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PREFACE.

— Ot

THE author of the German original of the greater part of
this book says: “Few years only have elapsed since
magneto- and dynamo-electric generators began to be
employed in practice, and the experience gained with
regard to them is, therefore, comparatively limited. But
we are beginning to see that the machines as yet con-
structed are still capable of econsiderable improvement,
and that by a rational construction we shall be able to
increase their value.” For a considerable period, it was
the aim of the constructors of dynamo machines to arrive
at some novelty, or to attain some hitherto unapproached
dimension, in order to secure a valid patent or to impress
the public. The rational development of the practical
construction of these machines was left in the hands of
the very few who, from position or inclination, were inde-
pendent of the financial furore for the time attaching to
all matters electrical. Now that the public has become
educated (and very dearly they have paid for this educa-
tion), the dynamo machine is likely to take a fair stand
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in the rank of useful machines; for a time it was a ma-
chine regarded as likely to revolutionise all the mechanical
world ; now it is coming to be considered in its true light
as a very valuable aid and auxiliary to steam and other
prime movers, extending their sphere, and making more
easy their application. For these reasons, it is assumed
that the public interested in such technical matters are
desirous of a more intimate knowlege of the principles of
these machines, and this knowledge it is the object of the

present handbook to supply.
THE EDITOR.
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UNITS EMPLOYED IN ELECTRICAL MEASUREMENTS.

I. The absolute or C. G. 8. (centimetre-gramme-second) units.

1. Unit of length, 1 centimetre.

2. Unit of time, 1 second.

3. Unit of force. The unit of force is that force which, acting
on a freely movable mass of one gramme during one second
imparts to that mass a velocity of 1 centimetre per second.

4. The unit of work is the work done by the unit of force in traversing
the space of 1 centimetre. In Paris, this unit = 000101915 centi-
metre-gramme, or, in other words, in order to raise one gramme
one centimetre high, 980868 units of work are necessary.

5. The wunit of electrical quantity is that quantity of electricity
which, acting on an equal quantity of electricity at a distance
of 1 centimetre, exerts a force equal to the unit of force.

6. The unit of potential difference or of electromotive force exists
between two points, when the unit quantity of electricity, in
moving from the one point to the other, requires a unit force to
overcome the electrical repulsion.

7. The unit of resistance is that which, in one second, only allows
the passage of unit quantity between two points, betwcen
which there exists unit potential difference.

I1. The practical units for electrical measurements.

1. Weber, unit of magnetic quantity = 108 C. G. S. units.

2. Ohm*, unit of resistance, 10° C. G. 8. units.

3. Voltt, unit of electromotive force = 108 C. G. 3. units.

4. Ampéret, unit of strength of current = 10~ C. G. 8. units.

5. Coulomb, unit of electric quantity, = 10~ 1 C. G. 8. units.-

6. Waitt§, unit of work = 107 C. G. S. units.

7. Farad, unit of capacity = 10° C. G. S. units.

* 1 ohm is about equal to the resistance of 48'5 m. of pure copper wire, 1 mm.
in diameter, at 0° C.

+ 1 volt is about 5 to 10 per cent. less than the electromotive force of a Daniell
ell.

1 The current which, driven by the unit electromotive force, is able to traverse
the unit of resistance in one second, is = 1 ampére.
amp. x volt
§ 1 Watt = ampére x volt; 1 H. P, = B 1 cheval de vapeur =

amn. x volt

735 -






INTRODUCTION.

HISTORICAL DEVELOPMENT OF MAGNETO-ELECTRIC AND
DYNAMO-ELECTRIC MACHINES.

S0 long as only galvanic batteries were employed in
practice for generating electric currents, that is, so long
as these currents were obtained solely by chemical action,
it was but natural that, for doing large quantities of work,
the application of electrical energy should be very limited
For the cost of maintaining a battery is too high as
compared with its efficiency, and it is almost impossible
to obtain in this way constant currents of great quantity
and intensity. A larger field for the application of
electrical energy was opened up when use began to be
made of electric currents, produced by the conversion of
mechanical energy, through the invention of electric
machines.

Faraday’s researches on the phenomena of induction,
formed the theoretical basis for the construction of
electric machines.

He had shown that when a current circulates in a wire,
4 4', Fig. 1, a, forming part of a circuit, momentary
currents will under certain circumstances be induced in
a neighbouring wire, B B, parallel to the first. These

B
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currents will flow in the direction of the primary current,
A A', or in an opposite direction, according to circum-
stances ; and this direction can easily be observed by the
deflections of the needle of a galvanometer connected
with the wire B B'.

A current in a direction opposite to that of the primary
current, that is in a direction from B’ to B, will be
generated : (1) at the moment when the primary current

Fig. 1.

is started ; (2) when the wires 4 A’ and B B’ are ap-
proached to each other; and (3) when the current in 4 4’
is strengthened. - |

A current is set up in the same direction as that of the
primary current, that is from B to B': (1) at the moment
when the current in 4 A’ is interrupted ; (2) when the
wires A A' and B B’ are moved away from each other ;
(3) when the current in 4 A’ is weakened.

The discovery of the currents generated on the approach
of the wires to each other (approximation currents), and
on their being moved away from each other (retrocession
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currents), was of special importance for the construction
of electric machines.

Far stronger induction currents are generated if the
primary wire, as well as the wire in which currents are to
be induced (the secondary wire) are coiled into spirals,
or helices, and if both are so placed that the separate
turns of the one can act on those of the other, as shown,
for example, in Fig. 1, b. In this case, the strength of the
induced current B B’ increases, generally with the num-
ber of turns or convolutions in the two wires; for under
the conditions assumed, small currents are induced by
each turn of the primary wire 4 A’, in every neighbour-
ing turn of the secondary wire B B’, and these unite to
form a total strong current.

The practical importance of this fact is only fully learned
from the results of investigations by Ampére, who dis-
covered that a magnet may be considered to be a piece of
iron perpetually encircled by parallel electric currents,
and that by approaching a magnet to a conducting wire
or by moving the magnet away, currents can be induced
in the wire, in the same way as if there were used a wire
spiral through which a current is flowing.

It is to Pixii that the honour is due of having made
the first practical application of this discovery. He con-
structed the first magneto-electric machine in 1832. The
mode of action of this machine, illustrated in Fig. 2, will
be made clear from what follows.

According to Ampére every magnet is encircled by
parallel electric currents in such a way that if the north
pole is pointed towards the observer, they circle in a
direction opposite to that of the hands of a clock, whilst,
if the observer faces the south pole, the currents flow in
- the direction of the hands of a clock.



4 INTRODUGTION.

In Pixii’s machine, Fig. 2, there is a compound horse-
shoe magnet which can revolve on its axis, and above the
poles of this magnet is fixed the armature. This consists
of two wire coils, whose convolutions form a continuous
helix. These coils contain two soft iron cores, which at
every approach of the poles of the magnet are themselves
converted into magnets.
Fig. 3 shows more clearly
in what way the coils of
wire are wound, and this
figure serves better for
explanation. Whenever
the pole N of the magnet
approaches the soft iron
core @ of one of the coils,
a will become a south
pole, for a magnet always
magnetises a piece of iron
close to (but not touch-
ing) it in such a way that
a south pole is induced
opposite the north pole,
and a north pole opposite
the south pole. At the
same time, according to
Ampére’s law, electric currents will be generated, and
these will then circulate round the iron core of the coil
in the direction of the hands of a clock. But as soon
as these currents are started, they will induce others in
the turns of the wire coil, which are seen in the figure
to flow from right to left.

. Simultaneously, however, b will become a north-pole
on account of the pole S appreaching it, and Ampérian

Fig. 2.
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currents will commence encircling the iron core of the
second coil from right to left. The moment these are
started, they induce currents in the coils surrounding the
iron core, which flow in the direction of the hands of a
clock. ’

A careful examination of Fig. 3 will show that the two
currents simultaneously generated in the two coils,
though seeming to'flow
in opposite directions,
really form one current
in the wire system, as
indicated by the arrows.
This current traverses
the wire system in the
same direction, from p to
p’s and can be conducted
away by the terminal
wires p and p’. An
opposite current, ome
from p’ to p, is induced
in the wire system of the
coils as soon as the poles
of the magnet, N 8, begin
to move away from the iron cores a and b, in continuing
their revolution. For the resulting gradual demagne-
tisation of the iron cores causes a weakening of the
Ampérian currents encircling them, and, according to
Ampére’s law, this weakening must induce currents in
the surrounding turns of wire of the opposite direction.

Finally, the poles of the magnet will again approach
the iron cores, in such a way that N approaches b, and S
approaches a, and since @ now becomes a north-pole and
b a south-pole, a current will be induced in the wire coils

Fig 3.
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opposite in direction to the original current of approach,
but which is only a continuation of the current produced
by the preceding demagnetisation of the iron cores. All
this the reader will easily perceive if he makes an
analysis of the separate processes. After the second
current of approach follows a retrocession current, and
so on. From what has been said, it will be seen that
in every complete revolution of the magnet N § round its
axis, the current in the turns of the wire coils changes
its direction twice, the changes taking place at the
moments when the poles N S pass the ends of the iron
cores.

In order to convert the two opposite currents, gene-
rated during each complete revolution of the magnet N S,
into a current of single direction, where this is desirable,
a commutator is added to the machine. Fig. 4 shows the
principle on which it is constructed.

One end of the conducting wire of the armature coil is
connected with the metallic segment A4, Fig. 4, a; the
other end of the wire is connected with segment B. The
segments are separated from each other by a strip of
insulating material, ¢ 4, and the commutator is fixed in
such a way that it revolves once round its axis simulta-
neously with the magnet (or simultaneously with the
armature in the machines to be subsequently described).

Now, if the induction current be supposed to flow
through the turns of the helix, in the direction from 4 to
B, when the pole N approaches a, and the pole S ap-
proaches b, it is clear that it will flow in the direction from
L to L' in the conducting wire L L', whose terminals
bear on the metallic segments. When the poles N and S
recede from a and b, and the retrocession current is started,
the current in the spiral changes its direction, and now
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traverses the latter from B to A. In order to avoid a
change of current in the conducting wires, the com-
mutator is arranged so that at the moment when there
occurs the change of current, and when the helix is
momentarily currentless, the conducting wires L L' bear
on the insulating portion of the commutator, Fig. 4 b.
Simultaneously with the commencement of the new cur-
rent, L bears on 4, and L' on B; consequently, although
the current in the spiral of the armature flows from B to

A, it will continue to flow in the original direction in the
conducting wires, that is, from L to L'. Thus the two
opposite currents, generated during each complete revolu-
tion of the magnet, are made to flow in the same direction
in the external circuit by means of the commutator.
Pixii’s machine had this practical disadvantage, that the
heavy compound magnet rotated in front of the armature.
Subsequent constructors, as Saxton, Clarke, and others,
modified the machine, making the lighter armature rotate
in front of the magnet. Besides this, Saxton placed the
magnet as well as the bobbins of the armature in a hori-
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zontal position, whilst Clarke retained the vertical position
of the magnet, but placed it with the poles downwards,
and made the bobbins of the armature rotate at its side.
It seems also, that Saxton was the first to employ the
commutator previously described.

Stohrer considerably increased the efficiency of magneto-

Fig. 5.

electric machines by increasing the number of the magnets
as well as the number of armature-bobbins.

In this machine six armature-bobbins rotate before the
six poles of three compound magnets. The coils of the
bobbins are wound in such a way that at each approach
of the coils to the magnet poles currents flowing in the
same direction are generated, and these unite to form one
current ; again, every time the bobbins of the armature
recede from the poles of the magnets, currents are induced
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which flow in the coils in a direction opposite to that of
the currents of approach. Accordingly, in each complete
revolution of the armature six compounded currents of
approach, and six compounded currents of retrocession
are generated in the wire coils of the armature-bobbins,
and each of these, again, is composed of six elementary
currents. By means of a commutator, connected with the
machine, these alternating currents can be rectified before
reaching the external circuit.

The results obtained with Stohrer’s machine were so
satisfactory that subsequent inventors, adopting his idea,
continued to increase the number of the armature-bobbins
and magnet-poles, and in this way succeeded in obtaining
currents of remarkable strength, following each other in
rapid succession. Thus, by degrees, were developed the
large magneto-electric machines for alternating currents,
such as those of the « Alliance Company ” constructed by
Nollet, and the machines of Holmes, Lontin and others,
which, side by side with the machines for continuous cur-
rents, are still, under certain circumstances, used in
practice, especially for the electric light in lighthouses.
All these machines, which in principle are only enlarged
Pixii machines, will be dealt with in the chapter on
¢ Machines generating alternating currents.”

A notable modification in the construction of magneto-
electric generators was made by Dr. Werner Siemens, of
Berlin, in 1857, who greatly improved the shape of the
armature-bobbins.

Experiment soon showed that the strength of the cur-
rents produced by a magneto-electric generator is in-
creased when the coils of the armature are brought as
near as possible to the magnetic poles; and that the
efficiency of a machine depends further on the interruption
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being as short as possible when the current changes its
direction. Siemens took both these experimental laws
into account in the comstruction of his armature, the
simplest form of which is represented in Fig. 6.

An iron cylinder, a b, Fig. 6 a, is provided with two
grooves, and the spirals of the conducting wire are wound
round this cylinder, parallel with its axis, in such a way
that the two grooves are filled up, the complete cylindrical

Fig. 6.

form being thus restored, Fig. 6 b. One of the terminal
wires is connected with the shaft of the armature, whilst
the other is connected with a ring which is insulated from
the shaft. Two springs, one of which bears on the in-
sulated ring, and the other on the shaft, conduct the cur-
rents to the external circuit.

In Fig. 7, a small Siemens machine is illustrated, and
from this figure can be seen the position that the rotating
cylinder takes up between the poles of the magnets. The
magnets are usually numerous. The poles of the magnets,
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Fig. 6 ¢, have semi-circular pieces cut out, so that the
cylinder is well-surrounded ; in fact in the whole con-
struction of Siemens’ machine, the inductive action of the
permanent magnets is far more completely utilised than
in the magneto-electric generators previously described.
One special advantage in the form of the cylindrical
armature is that not only is the armature magnetised as
completely as possible, but the poles of the steel magnets

Fig. 7.

can also directly exert a strong inducing action on the
spirals of the wire coils, and this considerably strengthens
the currents induced by the magnetism of the soft iron core.
Besides, in the cylindrical armature the time during
which the current is interrupted is reduced to a minimum,
as the change of poles takes place in an extremely short
interval of time, when the cylinder is rotated rapidly; and
this circumstance greatly increases the efficiency of the
machine.

The form of cylindrical armature just described (proba-
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bly now used in Siemens’ alarni bell indicator only), was
later on considerably modified, and so much improved
that cylindrical armatures still very successfully hold
their position, and have not been supplanted by the
“ring ” armature, which we now proceed to describe.

The ring armature, which caused quite a revolution in
the construction of electric generators, was invented by
Dr. Antonio Pacinotti,
of Florence, in 1860,
and by its means he
succeeded, for the first
time, in obtaining,
with an electric ma-
chine, continuouselec-
tric currents flowing in
ra constant direction,
without making use of
a commutator. As
Pacinotti’s ring arma-
ture is to be found in
principle in all ma-
chines constructed on
the ¢ Gramme” sys-
tem, and as the prin-
ciple of its construction is employed in almost all
continuous-current machines, a careful analysis of its
action will be necessary.

When a ring of soft iron, Fig. 8, is placed between two
magnetic poles, N .S, a south pole will be induced oppo-
site the north pole N, and a north pole opposite the
south pole. Now, if the iron ring is caused to revolve
round its centre from right to left, new portions of the
ring will in turn be magnetised, whilst the portions of

Fig. 8.




RING ARMATURES. 13

the ring previously magnetised will lose their magnetism.
Accordingly, the poles of the iron will travel along the
ring from left to right. If this ring, as shown in Fig. 8,
be encircled by a continuous coil of copper wire, insulated
from the iron ring, currents will be induced in the wire,
and the direction will be different in the several turns
of the coil, accordingly as these are nearing the north
pole or the south pole of
the iron ring; moreover,
as the poles of the ring
change, in consequence of
its rotation, the currents
also in the convolutions of
wire surrounding it will
change their direction. To
understand  better what
takes place’ during the re-
volution of the ring, it may
be considered that the ring
is fixed. For, in any case,
its poles will always lie in
the line N S, and it can be
assumed that the windings
of the coil move from left
to right round the ring, and thus are brought under
the maximum inducing action of the poles N and
S. For the sake of simplicity, the inducing effect on a
single turn of the coil need only be considered, and it
may be supposed that the ring is divided in two, so that
two north poles meet opposite S, and two south poles
opposite N.

In this case, Ampérian currents will circle round the
ring, as indicated by the arrows in Fig. 9. = Let us com-
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mence our observation at the moment when the turn « ¥
is at the point where the dotted line & cuts the ring, and
when it commences to move from left to right. Con-
sidering only the nearest portions of the ring, we see that
the turn or loop approaches the divisions A and B, re-
ceding at the same time from divisions G and H. Now let
us call the current + when its direction is from the circum-
ference towards the centre of the ring; and — when its direc-
tion is from the centre towards the circumference. Let us
also denote the current induced in the loop by the two ad-
joining segments of the ring by + 2 or — 2, and that in-
duced by the portions of the ring which are more than 45°
away by + lor — 1. We shall then be able to express the
current induced in the loop at the moment when it com-
mences to move from A towards the right by the sum of the
factors + 1 + 2 —2 —1, 4.e., by O; for a current of retreat
will be induced in the loop # y by its moving away
from the segments of the ring G and H, and, according
to the law of induction, this current will flow in the same
direction as the Ampérian currents in the iron ring. On
the other hand, by its approach to the segments 4 and B,
a current will be induced in the loop, traversing the
latter in a direction opposite to that of the Ampérian
currents in these portions of the ring. Accordingly the
two cwrrents will neutralise each other at the moment
when the loop quits A, for they will be of equal strength.
If the loop has arrived at the point a, and commences
its further course round the ring, it will be possible to
express the current of approximation induced in it by the
segments B and C, together with the current of retrocession
induced by the segments H and A as the sum of the
following factors, + 1 + 2 — 2 + 1 = + 2. When the
loop « y leaves b, the sum equals + 1 + 2 + 2 + 1,
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that is, = 4 6. On quitting ¢, the induced current can
be represented by + 1 —2 + 2 + 1 = 4 2, and again,
when the loop has passed d, we can express the action
by the sum of the factors—1 — 2 + 2 + 1, that is,
by 0, and the loop has, therefore, no current induced
in it.

Now, when the loop reaches the point ¢ and continues to
move towards that portion of the ring which is most
strongly influenced by the north pole N, the current in-
duced in it after it leaves e will be expressed by the sum of
the factors — 1 — 2 + 2 — 1, that is, by — 2, the cur-
rent, therefore, has changed its previous direction. At f
the current, which is now flowing in a new direction, will
reach its maximum, and be equal to — 6; at g its
strength will again have fallen to — 2; and after the
strength at A has sunk to 0, a change of current will again
take place, and the expressions for the strength of the
induction currents will have the sign + prefixed.

What we have said of the one turn  y of the coil, of
course equally applies to turns or groups of turns which
come into the respective positions; and from the preceding
considerations we see that the whole wire system which
surrounds the ring can be regarded as being traversed by
two opposite total currents meeting at p and p', Fig. 8.
Besides, according to the explanation, we shall be able to
denote that current by +, which is compounded of all the
separate currents in the turns which surround the portion
A B C D of the ring, whilst the other current, which is
compounded of the currents traversing the turns surround-
ing the section £ F G' H of the ring may be distinguised
by the prefix —. The rotation of the ring only so far
changes the condition of things that new turns and groups
of wires constantly come into the regions where the two
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opposite currents dominate, and accordingly in every
complete revolution of the ring, each turn passes both the
neutral points once.

What has been said, however, refers only to the inducing
action that the magnetised iron ring exerts on the wire
coils surrounding it ; all that we have now to do is to
analyse the action of the fixed poles S and N, Fig. 8, on
the wire system rotating between them.

We shall retain the position of the poles as shown in
Fig. 8.

Fig. 10.

In this position the turns of the coils are perpendicular
to the plane of cross-section of the poles when they pass
the latter.

Fig. 10 will serve best for an explanation. In this 4 B
represents a portion of the rotating ring, the turns of wire
on which have been assumed to be moved a little asunder,
though in reality they are very close together. S indi-
cates the south pole, which in the figure is supposed to
be under the ring. The arrows indicate the direction in
which the Ampérian currents encircle the ring. We will
suppose the ring to be moving in the direction from 4 to
B, and will only consider those portions of the coils that
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are on the outside of the ring, and indicated by full lines
in the figure ; the portions on the inside of the ring are
indicated by dotted lines, and are omitted from con-
sideration for the present. We then perceive that in
turns I. and II., currents of approach will be generated,
having a direction opposite to that of the: Ampérian
currents at 2 (from top to bottom in the figure), whilst
in the turns VIIL. and IX., currents of retrocession will
be generated (also flowing from top to bottom in the
figure) that are due to the direction of the Ampérian
currents at y, from which they are moving away.

In other words, currents of the same direction are in-
duced in all the turns, left and right of the south pole,
and this direction is exactly the same as that of the cur-
rents induced by the magnetism of the iron ring.

Now, if we take those portions of the turns into con-
sideration that lie on the inner side of the ring, which
are indicated by the dotted lines, we see that, if the iron
core of the coils were not present, the south pole, S, would
induce currents which would also flow from top to bottom
in the figure. Accordingly, the currents induced in the
internal and external portions of the turns would oppose
each other ; and if the portions of the turns on the inside
of the ring were as close to the pole of the magnet as the
portions lying on the outside, the induced currents in the
inner portions would be equally as strong, and would
destroy the others. This, however, is not the case, for,
firstly, the portions of the turns which are on the inside of
the ring are farther away from the pole S than the por-
tions on the outside, and the currents induced iu the latter
would, therefore, in any case, have the greater power,
even if the iron core were not present ; secondly, the iron

ring really does separate the inside portions of the turns
c
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from the magnet, and completely annuls the action of the
magnet on those portions, so that the currents generated
in the parts of the turns lying on the outside of the ring
act unopposed. As these currents flow in exactly the
same direction as those induced by the magnetised iron
ring, they considerably strengthen its action.

In our explanation we have, however, only spoken of the
turns lying right and left of the pole, and we have not con-
sidered the turns IIIL., IV., V., VI. and VII. The action
of the pole S on these turns is equal to zero, as can be
seen from what follows.

The current induced in turn IV. will principally be a
retrocession current from z; and it will accordingly flow in
the direction of the Ampérian current at . In turn VI.a
current of approach will predominate, and this will flow in
the same direction as the previous one, because its direc-
tion must be opposite to that of the Ampérian current at
y. The receding from z and the approach to y will
exert an equally powerful influence on turn V—that is, a
current of double strength will be generated in it, flow-
ing in the same direction as the currents in IV, and VI.
Now, if all the turns are the same distance apart from
each other, which is the case in the figure and in reality,
the opposite currents in II. and IV. will have the same
strength, and will neutralise each other, and a change of
current will take place in turn IIIL., for which reason this
turn will be currentless. Similarly, there will be no cur-
rent in turn VII., on account of the currents in VI. and
VIIL., which neutralise each other; and as currents I.
and IX. are equidistant from V., the double current in
V. will be annulled by currents I. and IX., which are
opposite in direction to it ; all the turns from IIL to VII.
will accordingly be currentless. As a result, therefore,
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we only obtain the currents generated in the turns right
and left of the south pole, and this, as we have observed,
strengthens the current generated in the coils of wire by
the magnetism of the iron core. It need scarcely be added
that the action of the north pole on the neighbouring
turns is quite analogous, and, from the preceding con-
siderations, we can clearly see that the two total currents
of opposite direction, generated by the magnetism of the
iron ring unite with the currents produced by the direct

Fig. 11.
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influence of the magnet poles on the coils, and which also
flow in contrary directions.

The two intensified currents which are thus generated
in the wire system surrounding the ring can be collected
at the neutral points, Fig. 8, p p’, where their directions
meet ; and as shown in Fig. 11, a, they can be united into
a single current and be conducted away, like as the cur-
rent from the cells of a galvanic battery, connected for
quantity, Fig. 11, b. Pacinotti has effected this collection
by dividing the wire coiling surrounding the ring-
‘armature into groups, and by giving to the separate parts
of his machine the form shown in Figs. 12 and 13.
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The iron ring, which moves between two magnetic poles, .
has sixteen grooved spaces in it, and these serve to receive
sixteen wire coils, Fig. 12,all wound in the same direction.
The end of each coil is soldered on to the commencement
_of the next, so that the turns of all the coils unite to
form one continuous helix. Wooden wedges are driven
into the recesses of the iron ring, and separate the coils
from each other. From the joints at which the terminal
wire of one coil and the
wire commencing the next
are soldered together, cop-
per wires branch off and
run from the inner side of
the ring to the shaft.
There these lead to several
brass terminal pieces, in-
sulated from each other,
and forming a ring, fixed
to the shaft of the ma-
chine, Fig 13. Two con-
tact rollers, k& k, bear on
this ring, and are placed

in such a position that
they are always in contact with those brass pieces that

are attached to branch wires leading from the solderings,
p p', Fig. 8, momentarily at the neutral points.

If the conducting wires are connected with these contact
rollers, sixteen total currents will traverse the circuit at
every revolution of the ring ; for every one of the sixteen
solderings passes each of the neutral points once. All these
currents will flow in the same direction without a com-
mutator being necessary; here, then, is a basis for the
construction of electric machines for continuous currents.

Fig. 12.
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The construction of the ring-armature was afterwards
considerably improved by the Belgian inventor, Gramme,
and the ring-armature employed by him will be more fully
described in the chapter on machines generating con-
tinuous currents.

A further advance in improvement of electric machines
was made by H. Wilde, of Manchester, in 1866. Wilde
conducted the currents generated in a Siemens’ cylinder-

Fig. 13.

armature, ¢ ¢, Fig. 14, by the permanent magnets M M,
through the coils of a large electro-magmet, E E, after
they had been rectified by a commutator. This electro-
magnet induced currents in a second Siemens cylinder-
armature, K K, and these, of course, were of considerable
intensity, because the armature was moving in a very
powerful magnetic field. With a machine constructed in
this way results were obtained such as had not been ap-
proached previously by any electric machine. Wilde later
on constructed a machine with which he obtained still
stronger currents. This he did by leading the currents
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induced in the armature K K through the coils of a
second electro-magnet of very great dimensions, and by
making this magmet act on a third cylinder-armature, in
the wire of which was generated the current to be used for
doing work.

Wilde’s machines soon found wide application in
practice, and a number of them were employed in the
celebrated galvano-plastic works of Elkington, in Bir-
mingham, for obtaining galvano-plastic deposits on a
large scale; some were used for the production of the
electric light in photographic studios, and others again
were employed in Whitechapel for preparing ozone as a
bleaching agent.

Nevertheless, even these machines left much to be de-
sired. It appears that through the heating of the iron cores,
the current was considerably weakened after a working
time of several hours, and it could not be kept constant
long enough to be employed with advantage in the pro-
duction of the electric light for lighthouses. The causes
of the heating of the iron cores are discussed in another
part of this book.

In all the machines yet described, the electric currents
were induced by means of steel magnets, or, as in Wilde’s
machine, by magnets that were magnetised by the cur-
rent produced in another machine. Such machines are
usually called “ magneto-electric” machines, to distinguish
them from the ¢ dynamo-electric” machines. In the
latter the inducing magnets, “field” magnets, as these
are termed, have cores of soft iron, which, at starting, only
possess a very small trace of magnetism ; this trace is
however, sufficient to induce a weak current in the coils
of the rotating armature, which current is then used to
strengthen the magnetism of the field or inducing
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magnets. This is done by the current being conducted
through the wire coils surrounding the soft iron cores,
which are accordingly magnetised more strongly, and now

Fig. 14.

induce a new but stronger current in the coils of the
armature. The new current again increases the mag-
netism of the iron cores, by being conducted, like the
previous one, through their wire coils. By this reciprocal
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action, currents are generated in the armature-coils far
surpassing in strength any that can be produced with
machines of the same size, having only steel field-magnets.
The machines without permanent magnets have been
named dynamo-electric machines, or, shortly, dynamos.

Siemens, in Berlin, and Wheatstone, in London, almost
simultaneously discovered the principle of the dynamo-
electric machines. Siemens, perhaps, deserves the right of
priority, as in December, 1866, he had made experiments,
before several Berlin scientists, with a machine in which
there were no permanent magnets.* In the middle of
January, 1867, he communicated his discovery to the
Berlin Academy of Science : whilst it was only in February
that Wheatstone communicated the result of his dis-
covery to the Royal Society in London, in a paper
entitled: “On the Augmentation of the Power of a
Magnet by the Rotation thereon of Currents induced by
the Magnet itself.” These results agreed fully with those
obtained by Siemens. Curiously enough, the discovery of
the Berlin physicist was made known by his brother Dr.
William Siemens, at the same meeting of the Royal
Society as that at which Wheatstone delivered his lecture ;
and Wheatstone’s communication immediately followed
that of Siemens. '

The simplest kind of dynamo is shown in Fig. 15.

E E are two plates of soft iron, each about 60 cm. long
50 cm. wide, and 10 cm. thick. They are united at one
cnd by a third plate, P. Each of the plates £ E is ‘sur-

* The German scientific writers have, in their good fellowship for their
countryman, generally overlooked the fact that Wheatstone must also. have
experimented ; and there are several scientific men who claim to have seen
his machine at work at the earlier time indicated as that occupied by
Sieméns with exhibition in Berlin. The honour, however can well be
divided. Editor.
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rounded by coils of well-insulated and rather thick copper
wire,about 27 m. long. The coils on eachplate are wound in
such a way that they may be considered as constituting a
single coil, whose terminals, ¢, d, lead to the binding screws
b and a. I isa Siemens’ cylinder-armature, which rotates
between the projecting ends of the iron plates. One ter-
minal of its coil is connected with the shaft A, and the
other terminal is connected with a copper ring, fixed to
the shaft, but insulated from it. A spring, 2,in connection

Fig. 15.

with the screw b, bears on the shaft 4, whilst a spring,
1, connected with the screw a, bears on the copper ring
R. Before using the machine for the first time, the soft
iron plates £ E are slightly magnetised, by connecting
the wires ¢ and d with a galvanic cell, and causing a cur-
rent to traverse the coils surrounding the iron cores ; when
this ceases a small quantity of residual magnetism is left.
However, it is not necessary to do even this, for through
the influence of terrestrial magnetism, a slight magnetic
polarity is induced in all soft iron plates that lie in a
certain position, and this magnetism is quite sufficient to
induce the first current in the armature of a dynamo-
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electric machine. After such a machine has once been
made to give a current, there is always enough magnetism
remaining, at any time, to generate electric currents.

If the cylinder-armature is set in motion, alternating
currents will be generated in its coils, during its revolu-
tion between the poles. These currents are rectified by
means of a commutator, omitted in the figure; and as
the terminals of the armature-bobbin are in connection
with the terminal wires of the coils surrounding the iron
cores, through the screws a and b, the currents encircle
the iron cores, which will finally, after a certain speed of
revolution of the armature has been attained, be mag-
netised to the maximum extent possible; in other words,
the machine reaches the maximum of its efficiency, and
the powerful currents generated in the armature manifest
themselves by a great spark if the circuit is broken at any
point. This spark can, for instance, be used to explode
mines or torpedos, and so forth. Or the powerful currents
of the machine can be used as in Siemens’ “ alarm-bell
inductor,” to ring large signal-bells in stations, and to
work other signalling apparatus.

An important modification of the dynamo-electric ma-
chine was carried out by an Englishman, Ladd, only four
weeks after the date of the papers previously mentioned.
He sent a description of his dynamo, to the Royal Society
on the 14th of March, 1867, and exhibited it at the Paris
Exhibition in the middle of May, 1867.

The specialty of this machine was that the two iron
plates were not connected with each other, but were con-
verted into two electro-magnets, between whose poles
rotated two armatures, Fig. 16, one of which served to
strengthen the magnetism of the iron plates, according
to the dynamo-electric principle, whilst the currents from
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the other could be used in doing work, that is, in pro-
ducing the electric light, or obtaining galvano-plastic
deposits.

Later, the firm of Siemens and Halske, of Berlin, also
constructed machines with several armatures, and obtained
particularly good results with a machine consisting of
three pairs of plates lying horizontally and parallel to each
other. These were converted into six electro-magnets
when the machinery was set in motion. Six armatures

Fig. 16.

revolved between the twelve poles, and the currents
generated could be combined in the most varied ways by
means of specially-constructed commutators.

Other constructors, too, gradually changed and im-
proved the dynamo-electric machines in various ways.
All these improvements, however, contained nothing new
in principle, and only dealt with the arrangement of the
separate parts. A change in the principle of the electric
machine has not taken place since the discovery of the
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dynamo-electric principle. Accordingly, all the machines
described in subsequent chapters, and at present used in
practice, depend on modifications and combinations of the
historical apparatus we have considered.



CHAPTER L
MACHINES GENERATING ALTERNATING CURRENTS.

ALTHOUGH electric machines may be classified in various
ways, as they may be considered from different points of
view, and although they are usually divided into magneto-
electric and dynamo-electric machines, yet, for a rational
classification, it is preferable to group them according to
the nature of the currents generated. In the two follow-
ing chapters, therefore, they have been divided under
“ Machines generating alternating currents,” and ¢ Ma-
chines generating continuous currents.

The first large alternating current machines were con-
structed by the ¢ L’Alliance ” Company, and were intendedz
for the production of the electric light in lighthouses. ¢
They have become known as the Alliance machines. The
inventor of the Alliance machines, which are still manu-
factured by the same Company, was Nollet, Professor of
Physics at the Military College of Brussels. Nollet’s
machine has been much modified and improved, on the
one hand by Professor Masson, who, amongst other
things, omitted the commutator, formerly employed with
this machine ; on the other hand, by Van Malderen,
engineer to the Alliance Company.

The following is the-construction of the present pattern
.of Alliance machine (Fig. 17).
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Several brass disks are fixed to the shaft of the machine,
one behind the other. Each of these carries 16 armature
bobbins, which are attached at equal intervals, and each
disk revolves, with its bobbins, between the poles of strong
compound permanent magnets. These magnets are fixed
radially to the horizontal bars of the cast-iron frame, so

that two opposite poles face each other, and that the
magnets arranged in a line are of alternate polarity. By
means of this arrangement each bobbin is brought, when
the brass disks revolve, between poles of opposite polarity,
and the iron cores are converted into magnets, whieh
induce powerful currents in the wire coils of the armature-
bobbins. These coils are wound in such a manner that
they may be considered to form a single large helix, one
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end of which is fixed to the shaft of the machine, the
other leading to a ring fixed on the shaft, but insulated
from it. The alternating currents are conducted into the
external circuit through springs which bear on the ring
and shaft.

The Alliance machines usually carry, on the shaft, 4
or 6 of the brass disks, and accordingly the number of
armature-bobbins, that move past the poles of the 40 or
56 magnets, is 64 or 96. As, in each revolution of the
disks, each side of the 16 armature-bobbins passes 16 mag-
netic poles, it follows that the current changes 16 times
in each revolution; and as in practice the shaft makes
400 revolutions per minute, when a steam-engine of about
5-horse power is used, there are about 100 changes of
current per second. The intervals between the currents
are, therefore, so short that they scarcely come into con-
sideration, and, for certain purposes, the currents, taken
together, may be regarded as a single current.

As regards the dimensions and construction of the
separate parts of the Alliance machine, the following
data, given by Count du Moncel, may be of interest.

The horseshoe magnets are made at the works of
Alvarre ; each weighs 20 kgrs., and each is composed of
5 or 6 steel lamin® about 1 cm. thick, screwed together.
In order to have the poles as uniformly magnetised as
possible, bars of soft iron are attached to the ends of the
steel magnets. Each complete compound magnet can
carry three times its own weight.

The bobbins of the Alliance machine have gradually
undergone much modification. At present they consist
of iron tubes, which are slit through the whole length.
These are enclosed in brass cylinders, also slit along the
middle, and on which the wire-coils are wound. Each
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bobbin is 10 cm. long, and has a diameter of 4 cm.
The length and cross-section of the wire depends on the
resistance of the external circuit, also on the number
of bobbins and the work that the machine is intended
to do.

Fig. 18.

In the machines for the electric light, strands of wire
are used, which consist of 8 wires, each about 1 mm.
thick and 30 m. long. The wires are wound with cotton ;
and, to insure as perfect insulation as possible, they are
dipped, before winding, into a solution of resin and tur-
pentine, a very good insulating solution, which only very
slightly increases the thickness of the wires.
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With an Alliance machine of this construction, having
a shaft carrying 4 disks, a light can be obtained, when a
steam-engine of 5-horse power is employed, equal in
intensity to that of 1,110 candles or 150 Carcel lamps
(one Carcel lamp being equivalent to 7:4 standard candles).
If a machine with 6 disks is used, a light of 1,480
candle-power can be obtained.

The results obtained with the Alliance machines are
good, and the machines are used for the electric light in
many lighthouses (those of Cape La Héve, near Havre ;
Cape Griz-Nez, near Calais; Kronstadt, Odessa, and
others) ; but only a small number are made, for the con-
struction is very complicated and costly, compared with
that of more recent machines.

De Meritens’ Machine is considered by many en-
gineers to be the best alternating current machine, and
certainly very good results are obtained with it. This
machine, especially the latest pattern, is not unlike the
Alliance machine in appearance, but differs considerably
in the peculiar construction of the armature.

The armature consists of an eight-spoked wheel, to the
rim of which 16 bobbins are fixed in such a way that the
iron core of one bobbin forms the prolongation of the
iron core of that preceding it. All the iron cores together
form a ring, as shown in Fig. 18.

The cores consist of 50 iron plates, 1 mm. thick, and at
each end they have iron pole-pieces composed of similar
plates, Fig. 19. The pole-pieces of each bobbin are con-
nected with those adjoining by bars of copper. All
the coils of these bobbins are wound round the iron
cores in the same direction, forming a single long helix,
whose terminals lead to two copper rings on the shaft of

the machine, but insulated from it and from each other..
D
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Two capper springs bear on these rings and conduct the
current into the outer circuit.

The 8 inducing, or field, magnets, which are fixed to the
outer framework of the machine, Fig. 18, are compound steel
magnets, and are provided with pole-pieces, Fig. 19, so
that the armature-bobbins revolve as near the magnetic
poles as passible, The magnets are placed in such a way

Fig. 19.

that poles of opposite polarity are always nearest to each
other. When the armature is caused to revolve, the
bobbins pass close under the poles of the magnets; the
soft iron cores are magnetised, and alternating currents
are induced in the wire coils, which are intensified by the
direct action of the magnets on the coils.

This arrangement, which brings the wire coils of the
armature into the direct magnetic field of the permanent
magnets, is one of the chief advantages of the De Meritens
machine. The construction is also particularly prac-
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ticable, as the separate parts of the armature oan, if
necessary, be easily removed, without disturbance of the
other parts, an absolute impossibility in many other
machines.

Another generator, which closely resembles the Alliance
machine, is that of Holmes. Indeed, it is almost identical
in construction with the Alliance machine, only that
Holmes, who has constructed a number of different pat-
terns, has, in his last, replaced the steel magnets by
V-shaped cores of soft iron, wound with wire coils, to form
electro-magnets under the current from the machine.
The cores of soft iron are attached to a disk which
rotates in front of a second fixed disk, to which the .
armature-bobbins are bolted. The coils of these bobbins
are not connected with each other, but are united in
groups, so that the machine can generate several ourrents
at the same time, each of which can be used independently,
so that one machine can work several separate electric
lights at the same time.

In order to rectify the currents, the machine is prov1ded
with a commutator.

Weston’s machine for galvano -plastic purposes
(Weston’s light-machine is described in Chap. IL.) con-
sists of an iron drum, on the inner surface of which
six cast-iron electro-magnets are fixed radially, each
reaching to about the middle of the radius of the drum.
Six smaller magnets, fixed radially to the hub and shaft of
the machine, revolve close under the poles of the larger
magnets, Fig. 20. These smaller electro-magnets form
the armature, and the coils of two are united into one
circuit, so that three horseshoe magnets are obtained,
in the coils of which alternating currents are generated,
and these are collected and rectified by a specially-con.
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structed commutator. The wire coils of the six field-
magnets form one circuit ; but the wires are wound so that
adjacent poles are of opposite polarity. In order to mag-
netise these electro-magnets, the currents generated in
the armature are conducted through their coils on the
dynamo-electric principle.

To prevent the coils of the electro-magnets becoming
overheated, their iron cores are made hollow, and are in
connection with a cir-
culating water system.

In Weston’s machine,
the commutator, which
rectifies the currents
generated in the coils
\\ of the armature, con-
. sists of a broad cylin-
! drical wheel, fixed on
the shaft, having three
teeth, and into the
spaces between these
teeth metal plates are
inserted. These are con-
nected with each other, but are insulated from the wheel.
Three terminal wires, of the same sign, lead from the
armature to the teeth, whilst the other three are con-
nected with the little metallic plates. As each of the
metallic plates is diametrically opposite to a tooth of the
wheel, it is only necessary to let two springs bear on the
commutator, directly opposite each other, to collect the
currents. These will, at the same time, be rectified, for
the metallic plates are alternately in connection with one
or the other of the springs.

This construction of Weston’s machine is principally
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used for galvano-plastic purposes, and it is provided with
a “current interrupter,” the object of which is instantly
to interrupt the electric circuit, so that any current
generated by the polarisation of the electrodes in the
galvanic bath, cannot reach the coils of the electro-
magnets, when the machine is going too slow or stops.
Under certain circumstances, this would reverse the
polarity of the machine, and currents would be induced in
the armature, whose action would redissolve the galvano-
plastie deposit.

This current interrupter is described amongst the
apparatus in Chap. IV.

Weston’s machine was improved by H. G. Mohring, of
Frankfort-on-the-Maine, and Gustav Baur, of Stuttgart.

The dynamo - electric machine of Mohring and
Baur also has 6 field-magnets, and an armature consist-
ing of 6 electro-magnets. The magnets are, however,
attached to the inner surface of the cover of a cylinder,
and, by means of a screw, the armature-magnets can
be approached to or moved away from the field-magnets,
thus making it possible to regulate the machine at any
time,

Besides this, the coils of the field-magnets do not form
a single helix, as in Weston’s machine; but each helix sur-
rounding a field-magnet is separate from the others.
The currents induced in the turns of the armature-bobbins,
are conducted to an insulated pin, after leaving the com-
mutator, and thence they enter the six wires, leading to
the coils of the field-magnets, which are magnetised as in
Weston’s machine, so that adjoining magnets are of dif-
ferent polarity. The currents pass from the six terminal
wires of the magnet coils to a second pin, and thence flow
into the external circuit. If required, the currents can
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be conducted separately.through different circuits and
can then be united.

This machine is also provided with a current-interrupter,
as it is intended for galvano-plastic purposes. :

Lontin’s alternating current machine resembles that
of Weston very much in the arrangement of the separate
parts, excepting that the twenty-four field-magnets are
fixed to the hub of a wheel on the shaft, and revolve in
front of twenty-four armature-magnets, which are attached
radially to the inside of a drum-like frame, and converge
towards the centre; as do the field-magnets in Weston’s
machine. The wire coils of the inducing electro-magnets
form a connected helix, and opposite poles are placed next
to each other, as in the machines previously described.
The current for magnetising the magnets is produced in a
separate Lontin machine for continuous currents (see
Chap. IL), the star-shaped wheel of which is fixed to the
principal shaft of the alternate current generator. The
coils of the armature-bobbins are connected with each
other in pairs, and in such a way that, together, their cores
form horseshoe magnets. One of the terminal wires leads
from each to a binding screw on the right-hand side of the
machine ; and the second leads to a binding screw on the
left-hand side. Conducting wires branch off from the
different binding screws on both sides of the machine,
and twelve alternating currents are sent through them
ducing each revolution. By a very simple commutating
apparatus these currents can be combined for quantity or
intensity, or they can be united into smaller groups.

The special advantage of this machine is that neither a
commutator nor contact brushes are necessary to con-
duct the main currents away. Brushes, or contact pieces,
usually wear rapidly, for the sparks which occur burn or
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very much oxidize the metal parts, if the currents are
strong. This machine also possesses the advantage that
if necessary the separate parts can be easily replaced with-
out the necessity of taking the machine to pieces.

When the working rate is 320 revolutions per minute
Lontin’s machine generates 12 currents, each of which is
able to produce an electric light of 740-candle power.

A very efficient alternating current machine has also
been constructed by M. Gramme, the inventor of the well-
known machines for continuous currents, with the object
of producing a suitable generator for the Jablochkoff
candles,

The following is the construction of Gramme’s
alternating current machine. Eight electro-magnets,
K K (Figs. 21 and 22), provided with pole-pieces, are
fixed to a steel shaft, F, by means of two cast-iron
crowns, H, and an eight-sided cast-iron hub, /. In
the older patterns of the generator, the current traversing
the coils of these magnets was obtained from a small
separate exciting machine, and conducted through two
brushes bearing on two insulated rings. In the newest
pattern this current is generated in a Gramme’s ring-
armature, which is attached to the principal shaft of the
machine, and is brought under the influence of two electro-
magnets.

The armature of Gramme’s alternating current machine
consists of a broad ring of soft iron, on which are wound
thirty-two bobbins completely separated from each other,
their turns running parallel to the axis of rotation. These
bobbins are divided into eight groups, and at certain
periods, during the revolution of the field-magnets, each
of these groups is opposite the pole of one of the magnets,
and the polarity of the magnets alternates from one
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to another. Accordingly, when one of the groups of the
armature is opposite a north pole, each of the adjoining
groups is opposite a south pole, and vice-versid. The posi-
tion of the coils, with respect to the magnetic poles, is so

Fig. 21.

symmetrical that when the field-magnets pass before them,
currents of equal intensity are induced in all the coils, a ;
similarly, the currents induced in the coils b are equal to
each other in intensity ; and currents are induced in the
coils ¢ and d, their strength corresponding to their posi-
tion. If the direction of the currents, therefore, is to be
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the same in all the similarly lettered coils, all that is
necessary is that the bobbins, which are situated opposite
different polarities, during: the rotation of the field-mag-
nets, should be coiled in opposite directions. As the
terminals of each coil lead to separate binding screws,
attached to the frame of the machine, it is possible to

Fig. 22.

conduct thirty-two separate alternating currents from the
machine, or to combine these currents for quantity or
intensity, as desired.

The framework consists of a cast-iron standard, D, at
front and back, and both nearly circular. These are fixed to
a cast-iron base, R, their rigidity being further ensured by
eight brass bars, E, and an iron support, U. To protect the
electro-magnet bobbins from injury, by action of centri-
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fugal force, two thin disks, T, are attached to them, and
these are firmly connected with the shaft. Gramme con-
structs three sizes of this pattern of alternating current
generator.

The machine described generates current for sixteen
Jablochkoff candles, and to work it 16-horse power is neces-
sary. Its length, including the driving pulley, is 89 cm.;
width, 76 cm, and height, 78 cm. ; it occupies a space of
4 cub. m., and weighs 650 kg., 103 kg. of which are the
copper wire. The maximum velocity of rotation is 600
revolutions per minute.

The next size is intended for six Jablochkoff candles. To
work it 6-horse power is necessary ; it is 70 cm. long, 40
cm. wide, and 52 cm. high, occupying a space of 015
cub.m. It weighs 280 kg., 40 kg. being due to the weight
. of the copper wire. The maximum velocity of rotation is
700 revolutions per minute.

The third size supplies four Jablochkoff candles, and re-
quires 4-horse power. It is 55 cm. long, 40 cm. wide,
and 48 cm. high, and occupies a space of 0°18 cub. m.
The weight is 190 kg., of which 28 kg. are copper wire,
and the maximum velocity of rotation is 800 revolutions in
the minute. '

As already stated, the latest pattern of Gramme’s
machine for alternating currents contuing the generator for
magnetising the field-magnets in itself. Gramme made
this change because in the generator previously de-
scribed transmission of the power by belt was difficult,
and a disturbance was frequently caused in the uniformity
of the light.

In the latest pattern, Gramme’s ring-armature (see
Chap. IL.) is fixed to the shaft of the machine, and two of
the. eight field-magnets are directed radially towards this
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ring, and are provided with pole-pieces, which generate two
travelling poles in it (see Pacinotti’s ring). The current
produced in the coils of the ring is then conducted through
u copper wire, which can be replaced by another of different
cross-section and length, if the strength of current in the
two machines is to be modified. The current, as in the
older pattern, is then taken to two annular disks, both of
which are insulated from the shaft and from each other ;
and from these, it passes into the coils of the field-mag-
nets. Two sizes are built of this pattern.

The largest machine of this kind weighing 470 kg.,
generates current for twenty-four candles each of 148 to
220 candle power, or for sixteen candles each of 296 to
370 candle power. The smaller generators weigh 280 kg.,
and supply twelve candles each of 148 to 220 candle
power, or eight candles each of 296 to 370 candle power.

Experience with the new machines shows that they are
superior to the machines of the older type, especially in
the production of a uniform, steady light. The firm
Siemens and Halske also construct machines for alter-
nating currents.

The Siemens:-Halske alternating current machines
have also been gradually modified ; the fundamental
principle has not, however, been changed.

The following is the construction of the latest pattern:
Cast-iron standards are fixed to a base, and are held to-
gether at the top bya bar. Each of these standards carries
twenty-four magnets on its inner face,and they obtain their
magnetising current from a small Siemens continuous cur-
rent exciting machine. This current magnetises the iron
cores in such a way that adjacent magnets, as well as mag-
nets facing each other, are of opposite polarity. The pro-
jecting ends of the iron cores of the electro-magnets are



44 MACHINES GENERATING ALTERNATING CURRENTS.

provided with pole-pieces, consisting of flat pieces of iron,
and these serve to strengthen the inducing action on the
armature-coils.

In the older pattern the armature-coils are wound on
an iron ring, somewhat as in the Gramme machine. In

Fig. 23.

the new machine, shown in Fig. 23, they are fixed to
the rim of a wheel, and do not contain any iron, but have
wooden cores, which are perforated for the sake of ven-
tilation. This so far gives the machine a considerable
advantage over those previously described, as there is no
change of polarity in its movable iron parts. The heating
of the armature-coils, which would otherwise occur, is
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obviated, and there is not the waste of work due to this
heating and change of magnetism.

Another advantage arises from the arrangement of the
different parts, by which the wire coils are made to rotate
through fields.of high magnetic intensity, formed by the
powerful electro-magnets placed opposite each other.

The number of armature-bobbins, and of the magnetic
fields, produced by the pairs of opposite poles of the field-
magnets which face each other, is the same ; the coiling of

Fig. 24.

the bobbins changes from one to another. If by a we denote
all the bobbins in which the coils are wound in one direc-

tion, and b, all those which are coiled in the opposite
" direction, we see that at a given moment, as the armature
revolves, all the alternate bobbins a will be opposite the
north poles on the anterior side of the machine, and all
the bobbins b opposite the south pole. Immediately
afterwards the bobbins @ will be opposite the south poles
on the same side, and the bobbins b will be opposite the
north poles. Accordingly, the current will change with
each change of position of the bobbins; the number,
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therefore, of alternating currents generated will be equal
to the number of armature-bobbins or of magnetic fields.
The alternating currents induced in the armature-coils
are conducted to contact rings, which are fixed to the
shaft, but are insulated from the latter and from each
other. They are then conducted to the external circuit by
means of contact springs or brushes, which are connected
with the conducting wires leading to the external circuit.

For electric lighting, the Siemens alternating current
machine renders good service, and it has proved of special
use in connection with the Hefner-Alteneck differential
lamps.

Brush’s Machine is, perhaps, the most original, and,
at any rate, the most efficient of the machines that pri-
marily generate alternating currents (Figs. 24, 25, 26).
The armature of this machine is very much like Paci-
notti’s ring in outward appearance ; but the connection of
the wire coils is different. The cast-iron core of the
armature contains a vertical groove, shown in Fig. 25,
which nearly completely divides it; it also has deep
recesses of rectangular section on both sides, which are

"meant to receive the coils. The teeth thus formed are
again traversed by three deep grooves. This grooving of
the solid iron core serves, on the one hand, to prevent in-
terfering induction currents being generated in the ring,
which would weaken the current and heat the iron ; and,
on the other hand, it aids ventilation during the revolu-
tion of the armature, and serves thus to keep cool the wire
coils.

The wire coils, of which there are eight, completely fill
the rectangular recesses in the iron core, and every pair of
diametrically opposite coils are connected with each other,
whilst the terminal wires are conducted to the four com-
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mutator rings, where they are attached to two segments,
insulated from each other. The current generated in the
two bobbins is conducted from these segments by means
of brushes, consisting of slit pieces of sheet copper. Fig.
24 illustrates a machine for lighting sixteen arc-lamps.

The commutator, which consists of four copper rings,
differs considerably from all those that have been de-
scribed, and is undoubtedly one of the most interesting
features of the Brush machine.

The construction of a commutator ring is shown in
Fig. 26. Every ring consists of two segments, 8 8, which
approach each other very closely at one point. They are
there insulated from each other by a small air space,
whilst between the other two ends there is a piece of
metal, 7T, which is insulated from them, and correspond-
ing to 3-revolution. This is called the *insulator,” and
serves to exclude that pair of bobbins from the circuit
whose coils are at the moment in the neutral position,
during the revolution of the armature. For when the
bobbins are in this position, one of the brushes presses
against the ¢ insulator,” the pair of bobbins is excluded
from the principal circuit, and, what is more important,
no current can traverse their coils, as there is no closed
circuit.

The four brushes, each of which bears on two of the
commutator rings, can be shifted concentrically around
the shaft of the machine, the proper regulation of the
generator at any time being thus possible. They are
pressed against the commutator rings by strong clamps.
The conductors leading from the brushes are of thick
strips of copper.

The armature, whose coils are separated by segmental
cylindrical sections of the iron ring, similar to th~
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wooden wedges in Pacinotti’s ring, rotates very near to
and between the poles of a pair of powerful horizontal
horseshoe magnets, the iron cores of which are a little
flattened, and have similar poles facing each other. To
prevent the shaft of the machine from being displaced
lengthways, it has grooved bearings in the journals as in
the case of the shafts of screw-steamers. The segmental
ring-shaped pole-pieces exert a very powerful inducing

Fig. 25. Fig. 26.

action on the whole armature, with the exception of the
bobbins in the neutral position. _

In a lecture given by Brush in America, he explains
that the arrangement of the field-magnets is such that
the current generated by each pair of coils is alternately
conducted through the coils of the electro-magnet and
the external circuit. Thus, during each complete revolu-
tion, every pair of bobbins once supplies the magnets with
a current and once the lamps. In one position of the
ring some of the armature-coils send their current
through the coils of the magnets, and the others are in
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connection with the external circuit. During the next
eighth part of the ‘revolution of the ring, those bobbins
that were connected with the coils of the magnets send
their current into the ocircuit, and vice versa.

According to Brush, the armature of the sixteen-
light machine offers a resistance of about 4 ohms, and
with a speed of 750 revolutions per minute, will supply
16 to 18 lamps, each of which has an arc of about 2 mm,
and offers a resistance of 4} ohms; so that the machine
generates a current which is able to overcome an external
resistance, including that due to the eleotro-magnets; of
about 80 ohms, or a resistance nearly twenty times greater
than that of the armature.

A larger Brush machine has been constructed for forty
lights; and (aceording to Brush) actuated by 30-horse
power, it gives a ourrent of 10 ampéres, with an eleotro-
motive force of 2,200 volts.

In “Engineering,” Vol. 31, 1881, p. 55, the following
data are given in conneotion with the sixteen-light
machine represented in Fig. 4.

The diameter of the ring is 20 ins.; the wire on the
eight bobbins is No. 14, B. W. G. (= 2'15 mm. diameter);
the weight of the wire in each coil is about 20 Ib.
(= 91 kgrs.); length of wire in one coil is about 900 ft.
(= 275 m.); resistance of the four limbs of the elec-
tro-magnets is 6 ohms; the resistance of the machine
from binding-screw to binding-screw is 10°55 ohms.

When working sixteen lamps, the machine made 770
revolutions a minute, and the working power was 155
horse power; the electro-motive force was 839 volts, the
strength of current 10 ampéres, and the resistance of one
lamp 4+5 ohms.



CHAPTER iI.
MACHINES GENERATING DIRECY CURRENTS.

THE fundament on which nearly all direct current genera-
tors are constructed is Pacinotti’s ring-armature, which,
however, only attains its full importance in connection
with Gramme’s ingeniously constructed collector.*

Zenobe Théophile Gramme, whose alternating current
generator was described in the previous chapter, was
formerly one of the employés of the “ Alliance ” company, _
and independently constructed a ring-armature in 1871,
without knowledge of Pacinotti’s work. In principle it
agreed with the ring-armature invented by the latter.

The following is the construction of Gramme’s armature
and collector (perhaps incorrectly termed commutator by
Pacinotti.)

In order to prevent interfering, heating, false, or so-
called Foucault currents, the core of the ring is con-
structed of annealed iron wires, and the wire system
wound round it is composed, as in the Pacinotti ring, of
groups of helices. These, however, are not separated
from each other by projecting iron teeth, but follow one
another closely. The wire commencing each coil is con-

* This assertion by the Author is undoubtedly correct as a commercial
fact, but technically the collector constructed by Pacinotti is of even
greater merit,—Editor.
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nected with the wire ending the previous one, and con-

sequently all the coils together form ome continuous

circuit. The number of coils varies in different machines,

and each consists of 300 or more turns. The points of

junction all lie on the same side of the ring, as shown in

Fig. 27, and are connected with strips of eopper, bent at

right angles, one arm of which, R, lies radially and edge-

wise along the side of the wooden hub, whilst the other

arm is within this

ring and runs parallel Fig. 27.
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collector strips. A
Gramyme constructs his ring-armature machine in

several sizes, and with various modifications. Some of
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them are arranged to be worked by hand or foot power,
and are intended only for laboratory use, or for
small quantities of work ; others are constructed to be
driven by steam, and differ more or less from one another,
aceording tg the object for which they are intended. As,

Fig, 28.

however, the principle is the same in all these generators,
a brief description of some of the most useful and most
frequently employed types will suffice.

Of the machines intended for use in physical labora-
tories, the pattern shown in Fig. 28 is the best; it is
construgted by Breguet, of Paris. This is a magneto-
electric machine, the field magnet of which is a so-called
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laminated magnet, consisting of several steel plates, held
together by clamps, a b, but dividing out a little at the
poles. These plates are provided with massive pole-pieces,
that nearly enclose the ring-armature which revolves be-
- tween them. The French physitist Jamin, to whom the

Fig: 29.

construction of this kind of magnet is to be attributed,
calls it a normal magnet, a8 in it the maximum magneti_
sation of the steel plates is attained. It therefore pos-
sesses far greater portative power than magnets of the
same size composed of simple steel bars.

The Gramme generator with steel magnet, as con-
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structed by Breguet, gives a current equal to that from
three Bunsen’s cells of ordinary size.

Amongst the large Gramme generators, we shall specially
mention those for the electric light.

The framework of these generators consists of two iron -
standards, held together at top and bottom by two stout
cylindrical cross-bars of soft iron. These cross-bars are
converted into tripolar magnets, when the current induced
in the ring-armature traverses the coils surrounding them.
These coils are wound in such a way that all the poles of
the tripolar magnets, opposite each other, are of different
polarity. A glance at the direction of the current in Fig.
30 will make this clear.

When the current generated in the eoils of the ring-
armature enters the helices of the lower tripolar electro-
magnet at p', and traverses them in the direction of the
arrows the right-hand half of the lower magnet has a
south pole induced at 8', and a north pole at n'. If we
follow the course of the current further, we see that there
are formed in the right-hand half of the upper tripolar
magnet, a south pole, §', and a north pole, n'. Again, the
left-hand half of the upper magnet, n, becomes a north pole,
and s a south pole; and in the left-hand half of the lower
magnet, a north pole is obtained at n, and a south pole at
8. Therefore, in the middle of the upper tripolar magnet,
a north pole, N, is produced, consisting of the portions
n ', and in the middle of the lower tripolar magnet,
a south pole, S, is formed, of the two portions s s'.
This is the action in the electro-magnet cores of the
Gramme machine, represented in Fig. 29, and in order to
utilise the double poles more completely, they are pro-
vided with heavy pole-pieces of soft iron. These nearly
enclose the ring-armature, which is constructed as
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described, and revolves on a steel shaft. The brushes and
collector are shown in Fig. 29, on the right-hand side of
the machine, and the currents, which the brushes conduct
away, are not only employed to do work in the external
circuit, but also to excite the field-magnets on the dynamo-
electric principle, already explained.

Generators of this kind weigh 180 kgrs. ; are 0-60 m.
high, 0-35 m. wide, and 0-65 m. long (including the belt~

Fig. 30.
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pulley, shown on the left-hand side of the figure). The
copper wire used for the field-magnets weighs 28 kgrs.,
whilst the copper wire coils of the ring weigh 4:5 kgrs.
‘The generator usually works at a speed of 900 revolutions
per minute, and produces a current which will maintain an
electric light of 10,656 candle power.

Gramme’s plating-machine, constructed in 1873, also
deserves mention. This generator weighs 177:5 kgrs.,
47 kgrs. of which are due to the weight of the copper.
It is 060 m. in height, and has a width and breadth of
055 m. With it a deposit of 600 grs. of silver per hour
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is obtained in an electrolytic bath, and to do this, 4 horse-
power is necessary for driving the machine. The field-
magnets are not wound with copper wires, as in the
machine previously described, but both halves of each
tripolar magnet are completely surrounded with a copper
sheet, so that altogether the copper conductors of the
field-magnets consist only of four broad copper strips or
sheets.

The coils of the ring-armature, which is almost com-
pletely enclosed by the pole-pieces, as in the light-machine,
consist of thick wire, flattened. The armature is thus
made very strong, and is protected against the action of
centrifugal force.

This arrangement of the copper windings is suitable for
a generator for galvano-plastic purposes, such generators
having to produce currents of low intensity, but in large
quantity, and this object is to be attained only by means
of coiling with thick copper wire, offering a low resistance.
The field-magnets obtain their exciting current from the
armature, on the dynamo-electric principle, and an auto-
matic current interrupter is connected with the generator,
as in Weston’s and Mohring’s generators. This prevents
polarisation currents reaching the machine from thebaths,
and traversing it in the opposite direction.

Gramme’s generator for the electrical transmission
of power, differs somewhat from the other machines of
the same constructor, in that four pairs of electro-magnets
are used, which are fixed to. the inside of an octagonal
frame. Of these magnets, two adjacent are at right-
angles to each other,and at the point where they con-
verge, carry a common pole-piece.

In this way four poles are generated, which are alter-
nately of opposite polarity, and nearly completely sur-
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round the ring-armature, generating four travelling
poles. .

One of the deficiencies which some inventors claim to
exist in Gramme’s machines is that only the portion of
the coils situated on the outside of the ring-armature is
exposed to the inducing action of the fixed magnets. This
Fein, of Stuttgart, endeavours to avoid.

Fig. 31.

Fein’s dynamo, Fig. 31, contains a cylindrical ring-
armature, R R, the core consisting of a number of very
thin strips of iron, insulated from each other ; it is fixed
to a brass star-shaped hub,. § 8, through the centre of
which the shaft passes. The terminals of the coils pass
through openings in the star, 8 S, provided with collars
or thimbles of insulating material, and are led to the
collector, C, which is attached to the portion of the shaft
shown on the right-hand side in the figure.
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The field-magnets, as in Gramme’s dynamo, have iron
cores, which are converted into tripolar magnets by the
method of winding the coils. These are provided with
pole-pieces, M M', which approach the external portions of
the armature coils. In addition, the peculiarly-shaped
prolongations, 4 4, are screwed on to these pole-pieces.
They enclose the inside and back portions of the windings
of the coils, so that nearly every part of the wire is under
the inducing action of the magnetic poles.

The construction of Schuckert’s flat-ring generator,
Fig. 32, is, too, sueh that the inducing action of the
magnets on the coils is more completely utilised than in
Gramme’s machine. The way in which this is effected
differs from that followed in Fein’s machine.

Whilst in Fein’s maehine the ring has a cylindrical
form, Schuckert has made use of a flattened ring. This
flat ring is nearly completely surrounded by the pole-
pieces of the field electro-magnets. The eore of the iron
ring consists of thin insulated plates of sheet-iron ; and
the collector and wire brushes are similar in construction
to the corresponding parts of Gramme’s machine.

Schuckert constructs various sizes and patterns of his
generators, as well as machines for galvano-plastic pur-
poses, which, with the exception of the flat ring, are
almost identical in construction with Gramme’s machines.
He also constructs generators with two collectors, one
placed at each end of the shaft.

This arrangement is also employed by Gramme, and
makes it possible for only a portion of the current to be
used for exciting the field-magnets, and the larger part of
the current solely for doing work. The advantage is that
when these machines are used for galvano-plastic pur-
poses, a polarisation current, entering the machine from
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the baths, cannot produce an inversion of the polarity of
the field-magnets.

For the same purpose Schuckert constructs generators
with two flat rings ; and these are also provided with an
arrangement for combining the currents for intensity or
quantity.

Heinrich’s generator is another design for better

Fig. 32,

utilising the inducing action of the magnets on the
armature. In this machine, the ring-armature, the core
of which is composed of a bundle of thick iron wires, has
a horse-shoe shaped cross-section, and the wire coils
which surround it only lie close upon it on the outside,
crossing over the hollow on the inside.

In order to bring those parts of the wire that lie on
the outside of the iron ring as completely as possible
under the inducing action of the electro-magnets, the
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xces form nearly a complete ring, interrupted in
.. piaces. The cross-section of this, too, is horse-shoe
shaped, and it thus very nearly surrounds the armature
on the outside. The hollowing of the armature is in-
tended to aid ventilation.

Desmond G. Fitzgerald’s generator has an arma-
ture somewhat similar to Brush’s ring. The coils are
separated from each other by iron wedges, and the electro-
magnets, which completely surround the ring, consist,
for this purpose, of several pieces, which together make
up a hollow ring. In this class of generators, however,
when the armature is intended to rotate as close as
possible to the magnetic poles, and if, at the same time,
very rapid revolution is required, the builder has to over-
come a great many technical difficulties. For, unless
these machines are built very symmetrically, there is great
danger of the armature and pole-pieces of the electro-
magnets rubbing against each other, and, of course, this
would soon remove the insulation, and make the machine
useless.

A better solution of the problem, how to utilise the
armature coils as completely as possible, is obtained in
Jirgensen’s generator. In this generator there are
electro-magnetic field-magnets inside as well as outside
the ring, but as the cross section of the ring and wire
spirals is comparatively small, it is only important that
the horizontal portions of the wire coils should be ex-
posed to the inducing action of the magnetic poles; and
the short vertical portions can be neglected ; the poles of
the magnets need not, therefore, take any particularly
complicated shape.

To prevent Foucault’s currents, the core of the arma-
ture in Jiirgensen’s generator is composed of separate
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rings, which are insulated from each other, and congist of
iron wire ; and it is worth mentioning that the wire coils
of the electro-magnets increase in thickness towards the
poles, to obtain a greater concentration of magmetism at
those places. : '

A generator noteworthy for its thorough practical
construction is GUlcher's dynamo. The dimensions
of the few thick copper coils surrounding the electro-

. magnet cores, and composed of wire strands, show that
the machine is intended for currents of large quantity,
but low intensity.

The flat ring-armature, which is wound much in the
style of Pacinotti’s ring, as may be seen from Fig. 33,
rotates between four pole-pieces, which enclose it like
clamps. Proceeding round the armature, the polarity of
these changes from one to the other, and each unites two
of the electro-magnets, whose similar poles face each other.

The four currents induced in the coils of the armature
are united for quantity, and are conducted into the
external circuit by means of two contact brushes.

The generator, shown in Fig. 33, will supply six Giilcher
lamps of 1,300 candle power, when working at the rate of
940 revolutions per minute, and using 10-horse power.
Amongst the advantages of the machine are that its
magnet-coil resistance is very small, on account of the
four pairs of electro-magmets being coupled parallel to
each other; and that, through the arrangement of the
coils, the internal resistance of the machine is only
0-265 ohm, for both the ring and the electro-magnets.

The dynamo-electric generator of the firm of Siemens
and Halske, in which the drum-armature invented by
Hefner-Alteneck is used, differs very much from the
machines previously described.
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The simplest form of drum-armature is shown' in
Fig. 34.. In this figure N N and S S are the poles of
the field-magnets, whilst 8 8, = = include a hollow
cylinder, which rotates with the shaft, and round which
the wires are wound parallel with the axis of rotation.
Now, as travelling poles are induced in the cylinder during
its rotation, as in the case of Gramme’s ring, and as the
interval between the poles of the magnets and the arma-
ture is very small, the coils move in a field of high in-
tensity. o

The turns of wire wound on to the armature-drum

Fig. 34.

parallel to the axis of rotation are divided into from eight
to twenty-eight groups, and form a continuous wiré cireuit.
The terminal wires of the separate groups are connected
with the segments of the collector, which has as many
segments as there are groups of wire on the drum. The
method of connection of the terminals with the parts of
the collector is such that the two total currents of opposite
direction, generated in the wire system, always meet in
two opposite segments of the collector, and can thence be
conducted into the external cireuit by means of contact
brushes. -

The way in which the connections are made, for this
purpose, is shown in Fig. 35. This figure represents a
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drum-armature, on which are wound eight wire groups.
The separate segments of the collector are denoted by the

Fig. 85.

letters a, b, 2/, ¢, d, ¢, =, f, and the several portions of the
same group are denoted by similar numbers.
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If we start from the collector, and follow the course of
the wire of a coil in the figure, we see that when the wire
leaves the segment under consideration, it runs to the
circumference on the front of the cylinder, then runs
parallel to the axis along the cylinder, again crosses the
back of the cylinder, and runs along the opposite side, and
is finally connected with another segment of the collector.

Duringthe rotation, one half of such a rectangularly-bent
group or coil is exposed to the influence of the north pole
of the inducing field-magnets, and the other half is ex-
posed to the influence of the south pole ; accordingly, cur-
rents of opposite direc-

tion are generated in Fig. 36.
both halves. For in- ———
stance, in the lower \l T

half of the wire, the
current will flow from L T
left to right, whilst in

the upper half, it will

‘be directed from right to left ; yet both together, form a
current, of the same direction, as may be seen at a glance,
from Figure 36. However, as the drum rotates, that half
of the coil, which at one moment was at the top, will, after
a semi-revolution, form the lower half. In other words,
during a complete revolution of a coil, each half turn of
wire gets once into the position where the north pole
dominates, and once into the position where the south
pole dominates. The current will be reversed immedi-
ately after the two sides of the coils have passed the
neutral points, which are equidistant from the north and
south pole. The collector serves to conduct all currents of
one direction simultaneously to one terminal, whilst it

conduets the currents of the opposite direction to the
F
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other terminal ; that is, the currents of opposite directions
are, by it, united to form currents of the same direction.
This is made possible by the ingenious manner in which
the inventor of this collector has arranged the connection
of the wires of different coils with the separate segments of
the collector. This arrangement is such that the opposite
currents meet, as in Gramme’s collector, in two diametri-
cally opposite segments of the collector, and they are, as it
were, coupled for quantity, If by + we denote, in Fig.
35, the ends of the wire in which the current flows from
the circumference of the collector disk to the centre, and
by —, the ends in which it has a direction from the
centre to the circumference, we see that two -+ wires
unite at the collector segment @, and two — wires at the
collector segment ’. In Fig. 11, we have already shown
how it is possible to obtain a direct current by connecting
the conducting wires with the respective segments. The
method of conducting the current away is, accordingly,
exactly the same in the Siemens-Halske drum generator,
as that employed in the Gramme generator; that is,
the conducting wires are always in contact with the two
metallic segments of the commutator in which the
currents meet; and through the revolution of the drum,
all the commutator segments come into this position in
turn.

The drum-armature now deseribed is employed in a
large number of generators construeted by the firm
Siemens and Halske; and as generally, these machines
have a similar construction, it will be sufficient to describe
only a few of them.

Fig. 37 represents a magneto-electric generator by
this firm. This machine is constructed to be driven with
a belt, and is very similar to the small magneto-electric
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generators of the same firm, which are worked by the
hand or foot.

The drum-armature of this machine rotates between
the pole-pieces, which closely clasp it, of fifty V-shaped
steel magmets, twenty-five of which are at the top, and

Fig. 7.

twenty-eight at the bottom, placed with their similar poles
opposite each other.

The poles of the top and bottom pairs are connected
by soft iron pole-pieces, screwed on ; and magnetic fields
of fairly high intensity are thus produced, in which the
drum-armature rotates. The collector and brushes are
shown on the right-hand of the figure.

When the drum is caused to rotate, currents are in-
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duced in the coils surrounding it, both by the direct
action of the field magnets, as well as by the travelling
poles generated in the iron cylinder. These currents
are made to flow in the same direstion by the collector, and
are condugcted to the external circuit by the contact brushes,
R R'. From the deseription of the comstruction of the
drum-armature, it will easily be perceived that the inducing
action of the magnets is more completely utilised in
Siemens’ generators than in Gramme’s. For, all parts of
the wire coils of the armature move in the magnetio fields,
and no portion is, situated inside the cylinder.*

In order to prevent the heating of the iron .cylinder,
(which ocours in machines for generating large quantities
of electricity, in oconsequence of an undivided metallic
mass moving in the magnetic field), Siemens and Halske
constructed generators in which the iron core of the drum
is fixed. In these generators, the armature coils are wound
on a drum consisting of a sheet of german-silver, which
rotates round the iron drum, at a little distance from it
and from the enclosing magnetic poles. The position of
the magnetio poles is the same as shown in Fig, 38, and
the magnets (the horizontal portions of which are round
in the older patterns) are magnetised on the dynamo-
electric principle.

The generators with a fixed iron drum are 1104 cm.
long, 32 cm. high, and 464 om. in width. The rate of
rotation is 450 revolutions per minute, at which is pro-
duced a light of 14,000 candles, with an expenditure of 6-
horse power.

* That the inside wire of a Gramme ring is ineffective has not yet been
demonstrated, even by any marked superiority of machines specially
constructed to place these inside wires under direct magnetic influence.—
Editor.
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In one respect the fixing of the iron core of the cylinder
is a grea