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PREFACE

TO THE SECOND EDITION.

RS

SINCE the publication of the first edition of this work in the
autumn of 1884, much has been done towards perfecting the
dynamo, both in practice and in theory. Additional matter
has accordingly been added, involving an increase of one
hundred and ten in the number of pages and of ninety-four
in the number of cuts.

The new matter is partly embodied in the text and is
partly added in the form of \Appendices. The latter half of
Chapter V. on the Reactions between the Armature and the
Field Magnets has been re-written, introducing a section on
the heating of pole-pieces. The dynamos of Class I. are now
divided into two sub-classes, those in which the windings are
united into a closed coil, and those in which an open-coil
arrangement is adopted. Many additional forms of dynamo,
including the latest designs of Gramme and of Siemens, have
been added: and the reader will not fail, on comparing the
latest Gramme (Fig. 92) with the latest Siemens (Fig. 129) to
perceive a curious assimilation of type. Chapter XI. on
‘Machines for Electroplating and Metallurgy is entirely new.
Chapter XIX. on Coupling two or more Dynamos in one
Circuit is also new: the author is indebted to Mr. W. M.
Mordey for the section upon the coupling of compound
dynamos, and to Mr. R. M. Walmsley, B.Sc, for the
summary of Hopkinson’s researches upon the coupling of
alternate - current dynamos and for the. geometrical illustra-
tions which accompany it. Some additional information is
given respecting electric motors; and much of the various
sections which relate to the methods of making dynamos self-
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vi Preface to the Second Edition.

regulating has been re-written. In the Appendices a con-
siderable addition has been made to the summary of formula
relating to electromagnets, notably the formula of Lamont.
The note on Joubert’s equations which formerly occupied
Appendix IV. has been omitted, and is replaced by a summary
of the recent researches of Frolich and of Riicker on the
mathematical theory of the dynamo. The Appendices on the
forms of field magnets, on the influence of pole-pieces, and on
electric governors are entirely new.

During the fourteen months which have elapsed since the
publication of the former edition a translation of the work into
French has appeared. The author is indebted to the able
pen of Monsieur E. Boistel for the skill and fidelity with
which he has discharged his functions as a translator ; and in
the preparation of the present revised edition he has not failed
to avail himself freely of numerous suggestions and additions
derived from M. Boistel’s labours. He has further to thank
M. Baudry, the publisher of M. Boistel’s translation, for
permission to reproduce a considerable number of cuts
relating chiefly to the newer types of the machines of Siemens
and of Gramme. The author is indebted to the publishers
of Fontaine’s Electrolysis for most of the cuts in Chapter XI.,
and to the publishers of Engineering, the Electrician, and the
Electrical Review, for sundry additional cuts, as also to
several of the firms mentioned in the preface to the former
edition. :

The thanks of the author are also due to many friends
and correspondents who have kindly furnished him with sug-
gestions and information.

In view of the possibility of further editions being called
for at a future date, the author will be glad to receive further
statistical information of the kind of which a few samples are
given in Appendix XL ; and, in particular, information is
desired concerning constant-current generators and self-regu-
lating motors. It is in these two departments of the subject
of dynamo-electric machinery that the next advances are to
be expected. The experiments now being prepared by
M. Marcel Deprez at Creil, and the papers which that able
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engineer has lately published on the subject, show how far even
so experienced an authority still is from attaining finality in
the solution of the problem he has undertaken.

It is, however, in the theory of the dynamo that the truest
progress has been made. Prior to the appearance of the
former edition of this work, there were, with one exception, no
equations by means of which the current or potential of any
given dynamo might be written down with both simplicity and
accuracy. The expressions deduced by Mascart were simple
but not accurate, and those of Clausius, though theoretically
complete, were anything but really simple. The one excep-
tion was afforded by the theory of Frélich, propounded in
the year 1881, based upon extremely simple assumptions, and,
as applied by him to the one case of the series-wound
machine, of sufficient accuracy and great simplicity. But
Frolich’s equation for the series-dynamo (see Appendix IV.)
involved a formula for the electromagnet which the author
could only regard as an approximation; and it was the
knowledge that this formula was only an approximation, and
not an exact expression of fundamental truth, that made him
write, “Until we know the true law of the electromagnet,
there can be no true or complete theory of the dynamo.”
Nevertheless, believing that Frélich’s formula for the law of
the electromagnet was sufficiently true for practical purposes,
the author essayed in the former edition of this book to com-
plete the theory of the dynamo upon the foundation thus laid.
Starting from the point where Frélich stopped short, the
author added expressions for the terminal potential of the
series-wound dynamo, and for the currents and potentials of
shunt-wound and compound-wound dynamos, and was agree-
ably surprised to find how closely these theoretical expressions
corresponded to the observed facts. The author was also led
to point out an important relation between the saturation
coefficient of the field-magnets of the dynamo and the
working limit of its electromotive-force. The expressions he
deduced have been still further elaborated during the present
year by Dr. Frolich in a remarkable series of papers, of which
a summary account is given in Appendix IV. These expres-
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sions, and the still more complete generalisations of Professor
Riicker, are found to correspond with extraordinary accuracy
to the observed facts. But if the law of the dynamo, as
deduced from Frolich’s formula for the electromagnet, is so
marvellously true, its correspondence with the facts proves the
truth of Frélich’s formula for the electromagnet. There is,
therefore, no other conclusion possible than that Frolich’s
formula for the electromagnet—a mere empirical formula in
itself—is more true than the formule of Miiller and of Weber
which are to be found in the ordinary text-books of electricity.
Yet it is a mere empirical formula, destitute of physical
meaning, and therefore cannot itself be a complete or funda-
mental expression. This difficulty the author believes he has
surmounted in the identification of Frolich’s formula with a
formula given in 1867 by the late Professor Lamont, and
which the author believes to contain the true expression of
the mathematical law of the electromagnet. Lamont’s
formula is indeed based upon a rational theory of magnetism,
apparently originated by him, and which in a closely allied
form has lately been put forward by Bosanquet ; namely, that
the magnetisability of a bar of iron depends at every instant
upon the degree in which the iron is yet left unmagnetised.
It would be a noteworthy circumstance if the theory of
induced magnetism modestly put forward by Lamont eigh-
teen years ago, and ignored by every writer on magnetic
subjects since, were thus proved to be the true law that has
so long been wanting to complete our knowledge. Should
this be so, it will furnish one more example of the debt which
abstract science owes to its technical applications.

FINsBURY TECHNICAL COLLEGE,
LoNDON,
November 188s.
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TO THE FIRST EDITION.

THE appearance of the present volume is caused by a de-
mand for copies of the Cantor Lectures on Dynamo-electric
Machinery, delivered by the author before the Society of
Arts in the autumn of 1882. Those lectures, which appeared
first in the Journal of the Society of Arts, were reproduced in
the pages of the Electrician, the English Mechanic, and other
technical journals ; they were also reprinted in pamphlet form
and published by Messrs. E. & F. N. Spon. A translation of
them into French from the able pen of M. E. Boistel has
recently appeared in Paris, and the author takes this oppor-
tunity of acknowledging his indebtedness to the courtesy of
M. Boistel for introduction thus given to a wider circle of
readers. Another edition has been brought out in New
York by Mr. Van Nostrand, with the editorial assistance of
Mr. F. L. Pope. Though the cheque which high authorities
assure British authors never fails to accompany an American
reprint has not yet reached this side of the Atlantic, the
author acknowledges with appropriate gratitude the honour
done to his earlier work.

The present volume, though based upon the author’s
lectures, is in no sense a mere reprint of them. A series of
chapters has been added on the Mathematical Theory of
Dynamo-electric Machines and of Electric Motors. Another
section deals with the Graphic Method of Calculation as ap-
plied to the Characteristic Curves of Dynamos. A large
amount of matter has been added to the earlier chapters,
which now contain descriptions of all the recent inventions of
importance. The author’s aim has been to make the work
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a Manual for Students of Electrotechnics, for whom no text-
book of this branch of science has hitherto been available.
In order not to swell the volume to undue proportions, no
descriptions have been given of many obsolete forms
of machine such as those of Pixii, Stohrer, Clarke, Wilde,
" Holmes, Nollet, Hjorth, &c., which are chiefly of historical
interest. .For these the student is referred to the existing
standard works, such as Dredge’s Electric Illumination,
Spons’ Dictionary of Engineering, and to the treatises of
Schellen, Niaudet, and Higgs.

The author’s thanks are due to numerous friends who have
given him assistance in the preparation of the work. To his
colleague Mr. Edward Buck, M.A,, and to his friend Mr, W,
M. Moorsom, M.A., he is indebted for numerous suggestions in
the mathematical treatment of the subject. The author also
acknowledges his obligation to an article from the pen of his
friend Professor Oliver J. Lodge, D.Sc, which appeared in
the Electrician, which forms the basis of the calculation of the
fluctuations of the current at the close of Chapter XII.

The author’s thanks are also due to Dr. J. Hopkinson,
F.R.S,, and to Messrs. R. E. Crompton, Gisbest Kapp, W. M.
Mordey, R. J. Giilcher, Paterson and Cooper, and to Messrs.
Siemens Brothers, for valuable details and statistics respecting
various forms of machine. He is indebted for the use of
sundry cuts to the following : to the Council of the Society of
Arts for a large number of cuts used to illustrate his lectures ;
to the publishers of Ewngineering; to the publishers of the
Electrician ; to the publishers of the Electrical Review ; to
Messrs. Macmillan and Co.; to Professors Ayrton and Perry ;
to Messrs. R. Hammond and Co.; to the Anglo-American
Electric Light Corporation; to the Maxim-Weston Electric
Light Co. ; tothe Rev. F. ]J. Smith, B.A. ; to Dr. H. Schellen ;
to Messrs. Elphinstone and Vincent ; to Messrs. Ganz and Co. ;
to Messrs. P. Brotherhood and Sons; and to Messrs. Mather
and Platt.

In a branch of science which is of such recent growth,
a treatise which embraces many new points cannot be free
from errors, many of which time and experience will doubtless
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reveal. The author will be grateful to any of those who work
amongst electric machinery, who can furnish him with any
observations that will throw light on the points which still
remain obscure in the action of dynamos of different kinds.
Particularly in relation to the various points of the mathe-
matical theory developed in this work, and to the practical
deductions therefrom, the author is desirous of obtaining
additional evidence, especially such evidence as can be
gleaned from other types of machine than those with which
he has had the opportunity of working. Any statistical
information with respect to the distribution of electric energy
with a constant current, and with respect to alternate-current
and unipolar dynamos, will be most acceptable, and will aid
in forming truer generalisations on these matters.

Much is yet wanting to make the mathematical theory
of the dynamo complete. The elaborate papers of Clausius,
masterly as they are in many ways, are so far barfen of results.
Those papers, published in Wiedemann’s Annalen in the
winter of 1883, take cognisance, by means of a set of arbitrary
constants, of a number of the minuter secondary influences at
work in machines. These constants are for the most part
capable of being determined by direct experiment for each
machine or type of machines. But, taking constants that can
be so determined, and having built up his equations to a
high degree of elaboration that makes them too complicated
for immediate application, their author reduces them at the
close of his memoir to an extraordinary apparent simplicity
by the substitution of another set of constants, compiled from
the former. This mathematical four de force is, however,
fatal. The new constants have no physical significance
whatever, and simplicity is gained by sacrificing their utility.
The mathematical triumph remains a Pyrrhic victory.

The true mathematical theory of the dynamo can, indeed,

only be written when the true basis for writing it shall have -

been discovered. That basis, the exact law of induction of
magnetism in the electro-magnet, does not yet exist. Some
information on what has been already done toward this subject
will be found in Appendix III.; but it still remains true that

\

\
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we do not know the exact law, and content ourselves with
formule which, though they are approximately near to the
truth, rest on no basis of first principles, and are Znown
to be incorrect. Of the laws of induction of magnetism in
circuits consisting partly of iron, partly of strata of air or of
copper wire, we know, in spite of the researches of Rowland,
Stoletow, Strouhal, Ewing, and Hughes, very little indeed.
Our coefficients of magnetic permeability and magnetic
susceptibility, though convenient as symbols, are little more
than convenient methods of expressing our ignorance. We
want some new philosopher to do for the magnetic circuit
what Dr. Ohm did for the voltaic circuit fifty years ago. Until
we know the true law of the electro-magnet, there can be no
true or complete theory of the dynamo.

Turning: from theory to practice, the field for further work
is equally wide. Enormous as is the progress that has been
made in the past decade in the design and construction of
electric machinery of all kinds, it may safely be said that
there is no such thing yet as a best dynamo. As with the
different kinds of voltaic batteries, some of which are used
for telegraph work, others for electric bells, and others for
blasting, so is it also with dynamos. One form is best for
one purpose, and another for another. One gives steadier cur-
rents, another is less liable to heat, a third is more compact,
a fourth is cheaper, a fifth is less likely to reverse its currents,
a sixth gives a greater volume of current, while a seventh
evokes a higher electromotive-force. Indeed, in the present
transitional state of our knowledge with respect to dynamo-
electric machinery, it is safe to assert that for a long time to
come there will be no finality attained to. As with the steam-
engine, so also with the dynamo machine, there will probably
be a constant and progressive evolution, finally settling down
upon two or three typical forms, which will survive the many
comparatively crude machines which, as yet, have taken shape
and come into active service.

UNIVERSITY COLLEGE, BRISTOL,
SFune 1884.
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DYNAMO-ELECTRIC
MACHINERY.

- y ol .

CHAPTER L %@/ /’

INTRODUCTORY.

By “Dynamo-electric Machinery,” in the most general
etymological sense of the term, is meant machinery for con-
verting the energy of mechanical motion into the energy of
electric currents, or wice verséd. From this wide definition
must be excepted machines like the well-known statical
induction-machine of Holtz, the action of which is purely
electro-static. In the definition are included only those
machines the action of which is dependent on the principle of
electro-magnetic induction, discovered by Faraday in 183I.
It is, however, not quite easy to decide what machines shall
be called dynamo-electric machines, because the sense in
which the term is commonly used is narrow, and restricted in
a manner not quite logical.

The name dynamo-electric machine appears to have been
first employed by Dr. Werner Siemens, in his communication
of January 17th, 1867, to the Berlin Academy, in which he de-
scribed a machine for generating electric currents by the appli-
cation of mechanical power, the currents being induced in the
coils of a rotating armature by the action of electro-magnets
which were themselves excited by the currents so generated.
The machine was, in fact, a self-exciting dynamo with the
field magnets and armature united “in series” to the external
circuit, or what we now call a “ series-dynamo,” a diagrammatic
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-2 Dynamo-electric Mackinery.

representation of which is given in Fig. 1. But the term
dynamo-electric machine, then introduced into electric tech-
nology, has not remained thus restrained to its narrowest
meaning. If'was next applied to machines of kindred nature,
in which, though self-excited, only a portion of the entire
current generated by the rotating armature was applied to
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excite the field magnets (see Fig. 2). This principle of
working (now known as that of the “shunt-dynamo ”), first
introduced by Wheatstone, is but,a variation of the former
arrangement in detail, and no violence is done to the original
term to apply it to both cases. In fact, the name was
welcomed as being convenient in practice for distinguishing
such machines from those which were not self-excited—those
in which either steel magnets or separately-excited electro-
magnets were used to produce the magnetic field.
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But since the great development of electric lighting took
place, it has been found convenient to use generating machines
in certain combinations, in which the self-exciting principle is
abandoned. Some systems of electric lights require alter-
nating currents, produced in machines which cannot excite
their own magnets with a continuous magnetisation ; and
there are other systems where continuous currents are em-
ployed, in which also practice has shown that the currents are
better regulated when the magnets of the dynamos are sepa-
rately excited by currents derived from an external source.
There is, then, a third class of dynamo-electric machine, the

RiG: 3:

THE SEPARATELY-EXCITED DYNAMO.

« separately-excited dynamo ” (Fig. 3), which was indeed

earlier than either of the preceding, having been brought out

by Wilde in 1866. A dynamo is a dynamo, in fact, whether
B2
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its magnets be excited by the whole of its own current, or by
a part of its own current, or by a current from an independent
source. The source of the magnetising power is indifferent, pro-
vided a magnetic “field” of sufficient intensity be produced
wherein the generating coils can be rotated. Now, as it does
not matter where the magnetising power comes from, it is clear
that we must include amongst
possible sources the magnetism
of permanent steel magnets.
In short, the arbitrary distinc-
tion between so-called magneto-
electric machines (see Fig. 4)
and dynamo-electric machines
fails when examined carefully.
In all these machines a magnet,
whether permanently excited,
independently excited, or self-
excited, is employed to provide
a field of magnetic force. And
in all of them dynamical power
is employed to do the work of
rotating the coils of the arma-
ture in order to generate the
electric currents.

The true and comprehensive
definition of a dynamo-electric
machine is, then, the follow-

THE MAGNETO DYNAMO. ing :—A dynamo-electric ma-
chine is a machine for converting

energy in the form of dynamical power into energy in the

Jorm of electric currents, or vice versd, by the operation of
setting conductors (usually in the form of coils of copper wire)
to votate in a magnetic field. : '

. Inasmuch, however, as every dynamo-electric machine, in
the most general sense of the term as now laid down, will
work as a motor, and becomes a source of mechanical power
when supplied with electric currents, it is possible to discuss
dynamo-electric machinery from two opposite points of view
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in serving the two converse functions. In short, it is possible
to treat the dynamo on the one hand as a gewerator, on the
other hand as a mofor. And though both these functions are
embraced in one theory of the most general mathematical
form, they will be considered separately in this work.

The mathematical theory of the dynamo is, indeed, very
complex, and takes different forms for its expression in the
various classes of machine now included under the one name
of “dynamo.” For every different variety in each of these
classes, there is a fresh variety of mathematical symbols. The
theory of alternate-current machines is entirely different from
that of machines which are to furnish continuous and constant
currents. Every form of armature and coils requires its own
specific treatment in symbols; and the simple consideration
of putting iron cores into the coils, when treated mathema-
tically, introduces such complex expressions as to yield little
hope of a satisfactory general solution except by the free use
of empirical “constants” which require to be determined
by experiment in each machine.

The theory of the dynamo, then, which will be developed
in the present work, will not be a general mathematical
theory. The aim will be to deal with physical and experi-
mental rather than mathematical ideas, though of necessity
mathematical symbols must be used here as in every kind of
engineering work. A physical theory of the dynamo is not
new, though none of any great completeness has yet been
given,* most of such explanations being devoted to single
machines of some particular type.

There are, in fact, three distinct methods of dealing with
the principles of the dynamo: (1) a physical method, dealing
with the lines of magnetic force and lines of current in which
these quantities are made, without further inquiry into their
why or how, the basis of the arguments; (2) an algebraical

!
* See J. M. Gaugain, Annales de Chimie et de Physique, 1873 ; Antoine Breguet,
Annales de Chimie et de Physique, 1879 ; Du Moncel, Exposé des Applications
de P Electricité, vol. ii.; Niaudet, " Machines Electriques ;- Dredge’s Electric
Illumination ; Schellen, Die Magneto- und Dynamo - elektrischen Maschinen
(3rd edition, 1883) ; Cunnynghame, 7%e Law of Electric Lighting, 1883.
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method, founded upon the mathematical laws of electric in-
duction and of theoretical mechanics; and (3) a graphical
method, based upon the possibility of representing the action
of a dynamo by a so-called “characteristic” curve, in the
mahner originally devised by Dr. Hopkinson, and subse-
quently developed by Frolich, Deprez, and others.

These three methods are really three aspects of the
theory. The number of lines of magnetic force, with which
we deal in the next chapter, may be expressed by a certain
length of line geometrically, or by the symbol N algebraically,
or they may be represented optically by a mere pictorial
demonstration. What some people write N for, other people
indicate by drawing a line of a certain length in a certain
direction. We approximate, in fact, toward the true theory
by various processes : sometimes by algebra; sometimes by
geometry; sometimes by diagrams ; and each of these pro-
cesses is of value in its turn.

It will be our aim first to develop a general physical
theory, applicable to all the varied types of dynamo-electric
machines, and to trace it out into a number of corollaries
bearing upon the construction of such machines. Having
recited these consequences, which we shall deduce from
theory, it will then remain to see how they are verified and
embodied in the various forms assumed by the dynamo in
practice. After that come chapters on the algebraic and
geometrical methods of treating the subject. The last section
of the book deals with the dynamo in its functions as a
mechanical motor.
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CHAPTER IL
PHYSICAL THEORY OF DYNAMO-ELECTRIC MACHINES.

ALL dynamos are based upon the discovery made by Faraday
in 1831, that electric currents are generated in conductors by
moving them in a magnetic field. Faraday’s principle may
be enunciated as follows:—When a conductor is moved in a
field of magnetic force in any way so as to cut the lines of
force, there is an electromotive-force produced in the con-
ductor, in a direction at right angles to the direction of
the motion, and at right angles also to the direction of the
lines of force, and to the right of the lines of force, as viewed
from the point from which the motion originates.®

This induced electromotive-force is, as Faraday showed,
proportional to the number of lines of magnetic force cut per
second ; and is, therefore, proportional to the intensity of the
magnetic “field,” and to the length and velocity of the moving
conductor. For steady currents, the flow of electricity in the
conductor is, by Ohm’s well-known law, directly proportional
to this electromotive-force, and inversely proportional to the
resistance of the conductor. For sudden currents, or currents
whose strength is varying rapidly, this is no longer true. And
it is one of the most important matters, though one too often
overlooked in the construction of dynamo-electric machinery,
that the “ resistance ” of a coil of wire, or of a circuit, is by no
means the only obstacle offered to the generation of a momen-

* A more usual rule for remembering the direction of the induced currents is
the following adaptation from Ampére’s well-known fule :—Supposing a figure
swimming in any conductor to turn so as to look along the (positive direction of
the) lines of force. Then, if he and the conductor be moved towards his right
hand, he will be swimming with the current induced by this motion.
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tary current in that coil or circuit; but that, on the contrary,
the “self-induction ” exercised by one part of a coil or circuit
upon another part or parts of the same, is a consideration, in
many cases quite as important as, and in some cases more
important than, the resistance.

To understand clearly Faraday’s principle—that is to say
how it is that the act of moving a wire so as to cut magnetic
lines of force can generate a current of electricity in that wire
—Ilet us inquire what a current of electricity is.

A wire through which a current of electricity is ﬂowmg
looks in no way different from any other wire. No man has
ever yet seen the electricity running along in a wire, or
knows precisely what is happening there. Indeed, it is still a
disputed point which way the electricity flows, or whether
or not there are two currents flowing simultaneously in oppo-
site directions. Until we know with absolute certainty what
electricity is, we cannot expect to know precisely what a
current of electricity is. But no electrician is in any doubt as
to one most vital matter, namely, that when-an electric current

flows through a wire, the

F1G. 5.* magnetic forces with which

that wire is thereby, for the
time, endowed, reside not in
the wire at all, but in the
space surrounding it. Every
one knows that the space or
“field” surrounding a magnet
is full of magnetic “lines of
Lines oF ForcE OF Bar-MAGNET.  force,” and that these lines
run in tufts (Fig. 5*) from

the N-pointing pole to the S-pointing pole of the magnet,
invisible until, by dusting iron filings into the field, their
presence is made known, though they are always in reality
there (Fig. 6). A view of the magnetic field at the pole of a

%E.mmr;mm.f '

* For the use of Figs. 5, 6, 7, 8, and 9, I am indebted to the kind courtesy of
the editors and publishers of Zzugineering, who permit me to reproduce them
from the volume, Electric lllumination, recently issued under the editorship of
Mr. James Dredge, C.E.
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bar-magnet, as seen end-on, would of course exhibit merely
radial lines, as in Fig. 7.

Fic. 6.

Fie, 7.

MAGNETIC FIELD ROUND ONE POLE, END-ON.
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Now, every electric current (so-called) is surrounded by a
magnetic field, the lines of which can be similarly revealed.
To observe them, a hole is bored through a card or a piece of
glass, and the wire which carries the current must be passed
up through the hole. When iron filings are dusted into the
field they assume the form of concentric circles (Fig. 8)

Fic. 8.

.

MAGNETIC FIELD SURROUNDING CURRENT, THE CONDUCTING WIRE

SEEN END-ON.

showing that the lines of force run completely round the wire,
and do not stand out in tufts. In fact, every conducting wire
is surrounded by a sort of magnetic whirl, like that shown in
Fig. 9. A great part of the energy of the so-called electric
.current in the wire consists in these external magnetic whirls.
To set them up requires an expenditure of energy; and to
‘maintain them requires also a constant expenditure of energy.
It is these magnetic whirls which act on magnets, and cause



Dynamo-electric Machinery. I

them to set, as galvanometer needles do, at right angles to the
conducting wire. .

Now, Faraday’s principle is nothing more or less than
this :—That by moving a wire near a magnet, across a space
in which there are magnetic lines, the motion

of the wire, as it cuts across those magnetic FiG. 9.
lines, sets up magnetic whirls round the ‘
moving wire, or, in other language, generates

a so-called current of electricity in that wire.
Poking a magnet-pole into a loop or circuit
of wire also necessarily generates a momen-
tary current in the wire loop, because it
momentarily sets up magnetic whirls, In
Faraday’s language, this action increases the
number of magnetic lines of force intercepted ==
by the circuit.

It is, however, necessary that the moving
conductor should, in its motion, so cut the g
lines of force as to alter the number of lines
of force that pass through the circuit of
which the moving conductor forms part. If SS
a conducting circuit—a wire ring or single ]

ANE )

coil, .for example—be moved along in a uni-

form magnetic field, as indicated in Fig. 10,

so that only the same lines of force pass MAGNETIC WHIRL

through it, no current will be generated. Or, &URROUNDING

2 £ I ) g , IRE CARRYING
if again, as in Fig. 11, the coil be moved by a i
motion of translation to another part of the
uniform field, as many lines of force will be left behind as are -
gained in advancing from its first to its second position, and
there will be no current generated in the coil. If the coil be
merely rotated on itself round a central axis, like the rim of a
fly-wheel, it will not cut any more lines of force than before,
and this motion will generate no current. But if, as in Fig. 12,
the coil be tilted in its motion across the uniform field, or
rotated round any axis in its own plane, then the number of

. lines of force that traverse it will be altered, and currents will
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be generated. These currents will flow round the ring coil in
the positive* sense (as viewed from the point toward which the
lines of force run), if the effect of the movement is to diminish

Fic. 10.
e e >
o B A
-/ /
bR 5 \
NE

CIRCUIT MOVED WITHOUT CUTTING LINES OF FORCE OF UNIFORM
MaGNETIC FIELD,

the number of lines of force that cross the coil ; they will flow
round in the opposite sense, if the effect of the movement is
to increase the number of intercepted lines of force.

FiG. 11.

\

A
=
L~

ANAAAA
(

CIRCUIT MOVED WITHOUT CUTTING ANY MORE LINES OF FORCE.

If the field of force be not a uniform one, then the effect of
taking the coil by a simple motion of translation from a place
where the lines of force are dense to a place where they are

* The positive sense of motion round a circle is that opposite to the sense in
which the hands of a clock go round. *
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less dense, as from position 1 to position 2 in Fig. 13, will be
to generate currents. Or, if the motion be to a place where

F1G. 12.

A

AA

Z= )
b /4 // :
< =

CIRCUIT MOVED SO AS TO ALTER NUMBER OF LINES OF FORCE
THROUGH IT.

the lines of force run in the reverse direction, the effect will
be the same, but even more powerful.

F1G. 13.

S—

L

QUL

< \\

MotioN OF CIRcUIT IN NON-UNIFORM MAGNETIC FIELD.

We may now summarise the points under consideration
and some of their immediate consequences, in the following
manner :—

(1.) A part, at least, of the energy of an electric current
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exists in the form of magnetic whirls in the space surrounding
the conductor.

(2.) Currents can be generated in conductors by setting
up magnetic whirls round them.

(3.) We can set up magnetic whirls in conductors by
moving magnets near them, or moving them near magnets.

(4.) To set up such magnetic whirls, and to maintain them
by means of an electric current circulating in a coil, requires a
continuous expenditure of energy, or, in other words, consumes
power.

(5.) To induce currents in a conductor, there must be
relative motion between conductor and magnet, of such a
kind as to alter the number of lines of force embraced in the
circuit. ; ,
(6.) Increase in the number of lines of force embraced
by the circuit produces a current in the opposite sense to
decrease.

(7.) Approach induces an electromotive-force in the
opposite direction to that induced by recession.

(8) The more powerful the magnet-pole or magnetic field
the stronger will be the current generated (other things being
equal).

(9.) The more rapid the motion, the stronger will be the

currents.
(10.) The greater the length of the moving conductor thus

employed in cutting lines of force (7 e. the longer the bars, or
the more numerous the turns of the coil), the stronger will be
the currents generated.

(11.) The shorter the length of those parts of the con-
ductor not so employed, the stronger will be the current.

(12.) Approach being a finite process, the method of ap-
‘proach and recession (of a coil towards and from a magnet’
pole) must necessarily yield currents alternating in direction.

(13.) By using a suitable commutator, all the currents,
direct or inverse, produced during recession or approach, can
be turned into the same direction in the wire that goes to
supply currents to the external circuits, thereby yielding an
almost uniform current,
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(14.) In a circuit where the flow of currents is steady* it
makes no difference what kind of magnets are used to procure
the requisite magnetic field, whether permanent steel magnets
or electro-magnets, self-excited or otherwise.

(15.) Hence the current of the generator may be itself
utilised to excite the magnetism of the field magnets, by
being caused, wholly or partially, to flow round the field-
magnet coils.

A very large number of dynamo-electric machines have
been constructed upon the foregoing principles. The variety
is indeed so great, that classification is not altogether easy.
Some have attempted to classify dynamos according to certain
constructional points, such as whether the machine did or did .
not contain iron in its moving parts (which is a mere accident
of manufacture, since almost all dynamos will work, though
not equally well, either with or without iron in their arma-
tures); or whether the currents generated were direct and
continuous, or alternating (which is in many cases a mere
question of arrangement of parts of the commutator or
collectors) ; or what was the form of the rotating armature
(which is, again, a matter of choice in construction, rather
than of fundamental principle). The classification which I
shall adopt, is one which I have found more satisfactory and
fundamental than any other. I distinguish three genera or
main classes of dynamos.

Class I—Dynamos in which there is rotation-of a coil or
coils in a uniform 1 field of force, such rotation being effected
(as in the manner indicated in Fig. 12, p. 13), round an axis
in the plane of the coil, or one parallel to such an axis.

* For currents that are not steady, there are other considerations to be taken
into account, as will be shown hereafter.

t Or approximately uniform. A Gramme ring, or a Siemens drum armature,
will work in a by no means uniform field, but is adapted to work in a field in
which the lines of force run uniformly from one side to the other. But in such a
field, a multipolar armature of many coils, such as that of Wilde, or such asis
used in the Gramme alternate-current, or in the Siemens alternate-current
machine, is useless and out of place. Indeed, the classification almost amounts
to saying that in machines of Class I. there is one field of force, while in
machines of Class I, there are many fields of force, or the whole field of force is
complex.
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EXAMPLES.—Gramme, Siemens (Alteneck), Edison, Lontin, Biirgin,
Fein, Schuckert, Brush, Thomson-Houston, Crompton, &c.

Class 7I—Dynamos in which there is translation® of coils
to different parts of a complex field of varying strength, or of
opposite sign. Most, but by no means all, of the machines of
this class furnish alternate currents.

ExAMPLES.—Pixii, Clarke, Holmes, Niaudet, Wallace-Farmer, Wilde
(alternate), Siemens (alternate), Hopkinson and Muirhead, Thomson-
Ferranti (alternate), Gordon (alternate), Mechwart-Zipernowsky (alternate),
Siemens-Alteneck (Disk Dynamo), Ayrton and Perry (Oblique-coiled
Dynamo), Edison (Disk Dynamo), Thomson (Wheel-Dynamo), De
Meritens.

Class II7—Dynamos having a conductor rotating so as to
produce a continuous increase in the number of lines of force,
cut, by the'device of sliding one part of the conductor on or
round the magnet, or on some other part of the circuit.

ExaMPLES.—Faraday’s Disk-machine, Siemens’ “unipolar ” Dynamo,
Forbes’ “ non-polar ” Dynamo.

There are a few nondescript machines, however, which do
not fall exactly within any of these classes ;t one of these is
the extraordinary tentative dynamo of Edison, in which the
coils are waved to-and-fro at the ends of a gigantic tuning-
fork, instead of being rotated on a spindle.

* The motion by which the individual coils are carried round on such arma-
tures as those of Niaudet, Wallace-Farmer, Siemens (alternate), &c., is, of course,
not a pure translation. It may be regarded, hoWwever, as a combination of a
motion of translation of the coil round the circumference of a circle, with a
rotation of the coil round its own axis, which, as we have seen above, has »o
electrical effect. It is, of course, the translation of the coil to different parts of
the field which is the effective motion. i

+ There are a few dynamos, including the Elphinstone-Vincent, the four-pole -
Schuckert, and the four-pole Giilcher, which, though really belonging to the first
class, are not named above, because they are, in reality, multiple machines.
The Giilcher with its double field-magnets and four collecting brushes, is really a
double machine, though it has but one rotating ring. The same is the case with
an octagonal-pattern Gramme which has four brushes. The Schuckert-Mordey, or
“Victoria ” dynamo, though it has only two brushes, belongs to the same
category. The Elphinstone-Vincent machine, a remarkable one in many respects,
is a triple machine, having six brushes, or, in the newest machines, two brushes
only ; and may, indeed, be used as three machines, to feed three separate circuits.
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Suppose, then, it were determined to construct a dynamo
upon any one of these plans—say the first—a very slight
acquaintance with Faraday’s principle and its corollaries
would suggest that, to obtain powerful electric currents, the
machine must be constructed upon the following guiding
lines :— ] :

(a.) The field magnets should be as strong as possible, and
their poles as near together as possible.

(46.) The armature should have the greatest possible length
of wire upon its coils. :

(¢.) The wire of the armature coils should be as thick as
possible, so as to offer little resistance.

(d.) A very powerful steam-engine should be used to turn
the armature, because, .

(e.) The speed of rotation should be as great as possible.

Unfortunately, it is impossible to realise all these condi-
tions at once, as they are incompatible with one another ; and,
moreover, there are a great many additional conditions to be
observed in the construction of a successful dynamo. We will
deal with the various matters in order, beginning with the
speed of the machine.

Relation of Speeé’ to Power.

Theory shows that, if the intensity of the magnetic field
be constant, the electromotive-force should be proportional to
the speed of the machine. Numerous experiments, by many
different workers, have shown that this is true, within certain
limits, for those machines in which the field magnets are
independent of the main circuit; that is to say, for magneto
and separately-excited dynamos. It is not, however, quite
exact, unless the resistance of the circuit be increased pro-
portionately to the speed,* because the current in the coils
itself reacts on the magnetic field, and alters the distribution
of the magnetism. The consequence of this reaction is that,

* If this precaution be observed, the rule holds good also for series dynamos ;
but not for shunt dynamos. If, in the latter case, however, the resistance of the
shunt coil be also proportionately increased, the rule still holds approximately.

©
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firstly, the position of the “diameter of commutation” is
altered ; and, secondly, the effective number of lines of force
is reduced. So that, with a constant resistance in circuit, the
electromotive-force, and therefore the current, are slightly less
at high speeds than the proportion of the velocities would lead
one to expect. Moreovér, the retarding action due to self-
induction in the separate sections of the armature increases
with the speed, and consequently the resistance of the
armature is apparently higher at high speeds, than at low
ones (see the curves in Chapter XX.). -Since the product of
current into electromotive-force gives a number proportional
to the electric work of the machine, it follows that, for “inde-
pendently-excited ” machines, the electric work done in a
given time in a circuit of given resistance, is nearly propor-
tional to the square of the speed, and the work drawn from
the steam-engine will be similarly proportional to the square
of the speed.

In self-exciting machines, whether “series,” “shunt,” or
“compound ” in their arrangements, a wholly different law
obtains. ‘If the iron of the field magnets be not magnetised
nearly to saturation, then, since the increase of current con-
sequent on increase of speed produces a nearly proportional
increase in the strength of the magnetic field, this increase
will react on the electromotive-force, and cause it to be pro-
portional more nearly to the square of the velocity, which
again will cause the current to increase in like proportion.
But since the magnetisation of the iron is, even when far from
saturation point, not exactly proportional to the magnetising
force, but something less, it is in practice found that the
electric work of the machine is not proportional to the fourth
power of the speed, is not even proportional to the third power
of the speed, but to something slightly less than the latter.

As mechanical considerations forbid too high a velocity in
the moving. parts, it is clear that, if there be a limiting speed
at which it is safe to run any given armature, the greatest
amount of work will be done at that speed by using the
most powerful magnets possible—electro-magnets rather than
magnets of steel.
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Moreover, it is absolutely essential for many purposes that
the dynamo shall produce and maintain the currents at a
constant “ potential ” (or as some people term it “ pressure ”), so
that the lamps, whether many or few are in circuit, shall be of
one constant degree of brightness. To this end various self-
regulating devices have been suggested, the most satisfac-
tory of which for most purposes is the “compound-wound”
dynamo, of which much is said further on in this work.

In all the self-regulating methods based upon the winding
of the coils, everything depends, however, upon the condition
that the driving speed shall be uniform. For all the best kind
of electric work, a gas-engine is wholly out of the question
as a source of power, because of its extreme inequalities in
speed. Even with the best steam-engines, a specially sensi-
tive valve is required ; and probably such valves will, in the
future, be operated electrically by self-acting electro-magnetic
gearing. In any case, where the driving is at all liable to be
uneven, the obvious and simple precaution should be taken of
placing a heavy fly-wheel on the axle of the dynamo. It is,
indeed, singular that this is not more generally done.

Other methods of securing automatic regulation without -
the employment of a compound winding, and which do not all
depend on the maintenance of a uniform speed, are described
in Chapter VI. and in Appendix X.
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CHAPTER III.
ORGANS OF DYNAMO-ELECTRIC MACHINES.

To make more clear the considerations which will occupy us
when discussing individual types of dynamo, we will next
examine some fundamental points in the general mechanism
and design of dynamo machines; and in particular those of
Class I., which includes the great majority of the actual
machines in use. This will lead directly to a closer scrutiny
of the construction and design of the various organs composing
the dynamo and essential to its action.

Ideal Simple Dynamo.

The simplest conceivable dynamo is that sketched in Fig. 14,
consisting of a single rectangular loop of wire rotating in a

Fic. 14.

IDEAL SIMPLE DYNAMO.

simple and uniform magnetic field between the poles of a large
magnet. If the loop be placed at first in the vertical plane,
the number of lines that pass through it from right to left will
be a maximum, and as it is turned into the horizontal position
the number diminishes to zero ; but on continuing the rotation
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the lines begin again to thread through the loop from the
opposite side, so that there is a negative maximum when the
loop has been turned through 180° During the half-revolu-
tion, therefore, currents will have been induced in the loop,
and these currents will be in the direction from back to
front in the part of the loop which is rising on the left, and in
the opposite direction, namely from front to back, in that part
which is descending on the right. On passing the 180°
position, there will begin an induction in the reverse sense, for
now the number of negative lines of force is diminishing, which
is equivalent to a positive increase in the number of lines of
force ; and this increase would go on until the loop reached its
original position, having made one complete turn. To com-
mute these alternately-directed currents into one direction in
the external circuit, there must be applied a commutator con-
sisting of a metal tube slit into two parts, and

mounted on a cylinder of hard wood or other Fie. 15.
suitable insulating material ; each half being
connected to one end of the loop, as indicated
in Fig. 14. Against this commutator press
a couple of metallic springs or “ brushes ”
(Fig. 15), which lead away the currents to
the main circuit. It is obvious that if the

brushes are so set that the one part of the Tﬁ%ﬁﬁ;‘gka’;ﬁ;
split tube slides out of contact, and the other =~ COLLECTOR.
part slides into contact with the brush, at the !
moment when the loop passes through the positions when the
induction reverses itself, the alternate currents induced in the
loop will be “commuted ” into one direction through the circuit.
We should expect therefore the brushes to be set so that
the-commutation shall take place exactly as the loop passes
through the vertical position. In practice, however, it is found
that a slight forward lead must be given to the brushes, for
reasons which will presently appear. In Fig. 16 are shown
the brushes B B', displaced so as to touch the commutator not
exactly at the highest and lowest points, but at points dis-
placed in the direction of the line D D, which is called the
“diameter of commutation.” The argument is in nowise
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changed if for the single ideal loop we substitute the simple
rectangular coil represented in Fig. 17, consisting of many
turns of wire, in each of which a simultaneous inductive action

FiGc. 16. F1G. 17.

SimMPLE Loopr IN SIMPLE FIELD. SiMPLE RECTANGULAR CoOIL.

is going on, making the total induced electromotive-force pro-
portionally greater. This form, with the addition of an iron
core is, indeed, the -
form given to ar-
matures in 1856
by Siemens, whose
shuttle - wound ar-

F1G. 19.

Fic. 18.

SECTION OF OLD SHUT-
TLE-WOUND SIEMENS
ARMATURE.

‘mature is repre- -
sented in section in
Fig. 18. A small
magneto - electric

machine of the old OLD SIEMENS MACHINE, WITH SHUTTLE-
WOUND ARMATURE AND PERMANENT MAGNETS.

pattern having the

shuttle-wound armature is shown in Fig. 19. Though this
form has now for many years been abandoned, save for small
motors and similar work, it gave a great impetus to the
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machines of its day ; but for all large work it has been entirely
superseded by the ring armatures and drum armatures next
to be described.

Armatures.

Returning to the ideal simple loop we may exhibit it in
its relation to the 2-part commutator somewhat more clearly
by referring to Fig. 20. The same split-tube or 2- part
commutator will suffice if a loop of two or more turns be
substituted, as shown in Fig. 21, for the single turn,

But we may substitute also for the one loop a small coil
consisting of several turns wound upon an iron ring. This
coil (Fig. 22), which may be considered as one section of a

F1G. 20. Fig. 21. FiG. 22.

SIMPLE LooP ARMA- Loor ARMATURE OF SIMPLE RING ARMATURE
TURE. Two TURNS. wITH ONE CoIL,
Pacinotti or Gramme ring, will have lines of force induced
through it as the loop had. In the position drawn, it occupies
the highest point of its path and the induction of lines of force
through it will be 2 maximum. As it turns, the number of
lines of force threaded through it will diminish, and become
zero when it is at 9o° from its original position. But a little
consideraticn of its action will suffice to show that if another
coil be placed at the opposite side of the ring it will be under-
going exactly similar inductive action at the same moment,
and may therefore be connected to the same commutator.
If these two coils are united in parallel arc, as shown in
Fig. 23, the joint electromotive-force will be the same as that
due to either separately ; but the resistance offered to the cur-
rent by the two jointly is half that of either. It is evident that
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we may connect two parallel loops in a similar fashion to one
simple 2-part collector. If the two loops are of one turn
each, we shall have the arrangement sketched in Fig. 24 ; but

Fic. 24.

SIMPLE RING ARMATURE WITH SIMPLE LOOP ARMATURE WITH
Two CoILs IN PARALLEL. Two CoILs IN PARALLEL.

the method of connecting is equally good for loops consisting
of many turns each.

Now with all these arrangements involving the use of a
2-part commutator, whether there be one circuit only or two
circuits in parallel in the coils attached thereto, there is the
disadvantage that the currents, though commuted into one
direction, are not absolutely continuous. In any single coil
without a commutator, there would be generated in suc-
cessive revolutions, cutrents whose variations might, if the
coil were destitute of self-induction, be graphically expressed
by a recurring sinusoidal curve, such as Fig. 25. But if by

Fi1c. 25.

the addition of a simple split-tube commutator the alternate
halves of these currents are reversed, so as to rectify
their direction through the rest of the circuit, the resultant
currents will not be continuous, but will be of one sign only,
as shown in Fig. 26, there being two currents generated during
each revolution of the coil. The currents are now “rectified,”
or “redressed ” as our Centinental neighbours say, but are
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not continuous. To give continuity to the currents, we must
advance from the simple 2-part commutator to a form
having a larger number of parts, and employ therewith a

FiG. 26.

larger number of coils. The coils must also be so arranged
that one set comes into action while the other is going out of
action. Accordingly if we fix upon our iron ring two sets of
coils at right angles to each other’s
planes, as in Fig. 27, so that one
comes into the position of best action,
while the other is in the position of
least action (one being parallel to
the lines of force when the other is
normal to them), and their actions
. be superposed, the result will be, as
shown in Fig. 28, to give a current
which is continuous, but not steady,
having four slight undulations per

Four-PART RING
revolution. If any larger number ARMATURE (CLOSED-COIL).

of separate coils are used, and their

effects, occurring at regular intervals, be superposed, a similar
curve will be obtained, but with summits proportionately
more numerous and less elevated. When the number of

Fic. 28.

UL

]
coils used is very great, and the overlappings of the
curves are still more complete, the row of summits will
form practically a straight line, or the whole current will
be practically constant. As arranged in Fig. 27, the four
coils are all united together in a closed circuit, the end of the
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first being united to the beginning of the second, and so forth
all round, the last section closing in to the first. For
petfect uniformity of effect the coils on the armature ought
to be divided into a very large number of sections (see calcula-
tions, Chap. XIL.), which come in regular succession into the
position of maximum induction at regular intervals one after
the other. In Fig. 29 a sketch is given of a drum armature
wound with two pairs of coils at right angles one to
the other, and connected to
a g-part collector. A little
examination of Figs. 27 and
29 will show that each sec-
tion of the coils is connected
to the next in order to it;
the whole of the windings
constituting therefore a single
closed coil. Also, the end of
one section and the beginning
of the next are both connected
; with asegment of the collector.
FOUR-PART DRUM ARMATURE In practice, the collector seg-
e e " ments are not mere slices of

metal tubing, but are built up

of a number of parallel bars of copper, gun-metal, or phosphor-
bronze, such as may be seen in Fig. 125, p. 155, placed round the
periphery of a cylinder of some insulating substance. It will
also be noticed that, owing to the fact that there is a continuous
circuit all round, there are two ways in which the current may
flow through the armature from one brush to the other, as in
all the ring and drum armatures; of which, indeed, Figs. 27
and 29 may be taken as simplified instances. The same
reasoning - now applied to 4-part armatures holds good for
those having a still larger number of parts, such as is shown
in Fig. 30. Of these more will be said in the subsequent
chapters. Let it suffice to say here that in all closed-coil
armatures, whether of the “ring” or the “drum” type,
there must be just as many segments to the collector or
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commutator as there are sections in the coils of the armature.
The special case of open-coil armatures is considered in
Chapter X., p. 175. In these machines the separate coils are
not connected up together in series, and a special commutator
is used instead of the usual collector.

As already explained, the “brushes” press against the
commutator or collector, being usually held in position by a
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spring. As the collector rotates, each of the bars passes
successively under the brush, and makes contact with it. At
" one side—that towards which the two currents in the armature
are flowing—the current flows from the collector-bar into the
brush. At the other side the return current flows from the
negative brush into the collector-bar in contact with it, and
thence divides into two parts in the two circuits of the arma-
ture. If the brushes press strongly against the collector-bars,
then when one collector-bar is leaving and the next coming
up into contact with the brush, there will be contact made for
a moment with two adjacent bars; and the coil, or section,
whose two ends are united to these two bars, will, for an:
instant, be short-circuited. The effect of this will be con-
sidered in dealing with the reactions in armatures at a later
stage.

So far, the only types of armature considered have been
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the “drum” type, and the “ring” type; but these are not
the only possible cases. The object of all such combinations
of coils is to obtain the practical continuity and equability of
current explained above. To attain this end it is needful
that some of the individual coils should be moving through
the position of maximum action, whilst others are passing
through the neutral point, and are temporarily idle. Hence,
a symmetrical arrangement of the individual coils or groups
of coils around an axis is needed; and such symmetrical
arrangements may take one of the four following types :—

(1.) Ring Armatures, in which the coils are grouped upon
a ring whose principal axis of symmetry is its axis of rotation
also.

(2.) Drum Armatures, in which the coils are wound longi-
tudinally over the surface of a drum or cylinder.

(3.) Pole Armatures, having coils wound on separate poles
projecting radially all round the periphery of a disk or central
hub.

(4.) Disk Armatures, in which the coils are flattened
against a disk. These armatures are appropriate to dynamos
of Class II.

Ring armatures are adopted in practice in the dynamos
of Pacinotti, Gramme, Schuckert, Giilcher, Fein, Heinrichs,
De Meritens, Brush, Jiirgensen, and others. Drum armatures
are found in the Siemens (Alteneck), Edison, Elphinstone-
Vincent, Weston, and other machines. Pole armatures are
used in the dynamos of Allan, Elmore, and of Lontin. There
are several intermediate forms. The Biirgin armature con-
sists of eight or ten rings, side by side, so as to form a drum.
The Lontin (continuous-current dynamo) has the radial poles
affixed upon the surface of a cylinder. The Maxim armature
is a hollow elongated drum wound like a Gramme ring, and
a similar construction is used in several excellent recent
machines by Crompton, Cabella, Gramme, Paterson and
Cooper, Kapp, and Mather and Hopkinson. One early form
of the Weston armature has the drum surface cut up into
longitudinal poles ; there is a similar armature by Jablochkoff,
in which the poles are oblique.
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Ring armatures are found in many machines, but the
ingenuity of inventors has been exercised chiefly in three
directions :—The securing of practical continuity ; the avoid-
ance of eddy currents in the cores; and the reduction of
useless resistance. In the greater part of these machines, the
armatures are constructed with closed-coils: but there is no
reason why open-coil armatures should not be constructed in
the ring form, as indeed is the case with the well-known
Brush dynamo (p. 180). Most inventors have been content
to secure approximate continuity by making the number
of sections numerous. One inventor, Professor Perry, has
built up a ring with coils wound obliquely so that the one
coil reaches the neutral point before the preceding one has
passed it. I cannot help doubting the advantage of this
arrangement ; which, moreover, presents mechanical diffi-
culties in construction. Pacinotti’s early dynamo had the
coils wound between projecting teeth upon an iron ring.
Gramme rejected these cogs, preferring that the coils should
be wound round the entire surface of the endless core.
To prevent wasteful currents in the cores, Gramme employed
for that portion a coil of varnished iron wire of many turns.
In Giilcher’s dynamo, the ring core is made up of thin
flat rings cut out of sheet iron, furnished with projecting
cogs, and laid upon one another. In the Schuckert-Mordey
(Victoria) dynamo the core is built of hoops. The parts of the
coils which pass through the interior of the ring (in spite of
the late M. Antoine Breguet’s ingenious proof that some of the
lines of force of the field turned back into the core in this
interior region) cut very few lines of force as they rotate, and
therefore offer a certain amount of wasteful resistance. But
this resistance in well-designed machines is insignificant com-
pared with that of the external circuit, and the disadvantage
is largely imaginary. Inventors have essayed to amend this,
by either fitting projecting flanges to the pole-pieces (Fein
and Heinrichs), or by using internal magnets (Jiirgensen),
or else by flattening the ring into a disk form, so as to
reduce the interior parts of the ring coils into an insignificart
amount (Schuckert and Giilcher.) Indeed the flat-ring arma-
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tures may be said to present a distinct type from those in
which the ring tends to the cylindrical form.

“Pole ” armatures, having the coils wound upon radially
projecting poles have been devised by Allan, Lontin, and
Weston, They are also used by Gramme in some forms of
alternate-current machine (Figs. 157 and 158), and in the large
Mechwart-Zipernowsky dynamo shown in 1883 at Vienna.
The principle of Lontin’s machine, in which the coils are
connected like the sections of a Pacinotti or Gramme ring,
is indicated in Fig. 31. Here the diameter of commutation

SIMPLE POLE ARMATURE SHOWING CONNEXIONS.

is parallel to the polar diameter, because the number of
lines of force in this case is a maximum in the coils that
are on the right and left positions. This armature is struc-
turally a difficult one, because it is not mechanically strong
"unless the cores are solid ; and solid cores are electrically
bad owing to their heating. It is impracticable, too, in this
form to have very many sections, and the coils act, by
reason of their position, prejudicially on one another. This
form of armature is practically obsolete.

Armature Cores.

(a.) Theory dictates that if iron is employed in armatures,
it must be slit or laminated, so as to prevent the generation
of eddy currents. Such iron cores should be structurally
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divided in planes normal to the circuits round which electro-
motive-force is induced; or should be divided in planes
parallel to the lines of force and to the direction of the motion.
Thus, drum-armature cores should be built of disks of thin
sheet iron. Ring armatures, if of the cylindrical or elongated
type, should have cores made up of rings stamped out of
sheet iron and clamped together side by side; but if of the
flat-ring type they should be built of concentric hoops. Cores
built up of varnished iron wire, or of thin disks of sheet iron
separated by varnish, asbestos paper, or mica, partially realise
the required condition. The magnetic discontinuity of wire
cores is, however, to a certain extent disadvantageous: it is
better that the iron should be without discontinuity in the
direction in which it is to be magnetised. It should therefore
be laminated into sheets, rather than subdivided into wires.
Pole armatures, however, ought to have wire cores. For this
reason they are structurally unsatisfactory. Cores of solid
iron are quite inadmissible, as currents are generated in them
and heat them. The Wallace-Farmer armature, in which
the coils were mounted on a solid disk of iron, used to grow
very hot. Cores of solid metal other than iron—for example,
of gun-metal, or of phosphor-bronze—should on no account
be used in any armature.

(.) Armature cores should be so arranged that the direc-
tion of polarity of their magnetisation is never adruptly reversed
during their rotation. If this precaution is neglected, the cores
will be heated. This is a defect in armatures of Niaudet's
type.

(¢.) There ought to be so much iron in the armature that
it is magnetised just up to the dia-critical degree of satura-
tion (vide Note at end of Chap. XV.) when the dynamo is
generating its maximum working current.

Armature Coils.

(d.) All needless resistance should be avoided in armature
coils, as hurtful to the efficiency of the machine. The wires
should therefore be as short and as thick as is consistent with
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obtaining the requisite electromotive-force without requiring
an undue speed of driving. In some dynamos in which the
armature resistance must be kept as low as possible—as, for
example, some of Siemens’ dynamos as used for electro-plating
—several wires separately wound have their ends united in
parallel arc. It is easier to wind four wires side by side than
to coil up one very thick and unbendable wire.

(e.) Theoretically, since the function of armature coils is to
enclose magnetic lines of force, the best form ought to be that
which with minimum length of wire gives maximum area—
namely a circle. In the Thomson-Houston machine the
armature is spherical, and the coils circular ; and in some ring
armatures, the section of the ring is circular. A drum arma-
ture whose longitudinal section is rectangular, ought to be as
broad as long to preserve maximum area with minimum
length of wire. Convenience of construction appears to
dictate greater longitudinal dimensions.

(f) The wire should be of the very best electric conduc-
tivity. The conductivity of good copper is so nearly equal to
that of silver (over 96 per cent.) that it is not worth while to
use silver wires in the armature coils of dynamos.

(¢.) In cases where rods or strips of copper are used
instead of mere wires, care must be taken to avoid eddy
currents by laminating such conductors, or slitting them in
planes parallel to the electromotive-force, that is to say, in
planes perpendicular to the lines of force and to the direction
of the rotation.*

(%) We have seen that in order to obviate fluctuations in
the current, the rotating armature coils must be divided into a
large number of sections, each coming in regular succession
into the position of best action. If these sections, or coils, are
~ independent of each other, each coil, or diametral pair of coils
_ must have its own commutator (as in the Brush machine). If
they are not independent, but are wound on in continuous
connexion all round the armature, a collector is needed

* Tt will be observed that the rule for eliminating the eddy current is
different, in the three cases, for magnets and their pole-pieces, for moving iron
armature cores, and for moving conductors in the armature.
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consisting of parallel metallic bars as numerous as the sec-
tions, each bar communicating with the end of one section
and the beginning of the next.

() In any case, the connexions of such sections and of
the commutators, or collectors, should be symmetrical round
the axis ; for, if not symmetrical, the induction will be unequal
in the parts that successively occupy the same positions with
respect to the field magnets, giving rise to inequalities in the
electromotive-force, sparking at the commutator or collector,
and other irregularities.

(7-) In the case where the coils are working in parallel, it
has been considered advantageous to arrange the commutator
to cut out the coil that is in the position of least action, as
the circuit is thereby relieved of the resistance of an idle
coil. But no such coil should be short-circuited to cut it
out, otherwise the harmful effects of self-induction in the
short-circuited part will soon make themselves apparent by
heating.

(£) In the case of pole armatures, the coils should be
wound on the poles rather than on the middles of the pro-
jecting cores ; since the variations in the induced magnetism
are most effective at or near the poles. (See p. 41.)

(/) Since it is impossible to reduce the resistance of the
armature coils to zero, it is impossible to prevent heat being
developed in those coils during their rotation; hence it is
advisable that the coils should be wound with air spaces
in some way between them, that they may be cooled by
ventilation. In a well-ventilated armature a current-density
of nearly 2500 ampéres per square inch of the conductor may
be attained.

(m.) The insulation of the armature coils should be en-
sured with particular care, and should be carried out as
far as possible with mica and asbestos, or other materials not
liable to be burned or melted if the armature coils become
heated.

(n.) Care must be taken that the coils of armatures are so
wound and held that they cannot fly out when rotating.

Armatures have been known to become stripped of their
D
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insulating covering, and even to fly to pieces for want of
simple mechanical precautions.

(0.) Armatures ought to be very carefully balanced on
their axles, otherwise when running at a high speed they will
set up detrimental vibrations, and will tend to bend the axles.
Great care should therefore be taken to secure symmetry in
winding.

Some further considerations respecting the reactions
between the armature and the field magnets are reserved
for consideration until the rules for design of field magnets
have been considered.

Field Magnets.

The coils of the field magnets of a dynamo cannot be con-
structed so as to offer no resistance. They inevitably waste
some of the energy of the currents in the form of heat. It has,
therefore, been argued that it cannot be economical to use
electro-magnets instead of permanent magnets of steel, which
have only to be magnetised once for all. Nevertheless, there
are certain considerations which tell in favour of electro-
magnets. For equal power, their prime cost is less than that
of steel magnets, which, moreover, are not permanent, but
require remagnetising at intervals. Moreover, as we have
seen, from the fact that there is a limiting velocity at which it
is safe to run a2 machine, it is important, in order not to have
machines of needlessly great size, to use the most powerful
field magnets possible. But if we do not get our magnetism
for nothing, and find it more convenient to spend part of our
current upon the electro-magnets, economy dictates that we
should so construct them that their magnetism may cost us as
little as possible. To magnetise a piece of iron requires the
expenditure of energy; but when once it is magnetised, it
requires no further expenditure of energy (save the slight loss
by heating in the coils, which may be reduced by making the
resistance of the coils as" little as possible) to keep it so
magnetised, provided the magnet is doing no work. Even if
it be doing no work, if the current flowing round it be not
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steady, there will be loss. If the magnet does work in attract-
ing a piece of iron to it, then there is an immediate and corre-
sponding call upon the strength of the current in the coils, to
provide the needful energy. This point may be illustrated by
the following experiment:—Let a current from a steady
source (see Fig. 32) pass through an incandescent lamp, and
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REACTION OF MOVING MAsS OF IRON ON AN ELECTRO-MAGNET.

also through an electro-magnet, whose cores it magnetises.
When once established,” the current is perfectly steady, and
none of its energy is wasted on the magnet (save the negli-
gible trifle due to the resistance of the coils). But if now
the magnet is allowed to do work in attracting an iron bar
towards itself, the light of the lamp is seen momentarily to
fade. When the iron bar is snatched away, the light exhibits
a momentary increase; in each case resuming its original
intensity when the motion ceases. Now, in a dynamo there
are, in many cases, revolving parts containing iron, and it is
of importance that the approach .or recession of the iron
parts should not produce such reactions as these in the
magnetism of the magnet. Large, slow-acting field magnets
are therefore advisable. The following points embody the
conditions for attaining the end desired.
D 2
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(#.) The body of the field magnets should be solid. Even
in the iron itself, currents are induced, and circulate round and
round, whenever the strength of the magnetism is altered.
These self-induced currents tend to retard all changes in the
degree of magnetisation. They are stronger in proportion to
the square of the diameter of the magnet, if cylindrical, or to
its area of cross-section. A #kick magnet will, therefore, be a
slow-acting one, and will steady the current induced in its
field. 3

(7.) Use magnets having in them plenty of iron. It is
important to have a sufficient mass, that saturation may not
be too soon attained. (See note at end of Chapter XV.)

(r.) Use the soffest possible iron for field magnets, not
because soft iron magnetises and demagnetises quicker than
other iron (that is here no advantage); but because soft iron
has a higher magnetic susceptibility than other iron—is not
so soon saturated. It is hardly possible to attach too great
importance to this point. A small dynamo built of really good
iron will do as much work as, and do it at a lower speed than,
a much larger dynamo built of inferior iron.

(s.) Use long magnets. Again, the use of long magnets is
to steady the magnetism, and therefore to steady the current.
A long magnet takes a longer time than a short magnet to
magnetise and demagnetise. It costs more than a short
magnet it is true, and requires more copper wire in the
exterior coils ; but the copper wire may be made thicker
in proportion, and will offer less resistance. There is of
course a practical limit to length ; for if a magnet is too long
in proportion to its thickness, the lines of force induced by
the coils, instead of all passing down the iron into the pole-
pieces, leak away at the sides. According to Deprez the
length should not be greater than three times the thickness.

(2) Employ iron cores of such a cross-section, that there
shall be as much iron as possible enclosed within the coils.
The best cross-section might be expected to be circular; as
this requires less wire. Many constructors, however, prefer
slabs of iron of rectangular section, but rounded at the edges.

(#.) The magnetism so obtained should be utilised as
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directly as possible ; therefore place the field magnets or their
pole-pieces as close to the rotating armature as is compatible
with safety in running.

(v.) Avoid edges and corners on the magnets and pole-
pieces if you want a uniform field. The laws of distribution
of the magnetic lines of force round a pole are strikingly akin
to those of the distribution of electrification over a conductor.
We avoid edges and points in the latter case, and ought to
do in the former. If the field magnets or their pole-pieces
have sharp edges, the field cannot be uniform, and some of the
lines of force will run uselessly through the space outside the
armature instead of going through it. Theoretically, the very
best form to give externally to a magnet is that of the curves
of the magnetic lines of force.

(w.) It is of great importance that the magnetising effect of
the field magnets on the iron core of the armature should be
much greater than the magnetising effect due to the current
generated in the armature coils. If the latter is relatively
powerful, there will be a great lead and much sparking at the
brushes. The lead of the brushes, and its variation under
different loads, can be reduced, and the tendency to spark
can therefore be reduced, by making the field magnets very
powerful in proportion to the armature.

(#.) Reinforce the magnetic field by placing iron, or better
. still electro-magnets, within the rotating armature. In most
cases this is done by giving the armature coils iron cores
which rotate with them; in other cases, the iron cores or
internal masses are stationary. In the former case there is
loss by heating ; in the latter, there are structural difficulties
to be overcome. Siemens has employed a stationary mass
within his rotating drum armature. Internal electro-magnets,
serving the function of concentrating the magnetism of the
field, have been used by Lord Elphinstone and Mr. Vincent.
A similar device obtains in Sir W. Thomson’s “ mousemill ”
dynamo, and in Jiirgensen’s dynamo.

(#.) In cases where a uniform magnetic field is not desired,
but where, as in dynamos of the second class, the field must
have varying intensity at different points, it may be advisable
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specially to use field magnets with edges or points, so as to
concentrate the field at certain regions.

(2.) It is of great importance that the iron should present
no physical discontinuity in structure in the direction in which
it is to be magnetised. The grain of the iron should lie in the
direction of the lines of magnetic force that run through it.
The maximum magnetic susceptibility of wrought iron is in
the direction of its grain. Further, at all surfaces of the
field magnets which are destined to be polar surfaces, where,
therefore, the lines of force will run oz of the iron info the air,
the grain of the iron ought to be end-on. This rule is not
observed in the construction of Siemens dynamos, in which
there are arched pieces of wrought iron as cores for the field
magnets, arranged as shown in Fig. 33, s0 as to be magnetised
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from both ends with a “consequent pole” in the middle of
the arch. Here the lines of force run along the. grain to
the middle, and then have to run out across the grain of the
iron.

The student should contrast with Siemens’ arrangement,
that which is employed in the Edison dynamo (Fig. 131),
which is more like that used by Wilde in 1865 (see Fig. 3).
The ordinary Gramme has consequent poles at the middle of
each of the electro-magnets (see Figs. 89 and 90}? "The
modified double Gramme machine constructed by Marcel
Deprez is sketched in Fig. 34. Other forms are con-
sidered in Appendix VII.

- (aa.) A great advantage is gained by thus working as
nearly as possible with closed magnetic circuits ; that is to
say, with a nearly continuous circuit of iron to conduct the
lines of magnetic force round into themselves in closed curves.
The enormous importance of this was pointed out so far back
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as'1878 by Lord Elphinstone and Mr. C. W. Vincent, whose
dynamo embodies their idea. Every electrician knows that if
a current of electricity has to pass through a circuit, part of
which consists of copper and part of liquids—such as the acid
in a battery, or the solution in an electrolytic cell—the resist-
ance of the liquid is, as a rule, much more serious than the
resistance of the copper. Even with dilute sulphuric acid the
resistance to the flow. of the current by a thin stratum is
200,000 times as great as would be offered by an equally
thick stratum of copper. And in the analogous case of using
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a field magnet to magnetise the iron core of an armature, the
stratum of air—or, it may be, of copper wire—in between the
two pieces of iron, offers what we may term a relatively
enormous resistance to the magnetic induction. If we take
the magnetic permeability of air as 1, then the permeability
of iron will be represented by values lying between 40 and
20,000 according to the quality of the iron. The pesmeability
of copper is not very different from that of air. Or, in other
words, a stratum of air or copper offers from 40 to 20,000
times as much resistance to the magnetic induction as if the
space were filled up with soft iron. Obviously, then, it would
be a gain to diminish as much as possible the gaps between
the portions of iron in the circuit. The values of the magnetic
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permeability for iron, air, and copper, have been known for
years, yet this simple deduction from theory has been set at
defiance in the vast majority of cases. This would show that
the Pacinotti ring, with projecting iron teeth, was essentially
right in principle.

Pole-pieces.

. (ab.) If pole-pieces are used they should be massive, and of
_the softest iron, for reasons similar to those urged above.

(ac.) The pole-pieces should be of shapes really adapted
to their functions. If intended to form a single approximately
uniform field, they should extend, but not too far, on each side.
In the case of dynamos with flat-ring armatures, it is found,
as demonstrated later on, that a narrow pole-piece is more
advantageous than a broad one. The distribution of the
electromotive-force in the various sections of the coils on the
armature depends very greatly on the shape of the pole-
pieces.

(ad.) Pole-pieces should be constructed so as to avoid, if
possible, the generation in them of useless eddy currents.
The only way of diminishing loss from this source is to con-
struct them of laminz built up so that the mass of iron is
divided by planes in a direction perpendicular to the direction
of the currents, or of the electromotive-forces tending to start
such currents.

(ae.) If the bed-plates of dynamos are of cast iron, care
should be taken that these bed-plates do not short-circuit the
magnetic lines of force from pole to pole of the field magnets.
Masses of brass, zinc, or other non-magnetic metal may be
interposed ; but are at best a poor resource. In a well-
designed dynamo there should be no need of such devices.

Field-magnet Coils.

(af)) In order to be of the greatest possible service, the
coils of the field magnets should be wound on most thickly at
the middle of the magnet, not distributed uniformly along its
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length,* nor yet crowded about its poles. The reason for this
is two-fold. Inspection of Fig. 6 (p.9) will show that many
of the lines of force of a magnet “leak out” from the sides of
the magnet before reaching its poles, where they should all
emerge if the mass of the magnet were perfectly equally
magnetised throughout its whole length. Internally, the
magnetisation of the magnet is greatest at its centre. At or
near the centre, therefore, place the magnetising coils, that the
lines of force due to them may run through as much iron as
possible. The second reason for not placing the coils at the
end is this; any external influence which may disturb the
magnetism of a magnet, or affect the distribution of its lines
of force, affects the lines of force in the neighbourhood of the
pole far more than those in any other region. It is for this
reason that in Bell's telephones, and in Hughes’ magnets,
where it is desired to make a magnet most sensitive to varia-
tions in the strength of the current, the coils are fixed on
at the pole. In the field magnet of a dynamo, on the
contrary, where the magnet is wanted to be as steady and
constant as possible in its magnetic power, the coils should
not be placed on the poles.

(ag.) The proper resistances to give to the field-magnet
coils of dynamos have been calculated by Sir Wm. Thomson,}
who has given the following results :—

For a “ Series Dynamo,” make the resistance of the field
magnets a little less than that of the armature. Both of them
should be small compared with the resistance of the external
circuit.

For a “Shunt Dynamo” the rule is different. The best
proportions are when such that

R =77,

* This recommendation which appeared as above in my Cantor Lectures, has
been objected to by the late Comte du Moncel as incorrect. The Comte main-
tained that an even. distribution gave when put to the test of experiment the
strongest magnetic effect. This may have been so if the experiments were made
with long cores of uniform thickness. It does not hold with cores that are thicker
in the middle than at the ends.

t British Association Report, 1881, p. 528.
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or that

2

V= —)

%a
where the symbols R, #, and 7, stand respectively for the
resistances of the external circuit, of the shunt coils, and of
the armature. The proof of this rule, as deduced from the
economic coefficient, is given in due place in Chapter XVI. on
the Algebraic Theory of the Shunt Dynamo. The rule for
shunt dynamos when worked out shows that the resistance
of the shunt coils ought to be at least 364 times as great as
that of the armature, otherwise an efficiency of go per cent.
is quite unattainable.

Field Magnets in Practice.

In the classification of dynamos laid down in Chapter II,
we found that those of the first class required a single ap-
proximately uniform field of force, whilst those of the second
class required a complex field of force differing in intensity
and sign at different parts. Accordingly, we find a corre-
sponding general demarcation between the field magnetsin the
two classes of machine. In the first, we have usually two pole-
pieces on opposite sides of a rotating armature. Inthe second,
a couple of series of poles set alternately round a circumference
or crown, the coils which rotate being set upon a frame between
two such crowns of poles.

Confining ourselves, at first, to the first class of machines,
we find that, in practice, their magnets differ widely in con-
struction and design. In very few of the existing patterns is
there much trouble taken to secure steady magnets, by making
them long, heavy and solid, or with very heavy pole-pieces.
I have repeatedly, in testing dynamos, had to report that an
unnecessary amount of wire had been wound upon the field
magnets ; and I find that the usual reply is, that with less wire
the machine does not work so well. If, however, it is found
necessary to wind on so many coils upon the magnets as to
bring these practically to saturation long before the machine
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is doing its maximum work, it is clear that either the iron is
insufficient in quantity, or it is deficient in quality. In the
Biirgin machines, where cast-iron field magnets are employed,
the smaller magnetic susceptibility of this metal is made up
for by employing a great weight of it : but cast-iron magnets
give only about 60 per cent. of the effect that wrought-iron
field magnets of an equal size will give. In Siemens’ smaller
dynamos, the amount of iron employed in the field magnets
would be quite insufficient if it were not of high quality. As
it is, the mass of it (especially in the polar parts) might with
advantage be increased.* In some of the early machines of
Wilde, and in Edison’s well-known dynamos, long field mag-
nets with heavy pole-pieces are found. Edison’s dynamos,
indeed, are all remarkable in this feature ; the pole-pieces and
the yoke connecting the iron cores of the coils are made
abnormally heavy. This is not more noticeable in the giant
dynamos used at the Holborn Viaduct (see Fig. 133, p. 163)
than in the smaller machines used in isolated installations for
sixty and for fifteen lights. The Edison-Hopkinson dynamos
are still heavier, but shorter in build (see Fig. 136, p. 167).
The principle of shaping the magnets so that their external
form approximates to that of the magnetic curves of the lines
of force, is to some extent carried out in such widely differing
types of machine as the Gramme with “ Jamin” magnet, the
Jurgensen dynamo (Fig. 97, p. 5457) and Thomson’s “ mouse-
mill” dynamo. The two machines last named exhibit several
curious contrasts. In the Jiirgensen, the field magnets have
heavy pole-pieces; in the*Thomson there are none; and in
the Thomson machine the iron core is thicker at the middle
than at the ends. In both there are auxiliary internal electro-
magnets, fixed within the rotating armature, to concentrate
and augment the intensity of the field, according to the device
patented by Lord Elphinstone and Mr. Vincent (see p. 172).
In the.Fhomson machine the coils are heaped on more thickly
at the middle of the field magnets ; in the Jiirgensen, the coils
are crowded up around the poles. The latter arrangement is

* Reference to Figs. 129 and 130, will show that in the newest Siemens’
machines this course has been partially adopted.—S.P.T.
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not justified from the point of view of theory. If we may
judge from a report on this machine by Professors Ayrton and
Perry,* the arrangement is not satisfactory in practice, as there
are more coils than suffice to magnetise the magnets. Is it
possible that the mistake is not in having too many coils, but
in having them in the wrong place ?

Another suggestion, indicated above from theoretical con-
siderations, is of laminating the pole-pieces so as to prevent
the production in them of wasteful eddy currents. So far as
I am aware, there are only two machines in which this pre-
caution is carried into effect. One is the disk dynamo of
Drs. Hopkinson and Muirhead, the field magnets of which
are made up of laminz of iron, cast into a solid iron backing.
The other is the Weston dynamo. /

Commutators, Collectors, and Brushes.

(a%.) Commutators and collectors being liable to be heated
through imperfect contact, and liable to be corroded by
sparking, should be made of very substantial pieces of copper,
or else of gun-metal; or, better still, of phosphor-bronze.
Some makers cast the metal in the form of a hollow cylinder
and saw it up into parallel strips. More frequently the metal is
cast or drawn in rods of the form of the bars, which are after-
wards filed up true and fitted into their places. Collectors of
substantially such type as is here described are common to all
dynamos of the first class, except only the Brush dynamo, in
which there is a multiple commutator, instead of a collector.
The collector of Pacinotti’s early machine differed only in
having the separate bars alternately a little displaced longi-
tudinally along the cylinder, but still so that the same brush
could slip from bar to bar. Niaudet’s modification, in which
the bars are radially attached to a disk, is a mere variety in
detail, and is not justified by successful adoption. In the
collector once used in Weston’s dynamo, and in some forms of
Schuckert’s dynamo, the bars are oblique or curved, without,

* See Electrical Review, September 23, 1882,
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however, any other effect than that of prolonging the moment
during which the brush, while slipping from contact with one bar
to contact with the next, short-circuits one section of the coil.

(@) In the case of a collector made of parallel bars of
copper, ranged upon the periphery of a cylinder, the separate
bars should be capable of being removable singly, to admit of
repairs and examination.

(aj.) The brushes should touch the commutator or the
collector at the two points, the potentials of which are respec-
tively the highest and the lowest of all the circumference.
In a properly and symmetrically built dynamo, these points
(called neutral points) will be at opposite ends of a diameter.

(k) In consequence of the armature itself, when traversed
by the currents, acting as a magnet, the magnetic lines of
force of the field will not run straight across, from pole to pole,
of the field magnets, but will take, on the whole, an angular
position, being twisted a considerable number of degrees in the
direction of the rotation. This reaction of the induced current
will be more particularly dealt with presently. In consequence
of this and other reactions, the diameter of commutation
(which is at right angles to the resultant lines of force in
machines of the Siemens and Gramme type, and parallel to
the resultant lines of force in machines of the Lontin type)
will be shifted forward. In other words, the brushes will have
a certain angwular lead. The amount of this lead dependsupon
the relation between the intensity of the magnetic field and
the strength of the current in the armature. This relation
varies in the four different types of. field magnets. In the
series dynamo, where the one depends directly on the other,
the angle of lead is nearly constant whatever the external
resistance. In other forms of dynamo, the lead will not be

the same, because the variations of resistance in the external .

circuit do not produce a proportionate variation between the
two variables which determine the angle of lead.

(al) Hence, in all dynamos, it is advisable to have an
adjustment, enabling the brushes to be rotated round the
commutator or collector to the position of the diameter of
commutation for the time being, Otherwise there will be
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sparking at the brushes, and in part of the coils at least the
current will be wasting itself by running against an opposing
electromotive-force. :

(am.) The arrangements of the collector or commutator
should be such that, as the brushes slip from one part to the
next, no coil or section in which there is an electromotive-
force should be short-circuited, otherwise work will be lost
in heating that coil. For this reason, it is well so to arrange
the pole-pieces that the several sections of coils on either
side of the neutral point should differ but very slightly in
potential from one another.

(an.) The number of contact points between the brush and
the collector-bar should be as numerous as possible, for by
increasing the number of contacts, the energy wasted in sparks
will be diminished inversely as the square of that number. The
brushes might with advantage be laminated, or made of parallel
loose strips of copper, each bearing edgeways on the collector.

(a0.) The segments of the collector or commutator should
be efficiently insulated from one another and from the axle.
Many makers place layers of vulcanised fibre, asbestos paper,
or mica between and below them. Others leave air spaces.
If care is not taken the insulation may be spoiled by copper-
dust worn off the brushes, or by the formation of a film of
charred oil. The latter accident sometimes occurs where
asbestos is employed ; and is the more annoying as it is often
accompanied with an unaccountable falling off in the power
of the dynamo, due to an invisible short-circuiting through a
charred  carbonaceous mass beneath the surface. The only
remedy is to remove the insulating material and replace with
new. On this account some experienced engineers prefer to
treat the collector with French chalk instead of oil. In
Hochhausen’s dynamo the collector-bars are L-shaped, and
are firmly bolted to an end-plate of slate, leaving air gaps
between the bars. Some makers drive air from a fan between
the separate collector-bars to prevent dust lodging there and
to keep them cool. It may be mentioned that several makers
now apply an insulated ring of steel to keep the collector-
bars from flying.
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The collector should never be allowed to wear into ruts or
to run untrue, otherwise there will be an altogether unneces-
sary and detrimental amount of sparking, which will rapidly
ruin the machine. Whenever needed, the collector should be
filed or turned down until it runs truly.

. )

Brushes.

The kind of brush most frequently used for receiving the
currents from the collector, consists of a quantity of straight
copper wires laid side by side,
soldered together at one end, Figs. 35, 36, 37.
and held in a suitable clamp.
The number of points of con-
tact secured by this method is
advantageous in reducing spark- -
ing. Two layers of wires are
often thus united in a single
brush, as shown in Fig. 35.

Brushes are also made of
broad strips of springy copper,
slit for a short distance so as to
touch at several points, Fig. 36.
Such are used in the Brush and
Thomson-Houston dynamos.

Edison used as brushes a DirrrrENT KINDS OF BRUSHES.
number of copper strips placed
edgeways to the collector, and soldered flat against one another
at the end furthest from the collector, Fig. 37. Here, also, the
object in view was the subdividing of the spark at the contact.

In the latest Edison machines, a compound brush made
up alternately of layers of wire, like Fig. 35, and slit strips of
copper, like Fig. 36, has been adopted.

Rotating brushes in the form ‘of metal disks have been
tried by Gramme, and others have been suggested by
Sir W. Thomson and Mr. C. F. Varley.

In those cases where, as in alternate-current machines,
and in dynamos of the “unipolar” type, a brush is used to
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obtain a sliding contact against an undivided collar or cylinder,
the brush may be replaced by a slab of fine-grained and good
conducting carbon. This valuable suggestion is due to
Professor G. Forbes.

The brushes of the dynamo should be properly trimmed
before the machinery is set into motion. Neglect of this
simple point will result in rapid deterioration.

Brush-holders.

The brush-holders should be furnished with springs to
bring a steady and even pressure to bear upon the points of
contact. If the pressure is too light the vibrations of the
machine when running will cause a jumping of the brushes
and consequent sparking and destruction of brushes and col-
lector. Fig. 137, p. 169, shows a spring brush-holder. All
brush-holders should be made doubly adjustable in respect of
the pressure as well as of the position of the brushes.



CHAPTER 1IV.

‘ON THE INDUCTION OF CURRENTS IN ARMATURES AND
THE DISTRIBUTION OF POTENTIALS AROUND THE
COLLECTOR. ’

IN considering the case of an ideal simple dynamo, it was
shown that the induction in the rotating loop or coil was zero
at the position where it lay in the diameter of commutation,
and that the induction increased (as the sine of the angle) to
its maximum value at 9o° (see Fig. 14, p. 20). In other words,
the coils get more active as they approach the pole-piece,
and less active as they recede from the pole-piece, according
to a regular law of fluctuation. In fact Fig. 38, which re-

Fic. 38.

CURVE OF INDUCTION.

presents a cutve of sznes, will serve to represent, by the height

of the curve, the amount of induction going on in an armature

at every 10° round the circle. If there are, for example,

thirty-six sections in a ring armature, so that the sections
E
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are spaced out at 10° apart, the least active sections will be
those at o® and 180° whilst the most active are those at 9o°
and 270°. But in all the ordinary “ closed-coil ” armatures,
the separate sections are connected together so that any
electromotive-force induced in the first section is added on to
that induced in the second, and that in the third is added to
these two, and so on all the way round to the brush at the
other side. The separate electromotive-forces are added to- .
gether just as are the separate electromotive-forces of a
battery of voltaic cells united in series. A ring of battery
cells united in series, but having one-half the cells set so

RING oF CELLS.

that the current in them tends to run the other way round
the ring, forms a not inapt illustration of the inductions in the
sections of a ring armature. If it could be indicated that
those sections which are” at 9o° from the brushes are much
more powerful in their inducing effect than those that occupy
positions near the brushes, the analogy would be still more
perfect.®

Now, knowing how the induction in individual coils or
sections rises and falls round the ring, let us inquire what this
will ‘result in when we add up the separate electromotive-
forces, so as to find the total effect. We shall have to add up
the effects of all the sections round, from the negative brush
at o° on one side, to the positive brush at 180° on the other

* In Fig. 39 the middle cells of each row are drawn larger to suggest this ;
only, unfortunately, Jazge cells do not possess a higher electromotive-force than
small ones, though they have less resistance internally.
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side : and the result will be the same in each half of the ring,
because of symmetry. Suppose we take the side from o°
by 90° to 180° (on the left in Figs. 14 and 16). If we look
at the curve given above (Fig. 38), we shall see that as the
heights of the dotted lines represent the amount of induction,
the total effect will be got by adding up the lengths of all
those from 0° to 180°; and of course, the sum is equal to the
sum of the negative lengths between 180° and 360°. But we
may do the thing in another way, which beside giving us the
final total, will show us how the sum

grows as each length is successively F16. 40.

added on. We should find that the
sum grew slowly at first, then ra- T~
pidly, then slowly again as it neared
its highest value. The sum of the ef-
fects would grow,in fact, in a fashion
represented on a reduced scale in
the curve of Fig. 40. This pro-
cess of adding up a continuously-
varying set of values is called ' ‘
by mathematicians integrating. A

Fig.i 46 is! got' by integrating ithes “==—toeritaes '
values of the curve Fig. 38 between

B INTEGRATED CURVE OF
the limits of 0° and 180°. Now POTENTIALS.
in the actual dynamo this integra-
tion is effected by the very nature of things, in consequence
of the fact that each section is united to those on either
side of it.

It is possible to investigate by experiment both these
effects : the induction in the individual coils, and the total or
integrated potential.

The electromotive-force induced in a single section as it
passes any particular position, may be examined by means of
a voltmeter or potential-galvanometer in the following way.
" Two small metal brushes are fixed to a piece of wood at a
distance apart equal to the width between two consecutive
bars of the collector. These brushes are united by wires to
the voltmeter terminals, so that any difference of potentials

E 2
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between them will be indicated on the dial of the instrument.
The two brushes are placed against the collector, as shown in
Fig. 41, while it rotates ; and as they can be applied at any
point, they will give on the voltmeter an indication which
measures the amount of electro-
motive-force in that section of the
armature which is passing through
the particular position in the field
corresponding to the position of
the contacts. This method was de-
vised independently by the author
and by Dr. Isenbeck. The author
found, in the case of a small Sie-
mens dynamo which he examined,
METHOD OF EXPERIMENTING 5 e
AT CoLLECTOR oF Dynamo. that the difference of potential in-
dicated was almost #:/ at the sec-
tions close to the proper brushes of the machine, and was a
maximum about half-way between. In fact, the difference of
potentials rose most markedly at go° from the usual brushes,
or precisely in the region where, as seen in Fig. 39, the induc-
tion is theoretically at its highest point, and where, as seen in
Fig. 40, the slope of the curve of total potential is greatest.

After the experiment above detailed, the author experi-
mented on his Siemens dynamo in another way. The
machine was dismounted, and its field magnets separately
excited. Two consecutive bars of the collector were then
connected with a reflecting galvanometer having a moderately
heavy and slow-moving needle. A small lever clamped to
the collector allowed the armature to be rotated by hand
through successive angles equal to 10° there being thirty-
six bars to the collector. The deflexions obtained, of course
measured the intensity of the inductive effect at each position.
The result confirmed those obtained by the method of the
two wire brushes.

The rise of the totalised (i. e. “integrated”) potential
round the armature can be measured experimentally by a
method first suggested by Mr. Mordey, and also involving the
use of a voltmeter.
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In a well-arranged dynamo of the first class, if one
measures the difference of potential between the negative
brush and the successive bars of the collector, one finds that
the potential increases regularly all the way round the col-
lecting cylinder, in both directions, becoming a maximum at
the opposite side where the positive brush is.

Mr. W. M. Mordey, who first drew the author’s attention
to the fact that this distribution was irregular in badly de-
signed machines, had devised the following method of ob-
serving it. One terminal of a voltmeter was connected to
one of the brushes of the dynamo, and the other terminal was
joined by a wire to a small metallic brush or spring, which
could be pressed against the rotating collector at any desired
part of its circumference. The author then made the sugges-
tion that these indications might with advantage be plotted
out round a circle corresponding to the circumference of the
collector. Figs. 42 and 43, which are reproduced from his

i
t
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HORIZONTAL DIAGRAM OF POTENTIALS AT
COLLECTOR OF GRAMME DYNAMO.

Cantor Lectures, serve to show how
DiacraM OF POTENTIAL the potential in a good Gramme ma-
ROUND THE COLLECTOR = i _
oF GraMME Dynamo.  chine rises gradually from its lowest
to its highest value.

It will be seen that, taking the negative brush as the
lowest point of the circle, the potential rises perfectly regu-
larly to a maximum at the positive brush. The same values
as are plotted round the circle in Fig. 42 are plotted out
as vertical ordinates upon the level line in Fig. 43, which is
nothing else than Fig. 40 completed for both halves of the
collector. Fig. 40 is, however, a theoretical diagram of what
the distribution ought to be, whilst Fig. 43 is an actual record
taken from an “A” Gramme. If the magnetic field in which
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the armature rotated were uniform, this curve will be a true
“sinusoid,” or curve of sines; and the steepness of the slope
of the curve at different points will enable us to judge of
the relative idleness or activity of coils in different parts of
the field. The points marked + and — are termed the zextral
poinis.

The rise of potential is not equal between each pair of bars,
otherwise the curve would consist merely of two oblique
straight lines, sloping right and left from the neutral point.
On the contrary, there is very little difference of potential _
between the collector-bars immediately adjoining either of
the neutral points. The greatest difference of potential
occurs where the curve is steepest, at a position nearly go°
from the brushes, in fact, at that part of the circumference of
the collector which is in connexion with the coils that are
passing through the position of best action. Were the field
perfectly uniform, the number of lines of force that pass
through a coil ought to be proportional to the sine of the angle
which the plane of that coil makes with the resultant direction
of the lines of force in the field, and the rate of cutting the
lines of force should be proportional to the cosine of this
angle. Now the cosine is a maximum when this angle = 0°;
hence, when the coil is parallel to the lines of force, or at go°
from the brushes, the rate of increase of potential should be
at its greatest—as is very nearly realised in the diagram of
Fig. 43, which, indeed, is very nearly a true “sinusoidal”
curve. Such curves, plotted out from measurements of the
distribution of potential at the collector, show not only where
to place the brushes to get the best effect, but enable us to
judge of the relative “idleness” or “activity” of coils in
different parts of the field, and to gauge the actual intensity
of different parts of the field while the machine is running, If
the brushes are badly set, or if the pole-pieces are not judi-
ciously shaped, the rise of potential will be irregular, and
there will be maxima and minima of potential at other
points. An actual diagram, taken from a dynamo in which
these arrangements were faulty, is shown in Fig. 44, and
again is plotted horizontally in Fig. 45 ; from which it will
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be seen, not only that the rise of potential was irregular, but
that one part of the collector was more positive than the posi-
tive brush, and another part more negative than the negative.
The brushes, therefore, were not getting their proper dif-
ference of potential ; and in part of the coils, the currents

F1c. 44. Fi1c. 4s.

@0

HoR1ZONTAL DIAGRAM OF POTENTIALS AT
COLLECTOR OF FAULTY DYNAMO.

were actually being forced against an
opposing electromotive-force.

Di1AGRAM OF POTENTIAL

ROUND_THE COLLECTOR This method of plotting the dis-
OF A BADLY-ARRANGED 5 . ¢
Dy Aol tribution of potential round the collec-

tor has proved very useful in practice,
and elucidates various puzzling and anomalous results found
by experimenters who have not known how to explain them.
In a badly arranged dynamo, such as that giving a diagram
like Fig. 44, a second pair of brushes, applied at the points
showing maximum and minimum potential, could draw a 'good
current without interfering greatly with the current flowing
through the existing brushes! In fact, I find that this bad
distribution, giving rise to anomalous maxima and minima,
has actually been patented by one inventor, who puts brushes
on six different points of a collector ! '
Curves similar to those given can be obtained from the
collectors of any dynamo of the first class—Gramme, Siemens,
Edison, &c.—saving from the open-coil machines, which
having no such collector, give diagrams of quite a different
kind. It is, of course, not needful in taking such diagrams
that the actual brushes of the machine should be in place,
or that there should be any circuit between them, though in
such cases the field magnets must be separately excited. It
should also be remembered that the presence of brushes,
drawing a current at any point of the collector, will alter
the distribution of potential in the collector ; and the manner
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and amount of such alteration will depend on the position
of the brushes, and the resistance of the circuit between them.

One immediate result of Mr. Mordey’s observations on the
distribution of potential, and of the author’s method of mapping
it, may be recorded. The author pointed out to Mr. Mordey
that in a dynamo where the distribution was faulty, and where
the curves of total potential showed irregularities, the fault
was due to irregularities in the induction at different parts of
the field ; and that the remedy must be sought in changing
the distribution of the lines of force in the field by altering the
shape of the pole-pieces. The author was able after the lapse
of fifteen months, to congratulate Mr. Mordey on the entire
and complete success with which he has followed out these
suggestions. He entirely cured the Schuckert machine of its
vice of sparking. The typical bad diagram given in Fig. 44,
was taken from a Schuckert machine before it received
from his hands the modifications which have been signally
successful, and which are detailed in pp. 144 and 148.

These methods have been dwelt on at some length here
because of their great usefulness when applied to dynamos in
which any such defect appears. They are also very closely
related to the researches of Dr. August Isenbeck, which next
claim attention.

Dr. Isenbeck described, in the Elektrotechnische Zeitschrift
for August 1883, a beautiful little apparatus for investigating
the induction in the coils of a Gramme ring, and for examin-
ing the influence exerted by pole-pieces of different form upon
these actions.

Isenbeck’s apparatus (Fig. 46) consists of a circular frame
of wood placed between the poles of two small bar magnets of
steel, each 25 centimetres long, lying 25 centimetres apart.
On the frame, which is pivoted at the centre, is carried a ring of
wood or iron, upon which is placed at one point a small coil of
fine wire. This corresponds to a single section of the coils
of a Pacinotti or of a Gramme ring, of which the ring of wood
or iron constitutes the core. The coil can be adjusted to any
desired position on the ring, and the ends communicate with a
galvanometer. On vibrating it isochronously with the swing
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of the needle of the galvanometer, the latter is set in motion
by the induced currents, and the deflection which results shows
the relative amount of induction going on in the particular
part of the field where the coil is situated. The vibrations of
the frame are limited by stops to an angle of 7° 5. Pole-
pieces of soft iron, bent into arcs of about 160°% so as to
embrace the ring on both sides, but not quite meeting,'were
constructed to fit upon the poles of the magnets. In some of
the experiments a disc of iron was placed internally within the
ring ; and in some other experiments a magnet was placed

ISENBECK’S APPARATUS,

inside the ring, with its poles set so as either to reinforce or
to oppose the action of the two external poles. In Dr.
Isenbeck’s hands this apparatus yielded some remarkable
results. Using a wooden ring, and poles destitute of polar
expansions, he observed a very remarkable inversion in the
inductive action to take place at about 25° from the position
nearest the poles.

Fig. 46 is a sketch of the main parts of Isenbeck’s instru-
ment, and shows the small coil mounted on the wooden ring,
and capable of being vibrated to and fro between stops.
When vibrated at 0°, or in a position on the diametral line at
right angles to the polar diameter, there is no induction in the
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coil ; but as the coil is moved into successive positions round
the ring towards the poles, and vibrated there, the induction is
observed first to increase, then die away, then begin again in
a very powerful way, as it nears the pole, where the rate of
cutting the lines of force is a maximum. This powerful induc-
tion near the poles is, however, confined to the narrow region
within about 12° on each side of the pole. It is beyond these
points that the false inductions occur, giving rise in the coil, as
it passes through the regions beyond the 12° to electromotive-
forces opposing those which are generated in the regions which
are close to the poles.

These inverse inductions were found by Isenbeck to be
even worse when an iron disc, or an internal opposing magnet,
was placed within the ring ; but a reinforcing magnet slightly
improved matters. Of course such an action in a Gramme
armature going on in all the coils, except in those within 12°
of the central line of the poles, would be most disastrous to
the working of the machine ; and the rise of potential round
the collector would be anything but regular. In Fig. 47 I
have copied out Isenbeck’s curve of induction for the conse-
cutive four quadrants. From 0° to 9o° the exploring coil is
supposed to be vibrated in successive positions from the place
where, in the actual dynamo, the negative brush would be,
round to a point opposite the S. pole of the pointed field
magnet. From 9o° to 180° it is passing round to the positive
brush ; from 180° to 270° it passes to a point opposite the N.
pole ; and from 270° to 360° returns to the negative brush.
Now, since the height of this curve, at any point, measures the
induction going on in a typical section as it moves through
the corresponding region of the field, and since in the actual
Pacinotti or Gramme ring the sections are connected all the
way round the ring, it follows that the actual potential at any
point in the series of sections will be got by adding up the
total induced electromotive-force up to that point. In other
words, we must integrate the curve to obtain the corresponding
curve of potential, corresponding with the actual state of things
round the collector of the machine. Fig. 48 gives the curve
as integrated expressly for me from Fig. 47 by the aid of the
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very ingenious curve integrator of Mr. C. Vernon Boys. The
height of the ordinate of this second curve at any point is pro-
portional to the total area enclosed under the first curve up to
the corresponding point. Thus the height at 9o° in the second
curve is proportional to the total area up to 9o° below the first

FiG. 47.

FiG. 48.
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curve. And it will be noticed that though the induction (first
curve, Fig. 47) decreases after 9o and falls to zero at about
102° the sum of the potentials (second curve, Fig. 48) goes on
increasing up to 102° where it is a maximum, and after that
falls off, because, as the first curve shows, there is from that
point onwards till 180° an opposing false induction. If this

270 °m



60 Dynamo-electric Mackinery.

potential curve were actually observed on any dynamo, we
might be sure that we could get a higher electromotive-force
by moving the brush from 180° to 102° or to 258°, where the
potential is higher. Any dynamo in which the curve of
potentials at the commutator presented such irregularities
as Fig. 48 would be a very inefficient machine, and would
probably spark excessively at the collector. It is evident that
the induction in some of the coils is opposing that in some of
the adjacent coils.

Two questions naturally arise—Why should such detri-
mental inductions arise in the ring; and how can they be
obviated ? The researches of Dr. Isenbeck supply the answer
to both points. Dr. Isenbeck has calculated from the laws of
magnetic potential the number of lines of force that will be
cut at the various points of the path of the ring. He finds
that the complicated mathematical expression for this case
when examined, shows negative values for angles between 12°
and 90°. The curves of values that satisfy his equations have
minima exactly in those regions where his experiments
revealed them. This is very satisfactory as far as it goes.
But we may deduce a precisely similar conclusion in a much
simpler manner, from considering the form and distribution of
the lines of magnetic force in the field. These are shown in
Fig. 49, together with the exploring coil situated as in Fig. 46
(p. 57). A simple inspection of the figure will show that at o°
a certain number of lines of force would thread themselves
through the exploring coil. As the coil moved round towards
the S. pole, the number would increase at first, then become
for an instant stationary, with neither increase nor decrease ;
after that a very rapid decrease would set in, which, as the coil
passed the 9o° point, would result in there being no lines of
force through the coil. But at the very same instant the lines
of force would begin to crowd in on the other side of the coil,
and the number so threaded through negatively, would increase
until the coil turned round to about the position marked T,
where the lines of force are nearly tangential to its path, and
here the inversion would occur, because, from that point
onwards to 180° the number of lines of force threaded through



Dynameo-electric Mackinery. 61

the coil would decrease. We see, then, that such inversions
in the induction must occur of necessity to a small coil ro-
tating in a magnetic field in which the lines of force are
distributed in the curved directions, and with unequal
density. The remedy is obvious ; either arrange a field, in
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which the lines of force are more equally distributed, and are
straighter, or else use a coil of larger aperture. Another
remedy is to abandon the #inzg armature and use a drum
armature which gives no inversions.

If an iron core be substituted for the wooden core, the
useful induction is greater, and the false induction less; there
is still an inversion, but it takes place at about 25° from the
pole, and is quite trifling in amount. The introduction of iron
pole-pieces extending in two nearly semicircular arcs from
the magnets on either side has, if the wooden ring be still kept
as a core, the effect of completely changing the induction, so
that the curve, instead of showing a maximum at go° from
starting, shows one at about 10°% and another at 170° This is
given in Fig. 50.

The integrated curve of potential given in Fig. 51 is curious :
there are no reversals ; but the potentials rise and fall so very
suddenly on either side of the 0° and 180° points that any
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small displacement of the brushes might produce disastrous
inversions.

If, however, we make the double improvement of using the
iron pole-pieces and the iron core at the same time, the effect
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is at once changed. There are no longer any inversions,
though the induction still shows some peculiarity. Fig. 52
shows the curve of induction adapted from Dr. Isenbeck’s
paper, and Fig. 53 the curve of potential which I have had
integrated from it. Looking at Fig. 52, we see that on starting
from 0°, induction soon mounts up, and becomes a maximum at
about 20°, where the coil is getting well opposite the end of
the encircling pole-piece. From this point on, though the
induction is somewhat less, it still has a high value, showing a
slight momentary increase as the coil passes the pole at go°,
and there is another maximum at about 160°, as the coil passes
the other end of the pole-piece. My integrated curve (Fig. 53)
tells us what would go on at the collectors if this were the action
in the connected set of coils of a Pacinotti or Gramme ring.
The potential rises from 0° all the way to close upon 180°
Still this is not perfect. Inthe perfect case the potential curve
would rise ina perfect harmonic wave form, like that shown in
Fig. 40 (p. 51). Fig. 53 departs widely from this, for it is
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convex from 0° to 9o° and concave between 9o° and 180°.
But there are noinversions. The cause of the improvement is
easily told : the field—such as there is between the pole-piece
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and the core—is “ straighter,” and the density of the lines of
force in it more uniform. I proved this experimentally in 1878,
by the simple process of examining the lines of force in such a
field by means of iron filings ; the actual filings, secured in
their places upon a sheet of gummed glass, were sent to the
late Mons. Alfred Niaudet, who had requested me to examine
the matter for him. Fig. 54 shows the actual lines of force
between the encircling pole-piece and the iron ring. It will

FiG. 54.

be seen that, though nearly straight in the narrow intervening
region, they are not equally distributed, being slightly denser
opposite the ends of the pole-pieces, One other case examined
by Dr. Isenbeck we will glance at. The effect of introducing
within the ring an interior magnet, having its S. pole opposite
the external S. pole, and its N. pole opposite the external N.
pole, was found to assist the action. The induction curve
is represented in Fig. 55. As will be seen, there are two
maxima at points a little beyond the end of the pole-pieces, as
before ; but in between them there is a still higher maximum,
right between the poles. This case also has been integrated
on Mr. Boys’ machine, and shows the potential curve of
Fig.56. This curve is a still nearer approach to the harmonic
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wave form, being concave from 0° to go°, and convex from go°
to 180°.

I pass from Dr. Isenbeck’s researches, and the integrated
curves of potential which I have deduced from them, to some
further researches of my own, which were undertaken with
the view of throwing some light on the question whether the
Pacinotti form of armature, with protruding iron teeth, or the
Gramme form, in which the iron core is entirely over-wound with
wire, is the better. It has been assumed, without, so farasI am
aware, any reason having been assigned, that the Gramme
ring was an improvement on that of Pacinotti. Pacinotti’s
was of solid iron, with teeth which projected both outwards
and inwards, having the coils wound between. Gramme’s was
made “ either out of one piece of iron, or of a bundle of iron
wires,”’and had the coils wound “round the entire surface.”
Now the question whether the Gramme construction is better
than the Pacinotti or not, can readily be tested by experiment ;
and experiment alone can determine whether it is better to keep
athickness of wire always between pole-pieces and the core, or
to intensify the field by giving to the lines of force the powerful
reinforcement of protruding teeth of iron. The apparatus I
constructed for determining this point is sketched in Fig. 57.

First, there are a couple of magnets set in a frame so as to
give us a magnetic field, and there are pole-pieces that can be
removed at will; in fact, there are three sets of pole-pieces
for experimenting with different forms. Between the poles
is set an axis of brass, upon which the armatures can be
slid. These armatures are three in number. One is shown
in Figs. 58 and 59, and consists of two coils of fine wire
wound upon a wooden ring ; another armature is exactly like
this, but is built up on a ring of iron wire; a third (shown in
its place in Fig. 57) is constructed upon a toothed ring made
up of a number of plates of ferrotype iron cut out and placed
flat upon one another. On each of the armatures are wound
two coils at opposite ends of a diameter. The coils contain
precisely equal lengths of silk-covered copper wire, cut from
one piece. The cross-section of the core within each of these
coils is in each case a square of I centimetre in the side, so
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that the number of turns in each coil is as nearly equal as
possible. I can slip any one of these armatures into the field,
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and connect it with a galvanometer. There is a lever handle
screwed to the armature, by means of which it can be moved.
T have used two methods of proceeding in order to compare
the coils. One of these methods is to turn the armature
suddenly through a quarter of a revolution, so that the coils
advance from o° to 9o°, when the “throw” of the needle of the
galvanometer—which is a slow-beat one—gives me a measure
of the total amount of induction in the armature. The results
are as follows :—

GRAMME. GRAMME. PaciNoTTI.
Wooden Ring. Iron Ring. Iron Toothed Ring.
5 24 50

My second method of using these armatures consists in
jerking the coils through a distance equal to their own thickness,
the coils being successively placed at different positions in the
field, the throw of the galvanometer being observed as before.
Each of the coils occupies as nearly as possible 15° of angular
breadth. Accordingly, I have two stops set, limiting the
motion of the handle to that amount, and at the back there is
a graduated circle enabling me to set the armature with the
coils in any desired position. If we move the coils by six
such jerks, through their own angular breadth each time, then,
starting at 0°, the sixth jerk will bring us to 9o°. The three
curves thus obtained are plotted out in Fig. 60, and the
corresponding numbers are given in the following table :—

GRVAMME. GRAMME. PaciNoTTI,
Wooden Ring. Iron Ring. Iron Toothed Ring.
0°-15° =5 25 30
1 5‘:-302 —10 60 70
30°-45 (o] 120 140
45°-60° 45 195 320
60°-75 40 200 380
75°-90 30 220 360
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These figures leave no doubt as to the question at issue.
The Gramme pattern of ring armature, so far from being an
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improvement on the Pacinotti, is theoretically a retrograde
step; always supposing that the cost of construction, liability
to heating, and other kindred matters be equal for the two.

In practice, however, there are two objections to the use -
of the toothed armature. The first is that the presence of
these discontinuous projections causes heating in the pole-
pieces of the field magnets. The second is that when there
are projecting teeth it is less easy to secure durable insulation
for the armature coils than when no such teeth project.

It ought not to be omitted that induction-curves, very
similar to those of Isenbeck, were obtained in 1873 by
Mons. J. M. Gaugain in an investigation into the action of
the Gramme ring; an exploring coil being displaced through
angles of 10°. Gaugain’s work was published in the Annales
de Chimie et de Physique, March 1873.



70 Dynamo-electric Machinery.

CHAPTER V.
REACTIONS IN THE ARMATURE AND MAGNETIC FIELD.

WHEN a dynamo is running, a set of entirely new phe-
nomena arises in consequence of the magnetic and electric
reactions set up between the armature and the field magnets,
and between the separate sections of the armature coils.
These reactions manifest themselves by the “lead” which it
is found necessary to give to the brushes, by sparking at the
brushes, by variations of the lead and of the sparking when
the speed or the number of lamps is altered, by heating of
armature cores and coils, by heating of the pole-pieces of
the field magnets, and by a discrepancy between the quantity
of mechanical horse-power imparted to the shaft and the
electric horse-power evolved in the electric circuit. The
nature of these reactions demands careful attention.

Obliquity of Resultant Magnetisation.—We have seen (p. 50
and Fig. 39) that any closed-coil armature may be regarded
as acting like a double voltaic battery, the two sets of coils
acting like two rows of cells united “in parallel.” We have
now to show that a ring armature may be regarded also as
a double magnet. Suppose a semi-ring of iron to be sur-
rounded, as in Fig. 61, by a coil carrying a current, it will
become as every one knows a magnet having a N. pole at one
end, and a S. pole at the other. If a complete ring be simi-
larly over-wound, but with an endless winding, and if then
electric currents from a battery or other source are introduced
into this coil at one point, flowing round the two halves of
the ring to a point at the other side, and then leave the coil
by an appropriate conductor, each half of the ring will be
magnetised. There will be, if the currents circulate as re-
presented by the. arrows in Fig. 62, a double S pole at the
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point where the currents enter, and a double N. pole at the
place where the currents leave. The currents circulating in a
Gramme ring, will therefore tend to magnetise the ring in this

fashion. Let us see how such a magnetisation is distributed
inside the iron itself. Fig. 63 shows the general course of the
magnetic lines of force as they run through the iron; where

they emerge into the air are the effective poles of the ring
regarded as a magnet. Fig. 63 should be very carefully
compared with Fig. 62. It will be noticed that though the
majority of the lines of force pass externally into the air at
the outer circumference, a few of the lines of force find their
way across the interior of the ring, from its N. to its S.
pole. This part of the magnetic field would in an actual

dynamo be deleterious if the number of lines of force were
not so few. ¢
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Now turn back to Fig. 54, p. 64, and observe the way in
which the field magnets tend to magnetise the ring when it is
standing still, or at least when there is no current circulating
in the armature coils. It is evident that when the dynamo is
at work, if the brushes were set on a diameter at right angles
to the line joining the poles, the ring will be subjected to two
magnetising forces at once: the field magnets tending to
magnetise it as in Fig. 54, the armature current tending to
magnetise it as in Fig. 63.* Inconsequence, the magnetisation
which results is an oblique one, the lines of force in the field
between the armature and the field magnet being twisted
round. But if the magnetic field is itself twisted round, the
brushes must be correspondingly shifted, or else commutation
will not take place at the moment when the number of lines
of force is a maximum. This first reaction of the armature
currents on the magnetisation of the ring, and on the magnetic
lines of the field shows that there ought to be in consequence
a certain lead given to the brushes; and that the lead will
be greater as the armature currents are greater.

Lead of Brushes—Formerly the fact that a lead must
be given to the brushes was ascribed to a sluggishness in the
demagnetisation of the iron of the armature, and even now
Professors Ayrton and Perry take the view that part of the
displacement of the pole is due to the sluggishness of demag-
netisation of the iron. On the other hand no experimental
proof has ever yet been given that there is any such thing as
a true magnetic lag; the apparent magnetic sluggishness of
thick masses of iron is demonstrably due to internal induced
currents ;t and no one uses solid iron in armature cores for
this very reason. Neither has it been shown that thin iron
plates or wires, such as are used in armature cores, are slower
in demagnetising than magnetising. Indeed, the reverse is
probably true; and, until further experimental evidence is
forthcoming, I shall assume that there is no true magnetic lag

* On the effect of a cross-magnetisation in diminishing magnetism of core, see
Siemens, Wied. Ann. xiv., p. 634, 1882, and Schiiltze, 7. xxiv., p, 663, 1885 ;
see also A. Oberbeck, Habilitations-Schrift, 1878.

-+ The reader is referred to Appendix V. for further evidence on this point.
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in properly laminated iron cores. For further discussion of
this, see Appendix V.

In 1878, the late M. Antoine Breguet suggested as a
reason for the oblique position of the diameter of commuta-
tion, the influence of the actual current circulating round
the armature coils, which would tend to produce in the iron of
the armature a magnetisation at right angles to that due to
the field magnets. Breguetshowed as above that there would
be a resultant oblique direction of the lines of magnetism
in the field, and therefore, since the “diameter of commu-
tation” is at right angles to this direction, the brushes also
must be displaced through an equal angle. Clausius accepts
this view in his recent theory, and adopts for the angle of
the resultant field that whose tangent is the ratio of the
two magnetising forces due to the current in the armature
and field magnets respectively. It will be shown presently
that this rule is not correct, and that the sine, not the tan-
gent of the angle of lead, represents the ratio of the two
forces.

It may, however, be pointed out that, assuming as a first
approximation that either the sine or the tangent of the angle
of lead represents the ratio between the magnetising power of
the field magnets and of the armature coils, the lead may be
diminished to a very small quantity, by increasing the relative
power of the field magnets, a course which is for many other
reasons advisable. All practice confirms the rule that the
magnetic moment of the field magnets ought to be very great
as compared with that of the armature.* Further than this,
there ought to be so much iron in the armature as to be
magnetised to near the critical point of saturation when
the dynamo is working at its greatest activity. If there is
less than this, it will become saturated at a certain point,
and when any currents greater than this are employed

* The field magnets ought to be so powerful as entirely to overpower the
armature. I have seen a dynamo in which, on the contrary, the armature over-
powered the field magnets. When the brushes had a small lead there was a
good electromotive-force, but it sparked excessively. With a large lead the sparks
disappeared, but the electromotive-force also vanished !
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the lead will alter, for then the magnetic effect due to the
current in the armature will be of less importance relatively
to that due to the field magnets. For the same reason, the
lead will be more constant when the field magnets are under
their saturation point, than when quite saturated. In short,
every cause that tends to reduce the lead, makes the lead
more constant, and therefore tends to reduce sparking at the
brushes ; and the best means to secure this is obviously to
‘use an unstinted quantity of iron—and that of the softest
kind—both in the field magnets and in the armature, for then
the currents circulating in the armature will have less chance
of perturbing the field.

Diminution of Ejfective Magnetisation—In relation to the
magnetisation of field magnets, it may be pointed out that
the “characteristic” curves of dynamo machines (see Chap.
XX.), which are used to show the rise of the electromotive-
force of the machine in relation to the corresponding
strength of the current, are sometimes assumed, though not
quite rightly, to represent the rise of magnetisation of the
field magnets. Now, though the magnetisation of the magnet
may attain to practical saturation, it does not, under a still
more powerful current, show a diminished magnetisation.
But the characteristics of nearly all séries-wound dynamos show
—at least for high speeds—a decided tendency to turn down
after attaining a maximum ; and in some machines, for ex-
ample the older form of Brush with cast-iron ring (see Fig. 160),
this reaction is very marked. The electromotive-force dimi-
nishes, but the magnetism of the field magnets does not.
An explanation of this dip in the characteristic has lately been
put forward by Dr. Hopkinson, in his lecture on “Electric
Lighting,” before the Institution of Civil Engineers, attributing
this to the reaction of self-induction and mutual induction
between the sections of the armature. No doubt this cause
contributes to the effect, as all such reactions diminish the
effective electromotive-force. I am inclined, however, to think
that the greater part of the effect is due to the shifting of the
effective line of the field in consequence of the iron of the
armature becoming saturated at a different rate from the iron
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of the field magnets, and partly to the reaction of the cross-
magnetisation. (See note, p. 72.)

It is at least significant that in the older form of Brush
machine, where the reduction of electromotive-force is very
great, there is also such a mass of iron in the armature, and
so variable a lead at the brushes.

Theory of Angle of Lead—A reference to Fig. 54, which
represents the state of things when there is no current in the
ring, shows that in the field between the ring and the pole-
pieces the lines of force are nearly parallel and nearly
uniform, with, however, a slight tendency to take a greater
density near the outer extremities of the pole-pieces. Con-
sider what will be the effect of inducing a current into the
ring, thereby superimposing upon it the magnetisation which
was shown in Fig. 63. The result, carefully thought out for
a particular case, is shown by the lines of Fig. 64, where,

Fic. 64.

MAGNETIC REACTIONS BETWEEN FIELD MAGNETS AND ARMATURE IN
GENERATOR.

however, a slight further development has been introduced.
Suppose that at first the brushes were set to touch at two
points on the vertical diameter. The field magnets tend to
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magnetise the ring, so that its extreme left point is a N. pole,
and the currents tend to magnetise it so that its highest
point, where the brush is, is a N. pole. The consequence
of this will be a resultant magnetisation in an oblique direc-
tion. Draw a line O F (Fig. 65) to represent the magnetising
force due to the field magnets, and a line O C at right angles
to represent the magnetising force due to the armature
current, then the diagonal O R of the parallelogram will
represent the direction of the resultant magnetisation. Draw
a circle round O, and the point N will show how far the
resultant induced pole is shifted round from the horizontal
line. But the diameter of commutation where the brushes
touch ought to be at right angles to the resultant poles in
the ring, if the rise of potential round the commutator, as

Fic. 65. F1G. 66.
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explained in the preceding (section) is to be regular. 7/ere-
Sore we must give the brushes a lead, and shift them round
until the diameter of commutation is at right angles to O N.
But shifting O C will itself alter N a little. We can find out
easily the new position. On O F (Fig. 66) describe a semi-
circle, and set off F R, equal to the length that O C is to be,
as a chord. Draw O C parallel and equal to FR ; and draw
also the diagonal O R as before. The angle CON is now °
a right angle, and N is very nearly where it was before. If
OV be a vertical line, then angle VO C = angle F O R is the
angle of lead. All this rearrangement of the lead is supposed
to have been done in Fig. 64.

But a reference to Fig. 64 will also show that the mag-
netism of the ring reacts on the magnetism of the pole-
pieces. The lines of force in the iron of the left pole-piece
are crowded up towards the top corner, and in the right pole-
piece are crowded toward the bottom, as if the polarity had
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been attracted upwards on one side and downwards on the
other. The density of the field is completely changed from
what it was in Fig. 54. The lines of force at the upper left
side are crowded together and are twisted across. The
resultant N. pole of the ring—marked #, 7, 7, where the
lines of force emerge from the ring—attracts the S. pole—
marked s, 5, s, where the lines of force enter the field magnet—
and the steam-engine which drives the dynamo has to do
hard work in dragging the armature round against these
attractions. The stronger the current in the armature the
stronger will be the poles in the ring, and in the field magnets
the stronger will be the attraction of 7,7, 7 toward s, s, 5, and
the steam-engine must work still harder to keep up the
speed. It will also be noticed in this figure that a few of the
lines of force due to the current in the armature—two of them
are shown dotted in the figure—leak across internally and
contribute nothing to the external field. The oblique direc-
tion of this internal field marks the angle of lead of the
brushes. It will be remarked that the innermost layers of
iron of the ring are magnetised differently from the outer-
most, for the “#z” pole of the outer layers of iron occupies a
region lying obliquely on the left, while the “#” pole of the
inner layers lies to the right of the highest point. All these
phenomena—the shifting of the field—its concentration under
the pole-piece—the weak internal field—the discrepancy
between the positions of the induced poles on the inner and
outer sides of the ring, can all be observed in an actual
dynamo. Fig. 67 shows the pattern produced experimen-
tally in iron filings by placing a magnetised ring between the
poles SN of a field magnet, which would tend to induce in it
poles 7, s, and giving its own poles 7, s, the proper lead. It
should be compared with Figs. 54 and 64. It may perhaps be
objected that in Fig. 64 the internal poles marked do not lie
exactly at right angles to the external poles of the ring.
Nor do they in actual dynamos. The position of the internal
poles is determined by the lead given to the brushes, and #4e
brushes are so set that the diameter of commutation lies at
right angles to the diameter in which the average density of the
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Jield s the greatest. This direction is not exactly opposite the
induced external poles in the ring, because the induced poles
in the ring are always a little in advance of the poles in
the field magnets, and tend to be dragged back to them.

Fic. 67.

FIELD oF DYNAMO.

Returning for a moment to Fig. 66, it will be seen that if O F
or R C represents the intensity of the magnetic force due to
field magnets, and OC or F R that due to the armature
current, then '
T{—g =sin CRO = sin FOR,
or the ratio of the two magnetic fields is proportional to the
sine of the angle of lead—not to the tangent, as assumed by
Breguet.

In the case of drum armatures, the phenomena, though of
the same kind, are a little less easily traced. In consequence
of the over-wrapping of the windings on the outside of the
armature, the currents in some of the windings are partially
neutralised in their magnetising effect on the core by those
that lie across them, and consequently the polarity due to
the current is not so well marked as with ring armatures.
Neither can there be any internal field of any account. But,
with these exceptions, the same considerations apply as those
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we have traced out above. In fact drum armatures are less
liable to induction troubles of all kinds than are ring-arma-
tures.

That the obliquity of the diameter of commutation, and
the resulting lead of the brushes is chiefly due to the obliquity
of the effective magnetisation of the armature core, is finally
demonstrated by the following facts. In those dynamos
which are arranged to give a constant difference of potentials
at the terminals, the current in the field magnet rises very
nearly pari passu with the current in the armature, and the
lead in such machines is very constant, whether the currents
are large or small. Moreover, in these dynamos if (as is the
case in all good modern machines) the magnetism induced by
the field magnets in the armature core, is very much more
powerful than that induced by the armature coils, there is
practically no lead at all; for the cross-magnetisation being
negligible, szz F O R (Fig. 66) will be = o and the angle of
lead VO C = 0° also. On the other hand, in those dynamos
which are designed to yield a constant current (for arc-light
circuits), there ought on this theory to be, and is in fact, a
considerable lead, and one which varies with the resistance
introduced into the circuit. For O C is constant, whilst O F
must vary very nearly in proportion to the resistance of the
circuit. The author has therefore suggested that in a con-
stant current dynamo, there should be an automatic arrange-
ment, to continually adjust the angle of lead, so that its sine
shall be proportional to the magnetism of the field magnet.

Causes of Sparking.—Sparking at the brushes is due to
several causes, chiefest amongst them being defective adjust-
ment of the brushes ; long flashing sparks will inevitably be
produced if the brushes are not set close to the neutral point.
Hence the need of the adjustment mentioned on page 47.
Another cause of sparking is want of symmetry in the
winding of the armature: some of the older forms of the
Siemens armature were defective in this respect. If the coils
of one half of the armature are either more numerous or
nearer to the iron core, on the average, than those of the other
half, the two induced electromotive-forces in the two halves
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of the armature will be unequal, and, consequently, at every
revolution, the neutral points will shift first forward, then
backward, giving rise to sparks. Jumping of the brushes
when the collector is untrue, or when the brush-holders are
defective, is another prolific cause of sparking.

Reactions due to Induction—We have next to consider
certain effects due to self-induction, and to mutual induction.

In the armature when at work, half the current flows #p the
coils on one half of the ring—say on the left—and the other
half of the current flows #p those in the other half of the ring
on the right. If the brush is near the top, the current flows
from left to right through the section on the left of the brush,
and from right to left through the section that is on the right
of the brush. But the section on the left of the brush is
gliding round (to the right in almost all these diagrams),
and will presently belong to the other half of the ring. It is
clear then that as each section passes the brush the current
in it is stopped and reversed. Of course, if things are pro-
perly arranged, it will itself not be actively inducing any
current at the moment when it passes the brush, but it is
receiving the current generated in the other sections. More-
over, there. is just an instant when the two collector-bars, to
which the ends of this section of the coil are connected, are
both in contact with the brush; and therefore, just for an
instant, this section of the coil will be short-circuited.

At the moment of being short-circuited the coil ought not
to be cutting any lines of force. If, as in ring-armatures,
there is an internal field (p. 71, bottom), then the true neutral
point will be at such a point of the field that the algebraic
sum of the lines of force which enter and leave the ring at
that point is zero. Even if the induction at the moment of
short - circuiting is zero, still short - circuiting produces a
reaction. -

We know that every electric current possesses a property
sometimes called “electric inertia,” sometimes called “self-
induction,” by virtue of which it tends to go on. Just as
a fly-wheel once set in motion tends to go on spinning, so a
current circulating round a coil tends to go on circulating, even
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though the connexion with the source be cut off. True,
the current lasts in most cases only for a,small fraction of
a second, but it fendsto go on. Itis also known that this
quasi-inertia is connected with its magnetic properties (see
the Introductory Remarks, p. 10), and- that it is in its own
magnetic field that this inertia of self-induction resides. :

A current circulating round an iron core has a much greater
electric inertia (or self-induction), because it has a more intense
magnetic field, than one without an iron core. It requires an
expenditure of energy to sfart a current because of this pro-
perty ; and that energy may be considerable. We know that—
to return to a mechanical analogy—it requires much energy to
set a heavy grindstone spinning; when once spinning it does
not require much energy to keep it going, only enough in fact
to overcome the friction of the pivots. Also, if we stop the
spinning grindstone, say by holding a piece of wood against
it as a “brake” it will give up the energy that has been
put into it and will manifest this energy in the form of heat.
So also the electric current circulating in a coil possesses
energy, and if we stop it by opening the circuit, that energy
will show itself by a spark, the spark of the so-called (but
mis-named) “extra-current” If we short-circuit the coil,
its current will also be stopped by the internal quasi-friction
which we commonly call the “resistance” of the wire, and
the wire will be heated. A frequent accident to dynamos
is the burning of the insulation, or even the fusion of the
wire of one section of the armature which has become short-
circuited.

Spurious Resistance.—Now all these things clearly have a
bearing on that which happens as the sections of the coils pass
the brushes. In each section the current tends to go on, and
in fact does actually go on for a brief time after the brush
has been reached. Then the energy of the current in that
section is wasted in heating the copper wire during the interval-
when it is short-circuited ; and as it passes on, energy must
again be spent in starting a current in it in the inverse direc--
tion. All these reactions are of course detrimental to the
output of current by the dynamo: especially the loss in short-

G
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circuiting. Ithas been shown by M. Joubert * that the loss of

energy due to the mere reversals of the current in the sections
s 3

of a ring armature is equal to per second, where # is

the number of revolutions per second, L the coefficient of self-
induction for the entire ring, and 7, the armature current.
Professors Ayrton and Perry have more recently pointed out t
that the matter may be conveniently expressed in another way.
Since the energy per.second conveyed by a current running
through a resistance # is equal to 77 it is evident that the
energy lost per second by self-induction is the same as if there
were an additional resistance ]l in the armature of the value

nL . . ! ]
7y = iy There is, therefore, in a rotating armature, an

apparent increase of resistance proportional to the speed, and
this apparent increase, due to self-induction, cannot be got rid
of by increasing the number of sections of the armature. It
can be diminished in degree by using in the armature more
iron and fewer turns of wire, in other words by diminishing the
magnetic moment of the coil while giving the field magnet an
increased advantage. The existence of an apparent resist-
ance varying with the speed was first pointed out by M.
Cabanellas.§

Eddy-Currents—There are two other inductive reactions
in the armature to be considered. In the iron of the arma-
ture cores, internal eddy-currents (the so-called “ Foucault
currents ’) may be set up, absorbing energy and producing
detrimental heat; and such currents may be even produced
within the conductors which form the coil of the armature,
if these are massive as are the bars in Edison’s dynamo.

* Comptes Rendus, June 23, 1880, March 5, 1883; and Z’'Electricien,
April 1883.

t Fourn. Soc. Telegr. Eng. and Electr., vol. xii., No. 49, 1883, where, how-
ever, the letters » and L are used in a slightly different sense.

1 Professor O. ] Lodge has given the more accurate value of the spurious

(2 L)

+ §R+ 2L

§ Comptes Ix’endm, January 9, 1882 ; see also Picou, Manuel dElectrometrie,
p. 123.

resistance as 7 = 7 — ; see Electrician, July 31, 1885.
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Frolich, in 1880,* pointed out the effect of the presence of
these currents ; and to them he attributed not only the other-
wise unexplained deficit in the work transmitted electrically
by a generator to a motor, but also the diminution in the
effective magnetism (discussed above as a result of cross-
magnetism, and found by Frélich to amount to 25 per cent.
of the whole magnetism) observed with great currents and
high speeds; and further he attributed to this cause the
apparent increase in the number of “dead-turns” t at high
speeds. Doubtless such currents exist, and the energy they
waste will be nearly proportional to the square of the speed:
but they may be indefinitely diminished by proper lamination,
- insulation, and disposition of the structures of the armature.
The new laminated armature of the Brush Machine (Fig. 157),
when used in place of ‘the old solid armature (Fig. 156), was
found to diminish greatly the number of dead turns, as well
as not wasting so much energy-in heating.

Effects of Mutual Induction—Some forms of armature are
peculiarly defective in the matter of being so constructed as
to allow of much induction between neighbouring sections
or parts of the coil, causing the rise of the current in one
section to exert an opposing induction on a neighbouring
section, and thereby, though not necessarily wasting any
energy, making the machine act as if it were a smaller
machine. The Biirgin armature, which has six or eight rings
side by side-on one spindle, suffers from induction between
each section, and those belonging to the rings on the right
and left of it : and it is only by a careful alternation of posi-
tions that this defect has been mitigated. In armatures of
the Niaudet and Wallace-Farmer type each of the parallel
coils acts inductively on its neighbour. Beyond doubt the;
armature with least of this defect is the Siemens (Alteneck)
drum armature as used in Siemens, Edison, and Weston
machines. Clausius has shown } that after a coil has been

* Berlin Academy, Berickte, Nov. 18, 1880, and Elektrotechnische Zeitschrift, -
vol. ii. p. 174, May 1881. t See Appendix IV.

I Wiedemann’s 4nnalen, Nov. and Dec. 1883, and Pkil. Mag., Jan. and
Feb. 1884.

G 2
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short-circuited on passing a brush, it exercises a deleterious
inductive effect on the neighbouring coil in advance of it, and
that this effect is proportional to the number of turns in the
section. It can, therefore, be diminished by increasing the
number of sections, thereby diminishing the number of turns
of wire in any one section of the armature.

Lag due to Self-Induction—This electric inertia of the
current which circulates in the sections affects slightly the
lead that must be given to the brushes, and it also reacts on
the neighbouring coils. Whenever a coil is short-circuited, the
sudden rush of its own current round itself tends by mutual
induction to stop the current in the coil behind it, and to
accelerate the inverse current in the coil in front of it. These
actions are diminished by increasing the number of sections
and making the individual sections consequently smaller. The
self-induction even extends to the iron of the cores. In every
particle of the iron at the moment when it arrives at the
position where its magnetism must be reversed, an internal
current is set up which retards the reversal of the magnetism
and makes it apparently lag in its magnetisation, as well as
grow hot. This effect can also be diminished by properly
laminating the core and arranging it so that its magnetism
is reversed gradually instead of suddenly. Niaudet's armature,
Fig. 175, is essentially defective from this latter point of view.

Induction is of enormous importance in alternate-current
machines; and indeed everywhere, throughout dynamos in
general, but we cannot dwell longer on its effects at this
point.

Remedy for Induction Troubles—There is one way, and
one way only, of diminishing these deleterious reactions : and
happily that way is a very simple one. It is shown in Chapter
XII. that the electromotive-force of the dynamo is proportional
to three things, the speed #, the average intensity of the mag-
netic field H, and the “ equivalent total area ” A of the armature
coils. Now this latter term is proportional to the number of
turns of wire in the armature ; and therefore for a given size of
armature, the inductive reactions are also proportional to A.
If we can decrease A while increasing either of the other
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terms, we may thereby decrease the deleterious reactions and
yet keep the same electromotive-force as before. Now it is
inconvenient to increase the speed, and moreover some of the
deleterious reactions, mechanical (such as friction) as well as
electrical, increase when the speed increases. The only way
then is to increase H, the intensity of the magnetic field. This
can be done by having enormously strong field magnets which
will entirely overpower the armature. If the field magnets are
large, and of wrought iron, and if there is plenty of iron in the
armature core, then, without increasing the speed, we may get
the same electromotive-force while using fewer turns of wire
in the armature. The ideal dynamo of the future has but one
turn of wire to each section. It will have practically no lead
at the brushes, will not spark, and its internal resistance will
be practically #z/.

Heating of Cores.—It is impossible to prevent the cores
of armatures from heating ; and this is in every case detri-
mental to the action of the dynamo. Hot iron has a lower
.magnetic susceptibility than cold iron, and therefore re-
quires a greater expenditure of current to magnetise it to
an equal degree. This causes the output and efficiency of a
dynamo to be less when hot than when cool. To say nothing
of the risks of destruction by overheating, this is an additional
reason for so designing dynamos as to secure proper ventila-
tion of armatures.

Heating of Magnets.—All field magnets are liable to
heat : the cores by reason of eddy-currents induced in them,
the coils because even the purest copper offers resistance.
The amount of heat developed per second in a coil is the
product of the resistance into the square of the strength of the
current. To avoid waste, therefore, no unnecessary resistance
should be introduced into the coil. It is easy to show that
with a coil of grven volume, the heat-waste is the same for the
same magnetising power, no matter whether the coil consist
of few windings of thick wire or many windings of thin wire.
The heat per second is ¢%7, and the magnetising power is S¢;
z being the current, » the resistance, and S the number of
turns. But » varies as the squdre of S, if the volume occupied
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by the coils is constant: for suppose we double the number of
coils, and halve the cross-sectional area of the wire. Each
foot of the thinner wire will offer twice as much resistance as
before ; and there are twice as many feet of wire. The
resistance is quadrupled therefore. The heat is then propor-
tional to 72 S?: and therefore the heat is proportional to the
square of the magnetising power. If, therefore, we apply the
same magnetising power by means of the coil, the heat-waste is
the same, however the coil is wound. To magnetise the field
magnets of a dynamo to the same degree of intensity requires
the same expenditure of electric energy, whether they are
series-wound or shunt-wound, provided the volume is the same.
But if the wolume of the coil (and the weight of copper in it)
may be increased, then the heat-waste may be proportionally
lessened. For example, suppose a shunt coil of resistance »
has Z turns, if we wind on another Z turns in addition, the
magnetising power will remain nearly the same, though the
current will be cut down to one-half owing to the doubling of
the resistance ; and the heat loss will be halved, for 2 » x
(3 2)> will be 3227~ In fact one ought to wind on so much
copper wire that the annual interest on the prime cost is
exactly equal to the annual cost of the electric energy spent
in the inevitable heating. This law is not quite exact, because
the outermost turns do not produce a magnetising effect equal
to that of the turns that are nearer the iron. It is also assumed
in the foregoing argument that we get double the number of
turns on' if we halve the sectional area of the copper wire.
This is not quite true, because the thickness of the insulating
covering bears a greater ratio to the diameter of the wire for
wires of small gauge than for wires of large gauge. In
designing dynamos, moreover, one ought to be guided by the
question of economy, not by the accident of there being only
a certain volume left for winding. If there is insufficient
space round the cores to wind on the amount of wire that
economy dictates, new cores should be prepared having a
sufficient length to receive the wire which is economically
appropriate.

But there is another cause of heating in field-magnet
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cores. Whenever, either from a change in the strength of the
exciting current, or from a change in the reactive influence of
the armature, any variation in the magnetisation of the core
occurs, such variation is inevitably accompanied by a genera-
tion of internal induced currents. Every one knows how, in
the ordinary induction-coil, the changes of magnetisation of
the core induce transient currents in the secondary wire. The
same is true of dynamos; any change in the magnetism
arouses transient currents in the surrounding coil (which acts
both as primary and secondary), or in the core, or in both.
If the core is solid it heats. Ought we then to laminate the
entire structure, or build our field magnets of bundles of iron
wire? If we do they will certainly heat less, but any changes
in their magnetisation that occur, will occur much more sud-
denly ; the momentary extra-currents induced in the external
coils will be fiercer and more dangerous. The necessity for
keeping the magnetism of the field magnets steady, dictates
solidity (p. 36). In certain cases (p. 180) a copper envelope
is purposely placed around field-magnet cores to absorb the
induced extra-currents that arise from variations in the
magnetism of the core. They add, electrically speaking, to
the stability of the field magnets, for the induced extra-
currents always circulate in such a sense as to oppose the
change of magnetisation which gives rise to them.

Heating in Pole-pieces.—1f the masses of iron in the arma-
ture are so disposed that as it rotates, the distribution of the
lines of force in the narrow field between the armature and
the pole-piece is being continually altered, then, even though
the total amount of magnetism of the field magnet remains
unchanged, eddy-currents will be set up in the pole-piece and
will heat it. This is shown by Figs. 68 to 72, which represent
the effect of a projecting tooth, such as that of a Pacinotti
ring, in changing the distribution of the magnetism of the
pole-piece. Figs. 71 and 72 (corresponding respectively to
Figs. 69 and 70) show the eddy-currents, grouped in pairs
of vortices. The strongest current flows between the vortices
and is situated just below the projecting tooth, where the
magnetism is most intense ; it moves onward following the
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tooth. Fig. 73 shows what occurs during the final retreat
of the tooth from the pole-piece. These eddy-currents pene-
trate into the interior of the iron, although to no great
depth. Clearly the greatest amount of such eddy-currents
will be generated at that part of the pole-piece where
the magnetic perturbations are greatest and most sudden. A

F1c. 68. Fic. 69. Fic. 70.

ALTERATION OF MAGNETIC FIELD DUE TO MOVEMENT OF Mass OF IRON
IN ARMATURE.

FiG. 71. F16. 72. E1G.173.

SIE § s

EDDY-CURRENTS INDUCED IN POLE-PIECES BY MOVEMENT OF MASSES
OF IRON.

glance at Figs. 64, 67, 72 and 73, will at once tell us that this
should be at the leading corner or “horn” of the pole-piece
of the generating dynamo. As a matter of fact, when any
dynamo which has horned pole-pieces (such as the Gramme)
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has been running for some time as a generator this is found
to be the case. The leading horns @ and ¢, of Fi

found to be hot, whilst the following horns & and & are found
to be comparatively cool. When the dynamo is used as a
motor, the reverse is found to be the case : the leading horns
@ and ¢ are cool, the following horns & and 4 are hot. A
reference to the magnetic field of the motor, as drawn in
Chap. XXIII., will explain the latter case.

Closely connected with this effect is another, first pointed
out to the author by M. Cabanellas. A Gramme magneto
machine with permanent magnets is observed to lose power
during" its use as a motor ; the field magnets decrease in
strength. If, then, itis used as a generator, the field magnets
regain their magnetism. This seems at first sight impossible,
because the magnetic fields respectively due to the field
magnet and to the armature help one another in the motor
(Chap. XXIIL), whilst they oppose one another’s actions (p. 74)
in the generator. The effect is explicable * when the magnet-
ising effect of the eddy-currents is taken into consideration.

* The following explanation was given by the author at the International
Conference of Electricians at Philadelphia 1884 (see report in Electrical Review,
Dec. 13, 1884). ‘“To explain these facts, and their mutual relation, I must
relate one other observation which I have made, and which connects both sets
of facts. . . . . Suppose you take a horse-shoe magnet, having the usual arma-
ture or ‘keeper’ of iron. You can purchase such an instrument of any optician,
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who will probably give you instructions never to pull the armature off suddenly
for fear you injure the magnetism. He could not possibly give you worse direc-
tions, Take such a magnet and try what the effect really is. Fasten it down
upon a board with brass screws, and fix a magnetometer near it—a common
compass will answer—and notice how much the magnet pulls the needle round.
Then put on the armature, by placing it at the bend of the magnet; draw it
slowly to its usual position, and suddenly drag it off. You will find that by this
action your magnet will have grown stronger. Do this twenty times, and you
will make it considerably stronger. I have made a magnet 1°2 per cent. stronger
by putting on the armature very gently and pulling it off suddenly. If youreverse
the operation, by letting the armature slam suddenly against the poles and then
detaching it gently, you will find that the magnetism will go down. T have made
magnets lose 1°3to 2°1 per cent. in this way. Why does this.occur? How does
it explain the two phenomena noticed just now ? If you suddenly take away a
piece of iron from a magnet, you do work against the magnetic attraction, and
the induced currents which are set up in the iron or steel of the magnet are
always (as we know from Lenz’s Law) in such a direction as to oppose the motion ;
that is to say, they are in such a direction as will make the magnet pull more
strongly than before. By suddenly detaching the armature, we magnetise the
magnet more strongly than before, by means of currents circulating within its
own mass and within the mass of the armature. In the reverse motion, when
you allow the armature to slam up, there are induced currents which are in such
a direction as to oppose the motion of slamming ; they, therefore, decrease the
magnetism of the magnet. Apply this to the dynamo and to the motor. You
magnetise more highly by pulling off the armature. That is precisely what is
occurring in the field when the machine is being used as a generator. You are
dragging away the armature from the active horn @ of the pole-piece, and the
effect is to generate induced currents in that horn. It therefore gets hot. So
does the other leading horn ¢, for the very same reason. In the case of the motor
the horns & and 4 are the active ones, and the armature is being continually
dragged up toward them, and they get hot from internally induced currents. It
is for this reason that in my Cantor Lectures (and also p. 40, anfe) T recommended
that pole-pieces should always be laminated. The presence of these induced
currents explains the heating effect, and it also explains how it is that when a
magneto machine is used as a motor the magnet is weakened, and when used as
a generator the magnet is strengthened.
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CHAPTER VI.
GOVERNMENT OF DYNAMOS.

Metkods of Exciting the Field Magnetism.

THE four simple methods of exciting the magnetism of the
field in which the armatures revolve, have already been alluded
to at the outset of this work ; but nothing has been said
about the advantages or disadvantages of the four systems,
or about the combinations of these methods.

Magneto-dynamo—~The magneto-dynamos (Fig. 4, p. 4)
have the advantage, in theory at least, that their electromotive-
force is (for equal currents) very nearly exactly proportional
to the velocity of rotation ; though, of course, the difference of
potential between the terminals of the machine will vary with
any variation in the resistance of the external circuit. They
possess the disadvantage that, since steel cannot be per-
manently magnetised to the same degree as that which soft
iron can temporarily attain, they are not so powerful as other
dynamos of equal size.

Separately- excited Dymzmo.-——The separately-excited dy-
namo (Fig. 3, p. 3) has the same advantage as the magneto
machine, its electromotive-force being independent of acciden-
tal changes of resistance in the working circuit, but it is more
powerful. It has, moreover, the further advantage that the
strength of the field is under control. For by varying either
the electromotive-force or the resistance in the exciting circuit,
the strength of the magnetic field is varied at will. It has the
disadvantage of requiring a separate exciting machine.

Series Dynamo.—The ordinary, or series dynamo (Fig. 1,
p. 2), is usually a cheaper machine, for equal power, than any
of the other forms, as its coils are simpler to make than those
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of a shunt machine, and it wants no auxiliary exciter. It has
the disadvantages of not starting action until a certain speed
has been attained, or unless the resistance of the circuit is
below a certain limit. It is also liable to become reversed in
polarity, a serious disadvantage when this machine is applied
for electro-plating or for charging accumulators.

Any increase of the resistance in the circuit of the series-
wound machine lessens its power to supply current because it
diminishes the current in the coiis of the field magnet, and
therefore diminishes also the strength of the magnetic field.
Hence the series dynamo is theoretically better adapted for
use with lamps arranged in parallel arc than for lamps in
series. An additional lamp switched in, if the lamps are in
series as on a “ Brush ” circuit, adds to the resistance of the
circuit, and diminishes the power of the machine to supply
current. While, on the other hand, an additional lamp in
parallel reduces the total resistance offered by the network
of the circuit, causes the total current to increase, and adds
to the power of the machine to provide the needed current.
It is easy to regulate the currents given by a series dynamo,
by introducing a shunt of variable resistance across the field
magnet, thus altering the magnetising influence of the current.

Shunt Dynamo—The shunt dynamo (Fig. 2, p. 2) has
several advantages over other forms. It is less liable to
reverse its polarity than the series dynamo. Formerly it was
considered as providing the magnetising power to the magnets
with less waste of current.* For a set of lamps in series, the
power of a shunt dynamo to supply the needful current
increases with the demands of the circuit, since any added
resistance sends additional current round the shunt in which
the field magnets are placed, and so makes the magnetic field
more intense. On the other hand, there is a greater sensitive-
ness to inequalities of driving in consequence of the great self-

* This opinion has no good foundation, however, for it requires the same
expenditure of electric energy to magnetise an electro-magnet to the same degree,
whether the coil consist of many turns of thin wire or of a few turns of thick wire,
provided the wolume occupied by the coil be alike in the two cases, and provided
the insulation is relatively of same thickness.



Dynamo-electric Machinery. 93

induction in the shunt. As previously pointed out, when
there are sudden changes in the electromotive-force acting in
a complex circuit, the momentary currents thus set up do not
distribute themselves in the various parts of the circuit in the
simple inverse ratio of the resistances, for their distribution
depends also, and in some cases chiefly, upon the self-induction
in the various parts. As previously explained (p. 79) self-
induction is an effect like inertia. Itis more difficult to set up
a sudden current in a circuit whose self-induction is great (or
which, for example, consists of many turns wound closely
together, so that they exercise great inductive action on each
other, especially if they be wound about an iron core) than in
one in which the self-induction is small. We cannot here
follow further the mathematical law of the action of self-
induction on momentary changes of electromotive-force ; but
the application to the shunt-wound dynamo is too important
to be passed over.

The shunt part of the circuit in the present case consists
of a fine wire of many turns wound upon iron cores. It
therefore has a much higher coefficient of self-induction than
the rest of the circuit ; and, consequently, any sudden varia-
tions in the speed of driving cannot but affect the current in
the main circuit more than in the shunt. Briefly, the shunt-
winding, though it steadies the current against perturbations
due to changes of resistance in the circuit, does not steady the
current against perturbations due to changes in speed of
driving. In the series-wound dynamo, the converse holds
good. Any of these systems may be applied in direct-current
machines. For alternate-current machines, the two first
methods only are applicable. Each of these four systems of
exciting the field magnetism has its own merits for special
cases, but none of them is perfect. Not one of these methods
will insure that, with a uniform speed of driving, either the
potential at the terminals or the current shall be constant, how-
ever the resistances of the circuit are altered.

But though theory tells us that none of these systems is
perfect, theory does not leave us without a guide. Thanks to
M. Marcel Deprez, to Professor Perry, to Mr. Paget Higgs,
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to Mr. Bosanquet, to Messrs. Crompton and Kapp, to Herr
Schuckert, to Messrs. Watson and Mordey and others, we
have been taught how to combine these methods so as to
secure in practice a machine which shall, when driven at a
constant speed, give either a constant potential or a con-
stant current. These methods are carefully developed in
the chapter on the Algebraic Theory. They will be described
here also so as to complete our summary of the organs of
dynamos.

Combination Methods.

The discovery of the method of rendering a dynamo
machine automatically self-regulating when driven at a uni-
form speed, is due to M. Marcel Deprez, and is a result
arising from the study of the diagrams of the characteristic
curves of dynamos.* There are two distinct cases for which
self-regulation is required.

As the first function of a dynamo in practice is to feed with
sufficiency and regularity a system of lamps, and as those
lamps are alwayst in practice arranged either in parallel or in
series, it is clear that in the former case @ constant difference
of potentials, and in the latter @ constant current between
the mains, is required. :

Suppose a dynamo to have an armature without internal
resistance, and to have its field' magnets excited from some
independent constant source. At a constant speed it would
give a constant potential at its terminals whatever the resist-
ance in the circuit. But if it had internal resistance, the ex-
ternal potential will be less than the whole electromotive-force,
and the discrepancy will be greater according as the internal
resistance and the current are greater. Any resistance-less,
separately-excited, or shunt dynamo would thus be self-

regulating.

* See La Lumiére élzctriquq, December 3, 1881, and Jan. 5, 1884.

t I am aware that occasionally incandescent lamps have been arranged with
two or three lamps, in series, in each parallel, or on a multiple series plan. I am
not aware of any such arrangement having been satisfactory. The Savoy Theatre

appears to be an exception.
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Now it is, we know, impossible to have an armature of
no resistance. But if, knowing the resistance of the armature
of our dynamo, we find out what additional magnetising
power is necessary to increase the working electromotive-
force of the dynamo, so that the nett electromotive-force
(after discounting the part needed to overcome the internal
resistance) shall be constant, and then, having found it out,
provide for this variable part of the magnetisation by putting
on coils in series, our dynamo thus reinforced will act as if it
had no internal resistance, and will give, within certain limits,
a constant difference of potentials at its terminals. {

On the other hand, if a shunt dynamo were constructed
with an armature of considerable resistance, the electromotive-
force which it would develop at a constant speed, would be
nearly proportional to the external resistance, for doubling
the external resistance would very nearly double the propor-
tion of current thrown round the shunt, and therefore (always
assuming the iron cores to be far from saturation) the magne-
tism of the field magnet would be doubled; in other words
there would be an approximately constant current.* In this
case, a high internal resistance in the armature would not be
economical. But if we ascertain the internal resistance of the
shunt dynamo, and make a similar calculation as to the amount
_ of additional electromotive-force requisite in order that there
shall always be enough current for.the shunt circuit over and
above that current which goes to the external circuit; and if
we provide from some external constant source for this addi-
tional electromotive-force, either directly or by adding to the
magnetisation, then the shunt dynamo so aided will give a
constant current in the external circuit, no matter how great
or how small the resistance of the circuit may be.

* In the first edition of this work it was not adequatel); explained at this
point, as it is in Chapter XVIL fully, how the conditions for obtaining either a
constant potential or a constant current are related to the winding of the coils,
and to the various resistances of the machine and circuit. These rules admit, as
yet, of no practical solution for constant-current work. Brush lamps are always
in series, and want constant current ; yet no Brush machines are shunt-wound,
and the expense of the fine wire for winding the shunts would probably be

prohibitive : there would have to be nearly a mile of wire for every lamp supplied !
For constant-current work other modes of regulation have been used. See p. 105.
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For distribution az a constant potential, we must have,
therefore, combinations of a series dynamo with some
auxiliary independent constant excitement.

For distribution wit% a constant current, we must have com-
binations of a shunt dynamo with some auxiliary independent
constant excitement.

Combinations to give Constant Potential.

(1.) Series and Separate (Deprez)—This method, illus-
trated in Fig. 75, can be applied to any ordinary dynamo,
provided the coils are such that a separate current from an

Fic. 7s5.
i m!mlm R T

COMBINATION OF SERIES AND SEPARATE.,

independent source can be passed through a part of them, so -
that there shall be an initial magnetic field, independent of
the main-circuit current of the dynamo. When the machine
is running, the electromotive-force producing the current will
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depend partly on this independent excitement, partly on
the current’s own excitement of the field magnets. If the
machine be run at such a speed that the quotient of the part
of the electromotive-force due to the self-excitement, divided
by the strength of the current, is numerically equal to the
internal resistance of the machine, then the electromotive-
force in the circuit will be constant, however the external
resistances are varied. M. Deprez has further shown that
this velocity can be deduced from experiment, and that, when
the critical velocity has once been determined, the machine
can be adjusted to work at any desired electromotive-force
by varying the strength of the separately-exciting current
to the desired degree.

(2.) Series and Magneto (Perry)—The initial electro-
motive-force in the circuit required by Deprez’s theory, need
not necessarily consist in there being an initial magnetic field
of independent origin. It is true that the addition of a per-
manent magnet, to give an initial partial magnetisation to the
pole-pieces of the field magnets, would meet the case to a
certain extent; but Professor Perry has adopted the more
general solution of introducing into the circuit of a series
dynamo a separate magneto machine, also driven at a
uniform speed, such that it produces in the circuit a con-
stant electromotive-force equal to that which it is desired
should exist between the leading and return mains.*

* Professor Perry gives, in his specification, the following numerical illus-
tration, to which the only exception that can be taken is, that with so high
a resistance as that of 3 ohms in the machine the system must be very un-
economical : *“ As an example, if there is only one dynamo machine, and if the
resistance of the main cable, return cable, and machines, in fact of that part of
the total circuit which is supposed to be constant, be, let us suppose, 3 ohms,
then we find that the dynamo machine ought to be run at such a speed that the
electromotive-force, in volts, produced in its moving parts, is three times the
current, in ampéres, which flows through the field magnets; consequently this
speed can readily be found by experiment. Suppose the constant electromotive-
force of the magneto machine to be 50 volts, its resistance 0'3 ohms, and the
resistance of the dynamo machine and of the other unchanging parts of the
circuit 2°7 ohms ; and suppose that the speed is that at which the electromotive-
force produced by the rotating armature of the dynamo is three times the current.
Now, let there be a consumers’ resistance of 2 ohms, the total resistance is
5 ohms. Evidently the electromotive-force produced in the dynamo is 75 volts
(for call this electromotive-force x, then the current will be x -+ 3, whence it

H .
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This arrangement, which is depicted in Fig. 76,* may be
varied by using a shunt-wound dynamo, the magnets being,
Fig. 76.

SERIES AND MAGNETO.

x + 50

follows that

=—’—c, or 3x 4 150 = § &, or x = 75), and the total electro-

motive-force in the circuit is, therefore, 125 volts, and as the total resistance is
5 ohms, the current is 25 ampéres, giving an electromotive-force of 50 volts =
between the ends of the consumers’ part of the circuit. Now, if the consumers’
resistance increases to, say, 12 ohms, by some of the consumers ceasing to use
their circuits, there is an instantaneous alteration of the electromotive-force
produced in the dynamo to 12} volts, or 623 volts in the whole circuit, and 62}
divided by 15 gives 4% ampéres; and this means 4% multiplied by 12 or 50 volts
as before, between the ends of the consumers’ part of the circuit.” (Here, again,
x 4+ 50
15
* Some exception has been taken by Professors Ayrton and Perry to this
figure on the ground that the magneto-machine is drawn relatively too small.” It
was not intended that the figure should represent the sizes, but rather to indicate
that the arrangement was essentially one of a serées dynamo, plus an auxiliary in-
dependent excitement. So also with Fig. 80. The reader should refer te Professor
Ayrton’s lecture at the London Institution, Feb. 23, 1883, of which an abstract is
given in 7%e Electrician, March 10, 1883.

the calculation is = g, whence 3 x + 150 = 15 &, or 12} = #.—S.P.T.)
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as before, included in the part of the circuit outside the
machines. The combination of a permanent magnet with
electro-magnets in one and the same machine, is much older
than the suggestions of either Deprez or Perry, having been
described by Hjorth in 1854.

(3.) Series and Shunt (Brush)—A. dynamo having its coils
wound, as in Fig. 77,-so that the field magnets are excited
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SERIES AND SHUNT.

partly by the main current, partly by a current shunted
across the brushes of the machine, is no novelty, having been
used in Brush dynamos * for some years past. The arrange-
ment as used originally by Brush made the machine into one

* The shunt part of the circuit, originally called the ‘‘teazer,” was adopted at
first in machines for electro-plating, with the view of preventing a reversal of the
current by an inversion of the magnetisation of the field magnets, but has been
retained in some other patterns of machine on account of its usefulness in *¢ste<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>