper surface of the cheeks; before
these are screwed down, however, the bared terminals of
the secondary coil are pushed in the tubes of the standards,
where they are retained in good electrical contact with
them by the set screws. The inductor is now slipped into
the hard-rubber tube, the hard-rubber caps are fitted in its
ends, a brass finishing washer and hexagonal nut is put

j
lX
Meversiny Juritcft
Hase
Fig. 130.—Plan View of Four-Inch Coil.
on the end where the terminals of the primary are joined
to the connectors, and a polar projection is screwed on the
opposite end of the bar. The wood finishing ends are
slipped over the hard-rubber tube and screwed to the out
side surfaces of the cheeks.
At the points indicated in Figs. 130, 131, and 132, the
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smallest circles a, a, a, a, a, a, represent Vs-inch holes
bored through the base; the next larger circles, b, b, are
14-inch holes for the connectors for the primary coil,
and the largest circles, c, c, are %-inch holes for the large
binding posts. One-eighth-inch holes are bored in the base
board at the d points, but as wood screws are to be used to

Base Board

T©i<*
1

I

1

1

?
I

9.
a

S
&
jffase

<i--^-f
Binding Bosts

ioj-<*

ol
To
l 1
u i
1
1 ip_ ® oj
h-T1
a-r<> olrf Inlerruptor
l
[o~V~o|
1
I
o-a—o
1

Coil

Oi-a
1
1

.%
a

1
\ola\

?
a,

£1
a

Reverjin</Swift
RevtrjinyJwitcA,

Fig. 131.—Plan View of Six-Inch Coil.
secure the base board to the base proper, the latter need
not be bored out.
The coil having been assembled on the base board, atten
tion may now be given to the base proper. Double cottoncovered insulated wire cut off in 8-inch lengths, the ends
of which have been scraped, are soldered to the screws
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holding the interruptor standard and spring to its hardrubber base, and the standards and brushes of the commu
tator to its base; round-headed screws may be used for
this purpose, as the bases of both these devices are re
cessed, so that the heads set below the surface and will not
therefore come in contact with the top of the base of the
coil. The wires from the interruptor and the commutator

SindingAsts

Reversing/Switch

Flo. 132.—Plan View oi' Eight-Inch Coil.

are thrust through the holes in the base, and their own
bases screwed down with round-headed wood screws. The
connections for the primary coil and the leading-in binding
posts are put into position and secured down with nuts
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on the under side of the base. To these wires are likewise
soldered.
The beeswax and resin condensers previously suggested
for the intermediate sized coils are now selected, and the
requisite number taken to give the proper value. These
may be inclosed in a shallow soft-wood box with insulated
terminals leading out of the ends; the box may be filled
with the melted insulating compound and the top put on,
when it is ready to be screwed to the under side of the
base. The wiring is then proceeded with in accordance
with the diagram, Fig. 108 or 109, depending on the type
of reversing switch used.
When these connections have been made, the base board
carrying the coil is set in position on the base and screwed
down ; all that now remains to be done is to join the con
nections on the end of the inductor with the connectors im
mediately under them, a No. 10 wire being suitable for the
purpose, insert the split brass supports carrying the sparkgap terminals into the brass tube of the hard-rubber stan
dard, when the coil will be finished and present an external
appearance as illustrated in Fig. 133.
In assembling the 10 and 12-inch coils, a similar method
of procedure is followed, since the diagram is virtually
the same, this being preferred for the reason that the coil
is mounted separately from the subsidiary devices, yet
brought into a unit by simply screwing the base board
down to the base. The arrangement of the parts is hardly
more difficult than that of the intermediate sizes, though
the assembling and wiring are considerably more compli
cated.
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The usual arrangement adopted by makers where the
different subsidiary parts are combined on a single base,
is to place the condenser box between the interruptor and
the reversing switch. This makes the various adjustments
rather awkward, for the interruptor needs looking after
more frequently than the condenser; and as the switch
handles are low compared with the height of the box, it
becomes necessary to reach over the latter, no matter on
which side of the coil the operator stands. The disposi
tion of the parts shown in Figs. 134 and 135 obviates this
undesirable feature, the condenser box being placed in the
rear, the interruptor in the middle, and the locking and
reversing handles in front.
In assembling the large coils the terminals of the
secondary should be led up through the cheeks in hardrubber tubes having walls at least Vs mcn thick, and all
possible precautions taken to prevent the high-potential
currents from coming in contact with any of the wood
work. Hard-rubber cheeks circumvent this danger, and
if expense can be made a secondary consideration, they
should by all means be used. The rubber strips on which
the adjustable spark-gap terminals have been previously
mounted are drilled longitudinally through their centers
to the points where the secondary terminals emerge from
the tops of the cheeks and the wires—in this case it is
better to use bare wire—are led through the hole, to the
points where they make contact with the standards sup
porting the spindle shanks. The inductor is now pushed
through the hard-rubber insulating tube, the hard-rubber
caps are placed in the ends, finishing washers are put on
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next to these, and the whole sustained in position by
hexagonal nuts or brass screw caps.
Having mounted the coil on the base board, the sub
sidiary apparatus may now be secured to the base and
the wiring done. It is easiest to mount the interlocking
reversing switch first, the interruptor next, and the
condenser last. By referring to Fig. 94, it will be observed
that two holes are bored half way through the under side
of the base board; these holes are IVi inches in diameter,
and are cut out of the base at the points indicated by a
and b, Figs. 134 and 135. The reversing and interlocking
spindles carrying the commutator and locking devices
are already mounted on a surbase of wood 6 x 4 x T'{
inches, as described in Chapter XIII; the upper and free
ends of the spindles are inserted through the holes a and
b, and the surbase screwed to the under part of the base
proper. The brass collars screwed to the spindles in the
recessed holes of the base prevent the spindles from
moving downward, while the commutator on the first
spindle and the cast-brass locking lever on the second
spindle oppose any upward motion. The assembling of
the switch is completed by securing the handles to the
upper ends of the spindles.
The interruptor has its own binding posts, see Fig. 71,
and the insulated wires previously attached to these are
inclosed in thin rubber tubing and the ends brought down
through the holes c and d, Figs. 134 and 135, while the
terminals from the main-current and shunt-circuit blocks
are brought through the holes e and / when the hardrubber block of the interruptor is screwed down to the
base.
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Projecting from one end of the condenser box is a pair
of connectors ; the angle plate of the spindle carrying the
handle being connected to one of these, and the ends of
the condenser sections joined in parallel to the other.
Immediately under these connectors, when the box is
secured in position on the base, are two binding posts,
g and h ; each of the connectors of the condenser is coupled
to its binding posts by short lengths of bare copper wire.
The fuse block is also provided with terminals of
insulated wire, and these are led through the holes i and
and the block screwed to the base. Small binding posts
are set in the base at A- and I, where they will come
immediately under the connectors in the end of the
inductor, and the large binding posts with the knurled
heads are secured in the corners of the base at m and n.
To the ends of these posts are soldered insulated wires.
The instrument is now ready for wiring, all of which is
done before the base board supporting the coil is screwed
to the base. When this is finished and the coil and base
are formed into a unit, the connectors of the inductor are
coupled to the posts k and I by short lengths of heavy
bare copper wire. This completes the coil, and when
finished it presents the appearance shown in Fig. 136.
The design of the coils may be changed if the basic
principle of coil making, high insulation, is adhered to,
and the larger the coil, the more care must be exercised in
the elimination of air in the secondary, which disrupts it
by overheating, and the prevention of short circuits in. the
primary by the use of heavily-covered wire and mica where
the wires cross each other.
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CHAPTER XVIII.
SOURCES OF ELECTROMOTIVE FORCE.
For the operation of induction coils where vibratingspring interruptors, such as those described in the pre
ceding chapters, are employed, it is necessary to use a
direct current. The reason alternating currents cannot
be used to energize a coil equipped with these make-andbreak devices is that the time required for the reversals
is too great to give effective spark lengths without exces
sive heating.
Direct current suitable for energizing induction coils
may be obtained from primary or storage batteries or
from 110-volt lighting circuits. Where primary batteries
are utilized, especially for the intermediate and larger
sized coils, a considerable excess of current must be pro
vided or the resulting sparks will lack power, and the
coil, however well designed and constructed, will not be
effective.
For a V-rmch coil a battery of dry cells will serve to
develop enough current to energize it, provided it is used
intermittently, as for instance in sending wireless tele
graph signals, but dry batteries are by no means recom
mended even for this purpose, for they quickly drop in
both voltage and current. Dry cells are not really dry,
but are very convenient to handle, since they do not
contain any free liquid to run out. The elements are of
zinc and carbon, and the space between them is filled with

INDUCTION COILS.
a paste that acts as a depolarizer. Various compositions
are used for the paste by different makers, but the follow
ing formula gives excellent results: Charcoal, 3 parts;
graphite, 1 part; peroxide of manganese, 3 parts; slaked
lime, 1 part; white arsenic, 1 part; and a mixture of
starch and glucose, 1 part. These are thoroughly mixed
while dry and are then worked into a smooth paste with
equal parts of a saturated solution of sal ammoniac and
a similar solution of common salt to which a
(by

Fig. 137.—Dry Cells in Series.
volume) saturated solution of corrosive sublimate and
tV—also by volume—of hydrochloric acid have been
added.
The minimum number of dry cells that should be used
with a i/^-inch coil are four, but six or eight will give a
heavier discharge. Where four cells are used, they
should be coupled together in series, namely, each zinc
terminal should be connected to the next carbon terminal,
as shown in Fig. 137. Where six or more cells make up
the battery, they may be connected in series parallel, as
illustrated in the diagram, Fig. 138. Each cell will give
at the beginning at least 1.5 volts, and 8 volts and 1 or
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2 amperes will suffice to give fairly good results. If the
illumination of Geissler tubes and other experiments are
to be preferred, where a continuous current, though its
duration may be but a few moments, is required, it is
strongly advised to use a fluid battery.
For the operation of coils larger than the 14-inch size,
dry batteries are simply out of the question. Where the

w

Fig. 138.—Dry Cells in Series-Parallel.

smaller coils are used for periodic experimental work, a
plunge battery will be found convenient and satisfactory.
The cells of this type of battery comprise a zinc plate
hung between, but insulated from, two carbon plates. These
elements are immersed in a solution composed of 1 pound
of powdered bichromate of potash dissolved in 1 gallon
of hot water. When this is cold, from % to 1 pint of
commercial sulphuric acid is added, according to the
action desired.
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When impure zinc is used for the positive element,
miniature closed circuits are set up between the particles
of foreign matter and those of the zinc, and this local
action, as it is termed, quickly destroys the zinc plate and
weakens the current output. Chemically-pure zinc would
prevent this outward action, but it is too expensive for

Fig. 139.—Small Plunge Battery.

general use. Ordinary commercial zinc contains many
impurities, but the waste of zinc and decrease of current
may be prevented by amalgamating the zincs. This may
be done by cleaning the zincs with hot water to which a
small quantity of sulphuric acid has been added. A little
mercury is then poured on the surface of the zincs and
rubbed in with a cloth dampened in the acidulated water.

205

INDUCTION COILS.

In the plunge battery a number of bichromate of potash
cells are arranged in a metal or wood frame so equipped
that the elements of each cell can be raised or lowered
simultaneously from the solution. Various devices are
utilized to accomplish this movement. Fig. 139 shows a
small plunge battery mounted on an iron stand and which
is well adapted to operate a yAnch coil. Fig. 140 illus-

Fig. 140.—Large Plunge Battery.

trates a much more powerful battery suitable for the 1
and 2-inch coils, having six cells and arranged with a
rack and pinion movement, or a chain and pulley to which
is attached a crank, so that the elements may be raised
and lowered in the solution. For the 1 and 2-inch coils,
if these are to be used continuously for given periods, a
primary battery of from six to twelve cells of the Edison
type, or a storage battery of two to four cells, will be
required.
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Likewise for the intermediate-sized coils, a battery of
these primary cells may be used or a storage battery or
a direct current from a 110-volt circuit employed. Where
the Edison battery is to supply the
current, type "S," having a capac
ity of 300 ampere hours without re
newal, is most suitable. Each cell
has an initial electromotive force of
0.95 volt, which drops to 0.7 when
the circuit is closed. Batteries made
up of the cells differ from all prim
ary batteries in that they require no
attention until the charge is com
pletely exhausted; as there is no
local action, it does not deteriorate
when not in use. Further, this bat
tery has a very low internal resist
ance, and delivers a heavy current
Fia. 141.—Enison Prim
that is constant.
The general ap
ary Cell.
pearance of the cell is shown in Fig.
141. The following table shows the minimum number of
cells required to operate the different-sized coils:
TABLE XLI.
Number of Edison Primary Cells Required for Coils.
Number of Cells,
Spark Length of Coll,
minimum.
inches.
5
1
2
7
9
4
12
6
15
8
18
10
21
12
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Storage batteries are to be preferred to primary bat
teries, as they require practically no attention, are less
liable to breakage, and occupy less space. The storage
battery known under the trade name of the chloride ac
cumulator is one of the best on the market. It is made
in portable sizes, gives off no fumes, and has no glass
jars to break. Two tables of sizes are given below, and
are designated as preferred and non-preferred batteries.
The preferred sizes have a larger capacity, and are
better adapted for heavy service in wireless telegraph
stations and hospitals, where they will develop energy
for transmitters or X-ray tubes for a month or six
weeks without recharging. The non-preferred sizes are
exactly the same as the preferred sizes in every respect,
except that they have a smaller ampere-hour or total
current capacity.
TABLE XLII.
Preferred Sizes of Portable Storage Batteries.
Spark Length of Coil,
inches.
4
6
8
10
12

Number of
Cells.
2
3
4
r>
6

Weight of Battery,
pounds.
58
83
108
133
158

Each individual cell in the above group of batteries has
a total capacity of 7y2 amperes for eight hours, and will
run a correspondingly longer time with a current of
proportionately lesser value.
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TABLE XLIII.
Non-Preferred Sizes of Portable Storage Batteries.
Weight of Battery,
Spark Length of Coil,
Number of
pounds.
inches.
Cells.
4
2
43
62
6
3
4
8
81
10
100
5
123
12
6
In the above group each individual cell has a total

Fig. 142.—Storage Battery.
capacity about two-thirds that of the preferred sizes. For
wireless telegraph field work and for the occasional use
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of physicians, this size will be found large enough. The
chloride accumulator is shown in Fig. 142.
Where possible it is preferable to operate 6-inch and
larger coils on 110-volt circuits, as the increased energy
gives a much heavier spark. In order to utilize a 110volt current with coils, it is necessary to include in the
primary circuit a suitable resistance or rheostat, connected
as shown in Fig. 124. When a coil is operated on a
battery circuit in connection with an independent interruptor, it will break the circuit from 200 to 400 times per
minute, while on a 110-volt circuit it will break it nearly
800 times per minute.
It is not advisable to operate a coil on a 220-volt circuit,
since the reactive kick on the primary becomes so great
that it is a source of danger to both operator and coil.
Where a 220 or 500-volt direct current only is available,
a small motor generator should be installed. A motor
generator has two windings on its armature; the current
entering one drives it as a motor, while the other serves
to generate current. Motor generators designed for use
with induction coils deliver a current of 15 amperes at
20 volts, an output equal to the voltage of ten storage
battery cells giving 15 amperes, or about thirty Edison
cells. It is obviously better to reduce a 110 or 220-volt
current with a motor generator than to interpose a rheo
stat, since with the former there is little loss of energy,
while with the latter to take up the excess there is a large
percentage wasted. Fig. 143 shows a motor generator
designed to convert 110, 220, or 500 volts direct current to
20 volts direct current.
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An alternating current, as previously stated, cannot be
employed to operate an induction coil where the latter is
equipped with a mechanical spring interruptor, but where
alternating currents only are available, an electrolytic
interruptor or a mercury turbine interruptor can be
inserted in the circuit instead of the vibrating-spring
make-and-break device, though such arrangements are far
from economical.
When an alternating current is used in connection with
an electrolytic interruptor, the positive impulses only will
generate gas bubbles on the platinum point, for the upper
half of the current wave is always in the same direction,
the negative impulses do not exhibit any appreciable effect,
since these are not capable of electrolyzing the solution.
Even when a direct current is used the electrolytic inter
ruptor is very wasteful of current, and under these condi
tions, with an alternating current this loss is accentuated,
for only one-half of the current is serviceable, and more
over the platinum point rapidly deteriorates, both of
which are costly features.
The mercury turbine interruptor is likewise expensive
when operated with an alternating current; where it is
thus used, it should be driven by a synchronous motor,
when the revolving segment of the device will shear off
the crest of each current wave, and the interrupted current
will flow into the primary coil unidirectionally. Instead
of using these interruptors interposed in an alternatingcurrent circuit, it is better to utilize a rotary converter
or alternating-current motor generator. This machine
comprises an alternating-current motor the armature of

■/ m '/,y/ ,y/ (msirM.
H''M£
X•X3S
OHOIOK
K0VI{OXV■YT8KH{—3faK■Xl3T!O0V
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which is coupled to the shaft, carrying at its opposite end
the armature of a direct-current dynamo, as shown in
Fig. 144; the former operating on single, two, or three
phase 110, 220, or 500-volt currents, while the latter
delivers a direct current of 10 amperes and 20 volts, suit
able for the induction coil.
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CHAPTER XIX.
THE COST AND PURCHASE OF MATERIALS.

It would be exceedingly difficult to state definitely the
cost of the materials required to construct any of the coils
herein enumerated, for nearly all the supplies used are
subject to the fluctuations of the market. The following
price lists will nevertheless serve to give the intending
purchaser a very good idea of how the materials are sold
at the juices quoted, and are believed to be fairly accurate
at the present writing.
To further facilitate the buying of such stocks as may be
necessary, the names of the manufacturers and dealers
can be obtained from the author.
In some instances the makers sell only in large quanti
ties, and to differentiate from dealers where small parcels
may be purchased, the former are marked thus: (whole
sale).
TABLE XLIV.

Price List of Annealed Tron Wire for Cores.
Numbers

18

19

20

21

22

Cents per pound

8

9Vi

10

10Vi

11

TABLE XLV.

Price List of Magnet Wire for Primary Coils.
Double Cotton-Covered.
Number of Wire
B. & S. Gage.
16
14
13
12
10

Cents per
Found.
$0.28
.27
.26 Vj
.26
.25
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TABLE XLVI.

Price List of Bare Copper Wire for Small Secondary Coils.
Number of Wire,
Cents per
B. & S. Gage.
Pound.
38
$0.38
40
.66%
TABLE XLVII.
Price List of Cotton and Silk Covered Magnet Wire for
Secondary Coils (Wholesale).
Price per Pound.

Number.
Cotton Covered.

Sllk Covered.

B. & S. Gage.
Single.
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

|0.29
.30
.31
.32^
.34
, 36K
.40
.43
.46
.48
.51
.56
.62
.72
.82
.93
1.06
1.35
1.80
2.35
3.00

Double.

Single.

Double.

$0.32
.35
.37
.38
.42
.46
.50
.55
.60
.65
.71
.77
.82
.94
1.10
1.25
1.50
2.15
2.85
3.60
4.50

$0.41
.43
.43
.44
.45
.46
.48
.51
.55
.60
.65
.69
.74
.80
.88
.99
1.12
1.27
1.44
1.70
2.10
2.45
3.10
4.00

$0.47
.48
.49
.50
.51
.53
.56
.61
.as
.75
.83
.87
.92
1.06
1.28
1.54
1.70
2.00
2.30
2.50
3.30
3.70
4.50
5.40
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The prices quoted are for lots of 20 pounds or more of
wire from No. 10 to No. 16, and 10 pounds or more for
lots from No. 16 to No. 40.
TABLE XLVIII.

Price List of Magnet Wire in One-Pound Lots or More.
Single Covered.
Size by
B. 4 8.
Gage. Cotton.
Sllk.

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

|0.28
.30
.30
.32
.32
.37
.37
.39
.39
.43
.48
.56
.62
.66
.72
.SO

10

90
90
92
92
94
96
1 04
1 14
1 26
1.44

Double Covered.
Cotton.

(0.30
.32
.32
.36
.36
.41
.41
.45
.45
.49
.60
.70
.76
.84
.92
1.02

Silk.

$1.24
1.24
1.26
1.26
1.28
1.32
1.42
1.56
1.72
2.00

Single Covered.
Size by
B. &fc).
Gage. Cotton. Silk.

26
27
28
2930
81
82
33
34
35
36
37
38
39
40

$0.88
1.00
1.08
1.20
1.32
1.44
1.95
2.40
2.85
8.25
4.37
6.75
9.00
11.00
13.00

$1.68
1.80
1.92
2.20
2.36
2.60
3.45
8.90
4.10
5.85
700
11.00
18.00
15.00
20.00

Double Covered.
Cotton.

Sllk.

$1.12
1.26
1.36
1.52
1.66
1.80
2.28
2.85
3.42
3.88
4.93
7.25
9.50
12.00
15.00

$2.32
2.46
2.60
3.02
8.22
8.52
4.53
5.10
5.30
7.78
8.88
13.63
14.50
18.00
23.00

TABLE XLIX.

Price List of Magnet Wire on One-Pound Spools or Less.
Single Cotton Covered.
Size by
B. &8.
lib.
Gage. 1 ounce 2 ounce Klb.
Spool. Spool. Spool. Spool.

16
18
20
22
24
26
28
30
32
34
36

$0.08
.08
.10
.12
.12
.16
.25

$0.10
.12
.15
.15
.20
.24
.82
.50

$0.20
.22
.26
.34
.45
.48
.59
.73
1.07
1.57
2.40

$0.37
.39
.48
.62
.72
.88
1.08
1.32
1.95
2.85
4.37

Double Cott on Covered.
Size by
B. &S.
Gage. 1 ounce 2 ounce
lib.
Spool. Spool. Spool.
Spool.

16
18
20
22
24
26
28
30
82
34
36

*o.ii (j

.10
.12
.15
.15
.18
.27

$0.23
.25
$0.12
.33
.15
.42
.17
.51
.20
.62
.25
.75
.26
.91
.35
1.25
.54
1.88
2.71

$0.41
.45
.60
.76
.92
1.12
1.36
1.66
2.28
3.42
4.93
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TABLE L.
Price List of 18 Per Cent German Silver Resistance Wire.
No.
B. 4 8.

Ohme.
1000 Ft.

Bare
per Pound.

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
26
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

1.7
2.2
2.8
3.6
4.5
5.7
7.2
9.1
11.5
14.5
18.1
22.8
28.8
36.5
46.1
58.2
72.7
93.4
118.
146.
184.
234.
295.
370.
468.
590.
749.
936.
1,192.
1.480.
1,890.
2,386.
2,950.
3,740.
4,760.
6,020.
7,560.
9,550.
12,038.
15,240.
19.285.

$0.78
.78
.78
.78
.78
.78
.78
.78
.78
.78
.78
.78
.78
.78
.78
.78
.78
.80
.80
.83
.83
.95
.98
1.03
1.08
1.08
1.14
1.25
1.40
1.55
1.75
1.95
2.35
2.60
2.95
3.65
6.50
11.50
18.00
22.00
30.00

Cotton Covered.
Single.

Donble.

....
....

Sllk Covered.
Single.

....
....

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

....
$1.40
1.40
1.40
1.40
1.42
1.44
1.52
1.62
1.71
1.84
2.05
2.25
2.45
2.60
2.84
3.09
3.59
3.96
4.61
5.01
8.09
13.00
24.00
33.00
40.00

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

....
....

....
$1.70
1.70
1.70
1.70
1.74
1.75
1.88
1.98
2.09
2.26
2.48
2.73
2.98
3.13
3.38
3.66
4.21
5.61
5.44
5.69
8.88
13.75
27.00
36.00
42.00

....
$1.85
1.85
1.85
1.85
1.88
1.93
2.06
2.21
2.37
2.65
3.02
3.23
3.42
3.85
4.14
4.52
4.94
5.46
5.84
7.52
10.00
18.50
28.00
38.00
45.00

Double.

....
....
....
....
...
....
....
....
...
....
$2.38
2.38
2.38
2.38
2.43
2.48
2.64
2.87
3.08
3.48
3.93
4.20
4.43
5.00
5.33
5.81
6.23
6.89
7.29
9.+")
n.To
22.00
33.00
40.00
4S.00
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TABLE LI.
Price List of German Silver Wire.
Single Silk Insulation on One Ounce Spools.
Numbers
20
22
26
28
Price, per ounce
35 cts.
35 cts.
40cts.
50 cts.
Noil.—In ordering wire to be sent by mail, postage must be added.

32
GO cts.

TABLE LII.
Price List of "Advance" Resistance Wire.
No.
B. * S.
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Ohms, per
Bare,
1,000 Ft. per Pound.
29.
36.3
46.
58.
73.5
92.5
117.
147.
186.
234.
296.
374.
470.
597.
748.
946.
1193.
1498.
1890.
2408.
3005.
3789.
4779.
6025.
7600.
9583.
12081 .
15229.
19213.
24218.
30570.

$1.50
1.50
1.50
1.55
1.55
1.55
1.60
1.60
1.60
1.65
1.70
1.75
1.80
1.80
1.86
1.94
1.98
2.05
2.10
2.25
2.40
2.55
2.75
3.00
3.30
3.70
4.50
7.80
12.00
15.50
20.00

Cotton Covered.

Silk Covered.

Single.

Double.

Single.

Double.

$2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.40
2.60
2.80
3.00
3.20
3.40
3.60
3.80
4.00
4.50
4.80
5.20
5.70
6.60
7.00
10.00
13.00
16.00
20.00
24.00

$2.50
2.50
2.50
2.50
2.50
2.50
2.50
2.50
2.50
2.50
2.50
2.70
2.90
3.10
3.30
3.50
3.70
3.90
4.40
4.70
5.50
5.60
6.00
6.50
7.40
8.00
11.60
14.40
18.00
22.00
27.00

$3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.20
3.30
3.40
3.50
3.80
4.20
4.60
4.90
5.50
6.00
6 60
7.40
8.00
9.00
10.60
13.00
19.00
24.00
30.00
36.00

$4.40
4.40
4.40
4.40
4.40
4 40
4.40
4.40
4.40
4.40
4.40
4.60
4.70
4.80
5.00
5.40
5.80
6.40
7.00
7.60
8.20
9.00
9.80
11.00
12.00
13.20
16.50
24.00
33.00
39.00
45.00
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TABLE LIH.
Price List of "Climax" Resistance Wire.
Cotton Covered.

No.
B. & 8.

Sllk Covered.

Bare,
per Pound.
Single.

Double.

Single.

Double.

8 and heavier.
9
10
11

$1.10
1.10
1.15
1.15

$2.40
2.40
2.40
2.40

$3.10
3.10
3.10
3.10

....

...,
■.*,

12
13
14
15
1(1

1.15
1.20
1.20
1.20
1.25

2.40
2.65
2.65
2.65
2.65

3.10
3.35
3.35
3.35
3.35

....

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

....

17
18
19
20
21

1.25
1.30
1.30
1.30
1.35

2.65
2.93
2.93
2.98
3.03

3.35
3.56
3.56
3.63
3.66

$3!o6
3.90
4.05
4.05

$i!70
4 70
4.80
4.80

22
23
24
25
26

1.35
1.35
1.40
1.40
1.40

3.19
3.40
3.60
3.86
4.30

3.83
4.16
4.40
4.78
' 5.20

4.24
4.60
4.90
5.30
5.80

4.94
5.46
5.74
5.76
6.10

27
28
29
30
31

1.50
1.60
1.70
1.85
2.00

4.73
5.13
5.46
5.96
6.50

5.73
6.26
6.56
7.10
7.70

6.10
6.60
6.94
7.40
7.90

6.14
7.75
8.50
8.98
10.00

32
33
34
35
86

2.25
2.50
3.25
4.00
5.00

7.5.3
8.30
9.60
10.53
17.00

8.83
9.73
11.43
11.93
18.63

9.20
10.10
11.84
12.30
19.20

10 40
11.50
13.40
13.90
21.00

37
38
39
40

6.25
9.00
12.00
15.00

20.00
24.00
30.00
33.00

22.00
24.00
32.00
36.00

24.00
27.00
31.00
35.00

26.00
29.00
34.00
39.00
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TABLE LIV.

Price List of Insulating Materials.
Paraffin, pure, hardest
Resin, white (in 5-pound lots 6 cts.)
Beeswax, good quality
Sealing wax
Gum shellac, orange or amber
Alcohol, wood (methyltc)

Price per Pound.
J0.15
10
65
15
60
Price per Gallon.
$0.70

TABLE LV.

List of Insulating Varnishes and Impregnating
Compounds.
Insulating varnish.
Quick-drying insulating varnish.
Special cloth varnish.
Voltalac insulating compound.
Baking voltalac.
H. R. voltalac.
Black finishing varnish.
Flexible mica stickiag varnish.
TABLE LVI.

Price List of Selected Mica.
Size.
Price per Pound.
Hi x 3
$1.50
1% x 3
1.80
2 x2
1.75
2% x 2Yi
2.00
2Vj x 2y2'
2.55
2% x 2%
3.00
3 x3
5.00
3% x 3%
5.25
3'/j x 3%
6.00
4 x4
7.50
4>2 x 4y2
8.25
5 x5
9.00
5% x 5%
10.00
6 x6
11.00
7 x7
15.00
S x8
16.50
8 x 10
17.50
(30 per cent discount from listed price.)
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TABLE LVII.

Price List of Tinfoil.
Plain composition foil, in 50■lb. lots
Plain composition foil, in 5-lb. lots
Yields about 5,500 square inches per pound.
"Extra light" foil, in 50-lb. lots
"Extra light" foil, in 5-lb. lots
Yields about 13,000 square inches per pound.

Per Pound.
$0.25
50
52
1.10

TABLE LVIII.

Price List of Hard-Rubber Insulating Tubes.
Length.
12 1/2" long
14 1/2" long
18 5/8" long
22 7/8"l0Hg

Inside
Outside
Diam.
Diam.
2 1/2" i.d. x 2 3/4" o.d.
2 7/8" i.d. x 3 1/4" o.d.
3 1/4" i.d. x 3 3/4" o.d.
3 5/8" i.d. x 4 1/4" o.d.

Thickness
of wall.
1/8 " wall
3/16" wall
1/4 " wall
5/16" wall

Price.
$2.25 each
2.75 each
3.50 each
6.25 each

TABLE LIX.

Price List of Hard-Rubber Sheets.
Sheet hard rubber in the regular size sheets, 20" x 48", 20" x 24" and
20" x 12" from 1/8" to 1" inclusive, in thickness, 75c. per lb.
TABLE LX.

Price List of Hard-Rubber Rods.
Hard rubber rods from 1/4" to 2" diam., in the rough, that is unfin
ished, and in the regular 24" lengths, 75c. per lb. These prices are for
a medium quality of this material which is carried in stock.
TABLE LXI.

Price List of Binding Posts and Connectors.
dumber.
1
2
3
4
5
6

Price Each.
$0.03
04
05
07
10
10
09

Number.
8
9
10...
11
12
13
14
15

Price Each.
10
.12
14
35
40
12
15

A discount of from 25 to 50 per cent is usually allowed
where posts are purchased in lots of 100.
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TABLE LX1I.
Price List of Brass Rods.
Per Pound.
Round brass rod, hard drawn, % to 3 inches in diameter
$0.35
Hexagonal brass rod, % to 2 inches in diameter
40
Square brass rod, 3/16 to 1 inch in diameter
40
Half-round brass rod, % to 1 inch in diameter
40
These brass rods are made from selected copper and
spelter, are straight and true, and especially adapted for
free turning.
fia

Fig. 145.—Forms of Binding Posts and Connectors.
TABLE LXIII.
Price List of Machine-Made Brass Hexagonal Nuts.
Thick.
Price per 100.
Diameter.
Threads.
3/32
$0.45
3/16
2/56 3/48
.45
1/4
3/32
4/36 4/40
5/16
6/32 8/32
.52
1/8
.05
10/32 10/24 12/24
3/8
1/8
.95
5/32
14/20 14/24
7/16
1.35
1/2
3/16
V4/20 16/20 16/18
1.75
9/16
3/16
5-16/18 18/18 %/16
7-16/14
2.10
5/8
3/16
24/16
3.15
11/16
1/4
%/12
%/13
3.75
3/4
1/4
%/12
%/13
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TABLE LXIV.
Price List of Simple Spring Interruptors.
For y2-inch coll
$1.0»
For 1-lnch coil
1.50
For 2-inch coil
2.09
TABLE LXV.
Price of Platinum.

Platinum wire or sheet can be had in any size down to 0.007 inch at
$35 per Troy ounce net cash.
TABLE LXVI.
Price of Vacuum Drying and Impregnating Apparatus.
The smallest size made has an impregnating chamber 13 inches in
diameter and 13 inches deep. The complete apparatus includes the
impregnating chamber, condenser, and air pump, which can also be
used as an air compressor. Price, $300.

TABLE LXVII.
Price List of Vulcanized Fiber.
Vulcanized fiber is made in sheets about 44 inches wide by about 66
inches long and from 0.005 to 2 inches thick. It can be procured in

Fig. 146.—Sizes of Hexagonal Nuts.
tubes from % inch to 6 inches inside diameter. This material can be
worked in a lathe, drilled, sawed, and punched, and can be fitted with
sharp strong screw threads and takes a fine polish.
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Price List of Vulcanized Fiber (Continued).
Below 1/16 inch in thickness
From 1/16 to 1/2 inch in thickness
Above 1/2 inch in thickness
Prices of fiber rods, tubing, etc., will be quoted

45 cents per pound
40 cents per pound
45 cents per pound
on application.

TABLE LXVIII.

Price List of Balls for Spark-Gap Terminals.
Brass Balls, accurately turned, polished, and lacquered.
Diameter— Ms inch % lnch 1 inch 1% inches 2 inches
Price each— $0.30
$0.75
$0.90
$1.20
Cast-iron Balls, not turned, but with holes drilled.
Diameter— % inch 1 inch 1% inches 2 inches

$1.75
3 inches

Price each— $0.08 $0.11
$0.23
$0.33
$0.53
Cast-steel Balls, accurate and hardened.
Diameter—
%inch %inch % inch % inch % inch % inch 1 inch 1^4 inch Hi inch
Price eAch
$0.03
$0.05 $0.08 $0.12 $0.15 $0.20 $0.30 $0.50
$0.70
TABLE LXIX.

Price List of Glass Tubing for Fuse Blocks, Etc.
Per Pound
$0.60

Glass tubing, best quality of German glass
Assorted sizes, see Nos. 1 to 15.
Glass tubing, capillary, sizes 19 to 23
Glass rods, German glass

1.20
70

TABLE LXX.

Price List of Soft-Rubber Tubing.
%
3/16
ft
5/16
%
%

inch.
inch.
inch.
inch.
inch.
inch.

No.
No.
No.
No.
No.
No.

20,
14,
10,
6,
4,
0,

B.
B.
B.
B.
B.
B.

&
&
&
&
&
&

S.
S.
8.
S.
S.
S.

G.,
G.,
G,
G.,
G.,
G.,

Ins.
Ins.
Ins.
Ins.
Ins.
Ins.

100,
50,
20,
15,
12,
9,

per
per
per
per
per
per

lb
lb
lb
lb
lb
lb

$1.35
85
85
85
85
.85

TABLE LXXI.

Price List of Fuse Wire.
1 to 5 amperes
5 to 10 amperes
10 to 30 amperes

Per Foot.
$0.02
0.03
0.03

Per Pound.
$0.50
0.48
0.45
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TABLE LXXII.
Price of Book Binders Cloth.
This material retails at about 25 cents per yard.
oooOOOOOO

OOOoo

oOOO
Fig. 147.—Glass Turing.
TABLE LXXITI.
Price List of Adhesive Insulating Tapes.
Standard tape, black or white, width % inch, per lb... $0.70
Grimshaw, white, per pound
1.30
Grimshaw, black, per pound
1.40
Okonite, per pound
1.50
Manson, per pound
1.10
Kerite, per pound
1.60
Paragon, per pound
50
These tapes are sold by all dealers in electrical supplies.

OOOOooooo
Fig. 148—Rubber Tubing.
TABLE LXXIV.
Prices of Wire Solder.
Wire solder, per pound
Wire solder, small coil
Allen soldering stick

J0.25
.05
.IS
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TABLE LXXV.

Hard Woods.
Hard woods are obtainable at nearly all lumber yards.
of New York dealers furnished on application.
TABLE LXXVI.

Addresses

Price List of Dry Cells.
Mesco
Columbia, 2^x6 inches
Columbia, 3 x 7 inches
Columbia, 3%x8 inches

$0.15
25
65
75

TABLE LXXVII.

Price List of Gem Plunge Batteries.
The 1 Cell Student's Plunge Battery, will run an Electro-Medical
Machine, Electric Bell or Signal
$1 . 35
The 2 Cell Student's Plunge Battery, will run a Ruhmkorff Coil,
Geissler Tube Rotator or a 1 candle power lamp
2.80
The 3 Cell Student's Plunge Battery, will run a Gem Motor or any
other similar Motor or a 2 candle power lamp
4.00
The 4 Cell Student's Plunge Battery, will run all above with in
creased force or a 3 candle power lamp
4 . 80
Extra Zincs, each, 30 cents.
TABLE LXXVIII.

Price List of Large Plunge Batteries.
A simple dip battery of four cells, in case
Plunge battery, four cells, zincs and carbons, 4 x 6 x 5/16
Plunge battery, six cells, zincs and carbons, 4x6x5/16
TABLE LXXIX.

$7.50
21.00
30.00

Price List of Chemicals for Plunge Batteries.
Bichromate of potash, pulverized
Sulphuric acid, commercial
Mercury for amalgamating zincs
TABLE LXXX.

Per Pound.
$0.30
0.10
0 . 80

Price List of Edison Primary Battery and Parts.
Type "S," per cell
Renewal parts required for each recharge:
Two zinc plates
Two copper oxide plates
Can with two sticks of potash
Bottle of heavy paraffin oil

$2.85
42
50
28
05

Three of these cells in parallel give an output of energy
equivalent to one cell of the non-preferred storage battery.
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TABLE LXXXI.
Price List of Portable Storage Batteries.
Preferred Sizes.
Total Capacity, Eight Hours at 7% Amperes.
For 4-inch coil, 2 cells
For 6-inch coil, 3 cells
30.00
For 8-inch coil, 4 cells
40.00
For 10-inch coil, 5 cells
50.00
For LMnch coil, 6 cells
60-00
TABLE LXXXII.

Non-Preferred Sizes.
Total Capacity, Two-thirds of the Preferred Sizes.
For 4-inch coil, 2 cells
$18.00
For 6-inch coil, 3 cells
26 °0
For 8-inch coil, 4 cells
32.00
For 10-inch coil, 5 cells
38.00
For 12-inch coil, 6 cells
46 00
Unless otherwise ordered, portable storage batteries are
usually shipped filled with acid and charged ready for
service. These are shipped by express, but where this
method is too expensive, the shipment can be made by
freight and the acid sent separately in another vessel.

Price List of
To operate on
110-voit d. c, 10
220-voit d. c, 10
500-voit d. c, 10

Price List of
To operate on.
110 voit a. c.
220 voit a. c.
110 voit a. c.
220 voit a. c.

TABLE LXXXIII.
Direct-Current Motor Generator Sets.
Output.
amperes at 20 volts
$125.00
amperes at 20 volts
132.00
amperes at 20 volts
,
140.00

TABLE LXXXIV.
Alternating-Current Motor Generator Sets.
Secondary voitage. Output in Voits.
20
175
$225.00
20
175
240.00
20
275
260.00
20
275
275.00
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In ordering an alternating-current motor generator, it
is necessary to specify the voltage and frequency of the
alternating current to be used.
Price of regulating rheostat for 110-volt direct-current
or battery circuit, and suitable for use with coils ranging
from 4 inches to 12 inches. All other information relating
to induction-coil construction can be obtained by address
ing the author who will also furnish list of dealers.
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CHAPTER XX.
USEFUL TABLES, FORMULAS, SYMBOLS, AND OTHER DATA.
TABLE LXXXV.

Simple Mathematical Formulas.
n = 3.14159.
D = diameter.
R = radius.
Circumference of a circle = * D.
Area of a circle = n R2.
Surface of a sphere = 4 * R2 =«■ D2.
Volume of a sphere = 4/3 * R3 = 1/6 * D\
Definitions of Electrical Terms.
Electromotive force is usually indicated by the letters
E.M.F., or by simply E. It is frequently called pressure
or voltage, and sometimes difference of potential, though
the latter is not strictly correct, for it is the difference of
potential that gives rise to the electromotive force.
Current is often designated by the letter C, but as the
International Electrical Congress in 1893 recommended
that the letter I should be used instead, it is more fre
quently found in current literature. A current can only
flow when there is an electromotive force sufficient to over
come the resistance of the circuit.
Resistance has for its symbol the letter R. It may be
conveniently regarded as that property which opposes the
passage of the current.
The Volt is the practical unit of the E.M.F., or E.
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The Ampere is the practical unit of /.
The Ohm is the practical unit of R.
Ohm's Law.—The following important formula is
known as Ohm's law:
Volts
E
(a)
= amperes, or — = 7, from which we obtain
Ohms
R
Volts

E
= ohms, or — = R, hence
Amperes
7
(c) Ohms X amperes = volts, or RI = E.
Calculation of Resistivity.—The resistance of a conduc
tor varies directly as its length, inversely as its crosssection, and depends upon the specific resistance of its
composition. It may be expressed by the formula:
L
(d) R = s —
A
where R is the resistance, L the length of the conductor,
A the area of its cross section, and s the resistivity of the
material of which it is formed.
(b)

Reper
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TABLE LXXXVII.

Reciprocals of Numerals up to 100.
The reciprocal of any number is the quotient arising
from dividing unity by that number; thus as an example,
the reciprocal of 4 is Vi or 0.250. The conducting prop
erty of circuit is equal to the reciprocal of its resistance,
or in other words, the conducting property is inversely
proportional to its resistance.
Recipro-

No.

Recipro
cal.

No.

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

.5000
.3333
.2500
.2000
.1667
.1429
.1250
.1111
.1000
.0909
.0833
.0769
.0714
.0667
.0625
.0588
.0556
.0526
.0500
.0476

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

.0455
.0435
.0417
.0400
.0385
.0370
.0357
.0345
.0333
.0323
.0313
.0803
.0294
.0286
.0278
.0270
.0263
.0256
.0250
.0244

No.

Recipro
cal.

No.

Recipro-

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

.0338
.0233
.0227
.0222
.0217
.0213
.0308
.0304
.0200
.0196
.0192
.0189
.0185
.0182
.0179
.0175
.0172
.0169
.9167
.0164

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

.0161
.0159
.0156
.0154
.0152
.0149
.0147
.0145
.0143
.0141
.0139
.0137
.0135
.0138
.0132
.0180
.0128
.0127
.0125
.0123

No.

Recipro
cal.

82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

.0132
.0130
.0119
.0118
.0116
.0115
.0114
.0112
.0111
.0110
.0109
.0108
.0106
.0105
.0104
.0103
.0102
.0101
.0100

(Clark Jt Sabiru.)
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TABLE LXXXVIII.

Comparative Resistance of Various Conductors, Taking
Copper as Unity.
Copper
Norway iron
Soft steel
German silver, 18 per cent
German silver, 30 per cent
"Advance" copper-nickel alloy
"Climax" resistance wire
Nichrome

1
6
8
17
28
30
48
60

The composition known as German silver usually con
tains about 18 per cent of nickel. Its resistance varies
with different makes, and depends somewhat on its tem
per. The harder it is, the higher its resistance. The
copper-nickel alloy contains no zinc, and has a tempera
ture coefficient that is practically nil. It is sold under the
trade name of ' ' Advance ' ' resistance wire. The ' ' Climax ' '
resistance wire has, as the table shows, a high specific
resistance, and possesses strength and toughness far in
excess of the ordinary wires used for resistance work. Its
low temperature coefficient fits it for any use to which
German silver can be applied, while its mechanical prop
erties make it especially serviceable for rheostats, where
German silver wire is speedily rendered brittle by
repeated heating and cooling.
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TABLE LXXXIX.

Number, Length, Diameter, Weight, and Resistance of
Pure Copper Wire.
a

d

Ohnu

■j\

a

is

,as

«

5

is

1 .460

211600.
.40964 167805.
.3048 188079.
.324K6 105584.
i .&m 88694.
2 .85763 66873.
3 .22942 52884.
4 .20431 41473.
r. .181H4 83102.
0 .16202 26231 .
7 . 14428 80817.
8 .12849 16510.
9 .11443 13094.
10]. 10189 10382
8234.
llj. 09074
12 .08080
6580.
5178.
13 .07196
4107.
14'. 06408
3257.
15 .05706
2583.
16 .05082
2048.
17i .04525
1624.
18 .04030
1288.
19 .08589
1021.
20, .031%
21 '.02846
810.
642.
22 .025*4
509.
23 .02257
404.
24 .0201
320.
25 .0179
254.
26] .01594
201.
271.01419
159.8
28 .01204
126.7
29,. 01125
100.5
30'. 01002
79.7
31,. 00892
32 .00795
63.
33 .00708
50.1
89.74
31 .00630
31.5
35 .00561
36 .005
25.
37) .00445
19.8
38.00396
15.72
39 .00358
12.47
40 .00314
9.88

0000
000
00
0

38.

Ft'Ct.

S

£

,da

,da

Ej

-1

E

o

o

CL.

I

C

I

I

I

1.5612
1.9687
2.4824
3.1303
3.9471
4.9772
6.2765
7.9141
9.9798
12.5847
15.8696
20.0097
25.229
31.8212
40.1202
50.5906
63.7948
80.4415
101.4365
127.12
161.29
203.874
256.488
323.399
407.815
514.193
648.452
817.688
1031.088
1300.180
1639.49
2067.864
2606.959
3287.(184
4414.49
5226.915
6590.41
8312.8
10481.77
13214.16
16669.97
21013.25
26496.237
83420.63

80497.7
16255.27
12891.37
I0223.08
8107.49
6429.58
fi098.61
4043.6
3206.61
2542.89
2015.51
1599.3
1268.44
1065.66
797.649
632.555
501.68
897.822
815.482
250.184
198.409
157.35
124.777
98.9533
78.473
62.236
49.3504
39.1365
31.0381
24.6131
19.5191
15.4793
12.2864
9.7355
7.7214
6.1224
4.8557
3.8496
3.0530
2.4217
1.9208
1.5229
1.2077
0.9798

a

£
812.
262.
220.
185.
156.
131.
110.
92.3
77.6
65.2
54.8
46.1
88.7
32.5
27.3
23.
19.3
16.2
13.6
11.5
9.6
8.1

Pound*.

.0490
.2590 .00007
.0618
.3266 .00012
.0780
.4118 .00019
.0983
.5190 .00031
.1240
.6549 .00049
.1564
.8258 .00078
.1972
1.0414 .00125
.2486
1.313 .00198
.8136
1.655 .00314
2.088 .00499
.3954
.4987
2.633 .00792
.6529
.0125
3.8
.7892
.0197
4.1
.8441
.0270
4.4
1.254
.0501
6.4
1 580
.079
8.3
1 995
.127
10.4
2 504
.200
13.2
3 172
16.7
.320
4 001
.512
23.
5 04
26.
.811
6.86
1.29
83.
8.25
43.
2.11
10 12
53.
3.27
12.76
68.
5.20
16.25
85.
8.85
108.
20 30
13.3
135.
25 60
20.9
170.
82.2
32.2
40.7
214.
52.9
51 3
270.
84.2
343.
134.
64 8
81 6
432.
213.
103.
538.
338.
130.
685.
539.
164.
865.
856.
1033.
206.
1S57.
1389.
21dfi.
260.
3521 .
328.
1S20.
2200.
414.
5469.
2765.
523.
8742.
3488.
660.
13722.
4395.
21896.
832.
5542.
34823.
1049.

h
1"

5
o

XX
V

640.59
12987.
507.85
8333.
402.83
5263.
319.45
3225.
858.34
2(41.
8011.91
1228.
159.32
800.
126.35
505.
100.20
318.
79.462
200.
63.013
126.
49.976
80.
39.636
50.
31.426
37.
24.924
20.
19.766
12.65
7.87
15.674
12.485
5.00
9.859
3.12
7.819
1.85
6.199
1.23
4.916 .775
3.899 .473
3.094 .305
2.452 .192
1.945 .119
1.542 .075
1.223 .047
.9899 .030
.7692 .0187
.8099 .011S
.4807 .0074
.8835 .0047
.3002 .0023
.2413 .001N
.1913 .0011
.1517 .00076
.1304 .00048
.0956 .onoss
.0757 .00018
.0800 .00011
.0475 .00007
.0375 .oocrti
.0299 .00008
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TABLE XC.

Resistances and Feet Per Pound of German Silver Wire.
Brown &
Snarpe
Gage.

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
82
33
34
85
36

Diameter.

Feet per Pound.

.1285
.1144
.1019
.09074
.08081
.07196
.06408
.05707
.05082
.04525
.0403
.03539
.03196
.02846
.02535
.02257
.0201
.0179
.01594
.01419
.01264
.01126
.01002
.00893
.00795
.00708
.0063
.00561
.005

20
25
32
40
51
64
81
102
129
162
204
264
325
409
517
660
823
1039
1310
1650
2082
2623
3311
4165
5263
6636
8381
10560
13306

German Sllver.
Approximate.
Ohms per 1,000 Feet.

11.77
11.83
18.72
29.59
29.75
37.51
47.30
59.65
75.22
94.84
119.61
155.10
190.18
239.81
302.38
381.33
480.83
606.31
764.59
964.13
1215.76
1533.06
1933.03
2437.23
3073.77
3875.61
4888.49
6163.97
7770.81
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TABLE XCI.
Resistance and Conductivity of Pure Copper at Different
Temperatures.
(a) The resistance of metallic conductors increases as
the temperature rises, (b) The resistance of electrolytes
decreases as the temperature rises, (c) The resistance of
dielectrics and non-conductors decreases as the tempera
ture rises.
*Conductiv ty.

Centigrade Temperature.
Degre s.

(1
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Q
1
1
1.00000
1.00381
1.00756
1.01135
1.01515
1.01896
1.02280
1.02663
1.03048
1.03435
1.03822
1.04199
1.04599
1.04990
1.05406
1 .05774

1.00000
.99624
.99250
.98878
.98508
.98139
.97771
.97406
.97042
.96679
.96319
.95970
.95603
.95247
.94893
.94541

Centigrade Temperature. Degre s.

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
1

uea
a
*
«

—
8

1.06168
1.06563
1.06959
1.07356
1.07742
1.08164
1.08553
1.08954
1.09365
1.09763
1.10161
1.10567
1.11972
1.11382
1.11782

.94190
.93841
.93494
.93148
.92814
.92452
.92121
.91782
.91455
.91110
.90776
.90443
.90113
.89784
.89457
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TABLE XCII.
Comparison of Thermometrical Scales.
Cent.

Fahr.

Cent.

Fahr.

Cent.

Fahr.

Cent.

Fahr.

125
124
123
122
121
120
119
118
117
116
115
114
113
112
111
110
109
108
107
106
105
104
103
102
101
100
99
98
97
96
95
94

257.0
255.2
253.4
251.6
249.8
248.0
246.2
244.4
242.6
240.8
239.0
237.2
235.4
233.6
231.8
230.0
228.2
226.4
224.6
222.8
221.0
219.2
217.4
215.6
213.8
212.0
210.2
208.4
206.6
204.8
203.0
201.2

93
92
91
90
89
88
87
86
85
84
83
82
81
80
79
78
77
76
75
74
73
72
71
70
69
68
67
66
65
64
63
62

199.4
197.6
195.8
194.0
192.2
190.4
188.6
186.8
185.0
183.2
181.4
179.6
177.8
176.0
174.2
172.4
170.6
168.8
167.0
165.2
163.4
161.6
159.8
158.0
156.2
154.4
152.6
150.8
149.0
147.2
145.4
143.6

61
60
59
58
57
56
55
54
53
52
51
50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33
32
31
30

141.8
140.0
138.2
136.4
134.6
132 . 8
131 .0
129.2
127.4
125.6
123.8
122.0
120.2
118.4
116.6
114.8
113.0
111.2
109.4
107.6
105.8
104.0
102.2
100.4
98.6
96.8
95.0
93.2
91.4
89.6
87.8
86.0

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

84.2
82.4
80.6
78.8
77.0
75.2
73.4
71.6
li!».8
08.0
68.2
64.4
62.6
00.8
09.0
57.2
55.4
53.6
51.8
50.0
48.2
4(5.4
44.6
42.8
41.0
39.2
37.4
35.6
33.8
32.0
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TABLE XCIII.

Conversion of Thermometrical Scales.
To convert degrees Centigrade or Reaumur into degrees
Fahrenheit or vice versa, use one of the following
formulas :
To convert degrees Centigrade into degrees Fahrenheit :
9C
F = — + 32.
5
To convert degrees Fahrenheit into degrees Centigrade :
5(F — 32)
C=

.
9

To convert degrees Reaumur into degrees Fahrenheit:
9R
F = — + 32.
4
To convert degrees Fahrenheit into degrees Reaumur:
4(F — 32)
R
To convert Centigrade and Reaumur into Fahrenheit:
F = C + R + 32.
Freezing point = 32 deg. F. = 0 deg. C. = 0 deg. R.
Boiling point = 212 deg. F. = 100 deg. C. = 80 deg. R.
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TABLE XCIV.
Safe Carrying Capacity of Wires.
&SBrharpcown
Gage.

18
17
16
15
14
13
18
11
10
9
8
7
6
5
4
3
2
1
0
00

J2
s
a
*5Vh
aa
3
40
45
51
57
64
72
81
91
102
114
128
144
162
182
304
229
258
289
325
365

AreainCircular

Exposed
Nofumber Amperes,Work.

CSopnaflcneds.
Nofumber Amperes,

P1oTpeiuonrd0s Feet,
Bare.

P1,0LL
operunds FeetT
Insulated.

Feet.

Mile.

1.624
2.048
2.583
3.257
4.106
5.178
6.530
8.234
10.380
13 . 090
16.510
20.820
26.250
33.100
41.740
52.630
66.370
83.690
105.500
133.100

Ohms1,perorLor

5
6
8
10
16
19
23
27
32
39
46
56
65
77
92
110
131
156
185
220

3
4
6
8
12
14
17
21
25
29
33
39
45
53
63
75
88
105
125
150

6.3880
5.0660
4.0176
3.1860
2.5266
2.0037
1.5890
1.2602
.99948
.79242
.62849
.49845
.39528
.31346
.24858
.19714
.15633
.12398
.09827
.07797

4.92
6.20
7.82
, 9.86
12.44
15.68
19.77
24.93
31.44
39.65
49.99
63.03
79.49
100.23
126.40
159.38
200.98
253.43
319.74
402.97

18
21
25
31
38
43
48
64
80
97
116
118
166
196
228
265
296
829
421
528
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TABLE XCV.
Number of Turns of Wire that Can be Wound in a Given
Space.
§
1
s|
X'—
*
PS

COTTON.
Single.

SILK.
Double.

Single.

Double.

Per
Per
Per
Per
Per '
Per
Per
Per
Square Square Square Square Square Square Square Squarf
Inch. Qu. Inch. Incb. Qu. Incb. Inch. Qu. Inch. Inch. Qu. Inch.

i
20
676
21
842
22 1.024
23 1.296
24 1.600
25 1.849
26 2.209
27 2.500
28 3.025
29 3.481
30 4.356
31 5.001
32 5.929
33 7.089
34 7.769
&5 8.100
:;ti 10.000
37 11.025
38 12.321
;jn 13.689
40 15.625

42
53
64
81
100
115
138
156
189
218
272
315
370
443
485
506
625
689
770
855
976

576
625
729
900
1.089
1.296
1.440
1.600
1.849
2.025
2.500
2.704
3.025
3.481
3.600
3.844
4.356
4.761
5.041
5.476
5.929

36
39
45
56
68
81
90
100
115
126
156
169
189
218
295
240
272
297
315
342
370

841
961
1.225
1.521
1.936
2.304
2.916
3.249
4.096
4.761
6.400
7.769
9.025
11.025
12.321
13.689
17.689
20.164
23.716
27.556
32.761

52
60
76
95
121
144
182
206
254
297
400
485
564
689
770
855
1.105
1.240
1.482
1.722
2.047

676
842
1.024
1.296
1.600
1.849
2.209
2.500
3.025
3.481
4.356
5.041
5.929
7.089
7.769
8.100
10.000
11.025
12.321
13.689
15.625

42
53
64
81
100
115
138
156
189
218
272
315
370
443
485
506
625
689
770
air.
976

(ir. J.CIarte.)
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TABLE XCVI.

Puncture Test of Insulating Materials.
Material.

Gratis.

Thickness
in Mils.

A
B
C

6- 7
8— 9
11—12
10—11
5- 6
8— 9
11—12
4— 5
5— 6
8— 9

Linen
Linen
Linen
Insulated Canvas
Paper
Paper
Paper
Bond Paper
Fiber Paper
Red Rope Paper . .

ii'
B
C
A
A
A

Guaranteed
Punctare Test in Volts. Resistance to
Puncture.

5.000— 9,000
13.000—15.000
18.000—28,000
5,000— 9,000
8,000-10.000
14,000-16,000
20,000—25.000
5,000— 9.000
8,000—10.000
9,000—11,000

10,000
15,000
10,000
15,000

TABLE XCVII.

Carrying Capacity, Diameter, Etc., of Fuse Wire.
Best length for use and fusing
currents for such lengths.
Am pert*.

Inches.

1 '

1
1
Ik

i
2
3
4

*k

.'>
fi
7
8
9
10
12
14
15
16
18
20
2.".
30
3">
40
45
50
60
70
75
80
90
100

'

lj|
1%
1%
2
2
2
2
2k
2=k
2k
2k
2k
2^
2k
23{
3
3
3
3
8k

m

8k
3k
8k
8k
4

Length.
Per Pound Feet.

Mlls.
Diameter.

Amperes.

ik
2k
3
5
i

9
10
12
18
15
16
17
20
23
24
25
28
30
87
43
49
56
62
69
81
93
99
106
118
129

1.025
680
445
290
168
145
122
105
92
82
116
56
53
4-k
42
87 k
28 k
23 %
19 10-12
17
15
13 7-12
10k
9
7 10-12

U
6
5

10
13
16
25
81
35
39
42
46
49
52
55
61
66
68
72
77
82
94
103
113
122
129
137
158
170
183
189
212
226
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TABLE XCVIII.
Cross-Sectional Circular Units.

A mil is ttjW inch. It is a unit of length used in meas
uring the diameter of wires. A circular mil is a unit of
area used in measuring the cross sections of wires.
1 circular mil
= 0.78540 square mil.
1 circular mil
= 0.00064514 circular millimeter.
1 circular mil
= 0.00050669 square millimeter.
1 square mil
= 1-2732 circular mils.
1 square mil
= 0.00082141 circular millimeter.
1 circular millimeter
= 1550.1 circular mils.
1 circular millimeter
= 1217.4 square mils.
1 circular millimeter
= 0.78540 square millimeter.
1 square millimeter
= 1973.6 circular mils.
1 square millimeter
= 1-2732 circular millimeters.
If d is the diameter of a circle, the area in other units is:
If d is in mils, the area in square millimeters
— d- X 0.00050669.
d in millimeters, area in square mils
=fx 1217.4.
d in centimeters, area in square inches
=d* X 12174.
d in inches, area in square centimeters
=<PX 5.0669.
— (Hering.)
TABLE XCIX.
Decimal Equivalents of Fractions of an Inch.
.015625
t1 4
Hl J = .0312.".
A = .046875
,', = .0625
= .078125
- .09375
f,V — .109375
.125
H
.140625
Ar.
.15625
.171875
a
A = .1875
a =, .203125
.21875
.234375
n
.25

H
9
TV
LI
tf
A
H
U
H
?a
H
H
ii7
r»
H
H
a
H

_.
=
=
=
=
=
=
=
=
z
=
—
=

.265625
.28125
.296875
.3125
.328125
.34375
.359375
.375
.390625
.40625
.421875
.4375
.453125
.46875
.484375
.5

:t 3
*T
ii
H
A
Si
H
H
X
a
a
H
11
tt
H
H
Si

—
—
:
=
=
=
=
=
=
=
=
—

.51.5625
.53125
.546875
.5625
.578125
.59375
.609375
.625
.640625
.65685
.671875
.6875
.703125
.71875
.734375
.75

a
H =
a :H
a
H
%
a
ii
IS
is
Si
a
st
i

=
=
=
=
=
=
= I

.765625
.78125
.796875
.8125
.828125
.84375
.859379
.875
.890625
.90625
.921875
.9375
.953125
.96875
.984375
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Different Wire Gages.
TABLE C.

There are several kinds of wire gages in use throughout
the world, but the American standard, as the Brown &
Sharpe gage is sometimes termed, is the principal one in
the United States, although for determining the size of
iron wire the Birmingham or Stubs gage is generally
employed. The following table lists most of them:
(a) American Standard, or Brown & Sharpe.
(b) Birmingham, or Stubs (English).
(c) Washburn & Moen Manufacturing Company (Worcester, Mass.).
(d) Trenton Iron Company (Trenton, N. J.).
(e) Old English Brass Manufacturing List (English).
(f) New Legal Standard (English).
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Fig. 149.—Brown & Sharpe Wire Gage.

Fig. 150.—Sturs English Wire Gage.
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TABLE CI.
Difference Between Wire Gages in Decimal Parts of an
Inch.
American
h
or
am
Trenton Iron
OldEnglishfrom Brass Mfrs.List.
No.
of Wire.
B
i
r
m
i
n
g
of Wire Gage.
No.
Sharpe.
Co., TrentonT N.
Stubs.
J.
New British.
or B<£rown
000000
00000
0000
000
00
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
30
37
38
39
40

.46
.40964
.3648
.32495
.2893
.25763
.22942
.20431
.18194
.16202
.14428
.12849
.11443
.10189
.090742
.080808
.071961
.064084
.057068
.05082
.045257
.040303
.03589
.031961
.028462
.025347
.022571
.0201
.0179
.01594
.014195
.012641
.011257
.010025
.008928
.00795
.00708
.000304
.005614
.005
.004453
.003965
.003531
.003144

.4.54
.425
.38
.34
.3
.284
.250
.238
.22
.203
.18
.165
.148
.134
.12
.109
.095
.083
.072
.065
.058
.049
.042
.035
.032
.028
.025
.022
.02
.018
.016
.014
.013
.012
.01
.009
.008
.007
.005
.004
,•.

.46
.43
.393
.362
.331
.307
.283
.263
.244
.225
.207
.192
.177
.162
.148
.135
.12
.105
.092
.08
.072
.063
.054
.047
.041
.035
.032
.028
.025
.023
.02
.018
.017
.016
.015
.014
.0135
.013
.011
.01
.0095
.009
.0085
.008
.0075
.007

. ..
.45
.4
.36
.33
.305
.285
.265
.245
.225
.205
.19
.175
.16
.145
.13
.1175
.105
.0925
.08
.07
.061
.0525
.045
.039
.034
.03
.027
.024
.0215
.019
.018
.017
.016
.015
.014
.013
.012
.011
.01
.009
.008
.00725
.0065
.00575
.005

..,.
.4
.372
.348
.324
.3
.276
.252
.232
.212
.192
.176
.16
.144
.128
.116
.104
.092
.08
.072
.064
.056
.048
.04
.036
.032
.028
.024
.022
.02
.018
.0164
.0148
.0136
.0124
.0116
.0108
.01
.0092
.0084
.0076
.0068
.000
.0052
.0048

.,,,
•■,,
...,
,,•,
*,,,
..•....
**■.
•,••
....
....
....
....
!683
.072
.065
.058
.049
.04
.035
.0315
.0295
.027
.025
.023
.0205
.01875
.0165
.0155
.01375
.01225
.01125
.01025
.0095
.009
.0075
.0065
.00575
.005
.0045

000000
00000
0000
000
00
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
:u
35
36
37
38
39
40
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TABLE CU.
THE MICROMETER.

This device will accurately measure from roVir inch
up to 1 inch, reading in the thousandths of an inch. The
spindle C is attached to the thimble E at the point H. The
part of the spindle which is concealed within the sleeve
and thimble is threaded to fit a nut in the frame A. The
frame being held stationary, the thimble E is revolved by
the thumb and finger, and the spindle C being attached to
the thimble revolves with it, and moves through the nut

Fig. 161.—Micrometer Wire Gage.
in the frame approaching or receding from the spindle C.
The measurement of the opening between the anvil and
the spindle is shown by the lines and figures on the sleeve
D and the thimble E, Fig. 151.
The pitch of the screw threads on the concealed part of
the spindle is 40 to an inch. One complete revolution of
the spindle therefore moves it longitudinally one-fortieth
(or twenty-five thousandths) of an inch. The sleeve D is
marked with 40 lines to the inch, corresponding to the
number of threads on the spindle. When the micrometer
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is closed, the beveled edge of the thimble coincides with
the line marked 0 on the sleeve, and the 0 line on the
thimble agrees with the horizontal line on the sleeve. Open
the micrometer by revolving the thimble one full revolu
tion, or until the 0 line on the thimble again coincides with
the horizontal line on the sleeve ; the distance between the
anvil B and the spindle C is then ?V (or 0.025) of an
inch, and the beveled edge of the thimble will coincide
with the second vertical line on the sleeve. Each vertical
line on the sleeve indicates a distance of ^ of an inch.
Every fourth line is made longer than the others, and is
numbered 0, 1, 2, 3, etc. Each numbered line indicates a
distance of four times j*j of an inch, or one-tenth.
The beveled edge of the thimble is marked in twentyfive divisions, and every fifth line is numbered from 0 to
25. Rotating the thimble from one of these marks to the
next moves the spindle longitudinally *V of twenty-five
thousandths, or one thousandth of an inch: Rotating it
two divisions indicates two thousandths, etc. Twenty-five
divisions will indicate a complete revolution—0.025 or
*V of an inch.
To read the micrometer, therefore, multiply the number
of vertical divisions visible on the sleeve by 25, and add
the number of divisions on the bevel of the thimble from
0 to the line which coincides with the horizontal line on
the sleeve. For example, as the tool is represented in the
engraving, there are seven divisions visible on the sleeve.
Multiply this number by 25, and add the number of divi
sions shown on the bevel of the thimble 3. The wire or
sheet of metal between the anvil B and the end of the
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spindle C is one hundred and seventy-eight thousandths
(7 X 25 = 175 + 3 = 178).
TABLE CHI.
How to Read a Ten-Thousandths Micrometer.
Readings in ten-thousandths of an inch are obtained by
the use of a vernier, so named from Pierre Vernier, who
invented the device in 1631. As applied to a micrometer,
Fig. 152, this consists of ten divisions on the adjustable,
which occupy the same space as nine divisions on the

Fig. 152.—Vernier Micrometer Reading to Ten-Thousandths.
thimble. The difference between the width of one of the
ten spaces on the sleeve and one of the nine spaces on the
thimble is therefore one-tenth of a space on the thimble.
In the above figure represented by B, the third line from
0 on the thimble coincides with the first line on the sleeve ;
the next two lines on the thimble and sleeve do not coin
cide by one-tenth of a space on the thimble, the next two,
marked 5 and 2, are two-tenths apart, and so on. In open
ing the tool, by turning the thimble to the left, each space
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on the thimble represents an opening of one-thousandth
of an inch. If, therefore, the thimble is turned so that the
lines marked 5 and 2 coincide, the caliper will be opened
two-tenths of one-thousandth, or two ten-thousandths.
Turning the thimble farther, until the line 10 coincides
with the line 7 on the sleeve, as in the engraving C, the
caliper has been opened seven ten-thousandths, and the
reading of the micrometer is 0.2257. To read a ten-thou
sandths micrometer, first note the thousandths as in the
ordinary micrometer, then observe the line on the sleeve
which coincides with the line on the thimble. If it is in
the second line, marked 1, add one ten-thousandth ; if it is
in the third, marked 2, add two ten-thousandths, etc.

table civ.
Letter Sizes of Drills.
Diameter.
Inch.
A
B
C
D
E
F
a
H
I
J
K
L

H

}i
H
A

Decimals
of 1 Inch.
.234
.238
.242
.246
.260
.257
.261
.266
.272
.277
.281
.290
.295

Diameter.
Inch.
N
o
p
Q
B
s
T
U
v
w
X
Y
Z

A
«
H
fi
x
u
ii

Decimals
of 1 lnch.
.302
.316
.323
.332
.339
.348
.358
.368
.377
.386
.397
.404
.413
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TABLE CV.
Sizes of Tap Drills.

Tap
Diameter.
X
A
s
a
%
H
A
H
A
X
H
%
if
11
1

Thread*
Per Inch.
16,
16,
16,
16,
14,
14,
14,
14,
12,
12,
10,
11,
10,
10
9,
9
8

18,
18,
18
18
16,
16,
16
16
13,
14
11,
12
11,
10

20
20
18
18
14
12
12

Drill for
V Thread.
A
A
A
X
X
11
U
if
%
A
11
A
H
11
H
«
11

A
If
if
H
A
il
11
J3
If
If
H
A
=8

Drlll for
U. 8. Standard.

Drill for
Whitworth.

A

A

X

hi

A

A

11

11

li
A
X

H

X

X

ii

11

H

H

11

A
11
H

?8

IJ

%

TABLE CVI.
Forms of Screw Threads.
(a) The V Thread.—The sharp V thread is a thread
having its sides at an angle of 60 deg. to each other and
perfectly sharp, top and bottom, as in Fig. 153.

Fig. 153—The V Thread.
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(6) The U. S. Standard Thread.—The U. S. standard
thread has its sides cut at an angle of 60 deg. to each other,
but has its top cut off to the extent of one-eighth of its
pitch and the same quantity filled in at its bottom, as in
the cut.

Fig. 154.—The U. S. Standard Thread.
TABLE CVII.

Screw Pitch Gage.
The gage shown in Fig. 155 has twenty-two pitches,

Fig. 155.—Screw Pitch Gage.

namely, 9, 10, 11, 11V2, 12, 13, 14, 15, 16, 18, 20, 22, 24,
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26, 27, 28, 30, 32, 34, 3(5, 38, 40. It can be used inside a
nut as well as outside of a screw. On each leaf are
stamped decimals showing the double depth of thread, and
this of course equals the depth of threads on the two sides
of a tap having the same pitch, and helps materially in
determining the size of drill needed to drill the hole the
right size to leave a full V thread for a tap having same
pitch. To do this it is necessary to caliper with a microm
eter over the threads of the tap, and from its size in
thousandths shown, deduct the decimals given on the pitch
gage leaf, agreeing with the pitch of the tap. The result
will show in thousandths the size of the drill needed for
a full thread. An allowance must be made for the extent
to which it is desired the thread should be flattened.
table cvm.
Formula for Depth of V Threads.
1.733
d=D

.
M

Formula for Depth of U. S. Standard Threads.
1.299
d=D

.
M

D = outside diameter of tap.
d = bottom diameter of tap.
M — number of threads per inch.
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TABLE CIX.
Double Depth of V and U. S. Standard Threads.
Threads TJ. 8. Standard
Per Inch.
DD.
64
60
56
50
48
44
40
36
32
30
28
26
24
22
20
18

.02029
.02165
.02319
.02598
.02706
.02952
.03247
.03608
.04059
.04330
.04639
.04996
.05412
.05904
.06495
.07216

V Thread
DD.
.02706
.02887
.03093
.03464
.03608
.03936
.04330
.04811
.05412
.05773
.06185
.06661
.07216
.07872
.08600
.09622

Threads TJ. 8. Standard
Per Inch.
DD.
16
14
13
12
11
10
9
8
7
6
5
4
m
3

.08118
.09278
.09992
.10825
.11809
.12990
.14433
.16237
.18555
.21650
.23618
.25980
.28866
.32475
.37114
.43333

V Thread
DD.
.10825
.12357
.13323
.14*33
.15745
.17320
.19244
.21650
.24742
.28866
.31490
.34650
.38488
.43300
.49485
.57733

d = diameter at bottom of thread.
C = double depth of thread.
D = diameter at bottom of thread.
As an example, showing the use of the above table, find
the actual diameter at the bottom of V thread, % inch
diameter, 10 threads to the inch. In the V thread column
opposite the 10 threads per inch, find the decimal 0.173;
this subtracted from the outside diameter of the thread is
the diameter at bottom of thread, thus :
% inch

D
0.750 inch

C
0.173 inch

d
0.577 inch

International or Metric System of Weights and Measures.
The meter is the ten-millionth part of a quadrant of the
earth's meridian, or the distance from the Equator to the
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North Pole. Like the Arabic system of notation and the
table of U. S. money, its divisions and multiples vary in
a tenfold ratio. All measures, whether of length, surface,
bulk, weight, or capacity, are directly derived from the
meter, and their names express their value.
table ex.
Metric Measurement of Weight, Capacity and Length.
Weight.
Capacity.
Length.
10 Mllli
= 1 Centi
10 Mllllliters = 1 Centlliter 10 Mlllimeters = 1 Centimeter
10 Centi
= 1 Deci
10 Centiliters = 1 Deciliter 10 Centimeters = 1 Decimeter
10 Deci
= 1 Gramme
10 Deciliters = 1 Liter
10 Decimeters = 1 Meter
10 Grammes = 1 Deka
10 Liters
= 1 Dekaliter 10 Meters
= 1 Dekamcter
10 Deka
= 1 Hekto
10 Dekaliters = 1 Hektoliter 10 Dckamcters = 1 Hektometer
10 Hekto = 1 Kllo
10 Hektoliters = 1 Kiloliter 10 Kllometers = 1 Myriameter
10 Kllo
= Myria
TABLE CXI.
Metric Measures of Length and Equivalents in Inches.
Ratio = 10.
(Millimeter (mm) =
0.001m. = 0.03937
Divisions. -] Centimeter (cm.) =
0.01 m. = 0.3937
( Decimeter (dm.) =
0.1 m. = 3.937
Unit
Meter
(m.) =
1.
m. = 39.37
{Dekameter (Dm.) =
10.
m. =393.7
Hektometer (Hm.) = 100.
m. = 328
Kilometer (Km.) = 1,000.
m. = 0.62326
Myriameter (Mm.) = 10,000.
m. = 6.2320

inch.
inch.
inches.
inches.
inches.
feet 1 inch.
mile.
miles.

TABLE CXII.
Metric Measures of Weight. Eatio = 10.
Milligramme (mg.) = 0.0154 grain avoirdupois.
Centigramme (eg.) = 0.1543 grain avoirdupois.
Decigramme
(dg.) = 1.5432 grains adoirdupois.
Gramme
(g.) =15.432 grains avoirdupois.
Dekagramme (Dg.) = 0.3527 ounce avoirdupois.
Hektogramme (Hg.) = 3.5274 ounces avoirdupois.
Kilogramme (Kg.) = 2.2046 pounds avoirdupois.
Myriagramme (Mg.) =22.046 pounds avoirdupois.
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TABLE CXIII.

Conversion of English into Metric Weights.
1 avoirdupois ounce = 28.35 grammes.
1 Troy or apothecaries ounce = 31.10 grammes.
1 avoirdupois pound = 453.59 grammes, or about 5/11 of a kilogramme.

The denominations most used in the metric tables are
indicated by italics.
table cxiv.

Conversion of English into Metric Lengths.
1
1
1
1

lnch
foot
yard
mile

= 25.4000 mm. = 0.0254 m., or about 2% cm.
= 30.4800 cm. = 0.3048 m., or about 30 cm.
=
0.9144 m. =
10/11 m.
= 1609.0000 m. = 1.6090 km., or about 1 6/10 Km.
TABLE CXV.

Metric Measures of Surface.—Ratio = 102 = 100.
Square millimeter (sq. mm.) =0.000001
Square centimeter (sq. cm.) =0.0001
Square decimeter (sq. dm.) = 0.01
Square meter
(sq. m.)=l.

sq. m.
sq. m.
sq. m.
sq. m.

TABLE CXVI.

Metric Measures of Volume.—Ratio = 10s = 1,000.
Cubic
Cubic
Cubic
Cubic

millimeter (cu. mm.) =0.000000001 cu. m.
centimeter (cu. cm.) =0.000001
cu. m.
decimeter (cu. dm.) =0.001
cu. m.
meter
(cu. m.) = 1.
= 1.308 cu. yards.
TABLE CXVII.

Metric Measures of Capacity.—Ratio = 10.
Divisions.
Unit
Multiples

Milliliter
■ Centiliter
Deciliter
Liter
f Dekaliter
\ Hektoliter
[Kiloliter

(ml.)
(cl.)
(dl.)
(1.)
( Dl.)
( Hl. )
(Kl.)

=
1 cu. cm. = 0.061022 cu. in.
= 10 cu. cm. = 0.338
fid. oz.
= 100 cu. cm. = 0.845
gill.
= 1000 cu. cm. = 1.0567 liquid quarts.
= 10 cu. dm. = 9.08
dry quarts.
= 100 cu. dm. = 2 bu. 3.35 pk.
=
1 cu. m. = 264.17 gallons.
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1
1
1
1

TABLE CXVIII.
Conversion of U. S. into Metric Capacities.
U. S. liquid quart = 0.9461., or about 1 liter.
U. S. dry
quart = 1,101 1., or about 1 liter.
U. 8. gallon
= 3.785 1., or about 3.8 liters.
U. S. bushel
=35.2401., or about 4/11 hekloliters.

TABLE CXIX.
To Obtain the Index of a Lathe.
If you will note what thread the lathe will cut when two
given gears are in place, you can easily construct a table
that will show you just what thread any two gears will
cause the lathe to cut. Suppose that two sixty-threes pro
duce 12 threads to the inch. Then place 12 in the space A
in the table below :
Stud.
Screw.
28
83
35
42
49
56
63
70
77
84
91
98
105
112
Now
Also

28

33

35

42

49

56

63

70

a
B

C
A
E

D
c

77

84

91

98 105 112

6
...

d

63 , 70 ,, A. • E \ Direct proportion
56 63 "a '• D \ ,*nverse proportion.
70 :

The spaces should all be filled except a, b, c, d, etc.,
which is needless as only the 63 gear will be duplicated.
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TABLE CXX.
£L£CTjR/CAL SYMBOLS
fisstsTAHce 'Jtftwve
gamble
Mvcnvemfstance
YAft/ABLE
/ifs/srAA/c£
fiej/srAA/ce
fAa/osrABU co/fsj
ftfJ/STAA/Cf

/NOUCT/M ff£S/jrA/VC£
fAOSCtSTABLC couj
*oa> //vot/cwe
B£J/J£AAIC£
i

*OL£
Ct/AW(S£/?
/»

„,
^
jwIa/g
JACK

jwrct/
/'LUG

HA/If£ OOL/0l£Poi£ //rr/rA,,A,r „a
JfV/TCH
JW/rCH
B/A/GW6 A-SKf

f-ff-

corns*

jouho/o

~nwwr

C/#CUITBB£AK£XS
fowrwAoj C(/w£/ri0Ae>)
-

JMTCH

/fHeosr/ir

ft

iffA

e„omp minnN,

*£C£IV£BS
JOIN£0
>VI/t£S

T£C£6BAPM

H-

rxwMrrresj

'A -

H—z

o3

I.
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TABLE CXXII.

ELECTRICAL SYMBOLS
AMMUNC/ATOfiS

<y
STORAGE CELL

DPOP AA/A/(/HC/ATQP

—|l|l|l|l—

tr u
BELL

LULL

POLAP/ZE0
BELL

—sAd-

DCGEA/EPATOP
CSHUA/T WOVA/D)

BATTERY

OCGEA/EPATOP*
(COAffOVA'aWt/A'ty

Bl/ZZSP CONKAtSEA?

D
O.CGEA/EPATOP
(SEP/ES WOL/WO).

J£
A. C. GEA/EPA TOA?
(S/HGLE PHASE)

/HA GA/ETO
GENERATOR

7"P/ PHASE GEA/EPA TO/f
CSTAP COA/'«J

-AJJJ0 C GEMEPATOA?

Aforop
GEA/EPATO/?

POTAPr
TPA A/<SPOPM£P

THEPMO-ELECTP/C
GEA/EPA TOP

ir
COA/JTAHTLY £>P/V£A/
MAGA/£TO
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TABLE CXXIII.

CHART FOR DRAFTSMEN
sSECT/OM OF SYOO0 O/f M£TA L

#£0

JECT/O/V OFGLASS
£LU£
5£GT/OAVOFGfM£^T
yS£CT/ON OF///SC//.AT/0/V
GF££/V
£/.EVAT/OM OF/MJO'/.AT/O/V

UQ(//£>

rzuow

3Ecr/0M \ £££V4T/0M OFJA/YlXS7W£
--■,'rv.;.-y-f. ..';:-• (:;*'•.■■'•..■5'\

j£cr/o/v 0F£A/?r/y
<J£C7yO//OFGA/?£0/V
F(//fP/.£
£L£VAT/0/YOF CAft£0/V

COA/?J£\ F///£FA0fi/C

^^^^^^^^*^^*^^TSt/^^^^

<§§§§§§§§§©

0/?AHG£

INDEX
Accumulator, chloride, 204
Action of electrolytic interruptor, 30,
208
mercury turbine interruptor, 30,
208
Adhesive insulating tapes, price list of,
Table LXXIII. 222
Adjustable block and plug condenser,
120
condensers, 28, 32
connection for, 175
and independent interruptor, wiring
diagram for, 174
mica condensers, 116
spark-gap device, sizes of parts for.
Table XXXV, 153
terminals for X-ray spark-gap, 151
"Advance" resistance wire, price list of,
Table LII. 215
Advantages of independent interruptor,
108
three layers in primary coll, 28
two layers for primary coll. 28
vacuum drying and Impregnating,
01
Alternating currents, 198-208
motor generator set, 209
motor generator sets, price list of,
Table LXXXIV, 224
Amalgamating the zincs, 201
Amount and size of wire for inter
mediate and large secondary
colls, Tabic XV, 63
and sizes of plate mica, 117
of wire for primary coll, Table V,
45
for secondary colls, 60
small secondary colls. Table XIV,
61
Ampere, definition of, 227
Annealed iron core, 19
wire for cores, price list of, Table
XI.IV, 211
soft-iron wire, 34
Annealing tube, 36
wire for cores, 36
Apparatus, mounting the subsidiary,
195
for vacuum drying and Impregnat
ing, 85
Aperture, number, and diameter of
secondary pies, Table XVII, 70
Arago, 3
Arago's discovery, 3
Arrangement of core and tube, 38
Aspbaitum, Japan, 159
Assembled double-spring single-break in
terruptor, 98
Assembling intermediate-sized colls. 185
independent interruptor, 102
large col!«. 190-193
the coll. 180

Assembling secondary coll, stand for, 81
secondary pies, 81
small colls, 181
spark-gup terminals, 149
revolving snitch, 1SS9
Automatic interruptor, 9
Hachhoffcr. 9
Bacbhoffcr's interruptor, 9
Balls, spark between, l45
spark-gap, 146
Bar of iron through core, 40
Bare copper wire for secondary colls,
price list. Table XLVI, 212
wire secondary colls, 61
Base and cheeks for small colls, sizes
of, Table XXXVII, 159
for intermediate sized colls, 161
for large colls, sizes of, Table
XXXIX. 165
for large-sized colls. 161
making a. for a small coll, 160
and other woodwork, 157
of small coll, complete, 161
of small coll. inverted, 160
Battery. Edison primary, 202
currents for colls. 30
cells of plunge, 200
dry, 198
large plunge, 202
plunge, 200
price list of Edison primary, Table
I,XXX, 223
price list of large plunge. Table
LXXVII, 223
price list of non-preferred storage.
Table LXXXII, 224
price list of preferred storage.
Table LXXXI, 224
price list of small plunge, Table
LXXVII, 223
primary, 30, 178
storage. 30-202
solution for plunge, 200
storage, non-preferred sizes. Table
LXIII, 205
storage, preferred sizes. Table XLII,
204
Beeswax and rosin compound, 114
Bending hard rubber, 183
Bichromate of potash solution, 200
Binding posts, 156
forms of, 219
making, 156
price list of, Table LXI, 212
for secondary terminals. 146
Block, adjustable and plug condenser,
120
Bookbinder's cloth. 182
prices of, Table LXXXII, 222
Box, condenser. 120
for condenser. 164
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Brass balls, price list of, Table LXVll1,
221
cap nuts, 57
compressional frame for Impregnat
ing chambers, 88
connectors, 55, 56
connectors, dimensions of, Table
XI, 57
frame for mica condenser, 121
hexagonal nuts, price list of, Table
LXIII, 219
lacquer for, 96
rods, price list of, Table I.Xll. 219
washers, finishing, Table XII, 07
Breakdowns, insuring against, 54
Brown & Sharpe wire gage, 242
Building up the condenser, 110
tbe condenser, device for, 114.
the secondary coll, 81
Caiculation of resistivity, 227
Callan. 0
Callan's interruptor, 9
Capacity of a condenser, 112
Its effect on spark lengths, 31
increasing the, 113
and inductance, 31
of mica condenser, 117
optimum, 28, 31
and self-induction, 31
specific inductive, 32
of wires, safe carrying, Table
XCIV, 237
Cap nuts, brass, 57
Caps of hard rubber, dimensions of,
Table X, 56
of hard rubber, end and cross-sec
tions of, 55
for hard-rubber tubes, 54
Carrying capacity and diameter of fuse
wire. Table XCVII. 239
("ells of plunge battery, 200
polarization of, 201
price list of dry. Table LXXVI, 223
Chancing design of colls, 197
the condenser, 21
Charcoal iron wire for cores, 35
Chart for draftsmen, Table CXXIII, 258
Cheeks for colls, 45
design for coll, 158
finishing end for coll, 161
hard-rubber, 163
japanned, 45
Chemicals, price list of, for plunge bat
teries, Table LXXIX, 223
Cherry, wild, black, 157
Chloride accumulators, 204
Circular units, cross-sectional. Table
XCVIII, 240
"Climax" resistance wire, price list of,
Table LI II, 216
Closed magnetic core induction coll 25
Cloth, bookbinder's, 182
Coll, amount of wire required for
primary, 45
amount of wire for secondary, 60
assembling the, 180
assembling large, 190, 193
assembling intermediate sized, 185

Coll, assembling small, 181-184
bare wire for secondary, 61
bases for large, sizes of, Table
XXXIX, 161, 165
bases for intermediate sized. 161
base and other woodwork foir, 157
base of small inverted. 160
building up the secondary. 81
changing design of, 197
cheeks, designs for, 158
cheeks for. 45
cheeks, glass, 10
Collins induction. 178
completed base for small, 161
condenser boxes, sizes of, Table
XXXIX, 165
condensers for intermediate sized,
Table XXV, 115
cotton-covered wire for secondary,
60, 63
cotton-covered wire for primary, 44
diameter of, 35
diagram of induction. 22
dimensions of winding machine for
secondary. Table XVI, 66
English-made, 44
finishing ends for cheeks of, 161
finishing secondary, 182
fittings for, 145
hard-rubber covering for, 184
hard-rubber insulation between the,
53
Insulating large primary, 51
insulating small secondary. 62
insulation between the, 53
increasing the efficiency of the, 81
large Collins complete, 196
development of induction, 1
making efficient, 28
making spools for small. 46
mounting spool hi lathe, 47
most effective proportions, 23
number of Edison primary cells re
quired for, Table XI.I. 203
one-inch, plan view, 181
paper disks for secondary, 70
paper insulation between the. 53
paraffin for, 113
pies, winding the secondary, 74
parts, disposition of, 193
plan view of four-inch, 187
plan view of six-inch, 188
plan view of small induction, 180
plan view of ten-inch, 192
plan view of two-inch, 182
plan view of eight-inch. 189
plan view of twelve-inch, 194
primary, advantage of two layers,
28
primary, advantage of three layers.
28
primary. inductance of, 28
primary layers in parallel. 27
primary layers in series. 27
primary, number of layers for, 27
purpose of, 20
secondary, complete, 84
securing the insulating tube to the
secondary, 82

INDEX.
Coll, secondary, under pressure, 83
secondary, wound witu one con
tinuous length of wire, 30
secondary, tests for faults, 80
secondary, winding, 67
secondary, wire for, 28, 29
secondary, wound in sections, 63
secondaries, wound for wireless
telegraphy, 64
silk-covered wire for primary, 44
silk-covered wire for secondary. 60
size and amount of wire for second
ary, Table XV, 63
size and amount of wire required
for secondary, 61
sizes of bases and cheeks for small.
Table XXXVII, 159
sizes of bases and other woodwork
for intermediate, Table XXXVIII,
162
sizes of condensers for small. Table
XXIII, 111
sizes of sheets of hard rubber for
covering induction, Table XL, 183
sizes of spark gap terminals and
standards for intermediate sizes,
Table XXXIV, 150
small complete, 186
spark gap for small, 145
suitable currents for, 30
terminals for large, 151
treating secondary to vacuum dry
ing and Impregnating processes,
88
wiring induction on, 167
wiring diagram for a Collins induc
tion, 178
wiring
diagram with four-polnt
switch for induction. 169
wiring diagram for induction, 167
wiring diagram for induction, with
three-polnt switch, 169
wiring large, 197
winding equipment for, 66
winding machine for secondary, 64
winding small secondary, 61
winding the primary, 44, 48
winding the secondary. 60, 70
wood rings for large. 50
wood .rings for primary, 51
woodwork for small. 158
for X-ray observations, 28
Collins coll, large, complete, 178, 196
induction coll wiring diagram for.
178
Commutator, cross section of, 136
disk and brushes. 140
for reversing current, 11
front elevation, 136
locking plate for, 140
plan view of, 137
reversing switches and, 132
Kubmkorff, 10. 135
rotating, complete, 137
sizes of parts for. Table XXXI, 138
wiring diagram for coll with Kuhmkorff, 172
Comparison of thermometrical scales.
Table XCII, 23,".
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Comparative resistances of conductors.
Table LXXXVIII, 231
Completed secondary coil, 84
Composition of dry cells, 199
Compound of rosin and beeswax; 67, 114
insulating, Table LV, 217
Concentrating lines of magnetic farce,
16
Condenser, adjustable, 28, 32
adjustable mica, 116
adjustable block and plug, 120
adjustable and independent interruptor, wiring design for, 174
box, 120, 164
boxes for large colls, sizes of, Table
XXXIX, 165
building up the, 110
capacity of, 112
capacity of mica, 117
charging the, 21
connecting sections of a, 120
connections for an adjustable, 175
device for building up the, 114
dielectrics for paper, 31
drying the paper for, 114
Flzeau, 11
Impregnating compound, 112
Insulating the, 115
insulating the mica. 118
making a mica 118
making a simple, 110, 113
mica, 12, 32
mica for, 112
mica, sections in brass frame, 121
mounting a mica, 120
obtaining the exact value of, 110
paper, 31
paper for, 112
revolving switch and independent
lntenruptor, wiring diagram for,
176
revolving switch for, 123
sizes for intermediate colls, Table
XXV, 115
section of a, under pressure, 119
sizes for small colls, Table XXIII,
111
shunted, and interruptor, 11. 21
subdivided mica, Table XXVII, 117
theory of, 21
tinfoll in, 111
values, 31
Conduction of magnetic lines of force,
18
and resistance of pure copper at
different
temperatures.
Table
XCI, 234
Conductors, comparative resistances of,
Table LXXXVIII, 231
Connections far adjustable condenser,
175
brass, 55, 56
dimensions of brass, 57
forms of, 217
price list of, Table LXI, 218
Connecting sections of a condenser to
getner, 120
Constants, inductlvltles at dielectric
112
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Constructing thp interrupter. 92
Cross-section of revolving switch, 126
Contact plate for revolving switch,
winding machine for secondary
123
65
Controlling the spark at the break. 28 Current,colls,
aiternating, 198, 208
Conversion of thermometrical scales,
battery, 30
Table XCI11. 235
definition of, 226
of English into metric lengths,
direct, 198
Table CXIV, 253
electrolytic and mercury turbine
of U. S. into metric capacities,
interruptors, 30
Table CXVIII, 254
vibrating spring interruptors, 30
of English into metric weights.
110-voit,
206
Table CXIII, 253
Curves showing how capacity affects the
Converter, rotary, 208
spark
length,
31
Copper, resistance and conduction of
by Mlzuno, 30
pure, at different temperatures,
lines of magnetic force, 7, 14
Table XCI, 234
Core, annealing, 19
annealing tube for, 36
Davy 2
annealing wires for, 30
Davy s discovery, 2
annealed soft-iron wire for, 34
Decimal equivalents of fractions of an
amount of iron for, 26
inch, Table XCIX, 240
bar of Iron through, 40
parts of an inch, difference between
charcoal Iron wire for, 35
wire gages in, Table CI. 243
closed magnetic, 25
Decreasing the reluctance in cores, 27
cost and purchase of materials. 211 Definition of ampere, 227
decreasing the reluctance in, 27
of current, 220
dimensions of, 34
of electrical terms. 226
effect of increasing iron on, 20
of electro-motive force, 226
forming the, 36
of induction, 13
forming the soft Iron, 34
of ohm, 227
gas pipe for annealing wires, 37
of resistance, 226
forming large, 40
of voit, 226
Insulating, 42
Degree of magnetization, 19
for induction coll, 9
Designs far colll cheeks, 158
lengths of, 35
for colls, changing, 197
long, 27
Details of mechanism for revolving
method of insulating, 42
switch, 127
of large cross section, 27
Determination of size of pies and paper
permeability of, 19
disks, 72
plate for forming, 40
Determining factors of spark length, 22
poles, extension of, 27
the number of pies, 81
price list of annealed Iron wire for, Development of the induction coll, 1
211
Device for building up the condenser,
and primary coll complete, 52
114
projections, Table III, 39
Diagram of induction coll, 22
proportions far, Table I, 35
Diagrams, wiring, 167
reluctance of, 34
Diameter and carrying capacity of fuse
saturation of, 19
wire, Table XCVII, 237
sizes of wires for, 34
of cores, 35
straight, of magnetic circuit, 24, 25
length,
and weight of pure copper
tubes, proportions for, Table II, 39
wire, Table LXXXIX, 232
and tube, arrangement of, 38
number, and aperture of secondary
tubes, paper, 37
pies. Table XVII, 70
weights of, 35
of sectional disks or pies. 64
with projecting rods, 50
Dielectric constants, inauctivitics of,
wires, removing kinks from. 35
Table XXIV, 112
Cotton-covered wire for secondary coils.
hysteresis, 32
60-63
Dielectrics for paper condensers, 31
for primary colls. 44
Difference between wire gages in decimal
magnet wire for secondary colls,
parts of an inch, Table CI. 243
price list of, Table XLVII, 212
between induction colls
Cotton insulating rings, distribution of, Differentiation
and transformers, 23
78
Dimensions
of
brass connectors. Table
Counteracting self-induction, 22
XI, 57
Crookes tubes, 29
of
cores,
34
Cross-sectional circular units, Table
of hard-rubber insulating tubes,
XCVIII. 240
Table IX, 54
Cross-section of commutator. 130
of
hard-rubber tube caps. Table X.
interiocking switch, 140
50

INDEX.
Dimensions of polar projection nuts,
Tabic XIII. 58
for winding device, 49
of winding machine for secondary
colls. Table XVI, 66
Direct currents, motor
198
Direct-current
generator sets,
price list of, Table LXXXIV, 224
motor generator set, 207
Discovery of Arago, 3
of Davy, 2
of Faraday, 5
of Oersted, 1
Disposition of coll parts, 193
Disruption of colls, 30
Distribution of cotton rings, 78
Double-covered cotton-insulated wire, 2!)
Double depth of V and V. S. standard
screw threads. Table CIX, 231
Double-pole, double-throw switch, wir
ing diagram for induction coll
with, 171 single-break interruptor
Double-spring,
assembled, 98
single-break interruptor, making a,
100
single-break
interruptor, parts of,
97
and double-break interruptors, !)2
and single-break interruptors, 92
single-break interruptors, sizes of
parts of, Table XXI 99
Double-throw, double-pole knife switch,
135
Draftsman's chart. Table CXXIII, 258
Drllls, letter sizes of, Table CIV, 247
sizes of tap, Table CV, 248
Dry cells, 108
composition of, 199
price list of, Table LXXVI, 223
in 6eries, 199
in series parallel, 200
Drying the condenser, 114
and impregnating apparatus, 85
paper disks, 71
the secondary wire, 69
Edison. 212
primary
202-203required for
primary battery,
cells, number
colls. Table XLI, 203
primary cells, price list of, Table
LXXX, 223
Effect of Increasing lron in coll, 26
Efficient colls, 28
Eight-inch coll, plan view of, 189
Electric mica, 116
currents, secondary, 17
oscillations, 29
oscillations, production of, 28
Electrical symbols, Tabic CXXI, 255,
256, 257
terms, definition of, 226
Electric sparks, lengthening of, 10
Electric
wires,
1
Electrolytic
interruptors,
12, 21, 27, 208
Electromagnetic induction. 13-16
Electrolytic interruptors, action of, 30,
208
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Electromotive force, definition of, 226
force, sources of, 198
Electrostatic induction, 13
End and cross sections of hard-rubber
tube caps, 55
English-made colls, 44
Excitation of Crookes tubes, 1
Extension of core poles, 27
Factors determining spark length, 22
Faraday, 5
Faraday's discovery, 6
induction ring, 6
Feet per pound and resistances per
pound of German-silver wire,
Table XC, 233
Fiber, price list of vuicanized. Table
LXVII, 220
Finishing brass washers. Table XII, 57
ends for coll cheeks, 161
secondary coll, 182
First automatic Interruptors, 9
induction coll, 6
mechanical interruptor, 8
mercury break interruptor, 9
Fittings for colls, 145
sizes of spark gap, for small colls,
Table XXXIII, 147
Fizeau, 11
condenser, 11
Forming the core, 36
large cores, 40
the soft-iron core, 34
Forms of binding posts, 219
of connectors, 217
of screw threads, Table CVI, 248
Formula for depth of U. S. standard
threads. Table CVIII, 250
for depth of V threads, Table
CVIlf, 250
Formulas, simple mathematical, Tabic
I.XXXV. 226
tables and symbols, 226
Four-inch coll plan view, 187
Four-polnt pole-changing switch, 133
switch, wiring diagram for induc
tion coll with, 169
Fractions of an inch, decimal equiva
lents of, Table XCIX, 240
French polish, 160
polishing, 164
Front elevation of commutator, 136
Fuse block, safety, 154
blocks, sizes of parts for, 155
wire, diameter and carrying capac
ity of, Table XCVII, 239
wire, price list of, Table LXXI, 221
Gage. Brown & Sharpe wire, 242
difference between wire in decimal
parts of an Inch. Table CI, 243
micrometer wire, 244
screw pitch, Table CVII, 249
Stubs' English. 242
Gages, wire, Table C, 241
Gas pipe with screw caps for annealing
wire, 37
Geissier tubes, illumination of, 200
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German-silver silk-covercd wire, price
list of, Table LI, 215
(resistance wire, Table L, 214
wire, resistances and feet per
pound of, Table XC, 233
Glass cheeks, 10
insulating tube, 10
tubing, price list of, Table LXIX,
221
tubing, sizes of, 222
Graphite representation of electric cur
rent and magnetic whiris, 16
Hard-fiber plate for revolving switch.
125
Hard rubber, bending, 183
Hard-rubber block for revolving switch,
125
cheeks, 163
covering for colls, 184
insulation between the colls, 53
insulating tubes, price list of, Table
LVIII, 218
rods, price list of, Table LX, 218
sheets for covering induction colls,
sizes of, Table XL, 18:;
sheets, price list of, Table LIX, 218
tube caps, 54
tubes, dimensions of, Table IX, 54
Hard woods, prices of, Table LXXV, 223
Heating effect of sparks. 27
air of spark gap, 10
Henry, 5
Henry's magnet, 5
Hexagonal nuts, sizes of, Table LXVII,
220
High-potential static strains, 30
High potentials for X-ray work, 29
Hysteresis, 32
Illumination of Gelsser tubes, 200
Impregnating apparatus, 85
compound for condensers, 112
chamber, simple, 85
equipment, improved, 89
secondary colls, 88
vacuum process, 68
vessels, brass frames for. 88
Improved vacuum* drying and impreg
nating equipment, 89
Inch, decimal equivalents of fractions of
an. Table XCIX, 240
Increased aperture, secondary pies, 77
Increasing the efficiency of the induc
tion coll. 81
the inductive capacity. 113
Independent interruptor, 10, 59, 92
advantages of 108
assembled, 102
and adjustable condenser, wiring
diagram for. 174
and interiocking reversing switch,
175
and interiocking switch, wiring dia
gram for. 17 1
making an, 106
parts of, 101
and revolving switch condenser,
wiring diagram for, 170

Independent Interruptor, sizes of parts
for. Table XXII. 103
wiring diagram for. with induction
colf, 173
Inductance, 18
and capacity, 31
of primary circuit. 21
of primary coll, 28
reducing, of primary circuit, 28
and capacity, increasing the, 113
induction coll, 6
assembling large, 190, 193
closed magnetic core, 25
Collins, 178
development of, 1
different sizes, 23
increasing the efficiency of, 81
first, 6
for X-ray tubes, 33
large Collins, complete, 196
modification of design of, 23
plan view of four-inch. 187
plan view of six-inch. 188
plan view of ten-inch. 192
plan view of twelve-inch, 194
purpose of, 20
rating, 24
Ruhmkorff, 10
second, 7
sizes of sheets of bard rubber for
covering, Table XL, 183
small, complete, 186
straight core, 24
suggestion for making and using, 32
theory of, 13
and transformer, differentiation be
tween, 23
with long cores, 27
wiring, 167
for wireless telegraphy, 33
wiring diagrams, 167
wiring diagram for a Collins. 178
wiring diagram for, with independ
ent intorruptor, 173
wiring diagram for. with Ruhm
korff commutator, 172
wiring diagram for small. 168
wiring diagram for, with doublepole, double-throw switch. 171
wiring diagram with four-polnt
switch, 169
wiring diagram for, with threepolnt switch. 109
Induction, definition of, 13
electro-magnetic, 13
electro-static, 13
magnetic. 13
mutual, 13
mutual, between two colls, 18
ring, Faraday, 6
self, 13, 18
Inductivitles of dielectric constants,
Table XXIV, 112
Inductor, complete. 52
in cross section, 55
Index of a lathe. Table CXIX. 254
Insulated wire, sllk-covered. 28
double-covered cotton, 29
Insulating the condenser, 115

INDEX.
Insulating the core. 42
cotton rings, Table XIX, 79
large primary colls, 51
materials, price list, Table LIV,
217
puncture test, Table XCVI, 239
mediums, 67, 08
a mica condenser, 118
the secondary coll, 9
small secondary colls, 62
tapes, price list of adhesive, Ta
ble LXXIII, 222
tube, glass, 10
tube, securing the secondary to
the, 82
tubes, price list of hard rubber.
Table LVIII, 218
Tarnish, 51
Tarnishes and compounds. Table
LV, 217
between the colls, 53
mica, 51
shellac, 51
Insuring against breakdowns, 54
Intensifying magnetic forces, 10
Interchange of electric and magnetic
forces 18
InterchanReabllity of electricity and
magnetism, 5
Interiocking reversing switch. 139
connections, wiring diagram for,
177
cross section of, 140
operating, 144
and independent interruptor, 175
mounted on base, 142
plan view of, 141
sizes of parts for, Table XXXII,
143
Intermediate colls, condenser for, Table
XXV, 115
Intermediate sized colls, assembling, 185
bases for, 101
sizes of spark gap terminals and
standards for, Table XXXIV, 150
Interruptor, action of electrolytic. 208
action of mercury turbine, 30, 208
advantage of independent. 108
assembled. Independent, 102
Callan's. 9
with condenser, 11
condenser shunted around, 21
constructing the, 92
controlling spark at, 28
double-spring, single-break. 98
electrolytic, 12. 21. 27, 208
independent, 10, 59, 92
and interiocking reversing switch,
175
and interiocking switch, wiring dia
gram for, 177
and revolving switch condenser,
wiring diagram for, 176
and adjustable condenser, wiring
diagram for, 174
making a double-spring single-break,
100
making an independent. 106
making a single-spring, 96
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Interruptor, mercury turbine, 12, 21, 27,
208
rage's, 8
parts of double-spring, single-break,
97
parts of independent, 101
with platinum contact polnts, 10
price list of simple spring, Table
LXIV, 220
purpose of, 21
single-spring, 10
single-spring assembled, 04
single-spring type dissected, 93
sizes of parts for independent, Ta
ble XXII, 103
sizes of single-spring parts. Table
XX, 95
spring, 208
spur-wheel, 8
theory of sudden break, 21
Sturgeon's, 9
Tlbrating-spring, 9, 10, 21, 58
Tlbrating-spring, suitable current, 30
double-spring and double-break, 92
double-spring and single-break, 02
single-spring and single-break, 92
Blzes of parts for double-spring,
single-break, 99
types of, 92
wiring diagram for independent
with induction coll, 173
Iron as a conductor of magnetism, 19
in core, 26
wire for cores, price list of an
nealed, Table XLIV, 211
lyes, 26
Japanned cheeks, 45
Japan for wood, 159
Jolnt, making a, 158
Kinds of wood, 157
Lacquer for brass, 96
Lathe mounting spool for small coll, 47
Law of Lenz. 8
Large colls, assembling, 190, 193
sizes of bases for, Table XXXIX.
165
sizes of condenser boxes for. Table
XXXIX, 165
terminals for, 151
wiring, 107
Large Collins coll complete, 196
plunge batteries, 202
sized colls, bases for, 161
Lath.', to obtain the Index of a, Table
CXIX, 254
law, Ohm's, 227
length, diameter, and weight of pure
copper wire. Table LXXXIX, 232
lengthening electric sparks, 10
Lengths of cores, 35
Letter sizes of drills, Table CIV, 247
Lenz, 8
Lenz's law, 8
Lines of magnetic force, 16
of static force, 14
Locking plate for commutator, 140
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Long core colls, 27
Magnet, Sturgeon's, 4
wire, 44
price list in lesB than pound lots.
Table XLVII1, 213
price list in more than pound lots,
Table XLVIII, 213
price list of, for primary collls, Ta
ble XLV, 211
price list of, for secondary colls,
Table XLVII, 212
Magnetic fields, 10
induction, 13
lines of force, 15
Magnetization, degree of, 19
of steel needles, 4
Mahogany, 157
Making a base for a small coll, 100
double-spring single-break interruptor, 100
jolnt, 158
jolnt in the secondary wire, 75
revolving switch, 123
safety fuse block, 154
simple condenser, 110, 113
single-spring interruptor, 96
independent interruptor, 106
X-ray spark-gap device, 151
binding posts, 156
paper core tubes, 38
the spool for a small coll, 46
standard for spark gap, 148
winding device, 48
Manlla paper core tubes, 38
Mercury break interruptor, 0
Mercury turbine interruptor, 12, 21, 27,
208
action of, 208
Method of insulating cores, 42
of connecting secondary pies, 76
Metric capacities, conversion of TJ. S.
into, Table CXVIII, 254
lengths, conversion of English into.
Table CXIV, 253
Materials, cost, and purchase of, 211
price list of insulating, Table LIV.
217
Mathematical formulae, simple, Table
LXXXV, 226
Measurement of length and equivalent
In inches, metric. Table CXI, 25welght, capacity, and length, me
tric, Table CX, 252
Measures of capacity, metric, Table
CXVI, 253
surface, metric, Table CXV, 253
Measures of volume, metric, Table
CXVI, 253
Metric measurement of length and equiv
alent in inches, Table CXI, 252
■weight, capacity, and length. Table
CX, 252
capacity, Table CXVI. 253
surface, Table CXV, 253
volume, Table CXVI, 253
weight. Table CXII, 252
Metric weights, conversion of English
into, Table CXIII, 253

Mica condensers, 12, 32
adjustable, 116
capacity of, 117
insulating, 118
making, 118
mounting, 120
revolving switch for, 123
sections in brass frame, 121
summarized data for, Table XXVII,
118
Mica, electric, 116
lor condensers, 112
insulation, 51
prices of, 117
price list of selected. Table LV1,
217
sizes and amount of plate, 117
thickness of, 117
Micrometer, how to read a ten-thou
sandths, 246
reading, 245
wire gage, 244
Micrometers, Table CII, 244
Mitered jolnt with slip tongue, 157
Mlzuno, curves, 30
Most effective proportions for colls, 23
Mounting spool for small coll in lathe,
47
Motor generators, 206
generator set, alternating-current,
207
direct-current, 207
price list of aiternating-current, Ta
ble LXXXIV, 224
price list of direct-current. Table
LXXXIV. 224
Mounting an interlocking switch, 142
mica condenser, 120
subsidiary apparatus, 195
Multiplier of Schwelgger, 2
Mutual induction, 13
between two colls, 18
Neef, 10
hammer interruptor, 10
Number, depth, and thickness of cotton
insulating rings, Table XIX. 79
diameter, and aperture of secondary
paper disks. Table XVIII. 71
diameter, and aperture of secondary
pies, Table XVII, 70
Edison primarv cells required for
colls. Table XLI, 203
of layers for primary coll, 27
length, diameter, weight, and re
sistance of pure copper wire, Ta
ble LXXXIX, 232
of pure copper wire, Table LXXXIX,
232
of turns of wire that can be wound
in a given space, Table XCV. 238
of wire for primary coll. 45
Numerals up to 100, reciprocals of, Ta
ble LXXXVII, 230
Nuts, price list of brass hexagonal, Ta
ble LXIII, 219
fizes of hexagonal, Table LXVII,
220

INDEX.
Oak, 157
quartcr-sawed, 158
white and black, 158
Obtaining the exact value of condenser,
110
Oersted, 1
discovery, 1
Ohm, 227
definition of, 227
law of, 227
One-inch coll, plan view of, 181
Operation of Interiocking reversing
switch, 144
Optimum capacity, 28-31
Osclllations, production of electric, 28
Poggendorf, 9
Page, 8
interruptor, 8
Paper condensers, 31
for condensers, 112
disks, drying, 71
disks, plotting radius of, 74
for secondary colls, 70
testing, 71
impregnated with paraffin, 112
insulation between the colls, 53
Paraffin, 67
for colls. 113
Parts, disposition of coll, 103
of double-spring single-break inter
ruptor, 07
of lndependent Interruptor, 101
Permeabllity of the core, 19
Physical quantities, symbols of, Table
LXXXVI, 228
Pies, assembling the, 81
determination of number of, 81
diameter of secondary, 64
distribution of cotton rings for, 78
increased aperture of, 77
insulating cotton rings for, Table
XIX, 70
method of connecting secondary, 76
number, diameter, and aperture of
secondary, Table. XVII, 70
and paper disks, determination of
size, 72
right- and left-hand, 75
for secondary colls, 0
winding the secondary coll, 74
Plan view of, commutator and switch,
141
small induction coll, 180
commutator, 137
eight inch coll, 180
four-inch coll, 187
one-inch coll, 181
six-inch coll. 188
ten-inch coll, 102
twelve-inch colls, 194
two-inch coll, 182
Plate for forming core, 40
Platinum, prices of. Table LXV, 220
Plotting radius of paper disks, 74
Plug condenser, adjustable block and,
120
Plunge batteries, price list of chemicals
for, Table LXXIX, 223
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Plunge batteries, price list of large,
Table LXXVII. 223
Plunge battery, 200
cells of, 200
large, 202
small, 201
solution for, 200
Polar projection nuts, 58
Polarization of cells, 201
l'ole-ehangtng switch, four-polnt, 133
sizes of parts for, Tabic XXX, 134
three-polnt, 132
Polish. French 166
Polishing woodwork, 165
Position of tinfolll condensers, 111
Power circuits, 206
currents for colls, 30
Preliminary considerations, 23
Pressure, section of a condenser under,
119
Preventing excessive sparking, 28
Price list of adhesive insulating tapes,
Table LXXIII, 222
"Advance" resistance wire, Table
LII, 215
aiternating-current motor generator
sets Table LXXXIII, 224
annealed Iron wire for cores. Table
XLIV, 211
bare copper wire for secondary
colls. Table XLVI, 212
binding posts and connectors, Table
LX1, 218
brass rods. Table LXII. 210
chemicals for plunge batteries. Ta
ble LXXIX, 223
"Climax" resistance wire, Table
LIII, 216
cotton and silk covered magnet wire
for secondary colls, Table XLVII,
212
direct-current motor generator
sets. Table LXXXIII, 224
dry cells, Table LXXVI, 223
Edison primary battery and parts,
Table LXXX, 223
fuse wire, Table LXXI, 221
German siiver resistance wire, Ta
ble L, 214
flass tubing. Table LXIX, 221
ard-rubber lnsulating tubes. Table
LVIII, 218
hard-rubber rods. Table LX. 218
hard rubber sheets. Table LIX. 218
insulating materials, Table LIV. 217
large plunge batteries. Table
LXXVII, 223
machine-made brass hexagonal nuts,
Table LXII I, 219
magnet wire in less than one-pound
lots, Table XLVIII, 213
magnet wire in more than onepound lots. Table XLVIII, 213
magnet wire for primary colls, Ta
ble XLV, 211
portable storage batteries, non-pre
ferred sizes. Table LXXXII. 224
portable storage batteries, preferred
sizes, Table LXXXI, 224
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Prkc list of selected mica, Table LVI,
217
silk-covered German-silver wire, Ta
ble LI, 215
simple spring interrupters, Table
LXIV, 220
small plunge batteries. Table
LXXVII, 223
sott-rubber tubing, Table LXIX, 221
spark-gap balls, Table LXVIII, 221
Unroll, Table LVI I, 218
vuicanized Hber, Table LXVII, 220
Trices of bookbinder's clotb, Table
LXXII, 222
hardwoods. Table LXXV, 223
mica, 117
platinum, Table LXV, 220
vacuum drying and impregnating
apparatus, Table LXV, 220
wire solder, Table LXXIV, 222
Primary battery, Edison, 202
batteries, 30, 198
price list of Edison, Table LXXX,
223
Primary cells, number of Edison re
quired for colls, Table XLI, 203
Primary circuit, inductance of, 21
reading inductance of, 28
Primary coll, advantage of three layers
In, 28
advantage of two layers, 28
amount of wire required for, 45
cotton-covered for, 44
inductance of, 28
insulating large, 51
layers In parallel, 27
layers in series, 27
number of layers for, 27
price list of magnet wire for, Table
XLV, 211
silk covered wire for, 44
winding the, 44. 48
wire for, 44
wood rings for large, 50
Production of electric oscillations, 28
waves, 1
Producing secondary currents, 17
Proportion of wire to spark length, 29
for core rods. Table IV, 40
cores, Table I, 35
small core tubes, Table II, 39
Puncture test of insulating materials,
Table XCVI, 239
Purchase and cost of materials, 211
I'urpose of induction coll, 20
interrupter, 21
Quarter-sawed oak, 158

Reducing probability of disruption, 30
Regulating rheostat, 225
Reluctance of core, 34
Removing kinks In core wires, 35
Resistance and conductivity of pure
copper at different temperatures,
Table XCI, 234
definition of, 226
pure copper wire, Table LXXXIX,
232
wire, price list of "Advance," Ta
ble LII. 215
wire, price list of "Climax," Table
L1II, 216
wire, price list of German-siiver,
Table L, 214
conductors, comparative, Table
LXXXVIH, 231
and feet per pound of German sii
ver wire. Table XC, 233
Resistivity, caiculation of, 227
Reversing current, commutator for, 11
switch interiocking, 139
and commutators, 132
Revolving switch, assembling the, 129
complete, 130
condenser and independent inter
rupter, wiring diagram for, 170
contact plate for, 123
for condensers, 123
cross section of, 126
details of mechanism for, 127
hard-fiber plate, 125
hard-rubber block for, 125
making a, 123
sizes of parts for, Table XXIX, 128
Rheostats, 206
regulating, 225
Right- and left-hand pies, 75
Rods, price list of brass. Table LXIl, 219
hard rubber. Table LX, 218
Rosin and beeswax compound, 67
Kuhmkorff, 10
coll, 10
commutator, 10, 135
wiring diagram for with induction
coll, 172
complete, 139
Rotary converter, 208
Rubber tubing, price list of soft, Table
LXIX, 221
sizes of, 222

Safe carrying capacity of wires, Table
XCIV, 237
Safety fuse block, 154
making a. 154
saturation of core, 19
Schwclgger, 2
muitiplier, 2
Radiography, 1
Screw thread, double, depth of V and
Hating Induction colls, 24
standard, Table CIX. 251
Katio of transformation, 20
formula for depth of IT. S. standard
Reading the micrometer, 245
threads, Table CVIII. 250
a ten-thousandths micrometer, Ta
formula for V. Table CVIII, 250
ble CIII, 246
U. S. standard. 249
inductance of primary circuit, 28
forms of, Table CVI, 248
Reciprocals of numerals up to 100, Ta
ble LXXXVII, 230
V, 248

INDEX.
Screw pitch gage, Table CII. 240
Scales, conversion of thcrmonretrical,
Tabic XCIII, M5
Secondary coll. building up the, 81
finishing, 182
complete, 84
under pressure, 83
price list of bare copper wire for,
Table XLVI, 212
price list of cotton and silk covered
magnet wire for, Table XLVI I,
212
securing the insulating tube to the,
82
supporting stand for assembling the,
81
terminals, binding posts for, 146
winding the, 70
amount of wire for, 60
bare wire for, 61
cotton-covered, 60, 63
insulating small, 62
paper disks for, 70
pics for, 9
sectional, 9
sllk-covered wire for, 60
size and amount of wire for, Table
XV, 63
size and amount of wire required
for small, 61
tests for faults in, 80
treating v.'lth impregnating com
pounds, 88
winding, 60, 67
winding equipment for, 66
winding machine for, 64
dimensions of winding machine for.
Table XVI, 66
winding small, 61
wire for, 28, 29
Secondary wire, drying the, 69
for wireless telegraphy, 64
wound in sections, 63
Secondary electric currents, 17
Second induction coll, 7
Secondary pies, assembling, 81
determination of number of, 81
distribution of cotton rings for, 78
increased aperture of, 77
method of connecting, 76
number, diameter and aperture of,
Table XVIL 70
winding the, 74
Secondary wire, making a jolnt in, 75
testing continuity of, 80
Secondaries of large colls wound In sec
tions, 30
wound with continuous length of
wire, 27
Section of a condenser under pressure,
119
of mica condenser in brass frame,
121
Sectional Dies, diameter of, 64
secondary colls, 9, 30. 63
Sections of a mica condenser, connect
ing, 120
Securing the secondary coll to the in
sulating tube, 82
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Self-acting interruptor, U
Self-induction, 13, 18, 28
and capacity, 31
counteracting, 22
Series, dry cells in, 190
parallel, dry cells in, 200
Sheet hand rubber, price list of, Table
LIX, 23 8
Shellac insulation, 51
Side elevation of spark-gap device, 152
Sllk covered magnet wire for secondary
colls, price list of. Table XLVII,
212
wire for primary colls, 44
wire for secondary colls, 28, 60
Slmplo condenser, making, 113
Impregnating apparatus, 86
mathematical formulae, Table
LXXXV, 226
steam-heated vacuum drying appa
ratus, 87
Single-spring interruptor, 10
inteiruptor assembled, !>4
interruptor dissected, 93
interruptor making, 96
lnterruptor, parts, sizes of, Tabic
XX, 95
with single-break. 92
Six-inch induction coll, plan view, 188
Size of wire for small secondary colls,
Table XIV, 61
and amount of plate mica, Table
XXVI, 117
and amount of wire for intermedi
ate and large secondary colls,
Table XV. 63
of bases for large colls, Table
XXXIX, 165
of bases and cheeks for small colls.
Table XXXVII, 159
of bases and other woodwork for
intermediate colls. Table XXXVIII,
162
of condenser boxes for large colls.
Table XXXIX, 165
of condensers for intermediate colls.
Table XXV, 115
of condensers for small colls, Table
XXIII, 111
of drills, letter. Table CIV, 247
of spark-gap fittings for small colls.
Table XXXIII, 147
of glass tubing, 222
of hard-rubber sheets for covering
induction colls. Table XL, 183
of hexagonal nuts, Table LXVII,
220
of parts for double-spring singlebreak Interruptor. Table XXT. 99
of parts for independent Interrup
tor. Table XXII. 103
of parts for interlocking switch,
Table XXXII, 143
of parts for adjustable plug con
denser, Table XXVIII. 121
of parts for adjustable spark-gap
device. Table XXXV, 153
of parts for commutator, Table
XXXI, 138
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Size of parts for fuse blocks, 155
of parts for pok'-changiug switches.
Table XXX, 134
of parts for revolving switch, Ta
ble XXIX, 128
of rubber tublng, 222
of single-spring interruptor parts,
95
of spark-gap terminals and stan
dards for intermediate-sized collls.
Table XXXIV, 150
of tap drills, Table CV, 248
of wires for cores, 34
of wood rings for primary colls, 51
Slip tongues, 157
Small coll complete, 186
completed base of, 161
inverted base of, 160
making a base for a, 160
assembling, 181
sizes of spark-gap fittings, Table
XXXIII, 147
spark-gap for, 145
spark-gap terminals for, 147
sizes ofbases and cheeks for, Table
XXXVII, 15!)
woodwork for, 158
induction coll, plan view, 180
Induction coll, wiring diagram for,
168
plunge battery, 201
secondary colls, insulating, 62
secondary colls, winding, 61
Soft-iron core, 9
Solder, prices of wire. Table LXXIV,
222
Solution for plunge battery, 200
Sources of electromotive force, 198
Spark between balls, 145
colls. See Induction colls.
controlling at break, 28
Spark-gap,
adjustable
terminals
for
X-ray, 151
balls, 146
balls, price list of. Table LXVIII,
221
device adjustable, sizes of parts for,
Table XXXV. 153
device complete, 153
device, making a, 151
device, side elevation of, 152
beating air of, 10
for large colls, 151
making a standard for, 148
for small colls, 145
standard, 148
terminals, 145, 149
terminal assembled. 149
terminals for srrmll colls, 147
terminals and standards for Inter
mediate-sized colls, sizes. Table
XXXIV, 150
Spark length, factors determining, 22
proportion of wire to. 29
F<parking, excessive, preventing, 28
Sparks, heating effect of, 27
lengths affected by capacity, 31
Specific inductive capacity, 30
Spectroscopic tests, 28

Spring interrupters, 30. 208
Spools for small colls, 46
Spur-wheel interruptor, 8'
Standard, making a, for spark gap,
148
for spark gap, 148
for intermediate-sized colls. 147
Static lines of force, 14
strains, 30
Stationary magnetic forces, 16
Storage batteries, 30
price list of non-preferred sizes. Ta
ble LXXXII, 224
price list of preferred sizes, Table
LXXXI. 224
Storage battery. 202
non-preferred sizes, Table XLUI,
L05
preferred sizes. Table XLII. 204
Straight-core induction colls, 24
open magnetic induction coll, 25
Stubs's English wire gage, 242
Sturgeon, 4
interruptor, 9
magnet, 4
Subdivided mica condenser, 117
Subsidiary apparatus, mounting the, 195
Suggestion for making and using induc
tion colls, 32
Summarized data for a mica condenser,
Table XXVII, 118
Supporting stand for assembling the
secondary, 81
Switch, assembling the revolving, 129
cross section of interlocking. 140
cross section of revolving, 126
details of mechanism for revolving,
127
double-pole
double-throw,
wiring
diagram for, with induction coll,
171
double-throw double-pole knife, 135
four-polnt pole-changing, 133
interlocking, mounted on base, 142
Interlocking reversing, 139
interlocking reversing and indepen
dent interruptor, 175
making a revolving, 123
for mica condenser, revolving. 123
operation of interlocking reversing,
144
plan view of interlocking, 141
revolving, complete, 130
wiring
diagram
for
four-polnt
switch and induction coll, 1<>(>
wiring diagram
for
three-polnt
switch and coll. 169
sizes of parts for interlocking, Ta
ble XXXII, 143
wiring diagram for interlocking
and independent interruptor, 177
three-polnt pole-changing, 132
Switches, reversing, commutators. 132
sizes of parts for. Table XXX, 134
Symbols, electrical. Table CXXI, 255,
256, 257
formulas and tables, 226
of
physical
quantities,
Table
I.XXXVI. 228

INDEX.
Tables, formulas and symbols. 226
Tap drllls, sizes of, Table CV, 248
Temperatures, resistance and conduction
of pure copper at different, Table
XCI, 234
Ten-incb coll, plan view, 192
Terminal, spark-gap, 149
Terminals for large colls, 151
spark-gap, 145
spark-gap, for small collls, 147
and standards for intermcdlatesized colls, sizes of spark-gap,
Table XXXIV, 150
Tcsia, 12
Testing continuity of wire, 80
Insulating materials by puncture,
Table XCVI, 239
paper disks, 71
Tests tor fauits In secondary coll, 80
Theory of condenser, 21
of electric current, 16
of the induction coll simply ex
plained, 13
of magnetism, 16
of the sudden break, 20
Thermometries! scales, comparison of,
Table XCII, 235
conversion of, Table XCIII, 235
Thickness of mica, 117
Three-polnt pole-changing switch, 132
switch, wiring diagram for induc
tion coll with, 169
Tinfoll in condensers. Ill
price list of, Table LVII, 218
To obtain the index of a lathe. Table
CXIX, 254
Treating colls to the vacuum drying and
Impregnating processes, 88
Twelve-inch colls, plan view of, 194
Two-inch coll, plan view of, 182.
Types of intcrruptors, 92
Units, cross sectional circular, Table
XCVIII, 240
U. 8. into metric capacities, conversion
of, Table CXVIII, 254
standard screw thread, formula for
depth of, Table CVIII, 250
standard screw thread, 249
standard screw threads, double
depth of, Table CIX, 251
Vacuum drying apparatus, simple, 87
drying and Impregnating, advan
tages of, 91
drying and Impregnating apparatus,
85
and Impregnating process, 68
Value of condenser, obtaining the exact,
11
Various kinds of wood, 157
Varnish insulation. 51
Varnishes, insulating, Table LV, 217
Vessel, simple, for impregnating colls, 85
Vibrating contact Interruptor, 9
spring interruptor. 10, 21, 58
Voit, definition of, 220
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Vuicanized fiber, price list of, Table
LXVI1, 220
V screw thread, 248
double depth of, Table CIX, 251
formula for. Table CVIII, 250
Wagner, 10
Interruptor, 10
Weights of cores, 35
length, diameter of pure copper
wire, Table LXXXIX, 232
Wild black cherry, 157
Winding device, dimensions for, 49
device for small colls, 48
equipment complete, 67
equipment for secondary colls, 00
machine for secondary colls in cross
section, 65
machine for secondary colls, 64
machine for secondary colls, dimen
sions of, Table XVI, 06
the primary coll, 44, 48
secondary colls, 60, 67, 70
secondaries of large colls In sec
tions, 30
secondary colls In section, 63
the secondary pies. 74
small secondary colls, 01
wire in a given space. Table XCV,
238
Wire, amount required for primary coll,
45
amount required for secondary
colls, 60
bare, for secondary colls. 61
cotton-covered, for colls, 60, 03
diameter and safe carrying capa
city of fuse, Table XCVII, 239
drying the secondary, 69
double-covered cotton-insulated, 29
gage. Brown & Sharpe, 242
gage, difference between in decimal
parts of an inch, Table CI, 243
gage, micrometer, 244
gage. Stubs English, 242
gages. Table C, 241
for secondary colls, 29
magnet, 44
making a jolnt in, 75
number, length, diameter, weight,
and resistance of pure copper
wire. Table LXXXIX. 232
number of turns that can be wound
in a given space. Tabic XCV. 23S
price list of "Advance" resistance
Table LII, 215
price list of annealed iron wire for
cores. Table XLIV, 211
price list of bare copper wire for
secondary colls. Table XLVI. 212
price list of "Climax" resistance.
Table LII I, 216
price list of cotton and silk cov
ered magnet, for secondary colls.
Table XLVIII, 212
price list of fuse, Table LXXI, 221
price list of German-silver resist
ance wire, Table L, 214
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Wire, price list of German-silver silkcovered insulated. Table LI, 213
price list of magnet, in more Hum
one-pound lots, Table XLVIII, 213
price list of magnet wire for pri
mary, Table XLV, 211
for primary coll, 44
proportions of to spark length, 20
resistances and feet per pound of
German-silver, Table XC, 23a
safe carrying capacity of, Table
XCIV, 237
silk-covered, for secondary colls, 28,
60
size and amount for intermediate
and large secondary colls, Table
XV, 63
eolder, prices of, LXXIV, 222
testing continuity of, 80
Wireless telegraphy, 1, 29
telegraph induction colls, 33
telegraph secondary colls, 64
Wiring diagrams, 167
diagram for adjustable condenser
and independent interruptor, 174
diagram for coll with four-polnt
switch, 167
diagram for a Collins lnduction
coll, 178
diagram for lnduction coll with
double-pole double-throw switch,
171
diagram for induction coll with In
dependent Interruptor, 173

Wiring diagram for induction coll with
Ruhmkorff commutator, 172
diagram for interiocking switch and
independent interruptor, 177"
diagram of revolving switch con
denser and independent interrup
tor, 176
diagram for small induction colll,
168
diagram for induction coll with
three-polnt switch, 169
induction colls, 167
large colls, 19 1
Wood, asphaitum japan for, 159
rings for large primary colls. 50
rings, sizes of, for primary colls, 51
various kinds of, 157
prices of hard. Table LXXV, 223
Woodwork for colls, 157
for small colls, 158
polishing. 165
sizes of bases and other, for Inter
mediate colls, Table XXXVIII,
162
X-rays, adjustable spark-gap terminals
for, 151
observations, 27
observations, colls for. 28
spark-gap device, making an. 151
tubes, colls for operating, 33
work, high potentials for, 29
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