This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of
to make the world’s books discoverable online.

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was nevel
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domair
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover.

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey fro
publisher to a library and finally to you.

Usage guidelines

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belon
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have take
prevent abuse by commercial parties, including placing technical restrictions on automated querying.

We also ask that you:

+ Make non-commercial use of the fild&e designed Google Book Search for use by individuals, and we request that you use these fil
personal, non-commercial purposes.

+ Refrain from automated queryirigo not send automated queries of any sort to Google’s system: If you are conducting research on m:
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encc
use of public domain materials for these purposes and may be able to help.

+ Maintain attributionThe Google “watermark” you see on each file is essential for informing people about this project and helping ther
additional materials through Google Book Search. Please do not remove it.

+ Keep it legalWhatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume |
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users
countries. Whether a book is still in copyright varies from country to country, and we can’t offer guidance on whether any specific
any specific book is allowed. Please do not assume that a book’s appearance in Google Book Search means it can be used in al
anywhere in the world. Copyright infringement liability can be quite severe.

About Google Book Search

Google’s mission is to organize the world’s information and to make it universally accessible and useful. Google Book Search helps
discover the world’s books while helping authors and publishers reach new audiences. You can search through the full text of this book on
athttp://books.google.com/ |



http://books.google.com/books?id=MNo4AAAAMAAJ&ie=ISO-8859-1

AW

TEE OGIFT OF

Mrs. G. W, Pattergon

g




Qe

573
GT¢

.- - c e o e - Erln.ﬂllﬂfﬁllll‘llaNm



TEE GIFT OF

Mrs. G W, Potterson

------- T T e e

ST T




r—————

QC
573

G118












ELECTRICAL INFLUENCE MACHINES.












ELECTRICAL INFLUENCE
MACHINES.

A FULL ACCOUNT OF THEIR HISTORICAL DEVELOPMENT,
AND MODERN FORMS, WITH INSTRUCTIONS

FOR MAKING THEM.

BY

JOHN GRAY, B.Sc.

ASSOCIATE OF THE ROYAL SCHOOL OF MINES ; ASSOC. INST. ELECTRICAL

ENGINKERS ; MEM. PHYSICAL SOCIETY.

LONDON:
WHITTAKER AND CO., 2, WHITE HART STREET,
PATERNOSTER SQUARE.
GEORGE BELL AND SONS, YORK STREET,

COVENT GARDEN.
1890.



LY YXS

CHISWICK PRESS :=—C. w}u‘l:ﬂﬁ('zmm AND CO., TOOKS COURT,
CHANCERY LANE.



O/-a2 9821180,

CIFT
MRS. C. W. PATTERSON
| -2%"- 1131..

PREFACE.

ELECTRICITY has now become, in the words of a dis-
tinguished physicist ““a truly imperial science,” in which
physics and chemistry may be said to occupy the
position of mere subordinate provinces. Clerk Maxwell,

Hertz, and others have shown that the medium which
transmits the waves of light is identical with that which
conveys the waves of electric energy. The waves of
light, in fact, differ only in their extreme minuteness,
and their extreme rapidity from the electric waves
produced by an alternating current dynamo machine
or an induction coil, and the flame of a candle or of a
gas jet, in which electric oscillations are caused by the
impact of atoms has as good a claim to be called electric
light, as the glow of the incandescent carbon filament
or of the electric arc, in which identical oscillations are
generated by the passage of the so-called electric
current.

These great generalizations have opened up for the
physicist a wide and new field, in which much experi-
mental work of the greatest interest is waiting to be
done. Static or high-tension electricity, owing, perhaps,
to the prominence which has been given to the dynamical
form, by its recent and important commercial applica-
tions has not lately received from investigators its fair
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share of attention. The study of this neglected branch
of science ought to receive an additional impulse from
the fact that in the latest forms of the Influence Machine,
we possess generators of high-tension electricity both
simple and convenient, less expensive than the induction
coil, and almost equally reliable.

In the present work an attempt has been made to
bring together in one volume, all that is useful and in-
teresting about Influence Machines. In the first part
is given a sketch of the elements of static electricity
sufficient, it is hoped, to make the reader independent
of a text-book on the subject, and at the same time, in
such a form as will enable those with little mathematical
knowledge to understand the nature of electrical
duantities. ~ Sir W. Thomson’s Electrometers have been
described in detail, so that amateurs, and others having
the means, may construct them for themselves. This
part of the book will be found useful for attaining an
éxact knowledge of the action of the Influence Machines
described in the pages which follow, and may also show
makers where they can be improved. In the second
part, the history of the Influence Machine, from its
earliest known form up to its modern forms, has been
given. This, which has been characterized by Professor
Ayrton as “a Darwinian development of a Darwin
machine,” will be found to be a very interesting example
of the evolution of machines. The construction and
working of all the important machines, have also been
déscribed in this part of the book. In the last part,
instructions derived from the best available sources have
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been given how to make the machines most commonly
used. It is hoped that this will be found to contain all
the information required by instrument makers and
amateurs who may wish to make these machines.

For permission to use illustrations from their books,
I have to thank Sir W. Thomson and others. I have
to thank Mr. Wimshurst for much valuable practical
information, and for drawings with dimensions of his
excellent machines. I have also to acknowledge my in-
debtedness more especially to the following works:—
“Die generatoren hochgespannter Elektricitit by
Wallentin”; “Die Lehre von der Elektricitit by
Wiedemann”; “Papers on Electrostatics and Magne-
tism, by Sir W. Thomson,” and a “Lecture on Influence
Machines in the proceedings of the Society of Tele-
graph Engineers, by S. P. Thompson.”

Fanuary, 1890.
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PART 1L

GENERAL SKETCH OF THE PHENOMENA AND
LEADING PRINCIPLES OF STATIC
ELECTRICITY. .







- ELECTRICAL INFLUENCE MACHINES.

CHAPTER L
THE EXPERIMENTAL DATA OF STATIC ELECTRICITY.

IF a glass rod be rubbed with a piece of flannel held in
front of a fire till it is warm and dry, it will be found
that thé glass rod has acquired the property of attract-
ing any small light bodies, such as bits of paper, which
may be in its neighbourhood; and it will be further
observed, that the small bodies, after adhering for a
short time to the glass, will be repelled. If a stick of
sealing wax be rubbed with the dry flannel, precisely
similar phenomena will be observed ; that is to say, the

bits of paper near which it may be brought will be first.

attracted to the sealing wax, and after a little repelled.
A further experiment, however, will show that the
properties that have been acquired by the glass rod and
the sealing wax when rubbed by the flannel are not
identical. '
Two pith balls 4 and B, which are preferably covered
‘with tinfoil, are suspended by silk threads from a stand,

as shown in Fig. 1. A third pith ball C is carried on *
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the end of a glass rod. If we touch the pith ball 4

with a piece of glass
F excited as explained
above, and the pith

] ,c ball B. with a piece
of sealing wax simi-

B

]

larly excited, and,
finally, the pith ball
C with the excited

A piece of glass, then
r it will be found that
- - C will repel 4, but

FiG. 1. will attract B. If, on

the other hand, C be touched with a piece of excited
wax, it will attract 4 and repel B.

Pieces of glass or sealing wax excited in this way are
said to be electrified, and the pith balls which by contact
have acquired properties similar to those of the originally
electrified bodies are said to be electrified by conduction.

The experiment just described appears to show that-
glass and sealing wax when rubbed with flannel are
differently electrified ; having opposite properties, which
they communicate to the bodies with which they are
brought in contact. A body which has a similar elec-
trification to a piece of glass rubbed with flannel is said
to be positively electrified, a body which has a similar
electrification to a piece of sealing wax rubbed with
flannel is said to be ne¢gatively electrified. The law of
electrical attraction and repulsion may be deduced from

the above experiment, and is usually stated as follows:—
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Bodies similarly electrified, whether positively or
negatively, repel one another.

Bodies oppositely electrified attract one another.

If we electrify one of the two pith balls suspended
from the stand in Fig. 1 with a positive charge, the
other ball being without any charge, then touch both
simultaneously with a piece of thin metallic wire sup-
ported on a glass handle, it will be found after removing
the wire that both the balls are charged positively..
This may be tested by imparting a charge, positive or
negative, to.the carrier C, and noting the attraction
or repulsion.

The success of the experiment will be found to be
independent of the length or shape of the wire, and will
be equally good with copper, iron, lead, or any other
metal. But, if we make use of a thread of glass or of
shellac to connect the balls, it will be found that no
electrification will have been transferred from the first
ball to the second.

Bodies may therefore be divided into two classes:
conductors, or those which transmit the electric dis-
charge, and non-conductors, or those through which the
electric discharge does not take place. In electrical.
experiments, those conductors the charge of which we
wish to maintain constant must be supported by non-
conducting materials.  Pillars of glass, ebonite or gutta
percha may be used as supports, or the conductor may
be suspended by a white silk thread. Solid non-con-
ductors, when employed for this purpose, are called
insulators. Copper wires are sometimes. lapped with
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silk, and sometimes inclosed with a sheath of gutta
percha, in order to prevent them being in electrical
communication with other bodies. ' They are then said
to be insulated.

The metals are good conductors; air, glass, resins,
gutta percha, caoutchouc, ebonite, paraffin, are good
insulators ; but all substances resist the passage of elec-
tricity, and all substances allow it to pass, though in
exceedingly different degrees.

The class of substances which we have called non-
conductors or insulators are sometimes denoted by the
name of Dielectrics. They are called insulators because
they do not allow a current of electricity to pass through
them. They are called dielectrics because certain elec-
trical actions can be transmitted through them. This
function of insulators or dielectrics will be explained
more fully when we come to treat of Influence and
Electrical Theory. :

Besides the attractions and repulsions of electrified
bodies for one another, we find by experiment that an
electrified pith ball, whether electrified positively or ne-
gatively, will attract a neutral pith ball. The usual
explanation of this is that the originally neutral body
. becomes itself electrified in. presence of the electrified
body. By using a long cylindrical conductor we can
show that ‘it is not, as in ordinary cases of electrified
conductors, uniform, but that the electrification is of
different kinds in different parts. In Fig. 2 4 and B
are insulated conductors. The body A4 is positively
electrified. If the neutral body B, which is of a long
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cylindrical shape, be brought near to the body A, with-
out touching it, on testing with an electrified pith ball,
(employing an apparatus like that in Fig. 1), it will be
found that there is negative electricity at the end next
to A, and positive electricity at the other end. The
experiment points to a law for electricities, similar to that
which we have already shown to hold for electrified bodies,
viz., unlike electricities attract, and like electricities repel
one another.

F16G. 2.

The distribution or density of the electricity at diffe-
rent parts on the surface of insulated conductors is a
matter of the greatest interest, and has been the subject
of numerous experiments. In order to carry out-experi-
ments on the distribution of electricity on conductors,
we require some means of measuring the electric den-
sity, that is, the quantity of electricity on a unit surface,
for example, on a square inch or centimetre, at any par-
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ticular part of the surface of the conductor. The proof
plane was invented by Coulomb for the purpose of re-
moving a small charge from any part of the surface of a
conductor. It consists of a small circular metallic plate
B, Fig. 3, mounted on a handle 4 of glass or other insu-
lating material. The plate B, which may be of unit
area, is applied so as to coincide with any particular part
of the surface of the conductor where the density is to
be tested. On removing the proof plane, it brings with
it a quantity of electricity proportional to the density of
the charge at that point. To measure this quantity, or
at least to compare it

A ' with other charges,
Faraday’s cage method
may be used. A hollow
insulated conductor C,
Fig. 3, is mounted on
an insulating stand.
The outside of C is
connected with one
A electrode of a Thom-

- son’s quadrant electro-

' £artk meter, E (to be de-

Fie. 3. scribed further on). On

introducing the plane B with its charge into the hollow
conductor C to a sufficient extent, the deflection of the
needle of the electrometer becomes constant, and is a
measure of the charge on the proof plane. One or more
additional charged planes may be introduced into the
cage at the same time, and each will independently pro-
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duce its effect. It is obvious that by this apparatus
electrical densities at different parts of a conductor may
be compared. -

- Gray and White concluded from an experiment with
two cubes of oak, one hollow and the other
solid, that it was only the surface of the
cubes that attracted. These experiments
pointed to -the conclusion that electricity
resides entirely on the surface of the con-
ductors. To verify this principle Coulomb
made the following experiment. A hollow
sphere of metal, Fig. 4, with a perforation
large enough for the insertion of a proof
plane, was insulated and electrified. He
found by means of the proof plane no
sensible trace of electricity inside, except |
near the edges of the opening, and hence Fic. 4.
we may conclude that if the sphere had been completely
closed there would have been no electricity inside the
sphere. The classical
‘experiment of Biot con-
firms the result obtained |
from Coulomb's experi-
ment. An electrified
spherical conductor 4,
Fig. 5, is supported on
an insulating stem JD.
Two hollow hemispheres
B and C, fastened to insulating handles £ and F, are
made to fit on each side of the sphere 4, so that when

F1G. 5. B10T’s EXPERIMENT.
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brought together they completely envelop the sphere 4.
If A is strongly electrified, so that when placed in the
electrical cage it will give a considerable deflection, and
the hemispheres B and C are then closed upon it and
removed, it will be found on again testing in the cage
that all the electricity has left 4, and passed on to B
and C. ’ '

The density of the electricity at different parts of the
surface of a conductor depends on the shape.of the con-
ductor. If we electrify a sphere, and test the electrical
"density at two points of its surface, experiment will
show, as would be expected from the symmetry of the
e, sphere,  that the electrical

e ~, density is the same at any
{ © } two points. Butif we testan’
N .--" ellipsoid or egg-shaped con-

ductor, we shall find that the
density is not the same at
different points, as in the case of the sphere, but greater
at the sharp ends than at the equator, (as shown by
the dotted line in Fig. 6) and the ratio of the densities
increases indefinitely as we make the ends of the ellip-
soid sharper and sharper. This leads us up to a principle
of great importance in electrical distribution, namely,
that the electrical density is very great at any pointed
part of a conductor. If we double the charge on any
conductor, the densities at all different points will in-
crease in the same proportion. The density at any
point of a conductor is proportional to the whole charge
on the conductor, or, what is the same thing, to the

Fia. 6.
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average density. Electric force is the force with which .
electricities or electrified bodies attract or repel each
other, and Coulomb has done for its laws what Newton
has done for the laws of gravitation. Coulomb’s experi-
ments were made with the torsion balance. It is un-
necessary here to describe these experiments in detail ;
it will be sufficient to give the statement of the law
which he deduced from his experiments. The Law of
Electric Force is. as follows: If we have two points,
one having a charge of electricity whose amount is g,
and the other a charge whose amount is ¢*, and situated
at a distance 4 from one another, the force between
them acts in the straight line joining the points, and is
. I
proportional to zqi—z :

It is important to observe that the above law holds for
points, not planes.

By means of this law the unit of electric quantity can
be defined in a satisfactory and practical manner. This
unit may now be stated to be that quantity of positive
electricity which, when collected in a point, repels with
unit of force an equal quantity similarly collected into a
point at unit distance from the former. If we take the
centimetre, gramme, and second as our units of length,
mass, and time, the unit force will be that force which in
a second generates in a gramme of matter a velocity of a
centimetre per second.



CHAPTER IL
A WORKING HYPOTHESIS OF THE ELECTRIC FIELD.

IT is of the greatest importance that a student of any
branch of electrical science should have correct and clear
ideas of the various electrical magnitudes he may meet
with, and of their relations to one another. This object
is best attained, we venture to think, not by means of the
ordinary mathematical definitions, but by means of some
physical analogy or working hypothesis of the nature of
the Electric Field. For example, one may have at one’s
finger ends the mathematician’s definition of the po-
tential at any point in an electric field, viz,, the amount
of work done on unit of electricity in bringing it from
an infinite distance to the given point, and yet have such
hazy notions on the subject as to be unable to explain
simple electrical phenomena, such as the well-known
fact that points fixed on an electrified conductor will
discharge it, though they are at the saeme potential as
flatter parts of its surface from which no discharge takes
place. The distinction between potential and electro-
" motive force, and between quantity,density, and capacity,
may be cited as further illustrations of the difficulties to be
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met with in the study of this subject. To diminish or to
remove these difficulties we shall endeavour in this chapter
to furnish a mental representation of a physical condition
of the dielectric medium, which will account for the
results of experiment; but readers must be on their
guard against allowing it to prepossess the mind as to
what may be the complete ultimate explanation.

According to modern views, electric forces on bodies
are accounted for by the action of a medium called the
dielectric, in which the bodies acted upon are immersed,
the theory of action at a distance being now considered
untenable. Our object is to picture such a structure of
this medium as will account for observed electrical phe-
nomena, and to point out what corresponds to electric
potential, quantity, capacity, and other electric magni-
tudes. It will be advisable first to describe the method
of subdividing the electric field by tubes of force and
equipotential surfaces employed by Faraday, Maxwell,
and others.

A line of force is a line drawn in the electric field
whose tangent at any point indicates the direction in
which the electric force acts upon an electrified particle
placed at that point.

If we suppose that an insulated electrified spherical
conductor is placed at the centre of a spherical chamber,
an electric field is produced in the air space between the
conductor and the walls of the chamber. In this case
radial lines drawn from the centre of the conductor to
the walls of the chamber will represent lines of force.
If the surface of the sphere be subdivided into a number
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of small areas of such size that each of such units of
area contains a unit quantity of electrification or elec-
tricity, and lines of force be drawn from every point
of the periphery of the unit area, @ tube of force will be
produced. The number of tubes of force will evidently
denote the quantity of electrification on the surfaces
which they cut. '

The potential of the conductor we will assume to be
higher than that of the surrounding space. Let a number
of surfaces be drawn in the electric field, such that every
point in a given surface is at the same potential, and the
potential of each differs from that of the surface next
to it by one unit, these surfaces will cut the tubes of
force at right angles, and the whole field will be divided
up into small cells, between the ends of which there will
be a difference of one unit of potential, and on the ends
of which there will be unit quantity of electrification.
These surfaces are called equipotential surfaces. In
the case we have assumed the tubes of force will be
conical, and the equipotential surfaces will be spheres,
concentric with the spherical conductors ; with less sym-
~ metrical arrangements the shape and dimensions of the
tubes of force and equipotential surfaces will be less
regular. Each of the electric cells contains one unit of
the total energy in the electric field, and the number

of the cells will denote the total amount of energy, or . -

work stored up in the electric field.

We are how in a position to form a picture of the
structure of the electric field which will account for
the observed phenomena of statical electricity. Imagine
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the tubes of force to be material elastic tubes. Across
each of these tubes is fixed a number of elastic
diaphragms, each diaphragm coinciding with the equi-
potential surface where it cuts the tube. The mathe-
matical electrical cells are now material electric cells
with elastic walls; the sides of the tubes are, however,
supported by the adjacent tubes, so that only the elastic
diaphragms or ends of cells can be displaced. Each
of these cells is now filled with an incompressible fluid,

.and the structure of our dielectric medium is com-

plete. The incompressible fluid corresponds to what
we call electricity, which, however, must be carefully dis-
tinguished from electrification, which is the electricity
- displaced at the terminal surfaces or poles of the electric
field when under the influence of electrical stress. The
term electricity or charge of electricity is, however, often
used to denote electrification in treating of static elec-
tricity. This electrical fluid or electricity would appear
not to be the luminiferous ether, but some fluid of a
higher degree of tenuity. - The substance of the elastic
tubes and diaphragms would appear to correspond to a
combination of the dielectric substance or material with
the luminiferous ether.

A dielectric or insulator, as we have seen, is a substance
in which electricity is capable of receiving a small dis-
placement, but which does not permit of its free passage
except by rupture of its elastic diaphragms. A conductor,
on the other hand, is a body in which there are no elastic
diaphragms, or, if there are any, they have so weak an
elastic resistance as to allow the electric- fluid to pass
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through the body with little or no resistance. The .
insulated electrified spherical conductor is filled with the
electric fluid, which can flow freely through any part of
its substance. According to the principles of hydro- -
statics, the pressure of electricity at all points in a con-
ductor will be the same. It is proved by experiment
that the potential at any point inside or on the surface
of a conductor is the same; hence we naturally assume
that potential corresponds to pressure in our hypothetical
electric fluid. The further development of the theory
will be found to support this view. .

Potential.

Assuming that potential is the pressure of the electric
" fluid or electricity in the elastic cell as just described,
we shall endeavour to establish a few propositions about
it. In the first place we shall consider the mechanical
laws which govern the changes of a single electric cell.
The relation between the distortion or amount of bend-
ing produced in an elastic body by a force applied to it
is regulated by a well-known law called Hooke’s law,
which stated shortly is: 7he distortion produced in an
elastic body is proportional to the force whick produces it.
We have a good example in the common spring balance.
If one pound stretches the spiral spring one inch, two
pounds will stretch it two inches, and so on.

Let A4, Fig. 7, be a cylinder in which is fitted a piston
B, whose area is one square inch. The piston B is
supposed to work without friction, but is connected
with a crossbar D on the top of the cylinder by a spiral
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spring C. Now suppose that this cylinder is immersed
in an ocean of incompressible fluid,
and that through the opening E
in the side liquid is pumped into
the cylinder. The spring will be
compressed by the rise of the pis-
ton, and the movement of the pis-
ton will be a measure of the '
difference of pressure per square E[=7
inch between the fluid inside the
cylinder and the fluid outside the
cylinder. The amount of work done in forcing the fluid
into the cylinder will be equal to the displacement of
the piston multiplied by the average pressure, Z.e., half
the final pressure, [since the pressure starts from zero and
increases uniformly to a maximum]. This will be found
to be a useful rule for calculating the energy stored in
the dielectric. . ,

If, in investigating the laws of potential, in any case
we require a cylinder with a piston of larger area, we are
to consider it made up of the required number of these
unit cylinders, each square inch of area having its spiral
spring of unit strength. On this assumptiori a given
difference of pressure per square inch on the opposite
sides of the piston will always produce the same dis-
placement of the piston, whatever its area. The strength
of the unit spring will be the elastic strength of the
piston or diaphragm.

We are now in a position to describe the unit electric
cell. Let 4 A, Fig. 8, represent the sides of a tube of

C

F1G. 7.
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electric force ;*B, B, elastic diaphragms corresponding
to the pistons supported

A by a spiral spring on each
B, B, square inch, as already

P Pe Ps__ described, and coinciding
Fxc.‘};. with the equipotential

surfaces. Now let us sup-
pose that the pressure at P, is greater than the pressure
at P, the diaphragms w:ll be displaced as diagram-
matically represented at Fig. 9. The fluid between the
diaphragms B, and B

S 1 2

B,l B, being incompressible, the

P Pp—) P displacement of B, must
Fie. 9. be equal to that of B,.

The pressure in the cell 2, will be the pressure in P,
minus the elastic force of B,, and that in 2, will be the
pressure in P, minus the elastic force of B,. Thus we see
that the pressure in each cell is less than that in the one
preceding it, by the elastic force of the diaphragm which
separates them. The potential at any point in an electric
field ot strained dielectric.is the pressure in the cell in
which the point lies. It may be well to explain here that
the elementary electric cell, or what corresponds to it, is
probably of exceeding smallness, and it may be assumed
that the unit cell which we have found it convenient to
use for the purpose of mathematical investigation is-
made up of a very large number of these. :

A conductor, as we have alréady explained, is a body
through which the electric fluid can flow with little or no
obstruction. Its bounding surface will be the first skin
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of elastic diaphragms in the dielectric surrounding it.
The conductor may, therefore, be looked upon as an
elastic -bag filled with the electric fluid. If a conductor

should be brought into such a position as to inclose any -

number of cells of a dielectric, the pressure of the fluid
in all the cells inclosed will be equal, though formerly
‘unequal, because the fluid can now flow freely from one
to the other.

Let us now consider what will take place if we place
an insulated electric conductor in an electrically strained

DDDDE
Ale]e]+]s]o|e
NBDDDDE

F1G. 10,

dielectricc.  We shall assume, in the first place, that the
conductor is cylindrical in shape, and that its axis is
placed in the direction of the lines of force. We shall

also assume that the lines of force are parallel, and that

the conductor is of such a length as to annihilate one
half the number of elastic diaphragms between the poles
(fe. the terminal conducting surfaces) of the electric
field. _
Fig. 10 is a diagrammatic representation of such a
field as we have been describing before the conductor
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has been introduced. A4 is the positive pole of the field,
at a potential represented by 8; B the negative pole,
assumed to be at zero potential. The potential is assumed
to fall uniformly ; the figures in each cell representing the
potential in that cell, and the stretch on the diaphragms
the E. M. Fs, between the cells.

Fig. 11 represents the condition of the same field
when a conductor C is introduced into the middle tube
of force, so as to annihilate two of the diaphragms. As
two diaphragms instead of four have now to sustain the

FiG. 11.

whole difference of potential, they will be stretched to
double the extent. The potential of the conductor, it
will be observed, is now 4. Let us compare its potential
with that of the surrounding field. At the end nearest
A (the positively electrified pole) it is lower than the
surrounding field, and therefore will exhibit negative
electrification ; at the end furthest from A4 it is higher
than the surrounding field, and therefore will exhibit
positive electrification. We have here the explanation of
the well-known phenomena of Electric Influence, or, as it
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is sometimes called, Electrostatic Induction. 1t is often
stated in text-books on Electricity that under the
influence of an electrified conductor a separation of the
electricity or electricities in a neutral conductor takes
place. It will be obvious, if the above explanation is
correct, that no such separation takes place. The poten-
tial throughout the conductor is the same, the difference,
or separation so-called, is in the dielectric which surrounds
it. Another diagram may be given, which will exhibit
more accurately the condition of the electric field.

0 X X
FiG. 12.

Let O X, Fig. 12, represent a line of force drawn
between the two poles 4 and B (see Fig. 11) of the
electric field; O Y drawn at right angles to 0 X
represents the potential of the plate 4 ; the potential of
the other pole B being zero. A straight line ¥ X is
the diagram of potential between the two poles; the
potential at X.for example, is represented by X! Y.

The diagram of potential in the tube of force containing
the conductor C is ¥ B C X, the part B C in the con-



22 ELECTRICAL INFLUENCE MACHINES.

" ductor being parallel to O X. If a pair of pith balls be
suspended from the end B of the conductor, they will take
the potential of B. The potential of the field unaffected
by the conductor will be greater than that of B by an
amount represented by the line B D ; therefore the pith
balls will diverge as if charged with negative electricity of
a potential equal to B.D. In the same way, pith balls
suspended at C will diverge with positive electricity of
potential represented by C E. In fact, the so-called
separation of the electricities under #nffuence will appear
to have taken place. Positive and negative electrification
is simply positive or negative electro-motive force with
reference to the surrounding field.

Discharging Effect of Points.
The diagram of potential, Fig. 12, is for parallel tubes
C
— 71
A ;’ B

\\

D
Fi1G. 13.

of force, z.e., for a field where the decrease of potential is
" uniform, and ¥V X is therefore a straight line; the V' X,
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however, will usually be a curve. Take the case of a
conical tube of force, Fig. 13, where a_point forms one |
pole of the electric field and a plane or spherical surface
the other pole. Owing to the smaller area of the elastic
diaphragms near the apex, the distortion will be propor-
tionally greater, as the same quantity of electricity has to
be displaced at each diaphragm. Fig. 13 roughly indi-
cates the distortion of diaphragms at different distances.

Y

0 T X X
Fi6. 14.

It can easily be seen that the distortion of the diaphragm
will be inversely proportional to the square of its distance
from the apex 4 of the cone, the areas being propor-
tional to the square of their distances from the apex.
The curve of potential F C, Fig. 14, will in this case be a
rectangular hyperbola. The following considerations
will show that this is the curve. The steepness of the
curve, or the inclination of a line tangent to it at any
point, is represented by the difference of height between
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" two successive ordinates, say Pz and Qx,, divided by
zx,, the distance between them. This inclination of the
tangent in the diagram represents, therefore, the rate at
which the potential decreases, z.e, the E. M. F. which, as
we have seen, is the stretch on the elastic diaphragm of
the electric cell. The stretch on any diaphragm in a
conical tube of force has been shown to be inversely
proportional to the square of its distance from the electri-
fied point ; therefore, in the diagram of potential for this
case, the inclination of the tangent of the curve must be
inversely proportional to the square of its distance from
the origin 0. This is known to be a property of the
rectangular hyperbola.

If the apex of the cone, Fig. 13, be a mathematical
point, the E. M. F. at A will be infinite. This explains
‘the discharging effect of points on a conductor, for the
diaphragms of the dielectric will burst if the distortion,
te., the E. M. F., exceeds a certain limit, and the elec-
tricity will low away in the form of the well-known
brusk discharge.

Equation of Potential.

The equation for determining the potential due to an
electrified point at any given distance from the elec-
trified point may be deduced from the curve or dia-
gram of potential shown at Fig. 14. Let P be the
given point, at a distance 4 x from the electrified point.
The potential at P is Px. By a well-known property of
the hyperbola P x x A x=constant, therefore Px [poten-



HYPOTHESIS OF THE ELECTRIC FIELD. 25

constant . , L
—Asx—’ i.e, the potential at any point is in-

versely proportional to its distance from the electrified
point.

tial at P)=

Aitraction and Repulsion.

Under certain circumstances it is found, as we have
seen, that certain bodies are attracted or repelled by
electrified conductors. We shall now attempt some ex-
planation of this in terms of the elastic cell hypothesis.
First, we shall consider the case of a neutral conductor
placed in an electric field, in which there is a uniform
E. M. F.; such a field, for instance, as. will be produced
between two parallel plates of large size, of which one
has a positive charge and the other is connected to the
earth. Fig. 11 shows a diagrammatic section of such a
field ; the positive plate 4 is charged to a potential of
say 8; the negative plate B, is supposed to be con-
nected to the earth, and is therefore at zero potential.
The E. M. F., or stretching force on the diaphragmes, is 2.
Three tubes of force are shown, a conductor C being
placed in the central tube. This conducting body, as
we have previously explained, imparts its conducting
property to the two diaphragms, thereby increasing the
E. M. F,or stretch on the diaphragms in the central
tube.’

In this theory it is necessary to assume that dia-
phragms, when just outside the conducting substance
of the conductor, adhere to it as a schoolboy’s sucker
adheres to the wet stone on which it is pressed. It may
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help us to see the necessity for this assumption if we
remember that as a conducting body advances and
comes in contact with a stretched diaphragm, it imparts
its conducting property to it, the pressure on both
sides of the diaphragm becomes ‘equalized, and the
diaphragm must consequently seek to return to its
neutral position. It cannot in doing so leave the
conducting body behind it, as otherwise its pores are
closed up; it becomes again non-conducting, and the
difference of pressure established between its opposite
sides prevents its further movement. Hence we are
driven to the conclusion that it adheres to the end of
. the conductor and exercises a mechanical pull upon it.
We shall suppose that the conductor in Fig. 11 is ad-
vancing towards 4. The diaphragm in front of the
conductor is under tension, and when it is perforated, or
becomes conducting by its absorption into the con-
ductor as it advances, the tension of the diaphragm
pulls the body forward. At the same time the posterior
end of the conductor is sealed by a diaphragm which is
leaving it, but not in a stretched condition, as its pores
are not closed till it leaves the substance of the con-
ductor. There is thus the tension of the diaphragm
representing a force of 4, pulling the conductor forward,
and there is the difference of potential between the con-
ductor and the following cell, also represented by a force
of 4, pulling it back. The resultant force acting upon
the conducting body will therefore be zero. From this
it would appear that there will be no electric force on a-
neutral conductor placed in an electric field of uniform
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electro-motive force, which, however, we shall see is only
true when the body is in the centre of the field. The
law, however, may be inferred from the above theoretical
explanation, that the electric force, or mechanical push
or pull, on a body in an electric field is determined by
the difference of the E. M. Fs. at its two ends. It
is not proportional to the difference of the £, M. Fs., but
more strictly speaking, to the difference of their squares.

Fi1G. 158.

Fig. 15 is a diagram which gives a more accurate
representation of the conductor placed in the field of
uniform E. M. F. than that shown in Fig. 11. O repre-
sents the position of the pole-plate 4; X that of B.
O Y represents the potential at O, and the potential at
X is taken as zero. The straight line ¥ X represents
the potential in the field between the two plates, except
in the particular tube of force in which the conductor
A Bis placed. The diagram for this tube is ¥ 4 B X
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when the conductor is in the middle of the field,
YA, B, Xor YA, B, X when 4 B is near one or
other of the poles of the field. There is no resultant
force acting on the body A4 B when the conductor is
placed in the middle of the field, because the steepness
or inclination of 4 Y is equal to that of B X, these in-
clinations representing the electro-motive forces at the
opposite ends of 4 B. When the conductor is in the
position 4, B, the inclination of 4, V is greater than

Y
C F
B
E D
o X
Fi16. 16.

that of B, X,, and there will be a resultant force to-
wards the positive pole of the field. By similar rea-
. soning, it would appear that when the body is in
the position represented by A4, B, it will be attracted
to the negative pole of the field. With the help of a
diagram similar to that in Fig. 15, it is easy to show the
effect of giving a positive or’ negative charge to a con-
ductor, or, what is equivalent, raising or lowering its
potential.

Fig. 16 is a potential diagram of an electric field with
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parallel tubes of force, in which a conductor 4 B is
placed, as already described in Fig. 15. Let us assume
that the potential of 4 B is increased by an amount
B F by imparting a positive charge to it (B F has been
-taken so as to bring C to the potential of the surrourid-
ing field, merely to simplify the diagram), the potential
diagram for the tube of force containing the conductor
will now be Y CFX. It can easily be seen that the
inclination /X is _greater than the inclination of ¥ C,
te, the E. M. F. at F is greater than that at C. The
conductor, therefore, when positively charged, will be
repelled from the positive pole of the field. This ex-
plains the well-known law that similarly electrified bodies
repel one another. On the other hand, let us suppose
that the potential of the conductor is reduced by an
amount represented by the line B.D, by imparting a
negative charge to it. Y E.D X will then represent the
potential diagram for the tube of force containing the
conductor. In this case we see that the inclination of
Y E is greater than that of D X, t.e.,,the E. M. F. at E
is greater than the E. M. F. at D, consequently the
negatively electrified conductor will be attracted to-
wards the positive pole of the field. This explains
another well-known law, that dodies when oppositely
electrified attract one another.

Hitherto we have considered the case of parallel
tubes of force ; let us now consider the case of conical
tubes of force, such as will be produced by an electri-
fied point placed at the centre of a spherical conductor,
or at an infinite distance from all conductors. The



30 ELECTRICAL INFLUENCE MACHINES.

diagram of potential, as previously shown in discussing
the discharging effect of points, will be in this case a
rectangular hyperbola. Referring back to Fig. 14, if
a small neutral conductor is placed in a field due to
an electrified point, it will be seen from the diagram
that the Z.M.F. at the end nearer to the electrified
point will always be greater than at the other end. Or
if we return to the conception of the elastic conical tube
of force shown in Fig. 13, it will be evident that the
end of the conductor nearest to the apex of the cone
will be in contact with a diaphragm having a greater
stretch or distortion than that in contact with the end of
the conductor furthest from the apex of the cone, that
is, the electrified point. Hence neutral bodies will be
always attracted to an electrified point, and obviously
the attractive force will be greater the nearer the neutral
body is to the electrified point.

Capacity.

A Leyden jar, as is well known, consists of a glass
bottle or jar coated inside and outside with conducting
substances; such as sheets of tinfoil. It is charged or
filled with electricity by connecting the outer coating to
the earth and the inner coating to the electric machine,
or other source of electricity. It is found that a much
greater charge of electricity can be imparted to the inner
coating of the jar than if the same surface of tinfoil were
placed on an insulating stand at a distance from all other
conductors. To understand the explanation.of this, we
must fix our minds on the dielectric, that is, the glass
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forming the substance of the sides of the Leyden jar.
When a charge is given to the inner coating of the jar,
parallel tubes of force pass across the glass to the outer
coating, which, being in connection with the earth, is at
zero potential. The whole difference of potential has
thus to be sustained by the diaphragms of the tubes
passing between the inner and outer coatings. These
tubes are very short compared with those from a con-
ductor placed, say, in the centre of a room. Hence
there is a much smaller number of
elastic diaphragms to resist the whole
difference of potential, or pressure due A|s }] o
to the electric machine, and each of the
diaphragms will be stretched to a much
greater extent. Now the extent to
“which the first sheet of diaphragms is
stretched is a measure of the total s °
amount of free electricity or electrifica- '-nl}]
tion on the conducting surface. The

diagrammatic sketches, Fig. 17, will F1G. 17.
show more clearly how the charge in a Leyden jar
depends on the thickness of the glass. The thickness of
the glass in B is double that in 4. The tube of force in
B will therefore, as illustrated, have double the. number
of elastic diaphragms that 4 has. The same difference
of potential between the two coatings will have to be
supported by two diaphragms in case of A4, and four
diaphragms in case of B. Each diaphragm .will thus
be stretched to double the amount in A that it is in B.
The following law can easily be deduced from the above
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explanation: Z/e charge of a Leyden jar is proportional
dirvectly to the potential of the charge, and the superficial
area of the coating, and inversely to the thickness of the
glass. R

The capacity of a conductor is proportional to the dis-
placement of the elastic diaphragms close to the surface of
a conductor produced by one unit difference of potential
between the two poles of the dielectric. It is propor-

FiG. 18.

tional to the whole charge on the conductor divided by
the potential, or, in the Leyden jar, to the surface divided
by the thickness of the glass. The capacity of a Leyden
jar is very large, for the reasons given above.

Consider now the electric capacity in- some other
simple cases. First we shall investigate the electric
capacity of a spherical conductor at an infinite distance

_from all other conductors. Let 4, Fig. 18, be the section
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of such a sphere, neglecting for the moment the other
sphere B. The tubes of force of such a sphere will be
truncated cones C E G D, each extending in the direc-
tion of its base to infinity, and springing from an apex
situated at P, the centre of the sphere. The capacity of
the sphere will be inversely proportional to the elastic re-
sistance of the frustum of the cone extending outwards
from £ G to infinity. To find that elastic resistance,
suppose a quantity of electricity placed at the point P.
The potential on the surface of A is the pressure due to
the elastic resistance of the frustum of the cone extend-
ing outwards from £ G. But we have shown by the-
diagram at Fig. 14 that the potential on 4 is inversely
proportional to its radius, say = k}— The capacity is
inversely proportional to this, that is, it is proportional to
the radius of the sphere. By assuming that the quantity
of electricity on a sphere of unit radius with unit potential
is the unit quantity, we may state that tke capacity of a
Sphere at an infintte distance from other conductors is equal
to its radius. '

Referring again to Fig. 18, we may calculate the
capacity of two concentric spheres, 4 and B, of radii
R, and R, respectively. We have now to find the elastic
resistance of a slice of the cone of the thickness £ G or
G H. This can be found by subtracting the elastic
resistance of the frustum C F A D from the elastic re-
sistance of the frustum C £ G D. The elastic resistance
ofCFHD:Kf:andof(:E GD= 5

D

, therefore the
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elastic resistance of the slice F £ G H= R—f— - L
R,—R L . )
= R’ v !, The capacity will be the reciprocal of

R, R,
this, that is, R.=R.

We have dxscussed above how the capacity of a con-
ductor is modified by the dimensions of the electric field.
It has been found by experiment that the capacity of a
conductor depends on the nature of the substance of the
dielectric. For instance, if glass be substituted for air
between two conducting surfaces, the same difference of
potential between the two surfaces will impart more than
three times the quantity of electricity to the charged
conductor. This means in our theory that the elastic
diaphragms in glass have only one-third the elastic re-
sistance of those in air, and that consequently the same
pressure will produce three times the amount of displace-
ment or stretch of the diaphragms. The displacement
of the elastic diaphragms of any substance, compared
with that produced in air by the same difference of
potential, corresponds to what is called the specific in-
ductive capacity of the dielectric.

Quantity and Denszty

It only remains now to give the explanatlon of the
terms quantity and density in terms of our hypothesis
to complete the list of important magnitudes we meet
with in the study of statical electricity. We have
assumed in this theory that electricity is an incompres-
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sible fluid with which the pores of all bodies are always
_filled. When an insulated conductor has received a
positive charge of electricity, however, the amount of
the charge will not be the total quantity of electricity .
in it, but the excess which is added to it. This excess
will be represented by the total volume swept through
by the elastic sides of the skin of diaphragms, which
is supposed to form its bounding surface. When a
negative charge is imparted to a body a certain quantity
of the normal charge is abstracted, and the elastic skin
of the conductor is pressed inwards from its normal
position, the quantity of the charge being represented
by the volume swept through by the skin when it is
pressed inwards.

The density of an electric charge is the quantity of
free electricity or electrification on a unit area of the sur-
face of the conductor. This density will evidently be
proportional to the displacement of the elastic skin over
the given area.

Electrostatic Units.

Every magnitude is measured by ascertaining the
number of certain standard magnitudes, or, as they are
usually called, units, which it contains. We shall
briefly explain the units in which the electric quantities
we have been discussing are measured. In what is called
the Electrostatic system of units, they are derived from
the force exerted between two electrified points. As the
units of length, mass, and time employed are the cents-
metre, gramme, and second, this system is sometimes called
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the C. G. S. system of units. The unit force in this
system is called the dyne, and is that force which acting
for one second on a mass of one gramme gives to it a
velocity of one centimetre per second. The wzit quantity
of electricity is that quantity which, when placed at a
distance of one centimetre from a similar and equal
quantity, repels it with a force of one dyre. The quantities
of electricity must be on very small bodies, or, strictly
speaking, they must be concentrated at points. The unit
quantity of electricity may be defined in another way as
the quantity on a sphere of one centimetre radius, at an
infinite distance from all other conductors, and charged
to unit potential. In our hypothesis we have usually
takenthe volume of displacementof the elastic diaphragms
as the measure of the quantity of electricity. The volume
of displacement on a sphere of unit radius = 47z
displacement. If the displacement be equal to the
density, the density on the unit sphere at unit potential

will be 4~l— The quantity on a sphere of 1 centimetre
n

radius is taken as unit quantity when the charge is at
unit potential. It thus follows that to find the quantity of
eiectricity on any surface at an infinite distance from all
conductors we multiply the area of the surface by the
potential and divide by 4 7.

The unit of potential is the pressure on the surface of
a sphere of unit radius when the quantity of electricity
on the surface is unity, or, to state the same thing in

P
another way, when the displacement or density is e
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The mathematical definition of unit potential is the
quantity of work required to bring a unit quantity of
positive electricity from an infinite distance up to another
unit of positive electricity. This second unit can be
derived from the first.

The unit of density is the unit quantity of electricity
on unit area. .

The unit of capacity is the capacity of a sphere of unit
radius charged to unit potential, and.at an infinite
distance from other bodies.



CHAPTER IIL
 ELECTROMETERS.

THE difference of potential between any two electrified
bodies is- measured by means of instruments called
electrometers. We shall describe some of the instru-
ments of this class designed by Sir W. Thomson.

Quadrant Electrometer.

The quadrant electrometer may be used to measure
very small differences of potential; for example, the
difference of potential between the poles of a Daniell
cell will in some instruments produce a deflection of 100
divisions on the scale.

It will be convenient first to describe the essential parts
of this instrument, and afterwards to describe it more in
detail.

A light aluminium needle %, Fig. 19, is suspended by two
silk fibres x and y, so as to be able to turn on a vertical
axis of platinum wire inside a shallow cylindrical brass
box, made up of four separate and distinct quadrants,
a, b, ¢, d. The opposite quadrants are connected by
conductors, but are otherwise insulated. One of these
" quadrants & is removed to show the aluminium needle
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and its suspending wire. The position of the needle
when in equilibrium is such

that one end is half in the

quadrant ¢ and half in the

quadrant ¢, and the other is

half in 4 and half in & The

terminal / is connected with

the quadrants ¢ and 4; the

terminal 7 with 4 and ¢. The

needle # is always kept at a

high potential, generally posi-

tive. To test the difference of

potential between any body

and the earth, one of the ter-

minals, say #, is connected to

the earth, and the other / to

the body to be tested. The FIG. 19. DIAGRAM OF
deflection of the needle will be QUADRANT ELECTROMETER.
proportional to the difference of potential, and may be
shown on a scale by a beam of light reflected from a
- small mirror attached to the axis of the needle. The
needle is kept at a constant potential by means of a
small influence machine and a Leyden jar. The figure
shown is only diagrammatic.

A more detailed description of the instrument may now
be given. In the form illustrated below the directive
force is given to the needle by means of .magnets, but it
has been found in recently constructed instruments that
the bifilar suspension as just described is preferable.

Fig. 1, Plate L, represents the front elevation of the
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instrument. The outer shell of the instrument is made
up of a jar of white glass (flint), supported on three legs
by a brass mounting, cemented round the outside of its
mouth, which is closed by a plate of stout sheet brass,
- with a lantern-shaped cover standing over a wide aper-
ture in its centre. In what follows these three parts will
be called the jar, the main cover, and the lantern.

Fig. 5 represents the quadrants as seen from above;
they are shown in elevation at ¢ and 4, Fig. 1, and in
section at ¢ and &, Fig. 2. They consist, as already
described in the general sketch, of four quarters of a flat
circular box of brass, with circular apertures in the centres
of its top and bottom. Their position in the instrument
is shown in Figs. 1, 2,and 6. Each of the four quadrants
is supported on a glass stem passing downwards through
a slot in the main cover of the jar from a brass mounting
on the outside of it, and admits of being drawn outwards
for a space of about 3 of an inch from the position
occupied when the instrument is in use, as shown
approximately in the drawings. Three of them are
secured in their proper positions by nuts ¢, ¢, ¢, on the
outside of the chief flat lid of the jar shown in Fig.6. The
upper end of the stem carrying the fourth is attached to
a brass piece f, Fig. 6, resting on three short legs on the
upper side of the main cover, two of these legs being
guided by a straight V groove at g to give them freedom
to move in a straight line inwards or outwards, and to
prevent any other motion. This brass piece is pressed
outwards and downwards by a properly arranged spring
4, and is kept from sliding out by a micrometer-screw 7
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‘turning in a fixed nut. The opposite quadrants are
connected in two pairs by wires as shown in Fig. 5 ; and
two stout vertical wires, /, », called the chief electrodes,
passing through holes in the roof of the lantern, are
firmly supported by long perforated vulcanite columns
passing through those holes, and serve to connect the
pairs of quadrants with the external conductors whose
difference of potential is to be tested. Springs 7, o, at the
lower ends of these columns, shown in Figs. 1 and 2,
maintain metallic contact between the chief electrodes
and the upper sides of two contiguous quadrants 2 and 4,
when the lantern is set down in its proper position, but
allow the lantern to be removed, carrying the chief
electrodes with it, and to be replaced at pleasure without
disturbing the quadrants. The lantern also carries an
insulated charging rod p, or temporary electrode, for
charging the inner coating of the jar to a small degree to
be increased by the replenisher, or for making special
experiments in which the potential of the interior coating
of the jar is to be measured by a separate electrometer,
or kept at any stated amount of difference from that of
the outer coating. When not in use, this temporary
electrode is secured in a position in which it is dis-
connected from the inner coating.

The main cover supports a glass column ¢, Fig. 2,
projecting vertically upwards from its central aperture,
to the upper end of which is attached a brass piece 7,
which bears above it a fixed attracting disc s, to be
described later; and projecting down from it a fixed
plate bearing the silk fibre suspension of the mirror ¢
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needle #, etc., seen in Figs. 1 and 2, and fixed guard
tubes v, w, to be described presently. To the main cover
is also attached the circular level, Fig. 6, which is ad-
justed to indicate the position of the instrument in which
the quadrants are level, and
the guard tubes just mentioned
vertical. . Its lower surface,
which rests on the cover, is
slightly rounded, like a convex
lens, so as to admit of a slight
further adjustment by varying
the relative pressure of the
three screws by which it is
fastened down to the cover.
The movable conductor of
the instrument consists of a
stiff platinum wire about 37
inches long, with the needle
rigidly attached to a plane
perpendicular to it, and con-
nected with sulphuric acid in
the bottom of the jar by a fine
platinum wire hanging down
Bmu:lg;] :r.;nsron from its lower end, and kept
’ stretched by a platinum weight
under the level of the liquid. In the instrument. illus-
trated in Plate L., Figs. 1 to 6, a small magnetic needle
is fixed to the aluminium needle, and a permanent
magnet is fixed outside to give directive force. It has
been found that the bifilar method of suspension is
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superior to this. Fig. 20 illustrates this method of sus-
pension. The stiff platinum wire which carries the
mirror and needle has a cross-piece at its upper end, to
which are attached the lower ends of the suspending silk
" fibres ; the other ends being wound upon the two pins
¢, d, which may be turned in their sockets by a square
pointed key to equalize the tension of the fibres and
make the needle hang midway between the upper and
under surfaces of the quadrants. The pins ¢, d, are
pivotted in blocks cartied by springs ¢, f, to allow them
to be shifted horizontally when adjusting the position of
the points of suspension. The screws a, 4, which traverse
these blocks, have their points bearing against the
fixed plate behind, so that when & or & is turned in the
direction of the hands of a watch the neighbouring point
of suspension is brought forward, and conversely. The
needle may thus be made to turn through an angle till
it lies in a symmetrical position as represented in Fig. 5,
Plate I., when all electrical disturbance has been guarded
against by connecting the quadrants with the inside and
outside of the jar. The conical pin /% passes between the
two springs and screws into the plate behind ; by screw-
ing it inwards the points of suspension are made to recede
from each other laterally, and the sensibility of a needle
to a deflecting couple is diminished, and conversely.
The method employed to test the symmetry of the
* suspension is suggested by the consideration that, if the:
tension be equally distributed between the two fibres,
the sensibility of the needle to the same deflecting couple
will be less than if the whole or the greater part of the
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weight were supported by one fibre ; also, the sensibility
being a minimum, a small deviation from the conditions
which make it so will produce the least change of sen-
sibility by the known property of a maximum or mini-
mum. To test whether these conditions are attained,
raise one side of the instrument a little (one turn of the
foot-screw on that side is usually sufficient), and - then
produce an equal deviatien in the opposite direction from
the position marked by the attached level ; and in each
position of the instrument observe the deflection of the
image on the scale produced by some constant diffe-
rence of potentials, as that between the poles of a
Daniell cell. This deflection ought to be nearly equal
in the three positions, but exactly equal in the two dis-
turbed positions, and somewhat greater in these than in
the middle or level position. When the instrument is
far out of adjustment, the deviation will be greater in
one of the disturbed positions, and less in the other than
in the middle or level position. When it is slightly out
of adjustment, the deflections in the disturbed positions
may both somewhat exceed that in the middle position,
but to different degrees. An approximation to sym-
metry thus far, at least, should be obtained by merely
turning" the pins ¢, 4, in their sockets, as already directed,
through the minutest angles sensible to the operator,
without altering the adjustment of the spirit level on the
cover. When that has been done, the level on the cover
ought to be adjusted by successive trials to indicate the
position of the instrument, such that, when equally dis-
turbed from it in opposite directions, the deflections
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obtained are equally in excess of the deflection obtained
in the indicated position.
. The needle % is of thin sheet aluminium, cut to the
shape seen in Figs. 5 and 6, Plate I.; the very thinnest
sheet that gives the requisite stiffness being chosen. Its
area is 44 square centimetres, and weight 07 of a
gramme. If the four quadrants are in a perfectly sym-
metrical position round it, and if thgy are kept at one
electric potential by a metallic arc connecting the chief
electrodes outside, the needle may be strongly electrified
without being disturbed from its position of equilibrium ;
" but if it is electrified, and if the external electrodes be
disconnected, and any difference of potential established
between them, the needle will clearly experience ‘a
couple turning it round its vertical axis, its two ends
being driven from the positive quadrants towards the
negative, if it is itself positively electrified. It is kept
positive rather than negative in the ordinary use of the
instrument, because it is found that when a conductor
with sharp edges or points is surrounded by another pre-
senting everywhere a smooth surface, a much greater
difference of potentials can be established between them
without producing disruptive discharge if the points
and edges are positive than if they are negative. )
The mirror ¢ serves to indicate, by reflecting a ray
of light from a lamp, small angular motions of the
needle round the vertical axis. It is a very light
concave, silvered glass mirror, being of only % inch
diameter and 22 milligrammes (4 grain) weight. Mirrors
may be produced by cutting out and silvering a large

7
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number of circles of the thinnest microscope glass, fixing
and testing for the image. Out of fifty tried, ten or
fifteen are generally found satisfactory. The focus for
parallel rays is about 20 inches from the mirror, and thus
the rays of the lamp placedat a distance of 40 inches are
brought to a focus at the same distance. The lamp is
usually placed close behind the vertical screen, a little
below or above the normal line of the mirror, and the
image is thrown on a graduated scale extending hori-
zontally above or below the aperture in the screen through
which the lamp sends its light. When the mirror is at
its zero position, the lamp is so placed that its image is,
as nearly as may be, in a vertical plane with itself, and
not more than an inch above or below its level, so that
there is as little obliquity as possible in the reflection,
and the line traversed by the image on the screen during
the deflection is, as nearly as possible, straight. The
distance of the lamp and screen from the mirror is ad-
justed so as to give as perfect an image as possible of a
fine wire, which is stretched vertically in the plane of
the screen across the aperture through which the lamp
shines on the mirror. It is easy to read the horizontal
motions of the dark image to an accuracy of the tenth
of a millimetre. In the ordinary use of the instrument
a white papér screen, printed from a copper-plate, divided
_ to fortieths of an inch, is employed, and the readings are
commonly taken to about a quarter of a scale division.
The charge of the needle remains sensibly constant
from hour to hour, and even from day to day, in virtue
of an arrangement by which it is kept in communication
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with sulphuric acid in the bottom of the jar, the outside
of the jar being coated with tinfoil and connected with
the earth, so that it is in reality a Leyden jar. The
whole outside of the jar, even where not coated with
tinfoil, is in the ordinary use of the instrument kept
virtually at one potential through conduction along its
surface. This potential is generally by connecting wires
or metal pieces kept the same as that of the brass legs
and framework of the instrument. To prevent distur-
bance by the presence in the neighbourhood of strongly
electrified bodies, a wire is either wrapped round the jar
from top to bottom, or a cage or network of wire, or
any convenient metal case is placed round it; but this
ought to be easily removed or opened at any time to
permit the interior to be seen. White glass is found to
retain the charge better than green.

A small influence machine called a replenisher, Figs.
16, 17, and 18, is used to restore the charge in the jar
when it falls off through leakage. As this machine will
be described in detail in its proper place further on, we
shall say no more about it at present than that by
turning a milled head -attached to the axis of the
machine any required quantity -of .electricity may be
imparted to the jar.

A gauge is fitted on the instrument to enable the
replenisher to charge to a fixed potential. This gauge
is constructed :on the same principle as the attracted
disc electrometer to be described further on. The mov-
able attracted plate a, Fig. 4, Plate I, is made of alu-
minium, and supported by a stretched platinum wire
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passing through its centre of gravity. Fig. 3 shows the
manner in which the platinum wire g8 is attached to
the movable plate, viz.,, by passing it through two holes
in the sheet and over a central ridge of bent sheet alu-
minium. The ends of the wire are passed through holes
in curved springs, as shown in Fig. 4, and are bent round
them so as to give a secure attachment without solder,
and without touching the stretched part of the wire.
The ends of the platinum wire are attached to -the
springs by cement, (solder being found to render the
ends of the wire brittle,) care being taken to obtain
metallic contact between the wire and the brass springs.
The springs keep a constant tension on the platinum
wire. The brass pieces carrying the springs are adjust-
able to give a certain stretch to the wire, and pins are
fitted in them to give the necessary torsion to the wire.
The movement of the long end of the aluminium plate
is limited by stops; this end is shaped like a stirrup, of
which a black hair forms the transverse piece. Between
the fork of the stirrup a white enamel plate with two
black dots in close proximity is fixed, so that when the
black hair is between the two dots the aluminium disc
is in the neutral position. By means of a plano-convex
lens the position of the hair may be fixed more accu-
rately. A side view of the attracting plate, the brass
roof of the lantern, the aluminium balance, the sight
plate, the hair, and the plano-convex lens is given in
section (Fig. 2); also of a glass upper roof to protect the
gauge and the interior of the instrument below from
dust and disturbance by air currents. The fixed attract-
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ing disc is mounted on a vertical screw, which screws
into the brass mounting 2, Fig. 2, connected with the
inner coating of the Leyden jar through the guard
tubes, etc.,’and is secured in position by the jam nut
shown in the drawing at 2, Fig. 2. The disc s is about
14 inches in diameter, and is placed horizontally, with
its centre under the centre of the square aperture in the
roof of the lantern. The distance of the fixed disc
from the movable plate is about % to § of an inch, but
will have to be adjusted according to the torsion of the
platinum wire to give the maximum sensibility. The
sensibility is increased by diminishing the distance from
the attracting to the attracted plate, and increasing the
amount of torsion on the wire. If the needle is electri-
fied to too high a potential, the position of equilibrium
becomes unstable. The torsional resistance of the fibres
that suspend the needle should be adjusted so that a
single Daniell cell gives a deflection of about 100 scale
divisions (each division being about ;% of an inch).
These instruments may be relied upon to measure the
electro-motive force of a Daniell cell with an accuracy
amounting to one quarter per cent. In using the quad-
rant electrometer several different degrees of sensibility
may be obtained, according to the way in which the con-
nections are made. The instrument is most sensitive
when the two chief electrodes are connected with the
two bodies whose difference of potential is to be mea-
sured, and one of them with the case of the instrument.
A lower grade of sensibility is obtained by simply rais-
ing, so as to disconnect it from the quadrant, the elec-
E
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trode connected with the case. Several still lower
grades are obtained by placing an insulated induction
plate over one of the quadrants, but we do not consider
it necessary to describe this for our present purpose.

The Absolute Electyometer.

The quadrant electrometer, just described, does not
give an absolute measure of potential, but only measures
relative to some standard such as the Daniell cell. Itis
best suited for measurements of density and quantity
by Faraday’s cage method, as described in Chapter I,
but for measuring the high potential differences found
in influence machines the attracted disc electrometer,
which we are now about to describe, is better suited.

By measuring the force of attraction between two
electrified plates, the difference of potential between
them may be calculated without the use of a standard
of potential such as a Daniell cell. It is necessary that
the distribution of electricity on the surface of the at-
tracting discs should be uniform, and this is effected in
Sir W. Thomson’s attracted disc or absolute electrometer
by making the fixed disc larger than the movable disc,
and surrounding the movable disc by a ring called the
guard ring. This ring has its surface in the same plane
as the movable or suspended disc, and obviates any want
of uniformity in the distribution of the electricity at the
edge of the suspended disc.

The guard ring is connected with a metal case sur-
rounding the back of the attracted disc and all its sus-
pending apparatus, and thus the electrification of the
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back of the disc is rendered impossible, as it is part of
the inner surface of a hollow conductor. The fixed
disc is horizontal, and mounted on an insulating stem.
Its distance from the guard ring can be adjusted by
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F1G. 21. DIAGRAM OF ATTRACTED DIsc ELECTROMETER.

means of a micrometer screw. The guard ring is at
least as large as the fixed disc, and its lower surface is
truly plane and parallel to the fixed disc. A delicate
torsion balance is mounted on the guard ring, to one
end of the beam of which a light movable disc is sus-
pended. This disc almost fills the circular aperture in
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the guard ring, without rubbing against its sides. The
Jlower surface of the suspended disc must be as flat as
possible, and a contrivance has to be fitted for ascertain-
ing when it coincides exactly with the lower surface of
the guard ring, so as to form a single plane, interrupted
only by the narrow interval between the disc and its
guard ring. The lower disc must be screwed up till it
lies closely in contact with the guard ring, and the posi-
tion of the end of the balance noted with respect to a
plate or other suitable mounting erected on the guard
ring. It is usual to fix a black hair across a fork on the
end of the beam of the balance, and mark two black
dots on the white surface of the plate, so that the black
hair just lies between them when the suspended disc is
in the proper position. A lens may be mounted in
front of the hair and dots, so that the point of bisection
may be determined more accurately.

To measure a difference of potential, a known weight
is placed on the suspended disc sufficient to bring it into
the sighted position; the weight is then removed and the
two discs connected with electrified conductors between
which the difference of potential is to be measured.
The large disc is now adjusted by the micrometer screw
till the suspended disc is in the sighted position. If W
be the numerical value of the weight, g the force of
gravity, 4 the area of the suspended disc, D the dis+
tance between the discs, and V' the difference of poten-
tials of the discs, then

V24
We= 8x D>
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If the suspended disc is circular, of radius R, and if the
radius of the aperture of the guard ring is R,, then

‘= Lo (R 2 = &w
A=in(R*4+R, )’andV_"'D\/R'-i—R,' .

. The detailed construction of Sir W. Thomson’s ab-
solute electrometer is shown in Fig. 22, In this
electrometer an auxiliary charge besides the one to be
measured is used ; but for measuring large differences
of potential that is not necessary. The Leyden jar,
which forms the case of the instrument, is a white (flint)
glass cylinder, coated inside and outside with tinfoil to
hearly the height of the circular plate 4, apertures
being left to admit the requisite light to the interior and
allow the indications of the vertical scale » and divided
circle ¢ to be read. Round the upper rim of the jar a
brass mounting is cemented, to which the cover bf stout
sheet brass C is screwed to close the jar at the top. By
another brass mounting round its lower rim the jar is
fastened down to the cast-iron sole plate D, which closes
its lower end, and is supported on three legs. The cover
€ supports the replenisher £ and the aluminium balance
lever of the gauge, both similar to those already de-
scribed in connection with the quadrant electrometer,
but on a larger scale. The air inside is kept dry by the
aid of pumice stone soaked with strong sulphuric acid
contained in glass vessels placed in the bottom of the
jar.
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The movable disc ¢ hangs in a circular aperture in
the plate 4, which rests on three fixed supports z z 2,
cemented to the interior surface of the jar, and in me-
tallic connection with the inside coating ; the manner of
support is that of the hole, slot, and plane. This per-
forated plate or guard plate supports on a brass pillar
the attracting plate 7 of the gauge, which thus tests the
potential of the guard plate, balance, and inside coating.
This potential is kept constant by the replenisher, which
has metallic contact with the guard plate through the
spring e. The jaris charged by an insulated charging rod
let down for the occasion through a hole in the cover.

The balance ¢ is a light aluminium disc, about 46
millimetres in diameter, strengthened by an elevated rim
and radial ribs on its upper surface, but having its lower
surface plane and smooth. It nearly fills the aperture
in the guard plate, sufficient clearance being left (‘75 of
a millimetre all round) to allow it to move up and down
without'risk of friction. It is supported by three delicate
steel springs, each of which consists of two parts; the
upper end of the upper part is attached to the lower
extremity of a vertical insulating stem 7 directly above
the centre of the disc where the corresponding end of
the lower part is fixed. The opposite ends, which pro-
ject considerably beyond the circumference of the disc,
are rivetted together. One of the springs s is shown in
the figure. Their general form may be compared to
that of coach springs. The insulating stem 7 is attached
to a brass tube 4, which slides up and down in V guides
by the action of a micrometer screw. The micrometer
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screw is worked by means of the milled head » pro-
jecting above the cover C: there are guides to prevent
the tube @ turning round, and an index x, which moves up
and down with the tube, to show the amount of move-
ment. These are rigidly attached to a strong brass plate
b, lying across the mouth of the jar below the cover, and
resting upon the flange of the brass mounting to which
it is fastened by screws. The plate & is so adjusted that
the balance may hang concentric with the perforation in
the guard plate. The micrometer screw carries a hori-
zontal circular disc 4, graduated by 100 equal angular
divisions. An aperture is left in the cover, through
which its indications can be read off by reference to a
fixed mark on the sloping edge of the aperture. This,
together with the scale f, each division of which corre-
sponds to one full turn of the micrometer screw, measures
the vertical distance through which the tube & and the
points of attachment of the springs are moved.

Metallic communication between the balance and the
guard plate is maintained by a light spiral wire attached
to the pillar g, and to the upper support of the springs,
. which is a brass piece cemented to the insulating stem.
An arm not seen in the figure projects from the guard
plate over the disc, so that its extremity is between the
centre of the disc and the upper end, bent horizontally,
of an upright fixed to the disc, thus serving as a stop
to confine the motion of the disc between certain limits.
A very fine opaque black hair is stretched between two
small uprights (one of which is seen in the figure, standing
in the centre of the disc). An achromatic convex lens #,




ELECTROMETERS. 57

fixed on the guard plate, stands opposite, and produces
an image of the hair in the conjugate focus, which is just
over the outer edge of the guard plate. The two opposed
screw points £ are adjusted to touch each side of the
image thus thrown by the lens, which, on the principle
of the astronomical telescope, is observed through an eye-
lens / attached outside of the jar to the upper brass
mounting. By this arrangement the error of parallax
in observing the position of the hair relatively to the
two points is avoided ; the position of the eye may be
varied in any direction without causing any change in
the apparent relative position of the hair (image) and
points. In adjusting these different parts, it is arranged
that when the image of the hair is exactly between the
two points, or in what is called the sighted position, the
under surfaces of the balance and guard plate may be
as nearly as possible in one horizontal plane.

In the use of the instrumént the balance and springs
are protected from disturbing electrical forces by a
brass cover in two halves 3y, one of which is represented
displaced in the figure to show the interior arrangements.
The two halves when placed together form a circular
box, with an aperture in front, in which the lens % stands,
and another aperture behind to admit light from the
sky, or from a lamp placed outside the jar in the line of
the hair, lens, and points.

. The electrical part of the instrument is completed by
the continuous attracting plate B, under and parallel to
the guard. plate and spring balance. This is a stiff
circular brass plate, with parts cut out to allow it to
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move freely past the fixed supports z 2 z of the guard
plate. An electrode #, projecting through a hole in the
sole plate from an insulating stem p, is kept in metallic
communication by a spiral wire with an arm projecting
from the centre of the continuous plate. The plate B
is supported by a brass pillar ¢, from which it is insulated
by a short glass stem. It is moved vertically by the
micrometer screw w (pitch 4% of an inch), and this motion
is measured by a vertical scale » and horizontal gra-
duated circle # attached to the screw. The screw projects
below the sole plate, and is worked by the milled head
#, the nut V being fixed in the centre of the sole plate.
The pillar ¢ moves in V or ring guides, and rests upon
the upper end of the screw.

Before this instrument is available for absolute electro-
meter measurements, the force required to move the
balance through any fixed vertical distance (the point
of suspension being unmoved) must be known. This
is ascertained by weighings conducted in the following
manner: The cover C is removed, and all electrical
force in the balance is guarded against by putting the
electrode z in metallic connection with the guard plate.
The balance is then brought by turning the micrometer
circle & to the sighted position, and the reading on the
scale fand graduated circled is noted. A known weight
is then distributed symmetrically over the disc (% of a
gramme has been used hitherto), which displaces it
below the sighted position. It is now raised to the
sighted position by turning the disc 4, and the altered
micrometer reading is noted. The difference between
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the two readings measures the distance through which
the given weight displaces the balance in opposition to
the tension of the springs; and conversely, when the
balance has been displaced through the same distance
by electrical attraction between it and the continuous
plate below it, this known weight is the measure of the
force exerted upon it. It has thus been found by re-
peated weighings that a weight of % of a gramme
displaces the balance through a distance corresponding
to two full turns of the micrometer screw, and a fraction
of one division of the circle in the instrument belonging
to the laboratory of the Glasgow University. This
distance having been ascertained with all possible care,
and at different temperatures, in view of the possible
effect of temperature on the elasticity of the springs, the
planof proceeding to absolute electrostatic measurements
is as follows, the weights being removed, and covers
2y C replaced.

All electrical influence having been removed by a wire .
led from the electrode » through the hole in the cover C
to the guard plate, the balance is brought to the sighted
position. Starting from this point, it is raised by the
micrometer screw through any distance which has been
ascertained to correspond to a known weight, ¢g., the
distance just mentioned. This corresponds exactly to
the removal of the weight in the general sketch of the
electrometer given above. The jar is then charged, and
the potential is kept constant during the experiments by
using the replenisher according to the indications of the
gauge, which, as already said, has been made extremely
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sensitive for the purpose. The attracting plate B is con-
nected by its electrode 7 alternately with the outside
coating of the jar (which may be either connected with
the earth or insulated) and with the body the difference
of whose potential from that of the outside coating is to
be measured. In each case the balance is brought to the
sighted position by moving the plate B up or down by
the micrometer screw w, and the reading on the vertical
scale » and graduated circle ¢ is noted. The difference
of the two readings gives the difference of the two
distances between balance and attracting plate, from
which the difference of potentials is deduced by the
formula

V' V=(D'—D) \//LJV'&

From the descriptions given above, electrometers of
sufficient accuracy to make interesting experiments on
influence machines may be constructed by an amateur
possessing engineer’s tools. For example, the distribu-
tion of electricity on the plates of influence machines
may be measured by the proof plane, Faraday’s cage,
and a quadrant electrometer ; while the great differences
of potential between the poles of influence machines
may be measured by the attracted disc electrometer.
To determine the electric energy developed by an
influence machine, it is necessary to have also the means
of measuring the current, or quantity per second, flowing
between the poles of the machine when it is in action,
and this can be done by means of an instrument called a
galvanometer.
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Galvanometer.

The currents from the very largest influence machines
are very small when compared with currents obtained
from dynamos or batteries. The galvanometer most
suitable for measuring these small currents is one havinga
coil made up of a great length of very fine wire. The gal-
vanometer designed by Sir W. Thomson for measuring
potential difference in electric lighting and similar appli-
cations of voltaic electricity is very well suited for our

F16. 23. THOMSON’s POTENTIAL METER.

purpose. This galvanometer belongs to the class of
tangent galvanometers, the tangent of the deflection
produced in a magnetic needle being proportional to the
current flowing in the coil. The coil should contain two
or three miles of German silver wire, having a resistance
of four to five thousand ohms. The wire should be
double silk covered, and each layer insulated with paraffin,
The coil is fixed in a vertical plane on the baseboard.
The magnetic needle, which must be very short, is sus-
pended by a silk fibre in a line with the axis of the coil
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at some distance in front of the coil. A long pointer of
glass or aluminium is fixed to the needle and moves over
a tangent scale. The box M, carrying the needle with its
scale, etc., may be made to slide on the baseboard P, and
by moving it nearer to or further away from the coil, in
the line of its axis, a deflection of 10, 20, or any required
number of degrees may be obtained when a Daniell cell
is placed in the circuit of the coil. The electro-motive
force of a Daniell cell is known to be as nearly as possible
one volt, and if this unit be divided by the known resis-
tance of the coil in ohms (say 5,000 ohms), the result
will be the fraction of an ampere of current which gives
the deflection of say 10 degrees on the tangent scale of
the magnetic needle. An instrument such as this would
thus measure a current as small as the x4+ part of an
ampere, and this will be found sufficiently delicate to
measure the currents usually obtained from influence
machines.

The terminals of the galvanometer are to be connected
to the poles of the machine, but sparks must not be sent
through the galvanometer coil. Instead of the galvano-
meter, Leyden jars of known capacity may be used and
the number of sparks per second counted.
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CHAPTER 1L

HISTORICAL DEVELOPMENT OF THE INFLUENCE
MACHINE.

IT is a popular but erroneous belief that great inventions
have sprung, full grown and completely equipped, from
the brains of their inventors, like Minerva from the brain
of Jupiter. A closer examination into the history of these
inventions generally shows that the machine which im-
pressesus so much by its ingenuityand apparent originality
is the result of many small steps taken by many investi-
gators, each starting from the position attained to by his
predecessors. The history of the electrical influence
machine is no exception to this rule, but is in fact a very
fine example of what may be called the evolution of
machines.

The phenomena of electrical influence appear to have
been observed by Otto von Guericke, Hawksbee, Gray,
and other physicists in the first half of the last century ;
but Canton, about 1750, was the first to describe them in
detail, and to a certain extent explain them by the
theory of “electrical atmospheres” prevalent at that
time. Wilke, and especially Apinus, were the first to
thoroughly establish and explain, as far as it was possible

F
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at that time, the phenomena of electrical influence.
The name of electrical influence appears to have been
applied to such phenomena by the latter, and thus we see
that this name is of much earlier date than that of
electrostatic induction, which has been frequently applied
to these phenomena in recent times.

In 1762 Wilke described a simple apparatus which
may be looked upon as the forerunner of the first
apparatus in which electricity was produced by influence,
viz,, the electrophorus. Wilke's apparatus consisted
of a glass table, to the opposite surfaces of which metal
covers could be applied. He showed that when the table
had been electrified, it was capable for many days of
giving a charge to the metal covers when they were
applied to its two surfaces.

The greatest credit, however, for the invention of the
electrophorus belongs to Alexander Volta, the Italian
_scientist, who, in 1775, gave it the form in which it is
generally made, even at the present day. He also
established the true theory of its action.

The Electrophorus.

The electrophorus, or, as it was called by Volta on
account of the persistence of the electricity in the re-
sinous plate, the “ perpetual electrophorus,” generally
consists of a disc of an insulating or dielectric substance
H (Fig. 24), called the cake, which is placed on a metal
plate M, or in a metal dish. Upon the dielectric cake a
conducting plate D, usually called the cover of the
electrophorus, is placed, and can be easily lifted off the
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cake by an insulating glass handle G, or by silk strings.
The cake may be made of various materials ; we may
use shellac to which wax or turpentine has been added
in such quantity that the resulting mass has slightly
passed the point of brittleness, or we may use a mixture
of resin, turpentine, and white pitch, or equal parts of
colophonium and black pitch. Cakes have been made of
gutta percha and vulcanite, but the former substance
very soon loses its electrical properties, while the latter,
though it supplies more elec-
tricity than the resinous cake
is liable to warp, and under
the influence of the oxygen
of the atmosphere to undergo
chemical changes on its sur-
face, the effects of which,
however, may be removed
by washing with water or
an alkaline solution. Vul. ¢ 24 THEELECTROPHORUS,
canite cakes owe their efficiency in great part to the fact
that their surfaces can be made very flat, a point which
is of the greatest importance in the construction of the
electrophorus.

The cover of the electrophorus is a circular disc
rounded on the edge, and made of brass, tin, or wood
covered with tinfoil. Its lower surface, which rests
upon the cake, must be as flat as possible, and its dia-
meter slightly less than that of the cake.

To set the electrophorus in action, the cake is, after,
it has been thoroughly dried by warming, rubbed with
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fur (such as a catskin). The cake thus becomes nega-
tively electrified, and to such a degree that, if, a knuckle
is brought near, a crackling noise is produced and sparks
can be seen in the dark. If the cover be now placed
on the cake, it will by influence exhibit positive elec-
trification on its lower surface and negative electrifica-
tion on its upper surface. If the cover be then touched,
it will be reduced to the same potential as the earth, and
will consequently show positive electrification all over,
though still chiefly on the lower surfacee When the
cover is raised by its insulating handle, the positive elec-
trification becomes practically equal on both sides, and
the cover, being now in a field of higher potential than
when covering the negatively electrified cake, will dis-
charge sparks of positive electricity to any conductor
connected with the earth if it be brought sufficiently
near.

Lichtenberg was able to draw sparks sixteen inches in
length from one of his electrophori, the cover of which
was five feet in diameter, and was placed on a cake six
feet in diameter.

After the cover has been once discharged it is only
necessary to place it again on the dielectric cake to
touch and raise it in order to accumulate upon it a fresh
charge of electricity. To obviate the necessity of
touching the cover of the electrophorus every time, a
variety of arrangements has been devised. The posi-
tive electricity may be allowed to flow from the earth
into the cover through the tin case or dish by glueing
on the surface of the cake a short piece of tinfoil of suf-
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ficient length to connect the cover to the tin case when
the cover is placed on the cake; or a metallic peg may be
fixed to the bottom of the case, so as to pass up through
the centre of the cake. The case or base plate on which
the cake is placed plays an important part in the action
of the electrophorus. It forms, in fact, one pole at zero
potential of the electric field existing in the dielectric
cake, -the upper surface of the cake forming the other
pole. Owing to the proximity of a zero pole, the capa-
city of the dielectric is very great. If the case were
absent, it would be equivalent to removing the zero pole
to a greater distance, when the capacity would be pro-
portionally reduced.

As we have seen, when discussing the theoretical part
of the subject, great capacity means great electrical dis-
placement, and consequently great strain on the so-called
elastic diaphragms of the dielectric, and this may re-
sult in partial rupture and a consequent penetration of
the negative charge for short distances into the surface.
This action is supposed to account for the property
which the cake of the electrophorus is found to possess
of retaining for a long time the electric charge when
once it has been imparted to its surface.

An explanation of the action of the electrophorus in
terms of the elastic cell hypothesis may be interesting.
The metallic cover A, Fig. 25, supported on an insula-
ting handle B, is represented by an elastic bag filled with
the incompressible electric fluid. The resinous cake C:
being a dielectric is supposed to have a number of elas-
tic diaphragms in its substance in the manner we have
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already explained in Chapter II. When the cake is ex-
cited by friction its elastic diaphragms, as represented
by the dotted lines, are strained inwards. This pro-
duces an electric vacuum or negative potential in the di-
electric air above the cake. The elastic bag 4, when
placed on the cake, is surrounded by this vacuum, and
when a communication is established between the inside
of the bag and the earth by means of the tube (z.e. the

T
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conductor) E, which is connected to the metallic plate
or dish D resting on the earth, then the electric fluid
will flow from the earth into the bag, and expand it till
equilibrium is established. If the connection £ be now
broken, and 4 be removed till it is surrounded by a
neutral field, the full pressure of the stretched elastic
bag will be exerted on the fluid inside the bag, and
will drive it through any channel which may lead it to
the earth.




HISTORICAL DEVELOPMENT. A ¢

The Double Electrophorus.—The cake of the electro-
phorus which we have just described, though it retains
its electrical charge for a considerable time, ultimately
loses it, and has to be re-excited by rubbing with the
fur. The necessity for re-exciting the cake may be
obviated by using two electrophori. We will call the
cake of one electrophorus 4, and that of the other B.
To start with, a small negative charge is communicated
to 4 by rubbing with the fur. The cover is then placed
on it, touched, and removed with a positive charge.
This positive charge is now to be communicated to the
cake B. This can be done by placing the edge of the
cover where the density of the electric charge is greatest,
on the cake B, and rolling it or sliding it on the surface.
The cover is now placed flat on the surface of B, touched
and lifted, when it will exhibit negative electrification in
the ordinary way. This negative charge is now com-
municated to 4 by contact with the edge of the cover,
and reinforces its original negative charge. The opera-
tion may be continued to any required extent, till 4 has
acquired a strong negative charge and B a strong posi-
tive charge.. The multiplying of small charges of elec-
tricity by this method was described in detail by Lich-
tenberg in 1778. We find it again mentioned by Volta
in the “Collezione delle opere,” 1816.

Thedouble electrophorus is too troublesome in its work-
ing to be of practical value, but it is of great interest as
involving the same principle as the multiplying influence
machines which we shall describe presently, viz, the
multiplying by mechanical manipulation of a small
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initial charge of electricity till electricity of very high

tension is produced.

Condensers.
In the early days of electrical science, when there

————

FI1G. 26. VOLTA’Ss CONDENSER.

gy

existed no instrument for
testing electrical charges
more delicate than the gold
leaf electroscope, it was
found difficult with weakly
electrified bodies to com-
municate to the gold leaves
and their supports a suf-
ficient charge to deflect the
leaves. Volta's condenser,
described in 1782, was a
contrivance to obviate this
difficulty by increasing the
capacity of the part of the
electroscope to which the
charge was to be communi-
cated. It consisted, Fig.
26, of two metal plates
rounded on the edges, and
carefully lacquered to pre-
vent them coming into con-
ducting contact. One of
these plates was fixed on
the top of the rod carrying
the gold leaves of the elec-
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troscope, and the other was furnished with an insulating
handle. When a weak charge was to be communicated
to the electroscope, the electrified body was placed in
conducting contact with the fixed plate; the movable
plate was then placed above it and touched. The
capacity of the fixed plate was limited only by the
extremely thin layer of shellac between it and the earth
plate.  Practically the whole of the charge on the
weakly electrified body would thus be communicated
to the upper surface of the fixed plate, and when the
movable plate was withdrawn the charge flowed in great
part down to the gold leaves and deflected them.

Nicholson in 1797 described an apparatus which he
called a spinning condenser, in which a glass disc carry-
ing on its lower face two insulated tinfoil segments re-
volves on a vertical axis immediately over a fixed glass
disc with corresponding tinfoil segments. The capacity
of each of the movable segments becomes alternately of
maximum and minimum value by the opposition of a
fixed segment having respectively an opposite and
similar charge. In the former case the movable seg-
ment takes up the charge from the electrified body to
be tested, and in the latter delivers it to the electro-
scope. A point of great interest about this apparatus
is the use of tinfoil carriers fixed on a glass plate, an
arrangement almost invariably adopted in modern in-
fluence machines.

Doublers.
In 1786 the first of the so-called doublers was inven-
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ted by the Rev. Abraham Bennet of Wirksworth, The
object of this and all the earlier influence apparatus was
the same as that of Volta’s condenser, viz.,, to multiply
small charges of electricity and render them visible on
the electroscope. For this purpose they were after-
wards found to possess a serious defect, which, however,
eventually proved to be one of the most useful charac-
teristics of their descendants, the modern influence
machines.
Bennet’s apparatus will be easily understood by sup-
‘ posing that another
similar metallic disc
with an insulating
. handle is added to
C the two already de-
scribed in connection
— B withVolta’s condens-
A I ing electroscope.
Fi16. 27. BENNET's DOUBLER. This additional disc
is carefully shellaced on both sides, the insulating
handle being fixed in the plane of the disc to a point
on its circumference. The additional disc above men-
tioned we shall call B, the other two 4 and C(, as in
Fig. 27. A body charged with electricity of a low
potential (say positive) is placed in contact with the
lower unvarnished side of the disc 4. B is placed on 4
and touched, then removed with its negative charge and
placed on C, which is now also touched. C when re-
moved by its insulating handle has a charge similar to
that originally communicated to 4. If Cis now put in




HISTORICAL DEVELOPMENT. 75

contact with A4, in the place of the original electrified
body, and B be placed on 4 and touched as before, an
additional positive charge will be communicated from C
to A, as the electricity will flow to the upper surface of
A, where it is nearest to the surface of B, in contact with
earth,

The name of doubler was given to this apparatus by
Cavallo, and he says that the multiplying operation may
be repeated any number of times,though Bennet mentions
only once.

In 1788 Cavallo, while experimenting with one of
Bennet's doublers, made a very important discovery,
which constituted the defect, we have already mentioned,
of the apparatus as a doubler. His discovery, however,
brought to light one of the most useful functions of the
apparatus as a generator of high potential electricity,
viz,, the function of self-excitement. He found that
insulated plates almost without exception retain a very
small charge of electricity. This of course might mask
any small charge which was to be multiplied for testing
purposes, but it also enables the apparatus as a generator
of electricity to start without any external excitement.
The principle thus discovered by Cavallo was taken
advantage of in Nicholson’s machine, which was invented
in the same year and is usually looked upon as the first
influence machine, the operations performed by hand
in Bennet’s doubler being here effected by mechanism.

In 1787, the year previous to Nicholson’s invention, a
mechanical arrangement was devised by Erasmus Darwin
for effecting the operations of Bennet’s doubler. It
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appears to have been a very imperfect apparatus, and its
exact construction does not appear to have been any-
where published. A rough sketch of an apparatus was
found amongst Darwin’s papers, and shown by Prof.
S. P. Thompson in a lecture delivered before the Society
of Telegraph Engineers; and Nicholson mentions an in-
strument devised by Dr. Darwin which was lent to him.
The instrument was actuated by wheelwork, but in certain
positions had to be touched by hand. This latter circum-
stance would appear to establish Nicholson’s claim to be
the inventor of the first influence machine in which the
operations were performed entirely by mechanism.

Nicholson's Revolving Doubler.—In the Philosophical
Transactions for the year 1788 is described what we
may fairly call the first influence machine, in the sense
that it produced electricity by turning a handle, without
the intervention of the hand to effect any of its opera-
tions. The inventor of this machine was William
Nicholson of London, a teacher of mathematics and
writer on chemistry and natural philosophy. The paper
just referred to is entitled “ A description of an instru-
ment which by the turning of a winch produces the two
states of electricity, without friction or communication
with the earth.”

The history of the invention of the doubler is given
by Nicholson himself. He says: “In the month of
December, 1787, Mr. Partington lent me an instrument
contrived by Dr. Darwin, and consisting of four metallic
plates, two of which were movable by wheelwork into
positions which required them to be touched by hand
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in order to produce the effect. It appeared to me that
the whole operation, including the touching, might be
done by a simple combination without wheelwork, by
the direct rotation of a winch. This was soon after-
wards effected and communicated to the Royal Society
in 1788. Mr. Bennet and Mr. Cavallo observed, soon
afterthediscoveryof the
doubler, that it never
fails to excite an elec-
trical state by the mere
operation, without any
communication of elec-
tricity having been pre-
viously made.” Nichol-
son also says that the
first instrument that
he made was given
to Van Marum of
Haarlem.

It is very difficult to
get an electric charge
from the machine as
described by Nicholson,
and the reason appears
to be that its capacity
is small owing to the
absence of “ communi-
cation with the earth.”
We shall here describe
aformoftheinstrument  Fic.28. NICHOLSON's DOUBLER.
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constructed by Wimshurst, which differs from the
original machine only in the one detail of having an
earth connection. After a few turns this machine
will show sparks at its brushes, and give very decided
indications on an electroscope. A4 and B, Fig. 28,
are two fixed brass or copper discs fitted on the ends of
horizontal glass rods, which are attached to the top of an
insulating pedestal C. D is a movable disc attached
to the end of a glass radius arm F, which is attached
to and turns with the axes £ E. A metallic rod G
projects from the back of the disc D, coming in contact
once in every revolution with a small wire brush on the
end of the brass pedestal A, which is in conducting
communication with the earth. When the disc D is
opposite A, a small wire brush on the end of a bow-
shaped piece of brass wire M/ touches the stud X and
puts the plate 4 in communication with the earth
through the winch handle W and the body of the
operator. A small initial charge of, say, positive elec-
tricity on D would thus induce a small charge of negative
electricity on 4. When D in the course of its rotation
comes opposite the other fixed disc B, a brass bow L L
with a small brush at each end touches the two pegs L
and K, thus connecting the two discs 4 and B ; this
contact, however, owing to the unequal distance of L
and X from the centre, does not take place when D is
opposite 4. The peg G at the same time comes in
contact with the brush on the end of the pedestal A, and
thus communicates with the earth. The negative elec-
tricity which was developed on A now flows across the
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bow L L to the plate B and develops on D a positive
charge. By the continued rotation, the connection of B
with A4, and of D with the earth, is broken. The nega-
tive charge is thus left isolated on B, and D moves
again in front of A with its positive charge. A4 is again
connected with the earth through A/, and another nega-
tive charge is developed on A. This after another half
revolution will be transferred to B, through L L as
already described, thereby doubling the negative charge
already on B. The positive charge which this produces
on D will now be doubled, and so the increase will go on
in a geometrical ratio till a spark passes, say, between
B and D. The law of the increase of the charge may
also be described as the same as the law according to
which the principal increases at compound interest.
The initial charge on B is the principal. The ratio of
the charge on A4 to the charge on B, by which it is pro-
duced through the intervention of the movable disc D,
is the rate of interest. The charge produced on A4 is
the total amount of the interest, and this is added to the
principal on B, through L L, at every revolution (which
period corresponds to the year or other period on which
interest is calculated). If the rate of interest were 100
per cent., the charge on B would be doubled every revo-
lution, and it was on this assumption, doubtless, that the
name of doubler was given to this and similar machines.
A little investigation in these cases will show that the
rate of interest is less than 100 per cent., and therefore
the name doubler is not strictly applicable. We shall,
however, retain the original name for the purposes of
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description. A more appropriate name, viz., multiplier,
has been employed, and this term we shall preferably
use hereafter for machines working on this principle.
Cavallo's “ Multiplier.”—Cavallo, in 1795, in his “Trea-
tise on Electricity,” described an influence machine, which,
however, did not work on the compound interest prin-
ciple. The movable disc had imparted to it a reciprocat-

c
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F1G. 29. - CAVALLO’S MULTIPLIER.

ing instead of a revolving movement, as in the Nicholson
doubler. The initial small charge to be multiplied
was imparted to an insulated metal disc 4, Fig. 29. A
movable disc B was supported on a glass rod on the lever
E K, the fulcrum of which wasat K. A bent wire M fixed
on B made an earth connection by touching the metallic
pillar V- when B was facing 4, and a charge of the
opposite kind of electricity was thus imparted to B by the




HISTORICAL DEVELOPMENT. 81

influence of the charge on 4. By swinging round the
lever E K, the disc B with its attached wire M was
brought opposite a third insulated disc C, in which posi-
tion the bend on the wire A/ made contact with C and
imparted a proportion of its chargeto C. This proportion
was made as great as possible by the contiguity of an
earth-connected plate D to the opposite face of C. This
machine was called by Cavallo a ‘ multiplier.” It will
easily be seen that the charge on C was increased simply
by successive additions. This would be more appro-
priately called an addition mackine.

In 1798 considerable attention was given to the
doublers, in France by Hachette and Desormes, and in
Germany by Bohnenberger. The improvements were
principally in the details of construction.

Hackhette and Desormes’ Mackine—Hachette and
Desormes mounted the movable disc of the Nicholson
doubler so that its distance from the fixed discs could
be altered, with a view mainly to adapt it for experiments
on atmospheric electricity. They found, as had been
previously noticed by Cavallo, that the machine would
start without any external charge. They thought that if
machines were made on a large scale they would give
sparks, thus probably giving the first suggestion of the
modern use of the influence machine.

In 1804 Hachette and Desormes devised a form of
Nicholson doubler, having earth contacts to touch the
movable disc while under the influence of one of the
fixed discs, as in the improved Nicholson we have already
described. The discs were about 3 inches in diameter,

G
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and the total length of the instrument was about 15
inches.

Bokhnenberger's Mackines—Bohnenberger, in a small
volume devoted chiefly to the subject of electrical
doublers, describes a great variety of improved Bennet’s

and Nicholson’s doub-
lers. In the Bennet's
doublers the discs are
mounted to work me-
chanically,and resem-
ble in construction
Cavallo’s“multiplier,”
already described. In

» oneformofthe Nichol-
son type of machine
the line joining the
centres of the fixed
plates is vertical,
instead of being hori-
zontal, as in the ori-
ginal machine. In
another form the axis

. ofrotation is a vertical

Fig. 30. BOHNENBERGER’S MACHINE. pillar, and one disc is
fixed, while two are made movable.

One of Bohnenberger’s machines is shown, Fig. 30. It
was constructed very simply of pieces of wood, cork, and
glass rods.

In 1804 Wilson made an improvement in Cavallo’s
apparatus, which converted it from being an addition
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machine into a genuine multiplier. There were in
this apparatus, two movable plates, B and D, Fig. 31,
which were carried on reciprocating levers, as in
Cavallo’s machine. The initial (positive) charge to be
multiplied was communicated to an insulated plate 4.
The plate B, when brought close to 4, made earth
connection by touching the wire 2, and received a nega-
tive charge. This negative charge was communicated

A B C oD EF

F1G. 31. WILSON’s MACHINE.

to C by moving B up to C till it touched it. The disc
D being at the same time close to the other face of C,
and earth-connected through the rod @, received a
positive charge, which it communicated by contact to £,
in conducting communication by means of a wire W
with the disc 4. The original charge on 4 was thus
increased, and in the next operation all the induced
charges will be proportionally increased, and so on for
succeeding operations.
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Ronalds Pendulum Doubler.—This instrument was
devised in 1823 by Sir F. Ronalds for telegraphic pur-
poses. The principle of its action is exactly analogous to
that of Nicholson’s, the movable disc forming the bob of a
pendulum. A4 and B, Fig. 32, are two fixed discs, and C'is
the movable disc which swings backwards and forwards

FI1G. 32. RONALDS’ PENDULUM DOUBLER.

in front of them. Let us assume that C has a small
initial charge of positive electricity, which is prevented
from escaping by the insulating portion £ of the pendulum
rod. When C'is in front of B, B is put to earth through
the contact of a wire L fixed on B with a wire K connected
to a conducting part of the pendulum rod D. A negative
charge will thus by influence be produced on B. Cnow
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in Fig. 33, consist of two pieces of metal bent into a semi-
cylindrical form and supported on insulating pillars.
The movable parts or carriers consist of two metal
discs about 1L inches diameter, carried on a glass stem,
mounted transversely on an axis which is fitted with a
winch handle for turning. A neutralizing rod is mounted

Fi1G. 33. BELLI’S MACHINE.

on a pillar fixed at the back of the apparatus, its ends
being so situated that they touch the carriers just before
they leave the inductors or field plates. Two springs are
soldered inside at the opposite ends of the inductors, and
so arranged that they touch the carriers just after they
have entered the inductors.

In this machine, as in the doublers, the field plates
will usually have a small charge to start with. We shall
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assume that the right-hand field plate has a small posi-
tive charge. The carrier just before leaving this field
plate touches the end of the neutralizing rod, and thus
acquires by influence a negative charge. The carrier in
the course of its revolution passes round with this nega-
tive charge to the left-hand field plate, and just after
entering comes in contact with the receiving spring
and communicates its charge to the field plate. This
field plate is now negatively charged, and imparts by
influence a positive charge to the carrier when it is
in contact with the neutralizing rod just before leav-
ing the field plate. The positive charge is trans-
ferred by the carrier to the right-hand field plate when
it comes in contact with its receiving spring. The
positive charge in this field plate is thus increased.
The carrier on the other end of the transverse rod
acts in an exactly similar way. The result of the
continued operation of the machine is that negative
electricity accumulates in one field plate and positive
electricity in the other field plate, and if suitable dis-
charging rods are connected to the field plates sparks
will be obtained. The action of this machine differs
from that of the doubler in the fact that its action
depends on the direction of rotation of the carriers.
Rotation in one direction will increase the difference of
potential between the field plates, in the other direction
it will reduce the difference of potential, even though it
was very high to start with.

Another machine of Belli’s consists mainly of a glass
disc rotating inside a box. The glass disc rotates ona
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vertical axis, Fig. 34, and on its upper surface are glued
three tinfoil sectors X, the edges of which are not in-
contact. The box is made in two halves 4 4, having
double walls of iron plate carefully insulated from each
other by resin. The inner walls are connected to the
two metal wires //*, which are insulated from the outer
walls by glass tubes. Insulated wires p ¢ » and
p' ¢* »* pass through small holes in the top walls of

F1G. 34. BELLI’'S MACHINE.

the two halves of the box, and have fixed to their lower
ends fine wire brushes which rub against the tinfoil
sectors on the glass disc. To start the machine the
inner wall of 4 has a very small positive charge im-
parted to it (for example, from a silver coin held in a
damp hand and placed in contact with the knob /*).
If the sector inside is put in contact with the earth by
means of the wire p ¢ #, a negative charge is induced
upon it. On turning round the disc the negative elec-
tricity is communicated to the inner coating of 4 by
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2' ¢* r*, which is temporarily connected to it. A nega-
tive charge of electricity is thus accumulated in the
second half of the box. The brush connections are
now exchanged, one being put to earth and the other
to the inner wall of the other half of the box. The
two inner walls are insulated, and one wire, say p ¢ 7, is
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Eartio
FiG. 35. GOODMAN’S MACHINE.

connected with the earth, while the other is connected
with the body to be electrified.

Positive or negative electricity may be obtained ac-
cording as one wire or the other is connected to the
earth.

Goodman—In 1840 Goodman of Birmingham de-
scribed a machine which, if not very efficiently designed,
involved one important principle, which was afterwards
employed in the Holtz machines and considered one of
their most important characteristics, namely, the use of the



90 ELECTRICAL INFLUENCE MACHINES.

- surface of the glass without metallic coatings for conveying
the electric charge from the field plates to the collecting
combs. Goodman’s intention was to imitate in his
machine the experiment with a Leyden jar with mov-
able coatings, in which it is shown that the positive and
negative charges are left on the surface of the glass after
the metallic coatings have been removed. Two fixed
metallic plates represent the coatings of the Leyden-jar;
one of these, 4, Fig. 35, is insulated,and receives a charge
from an external source, the other, B, is connected to
the earth. A glass disc C rotates on an axis D D. As
its periphery passes between the plates 4 B the two sur-
faces of the glass receive opposite charges, which they
carry round and deliver to the combs £ and F at the
opposite side of the disc. Goodman constructed mul-
tiple plate machines on this principle, by fixing addi-
tional discs, such as C*, on the same axis, with field
plates A* B* and collecting compounds £* F*,arranged
on the same principle as in the single machine.
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of testing them on the electroscope or electrometer,
but in perfection and simplicity of design it has
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F1G6. 36. VARLEY’S MACHINE.
scarcely been excelled by the most modern types of the
‘influence machine.
The machine was patented by C. F. Varley in 1860.
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In the specification of his patent he states so clearly the
principle underlying the design of modern influence
machines that his words are worth quoting. He says, “I
placed an insulated plate or conductor near or between
two other suitable conductors; these being charged
- statically induce in the former the contrary state, the
inner plate being momentarily connected to earth to
give or to take positive electricity. This plate is then
moved and placed between two other plates, and then
allowed to touch them, by which it gives them its ac-
quired charge ; then moved out of contact, but while be-
tween them it is made to touch the earth, by which it
acquires through induction a charge of the opposite
kind to the former one; it is then taken back to the first
pair, to which it gives up its new charge; then moved out
of contact, but while between them it touches earth,
which renews the first charge, but a little stronger ; thus
by continuing the process the charge rapidly augments
to the required amount.”

This principle was developed in his machine. Metallic
carriers ¢, Fig. 36, were mounted on the periphery of a
glass disc & turning on an axis a.

On each side of the disc were fixed glass plates 24,
on the outer surfaces of which field plates ¢e* (four in
all) were mounted, and connected by metallic transverse
rods g ¢&*. Small projections on the carrier plates ¢ touch
the transverse rods gg* as they pass them, and also the
knobs on the end of earth-connected wires £/* covered
with insulating substance. The electrodes f f* are con-
nected to the field plates ee*. Neutralizing rods ¢ and
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7 are shown in the drawing “to increase the power of
the machine,” though it is difficult to see how it would
do so. A multiple plate machine on this principle is
also described in the same specification. It should be
noted that Varley’s machine differed from the doublers
in being symmetrical.

. About the year 1865 the subject of influence machines
was taken up with great energy in Germany by Toepler
and Holtz. Their first machines appear to have been
invented almost simultaneously.

We shall first deal with Toepler’s machines.

Tocpler's Mackines.

In 1865 Toepler, requiring a supply of high potential
electricity for some experiments on which he was en-
gaged, designed a machine which appears to have had its
origin in an attempt to construct a continuous electro-
phorus, though it contained an appliance for replenish-
ing the field plate, through the influence of which the
main charge was produced.

Before describing the actual machine we shall first
discuss the principle of its construction with the aid of a
diagrammatic sketch, in which for clearness discs in the
actual machine are represented by cylinders. A4, Fig. 37,
represents a cylindrically curved fixed field plate, in front
of which two similarly curved plates B and (, insulated
from one another, rotate about the axis 2. A similar appa-
ratus, called by Toepler the “ Regenerator,” consists of a
field plate /7 and two plates K and L rotating about the
axis Q. Brushes D E and M N are fixed so as to rub
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on B C and K L respectively as they pass under them;
F and G are electrodes between which the sparks pass.
Connections are made as shown in the sketch. B Cand
K L are rotated in the directions shown by the arrows
at equal angular velocities, z.e., the same number of re-
volutions per minute. Neglecting for the moment the
action of the regenerator, we shall suppose that a small
negative charge is imparted to the field plate 4. The
carrier C in the course of its rotation comes first in con-

PRY
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F1G6. 37. DIAGRAM. OF TOEPLER MACHINE.

tact with the brush D, and then passes in front of the
field plate A4 till it occupies the position of B in the dia-
gram. The negative electricity in 4 induces negative
electricity in the electrode G and positive electricity in
the carrier C. The carrier C now breaks contact with
the brush D, and makes contact with the brush £. No
transference of electricity to the brush £ takes place till
C is sufficiently removed from the influence of A4, and
just before it breaks contact with the brush £ and re-
turns to its initial position, the last of its positive charge
will be discharged through the brush £ to the electrode
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L. The carrier B goes through an exactly similar cycle
of operations, adding to the charges of positive and
negative electricity on the electrodes # and G respec-
tively, till the difference of potential is sufficient for
sparks to pass.

The object of the regenerator is to maintain the
charge in the field plate 4. Its action is exactly simi-
lar to that part of the machine just described, but in-
stead of sending its positive and negative charges to
electrodes it sends its negative charge to the field plate
A and its positive charge through the brush AV to earth.
The field plate A of the regenerator is excited recipro-
cally from the brush £ of the main machine.

The actual machine as constructed by Toepler is
shown in Fig. 38.

The field plates 4, consist of plates of glass covered
on the lower side with tinfoil. On the under side of the
main disc are glued two tinfoil sectors 4 and B, sepa-
rated from each other by a sufficient distance to secure
good insulation; similar sectors ¢ and & are glued on
the under side of the regenerator disc. The main disc
and regenerator disc are fixed on the same vertical axis
and set in rapid rotation by a belt and pulley gear, as
shown in the illustration. The brush f is in connection
with the electrode 7, the brush ¢ with the electrode 4,
and also with the field plate @, of the regenerator ; the
brush f is in connection with the earth, and the brush ¢
with the field plate 4. The action of the machine will
be easily understood on comparing these connections
with the diagrammatic sketch in the last figure. An
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F1G. 38. TOEPLER MACHINE.

extra pair of pointed electrodes 7 s are fixed to prevent
the difference of potential becoming so great as to cause
internal sparking in the machine.

H
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Toepler has shown that it is not necessary to electrify
the field plate 4, to start the machine. Different causes
have been assigned for the self-excitement, such as the
friction of the air or the brushes, or the hypothesis that
- a small difference of potential always exists between
opposing conducting surfaces.

These machines, as well as all others with conduct-
ing carriers, have the advantage over other machines
in which non-conducting carrying surfaces are used,

: that they are less sensitive to
the influence of atmospheric
moisture; but, on the other
hand, they have the disad-

3, vantage that they supply less
/ continuous currents,
In 1866 Toepler made a
comparison between machines
Frc. 39. having glass plates without
DiacrAM oF TorpLER MacHine, Metal carriers and correspond-
ing machines with metal
carriers. In connection with his experiments on this
subject he described a machine which was a step in
advance of his first machine. The two rotating discs
A B (which are represented in Fig. 39 by cylinders) are
of equal size and mounted on a horizontal axis, though -
at some distance apart. Between them, and both at the
same side of the shaft, are two fixed field plates C D,
consisting each of a plate of glass coated with tinfoil on
the side furthest from the rotating disc. The field plates
are close to their respective rotating discs, and are
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charged with opposite kinds of electricity ; they are re-
generated by supplies taken from charges induced in
the rotating disc beyond the influence of the field plate.
There is a neutralizing circuit £, consisting of a con-
ductor joining together two brushes which stand outside
the two discs exactly opposite the two field plates. The
arrangement of the machine is sym-
metrical.

In 1867 a machine, Fig. 40,
was described in which both
field plates were placed behind
a single rotating disc, and on the
opposite sides of its axis the
charges on the field plates were, as
in the last machine, replenished or
regenerated by bringing round
from the field plates cross conduc- . '
tors terminating in brushes which n .Dk
touched the carriers as they came ,Il?(;:: LER 3::}::‘:"‘
opposite the field plates.

Toepler exhibited at Cassel in 1878 a machine con-
structed on this principle. It consisted, Fig. 41, of a
fixed polygonal glass plate in two parts, 4 and C, on each
of which is fixed at the back a metallic field plate. On
the face of the glass disc D, which rotates in front of the
fixed plate, a number of tinfoil carriers are glued, while
to the centre of each carrier is fixed a projecting semi-
cylindrical piece of metal upon which the brushes of the
machine may rub. Two brushes are fixed on wooden
knobs G and H, on the ends of an oblique glass rod, and
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each is connected to the field plate on the opposite half
of the fixed plate by conductors passing round its edge.
Combs K and L are fixed in front of the rotating
disc at opposite ends of the horizontal diameter, one

F1G. 41. TOEPLER MACHINE.

tooth in each comb being replaced by a brush which
as the disc rotates comes in contact with the projection
on the centre of each carrier. The comb K is con-
nected to the electrode £, and the comb L to the elec-
trode #,—the whole arrangement being supported on in-
sulating pillars.

According to Toepler’s investigations an increase of
the charge is obtained by a combination of the brush
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and comb. The self-excitement of the machine is
probably assisted by the brush fixed on the comb, as
the electrode circuit in this machine takes the place of a
device which we shall find in later machines, called the
neutralizing fork, the function of which is to equalize
the potential of two diametrically opposite carriers.
The diagram, Fig. 42, may help to explain the action of

E+ F-
F16. 42. DIAGRAM OF TOEPLER MACHINE.

the machine. 4 and C represent the two field plates;
B and D two carriers passing in front of the field plates.
E and F are the electrodes, which are placed in contact
before starting the machine. If A4 has a small positive
charge, by influence a negative charge will be imparted
to B, and a positive charge to D, which is connected
with B by the electrode circuit and the brushes « and .
As B and D move across the field plates they
brushes a and v, and come in contact with the
B and 9, which are connected respectively to
plates C and 4. The potential of C will b
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somewhat higher than that of B, owing to the arrange-
ment of the surrounding electrified bodies. Positive
electricity will pass from C to B, and leave the field
plate C with a negative charge. For a similar reason,
positive electricity will pass from D to A, thereby in-
creasing the charge on 4. The charges on 4 and C, and
consequently their positive and negative potentials, will
go on increasing in geometrical progression, or accord-
ing to the law of compound interest, till the limit fixed
by leakage is reached. A correspondingly great difference
of potential will be induced between the carriers B and
D, which pass in front of the field plates, and if the
electrodes are separated powerful sparks will pass be-
tween them. As there will always be a certain diffe-
rence of potential between 4 and C, it is not necessary
to impart any charge to the machine to start it. In
criticising the design of this machine, we may point out
that it would greatly facilitate the transference of the
electricity from B to C if B were entirely removed from
the influence of A4 before it touched the brush B, that is
to say, it should make contact with 5 in a position much
closer to C. The same holds for D with respect to 4.
It will be found that this improvement has been carried
out in a later machine—the Voss.

The glass pillars which carry the conductors of the
machine just described are glass tubes set in porcelain
cups. The latter are coated outside and inside with tin-
foil, so as to form conductors. Metal wires fixed to the
electrodes pass down the centre of the tubes, thus forming
condensers in connection with the electrodes.
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To obtain larger quantities of electricity, Toepler has
made machines on the above principle, with a consider-
able number of plates. He has exhibited two machines
at the Paris Exhibition, with twenty and sixty rotating
plates respectively. At the Vienna Exhibition, the Me-
chanical Institute of the Royal Polytechnic of Dresden
exhibited one machine with twenty rotating plates and
another machine with thirty, constructed by Oscar

N piasy. Sectiorw End

F1G. 43. DIAGRAM OF GREAT TOEPLER MACHINE.

Leuner on Toepler’s system, and driven either by hand
or a motor.

The arrangement of these multiple machines will be
understood from the adjacent figure, Fig. 43. A number
of discs 4, B, C, D, &c., are fixed on the same axis.
The field plates G A are carried on glass plates made
in two halves (as £ F), to clear the axis of the discs.
Carriers are mounted on the rotating discs, as in the
single machine, and the electricity is drawn off by forks
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K and L, passing between the rotating discs and con-
nected to the electrodes as shown in the figure. The
arrangement of the regenerating brushes is shown on the
end view, Fig. 43 ; these are fitted on the first and last

F1G6. 44. GREAT TOEPLER MACHINE.

platesonly; andall thefield platesononesideare connected
together by rods parallel to those which connect the forks.
Only the end discs have metallic carriersglued upon them,
the other discs being uncoated as in the Holtz machine.

The complete machine is illustrated in Fig. 44. The
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electrodes of this machine rest upon two glass tubes
inserted in porcelain cups. The cups are coated inside
and outside with tinfoil, and thus serve as Leyden jars.
To connect them with the electrodes, wires furnished with
knobs at the top are dropped through the glass tubes till -
they touch the bottom of the cups.

* The whole apparatus stands on a very firm table of
cast iron. The axis can be set in rotation by a system
of belts and pulleys by hand power or motor (for ex-
ample, a small electric motor). The discs are covered
with a glass case, inside which a dish of linseed oil is
placed to absorb the ozone, and out through which the
electrodes project. From below, the table which carries
the apparatus can be heated by gas-flames contained in
a sheet-iron box with a chimney. Such a machine, with
20 discs, each 26 cm. diameter, the axis of which made
22 revolutions per second with an expenditure of 4
kilogrammetres of work, supplied a current of electricity
of 0’0081 absolute units, when measured by passing the
current through a U-formed glass tube filled with water
and a tangent galvanometer. The strength of the current
was found to be proportional to the number of revolu-
tions per second.

With an increased striking distance, or length of
spark, amounting to §5 mm., with electrode balls of
8 mm. diameter, and a regular stream of sparks, the
strength of the current decreases.

With insulated electrodes connected to Leyden jars,
the striking distance, with a regular stream of sparks,
may amount to as much as 130 mm.
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By measurement it was determined that when the
length of spark was 55 mm., the current was such that
the energy developed per second was equal to 08
kilogrammetres per second.

A battery of eighteen large jars furnished every o6
seconds a discharge which heated a platinum wire of
0'12 mm. thickness to a dark red.

According to these experiments these machines furnish
very considerable quantities of electricity. They are
not, however, suited for technical application, owing to
the delicacy of the parts and the great speed of rotation
required. Moreover, dust is liable to collect on the discs,
in spite of the protecting glass case, and the shellac
coating, owing to its destruction by the sparking, has to
be frequently renewed. For scientific purposes the
machines are to be highly recommended.

Tocpler's Non-regenerative Mackines—In another series
of machines which he devised, Toepler appears to have
taken a retrograde step from the principle of those just
described—the field plates receiving initial charges
which were not regenerated or replenished during the
operation of the machine. A machine of this class is
illustrated in Fig. 45. Upon the back of a fixed plate
are glued two paper field plates, 4 and C, called the
“distributors.” In front of this a glass disc rotates,
upon which a number of tinfoil carriers are glued, having
each a semi-cylindrical projection of brass in the centre
for the brushes to touch. The electrodes £ and F have
brushes of silver wire, which rub on the carriers as the
disc rotates.
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If the field plates 4 and C are oppositely charged,
for example, A positively and C negatively, the carriers
B and D opposite to them will, by influence and contact
with the electrodes, through the brushes receive charges

F1G. 45. TOEPLER MACHINE.

of the opposite sign to their respective field plates, while
the electrodes £ F will receive charges of the same
name as their respective field plates. If the disc be
now turned till the negatively charged carrier B comes
in contact with the brush of the negative electrode F,
under the influence of the negative field plate C,an addi-
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tional negative charge will be imparted to 7. A similar
cycle of operations takes place owing to the transfer of
D to a position in front of the electrode £, whereby the
positive charge of E is increased. All the carriers act
in a similar manner, and a continued discharge is pro-
duced between the electrodes as long as the fixed charges
last.




CHAPTER IIL
MODERN MACHINES (CONTINUED) : HOLTZ MACHINES.

THE first machine devised by Holtz in 1865 was on the
principle of the mechanical electrophorus, and belonged
to what we have called the addition class of machines.

It consisted of a fixed glass disc, on one side of which
an even number of tinfoil sectors was pasted, and charged
alternately positive and negative from a small electric
machine. - In front of this disc, opposite the glass side,
was mounted, so that it could be put in rapid rotation,
another glass disc, having the same number of tinfoil
sectors pasted on its outer surface. As the disc rotated
the movable sectors passed alternately in front of the
positively and negatively charged fixed sectors. By in-
fluence a negative and positive charge would thus be
alternately induced in each of the movable sectors, and
when sectors in which similar charges were generated
were connected together, the charges could be drawn off
by collecting combs.

In the same year Holtz described a machine of the
type which is now generally associated with his name.
This belonged to the multiplying class of machines, the
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field plates being replenished by the machine itself, and
not separately excited.

A disc of thin flat plate glass is mounted on a horizontal
spindle, which can be set in rapid rotation by means of
a belt and pulleys. Opposite this disc is fixed another,
Fig. 46, of slightly larger diameter, and at a short dis-
tance (say § inch) from the first disc. In the edge of
this disc are two notches 4 and B, and near their edges,
at the back of the disc, are pasted two paper field plates
C and D. One side of each of
the field plates has toothed pro-
jections ¢ and & formed upon it,
and these protruding through
the notches in the disc bend for-
ward till their points almost
touch the surface of the rotating
disc in front. The field plates

FIG. 46. PLATE OF EARLY 5re 3]50 sometimes bent round
HoLTZ MACHINE. the edges of the notches and
pasted on the front surface of the fixed plate. When
considered with reference to the direction of rotation of
the movable disc, a notch always precedes a paper field
plate. In front of the rotating disc are placed the
collecting combs, which consist of a series of pointed wires
attached to a radial bar as the teeth are attached to the
back of a comb. These collecting combs are placed
opposite the paper field plates at some distance back
from the toothed edge, and supported on rods parallel
to the axis of the disc, leading to the discharging elec-
trodes.
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As the operation of this machine is the same as
in a later form of the Holtz machine which we shall
next describe, it is unnecessary at present to describe
it. The principal point of interest about this is that it
was the first form of the present type of the Holtz
machine. The chief difference between it and the present
machine is in the fixed plate shown in Fig. 46. In this,
as we have seen, the openings 4 B are notches cut in
the edge of the plate;
in later machines these
openings were holes
cut in the glass disc
near its edge. These
holes would be much
more difficult to cut
than the notches, and
it is questionable whe-
ther they improve
the action of the
machine.

The operation of the
Holtz machine will be understood from the diagram
shown in Fig. 47. As in previous diagrams to show the
action of the machine more clearly the glass discs will
be assumed to be cylinders. The fixed glass disc is
represented by the cylinder 4 4, the glass disc which
rotates in front of it by the cylinder B B8. On the back
of the fixed disc are glued two paper field plates, or, as
they are sometimes called, armatures, C, and C,. From
one end of each of the field plates, tongues or teeth D,

F16. 47. DI1AGRAM OF HoLTZ MACHINE.
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and D, project through apertures cut in the fixed disc,
bending towards but not touching the movable disc B B.
Collecting combs £, and E, are fixed in front of the
rotating disc, and opposite the ends of the field plates
furthest removed from the tongues D, and D,. The
collecting combs are connected by metal rods to the
electrodes or discharging knobs /| and F,, between which
the sparks pass when the machine is in action.

To start the machine a charge, say of negative elec-
tricity, is communicated to one of the field plates, say
C,, and the disc B B is set in rotation in the direction
shown by the arrow. By the influence of this charge
negative electricity is driven through the collecting
comb £, to the electrode /,, and a charge of positive
electricity is left on the surface of the revolving disc, by
which it is carried round till it comes opposite the
tongues D, on the other field plate C,. By means of
points the greater part of the positive charge is com-
municated to the field plate C,, which now in its turn
by influence repels positive electricity through the col-
lecting comb £, to the electrode F,, and leaves a nega-
tive charge on the surface of the disc. This negative
charge is carried round by the disc and communicated
by means of the points D, to the field plate C,, increas-
ing the charge originally imparted to it. This action
will go on till €, and C, have acquired the maximum
charge they are capable of retaining. This increase
takes place according to the law which we have already
found to hold for all multiplying influence machines,
that is, the compound interest law.

—_——— ———
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" In the diagram Fig. 47 we have endeavoured to indi-
cate roughly the distribution of electricity on the ma-
chine when it is in full action. The exact distribution
has not yet been determined. The distance of the
dotted lines from the glass surfaces indicates the in-
tensity of the electrification, or the electro-motive force
at any particular part of the surface. When the dotted
line is on one side of the glass surface it indicates
positive electricity, and when it is on the other, negative
electricity, the 4+ or — signs marked under the dotted
line showing which of the two is indicated. With these
explanations we can see that the charge on the surface
of the revolving plate from the collecting comb £,
round in the direction of rotation to the points D,
is positive. After passing D, this positive charge is
slightly reduced by the amount necessary to supply the
leakage from the field plate C,. At the collecting comb
E, the charge is changed from positive to negative
under the influence of the charge on C,. From the
collecting comb £, round to the points D, the charge
on the plate is negative. At D, a certain proportion of
the negative electricity is communicated to the field
plate C,, and the negative charge on the plate from D,
to the collecting comb £, is somewhat less. At E,,
under the influence of the charge on C,, the negative
charge is.changed to a positive charge, and we arrive at
the point we started from.

To determine the distribution .of electncxty on the
field plates we must consider the effect of all the
charges in the neighbourhood of a field plate. Let us

I
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consider the field plate C,. The negative charge on
the surface of the plate B, extending from opposite D,
to opposite £,, may approximately be looked upon as a
negatively charged long conductor placed in line with C,
opposite the end D, as in the actual machine the plates
B and 4 are much closer together than in the diagram.
Secondly, the positive charge on the surface of the
plate B, extending from opposite £, to opposite D,,
may be similarly looked upon as a positively charged
long conductor placed in line with C, opposite the
upper end of C,. Lastly, the negative charge on the
surface ‘of the plate B between D, and E, may be
looked upon as a negatively charged conductor placed
parallel with C,. The first and second electrified sur-
faces have the same effect on C,, that is to say, they
induce by influence positive electricity towards D,
and negative electricity towards the other end. If C,
were symmetrical the neutral point would be in the
centre of C,, but owing to the existence of the points
at D, it would, other things being equal, be nearer D,.
The effect of the parallel charge from D, to £, is to
displace the curve of distribution on C, in a lateral

direction, and so as to move the neutral point towards
D,.
The above diagram can only be taken to indicate
approximately the distribution of electricity in the
Holtz machine, as a sufficient number of experiments
has not yet been made to settle the question finally.

To start the machine it is necessary to impart a

charge to one of the field plates and put the electrodes
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-in contact; then after a few turns they may be separated,
and sparks will pass between them. If'a Leyden jar
be connected to each of the electrodes, they will be
charged and discharged rapidly between the knobs. It.

_is found, by gradually increasing the distance between
the knobs, that at a certain point the sparks will cease,
the direction of the current in the electrode circuit will

be reversed, and the jars pumped out; then if the
electrode circuit be
quicklyclosed,the jars
will be charged in the
opposite direction. If
the electrodes are not
quickly closed after
reversal the excite-
ment will die out. A
consideration of the
diagram will show the
probable cause of this
phenomenon. If no Fic. 48. DiacraM oF HoLrTz MACHINE
discharge takes place WITH NEUTRALIZING Rob.
between the electrodes the sign of the electricity will
not be reversed at the collecting combs. Consequently
negative electricity will pass round from £, to D,, and
positive electricity from £, to D,. The field plates will
thus receive an opposite charge from what they origirally '
possessed, and the action of the machine will be reversed
or die out. .

To prevent this reversal Holtz has introduced a de-
vice called the meutralizing rod. Fig. 48 is a diagram
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of a Holtz machine fitted with a neutralizing rod
H, H,. The neutralizing rod consists of a transverse
conductor furnished with collecting combs at each end.
All the other parts of the machine are marked with the
same letters as in Fig. 47, and are the same, except the
field plates C, C,, which are extended so that their ex-
treme ends lie opposite the collecting combs of the neu-
tralizing rod. The electrodes /, and F, are supposed
to be so far removed that sparks will not pass between
them. In consequence of this the sign of the electricity
on the surface of the rotating plate will not be reversed
on passing the collecting combs £, £,. The charge on
the surface of the plate will thus remain the same till it
reaches the collecting combs A, A, of the neutralizing
rod, when a complete reversal will take place in conse-
quence of there being practically no resistance in the rod.
In the ordinary working of the machine, when sparks
are passing between /, and F,, the neutralizing rod
will have no work to do, except to complete the reversal
of the charge which has already been more or less per-
fectly effected at £, and £,. Having now explained
the operation of the Holtz machine, we shall proceed to

describe the machine as usually constructed. The °

machine is illustrated in Fig. 49. A disc of thin glass,
lacquered on both sides, is mounted on a vulcanite tube
‘which turns on a fixed steel axis. A rapid rotation can
be imparted to the disc by a belt and pulley arrangement.

Behind the rotating disc another disc is fixed between

two ebonite holders. The fixed disc has a hole in the
centre for the passage of the axis of the rotating disc,

-
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and is perforated in two places at opposite ends of a
horizontal diameter with oval holes which become
narrower towards the centre of thedisc. Upon the side
of the fixed disc turned away from the rotating disc the

F1G6. 49. HoLTz MACHINE.

field plates, consisting of paper sectors with a central
angle of 60° are glued are. They ih connection with
small paper strips glued upon the front side of the disc
opposite to them, and close to the holes, which strips
carry two thin metal plates bent forward towards the
revolving plate and sharpened to one or more points or
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to an edge. The fixed disc stands in a slit in an ebo-
nite plate, which can be moved nearer to or further from
the revolving plate. Above the axis of the revolving
disc, it hangs by the upper edge of the central perfora-
tion, in a slit in an ebonite rod, with which it can also
be moved nearer to or further from the revolving disc.
On both sides it is held by ebonite knobs. In front of
the rotating disc, opposite the horizontally placed strips,
there are two collecting combs, which are attached to
metal rods parallel to the axis and furnished at one end
with perforated metal balls. These rods stand on care-
fully lacquered glass rods mounted on the baseboard of
the machine.. Through the perforated balls slide two
discharging rods, each fitted at one end with an ebonite
handle, and at the other with a discharging knob. By
sliding one or both of the rods longitudinally in the per-
forated balls the length of the spark may be adjusted.
The discharging knobs, which are preferably of different
sizes, are removable, so that they can be interchanged if
necessary. Since it has been found that leakage from
the discharging rods takes place most readily at their
exit from the ebonite handles, the latter are hollowed
out in hemispherical form, so that the line of intersec-
tion of the brass and ebonite is almost completely
inclosed by the ebonite cup. All the settings or unions
are of vulcanite, which is carefully varnished to prevent
deterioration by atmospheric influence.

In front of the rotating disc the neutralizing rod is
mounted on-the end of the fixed steel axis, so that it
can be turned on its central point into the most effective
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~ position. At each end it is furnished with metal points
or combs turned towards the surface of the revolving
disc, and is so arranged that the combs stand nearly
over the edge of the paper sectors of the fixed disc
furthest removed from the perforations in the disc.
Under the collectors of the electrode circuit are placed
two Leyden jars, whose central wires pass into holes in
the collectors, and whose outer coatings are connected
by a strip of tinfoil. In another arrangement these jars
may have a glass tube passing down the centre, through
which. passes a metal rod to make contact between the
bottom of the jars and the conductors.

Fi1c. 50. HoLTz TUBE CONDENSER.

A substitute for the Leyden' jars has been devised by
Holtz, and is illustrated, Fig. 50.

A glass tube G, about & inch' in diameter, is coated
near its ends inside and out with tinfoil rings 44 and
b, b,. The outer tinfoil rings are surrounded by wooden
rings H H ,, which are attached to the conductors C C,
of the two electrodes. The inner coatings are con-
nected by a small strip of tinfoil.

To understand the operation of the machine it is only
necessary to compare it with the diagram Fig. 48. The
cylinder 4 A4, Fig. 48, corresponds to the fixed glass
disc; C, C, represent the paper sectors or field plates
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glued on the back of the fixed disc. In the actual
machine as described above small paper strips are also
glued upon the front side of the disc, close to the edges
of the holes in the glass, and connected to the paper
sectors at the back; or the ends of the sectors may be
bent through the holes and pasted along the inner edge.
The object of these inside strips is to prevent an
accumulation of the opposite kind of electricity on the
inner surface of the fixed disc, for this would neutralize
the influence of the charge of the sectors on the mov-
able disc. The points or tongues are attached to this
inner strip. The machine will work, however, without
these inner strips ; it is only necessary that the serrated.
ends of the sectors be bent through the holes so as to
point towards the movable disc without touching it.

The collecting combs, which consist of a row of
pointed wires fixed in a backing of brass tube ‘or rod,
are represented by £, E, in Fig. 48. The neutralizing
rods represented by A, H, have similar combs at each
end, also with points turned towards the surface of the
revolving disc.

It will be observed that there are no metallic carriers
on the surface of the rotating disc of the Holtz machine.
The surface of the glass plate performs the same function
asthe metalliccarriers in the Toepler and similar machines.
The plain surface of the glass plate evidently does riot
retain a charge of electricity so long as a surface fur-
nished with metallic carriers, as it is found that the Holtz
machine, if left at rest for a short time, loses its charge,
.and requires to be re-excited from an external source.

~,

N\
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" For the field plates or sectors Holtz recommends a
material, such as paper, of a resistance midway between
that of a good non-conductor and a good conductor.
According to Poggendorff, if a good non-conductor is
used, the charge communicated to the points will not
flow to the other end of the field plate where it is re-
quired to exercise its influence on the revolving plate.
If the sectors are good conductors, for example made
of metal, the charge originally communicated to -them
escapes too readily from their points on to the rotating
disc, thus reducing the action of the machine. For the
same reason blunt points on the paper coatings give
better results than one or more very sharp ones. Pog-
gendorfil recommends a single point as being better
than a greater number.

Some experiments made by the author do not alto-
gether confirm Poggendorft’s statements. It was found
that a Holtz machine willwork very well with tinfoil sec-
tors if the collecting combs are placed opposite a part of
the sector further removed from the serrated end than in
the case of the paper sectors. A pair of sectors of
paper and another pair of tinfoil were fixed successively
- with shellac varnish on the back of the fixed plate of a
Holtz machine. The length of each sector subtended an
angle of about 60°, and one end was notched so as to form
teeth in the usual way. When the sectors were fixed on
the disc, the serrated or pointed ends projected through
the openings so as almost to touch the revolving plate.
With paper sectors it was found that the collecting combs
could be brought, without reducing the action of the
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machine, opposite a point much closer to the teeth of the
sector than with tinfoil sectors. The tinfoil was found to
answer quite satisfactorily, however, when the collecting
combs were placed sufficiently far.back from the serrated
ends of the sectors. Tinfoil sectors subtending an angle
as small as 20° were found to answer, while it was found
that the machine would work w1th paper "sectors of
about one-half that length.

The fixed glass disc, besides acting as a support for
the field plates, serves to -prevent the dissipation of the
charge on the surface of the revolving disc while it is
being carried across from one pole of the machine to
the other. For Reiss hasfound that if the paper sectors
are mounted on two separate strips of glass, the machine
will work, but its action very soon falls off. When a
fixed glass disc covering the whole surface of the revolv-
ing disc, as in the machine described, is used, each part
of its surface acquires an opposite charge of electricity
to that on the surface of the revolving disc, and binds it
in the same way as the charge on the outer coating of a
Leyden jar is said to bind that on the inner coating.

Instead of openings of considerable width, as usually
employed in the Holtz machine, Poggendorff tried
narrow diametrical slits through which the pointed ends
of the paper sectors projected towards the rotating disc.
The machine was found to work, but its action was
weaker. It has been suggested that this is due to the
fact that the nitrous acid or ozone formed by the dis-
charge is not readily removed, and conducts away the
electricity.
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Recently, however, machines have been constructed
without any openings in the fixed disc. To avoid the
difficult and dangerous operation of cutting openings in

. the disc, Pouchkoff glued the sectors on the back of the
disc and the points in front, and connected them by a
strip of paper passing round the edge. He found that
a machine constructed in this way gave quite as good
results as a machine constructed in the ordinary way.

The Holtz machine is very sensitive to atmospheric
moisture. In damp weather it is generally not possible
to start it. To get over this difficulty it is necessary to
place the machine in a current of hot air from a suitable
stove, or, to completely enclose it in a glass case, having
a double bottom of sheet iron heated from beneath. To
dry the air inside the case anhydrous phosphoric acid
or concentrated sulphuric acid may be placed in shallow
vessels inside the case. - To remove the ozone and
nitrous acid, which conduct away the electricity, a saucer
containing linseed oil should be placed inside the case.

It is necessary to see that the glass plates and other
parts of the machine are free from dust, since ‘dust is
found to disperse the electricity. The layers of shellac
varnish on the discs are in time deteriorated by the
action of the sparks from the combs, and have conse-
quently to be renewed at intervals.

To excite the Holtz machine, we have seen that it is
necessary to communicate to it a charge from an external
source of electricity ; it is not self-exciting. The method
which is usually adopted is to communicate the starting
charge to one of the field plates; but other methods
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have been adopted. One method is to allow electricity
from Leyden jars to stream from the combs on to the
surface of the rotating disc; another is to touch the
field plates, thereby inducing in them a charge by
the influence of the opposite electricities on the top or
bottom halves of the movable disc (see Fig. 47),
remaining from the previous operation of the machine.
The latter method, it will be seen, is only applicable
within a limited period of time from the stopping of the
machine.

The Leyden jar method of exciting the machine, is
of great interest, and throws considerable light on the
theory of the Holtz machine. The discharging knobs
of the machine are first separated beyond striking dis-
tance; the inside coatings of two oppositely charged
Leyden jars (the outer coatings of which are connected),
are connected one to each electrode of the machine. The
machine is then turned.

In the first place we shall suppose that there is no
neutralizing rod on the machine. Referring back to
Fig. 47, let us assume that the positively charged jar
is connected to the electrode E, F,, and the negatively
charged jar to the electrode £, F,. From the comb
E | positive electricity will be poured on the surface of
the rotating disc, and carried round to the points D,,
where it imparts a positive charge to the field plate
C.. In the same way negative electricity will be dis-
charged from the other jar, through the comb £,, on
to the surface of the rotating disc, and carried round to
D1, where it imparts a negative charge to the field plate
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C,. The field plates being thus electrified, the action of
the machine will be the same as in Fig. 47, that is to say,
positive electricity will be supplied to the electrode 7,,and
-negative electricity to the electrode 7,. Remembering
the way in which they were connected up, we can see that
the jars will be pumped out and charged in the opposite
direction; care however must be taken to bring the
electrodes within striking distance at the proper moment.

In the second place we shall assume that the machine
is fitted with a neutralizing rod. Referring back to
Fig. 48, we may suppose that the negatively charged
Leyden jar is connected to the electrode £, F, and the
the positively charged jar to the electrode £, F,. Posi-
tive electricity is now discharged on the surface of the
rotating disc from the comb £, is carried round by the
rotating disc to the comb A, of the neutralizing rod,
flows to the other end of the neutralizing rod, where it
is discharged again by the comb /A, on to the surface
of the rotating disc, and carried round to the points
D,, through which a positive charge is imparted to the
field plate C,. In a similar way the other jar will impart
a negative charge to the field plate C,. When the field
plates have received a sufficient charge, positive elec-
tricity will be supplied to the electrode £, F, to which
the positively charged Leyden jar is connected, and
negative electricity to the electrode £, F,, to which the
negatively charged Leyden jar is connected.

From these theoretical considerations we should expect
to find, when there is no neutralizing rod, that with proper
precautions the Leyden jars will be completely pumped
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out and charged in the opposite direction ; when there
is a neutralizing rod, that a small quantity will first be
pumped out of the jars, then the current in the machine
will be reversed, and the jars charged in the same way .
as they were originally, to as high a potential as the
machine is capable of producing. Experiment shows
that this is exactly what takes place.

Another arrangement of the neutralizing rod was intro-
duced by Riess in 1870.
The two field plates a
and 4, Fig. 51,were glued
on the fixed disc in the
usual way, while a third
sector ¢ was fixed at an
angular distance of go°
from the other two, and
connected by a conduc-
tor with 4. Opposite each
of these sectors, and in
front of the rotating disc,
three collecting combs
are situated. Those which are opposite 4 and ¢ are
connected together, and to the earth. If the sector
a is positively charged, and the sector & negatively
charged, when the discharging knobs are separated
beyond the striking dlstance, positive electricity will be
carried past the collecting comb a, without being re-
versed, but will be taken up by the comb ¥,and discharged
to earth, before it reaches the negative field plate 4.
The reversal of the charges in field plates is thus pre-

F16. 51. RIESS’S MACHINE.

-
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vented as in the case of the ordinary neutralizing rod
already described.

Kundt's Machine.—In 1868 Professor Kundt intro-
duced a form of Holtz's machine, in which the reversal
of the discharge was prevented by other means than
the neutralizing rod. This machine is a combination
of the old Frictional machine with the Influence

F1G. 52. KUNDT’s MACHINE.
machine. A rotating disc is mounted on a hori-

zontal axis as in the Holtz machine, but there is no
fixed disc. Behind the disc, and opposite one of the

_collecting ‘combs 7, is fixed on a suitable support a

cushion rubbed with amalgam, and furnished with a
silk flap, as in the ordinary frictional machine. The
friction of the cushion against the back of the disc
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produces positive electricity, which is carried round by
the movement of the disc to the other collecting comb 4.

By the influence of the positive charge on the back of
the disc, positive electricity flows into the electrode P, and
the front side of the disc is left with a negative charge.
By the further rotation of the disc this negative charge
is brought opposite the other collecting comb, and im-
parted to the electrode V. By the continuation of these
operations, positive and negative charges will accumulate
in the electrodes P and /V respectively, and sparks will
- pass between them. The influence of the negative charge
on the cushion also assists in charging the electrode V
with negative electricity.

It is necessary that the rubbing cushion should be
supported on an insulating support ; when it is earth-
connected it is found that the action of the machine is
considerably reduced. The explanation of this is that
when the cushion is earth-connected, its negative charge
escapes, and the positive charge on the back of the glass
disc to a great extent neutralizes the negative charge on
the front, and thus reduces the amount of negative elec-
tricity imparted to the electrode V.

A machine of this sort with a disc 20 inches in diameter
will give a continuous stream of sparks of I to 14 inches
in length, and with two Leyden jars sparks of 5% inches
in length. One great advantage of the Kundt machine
is that it is less sensitive to moisture than the Holtz
machine. :

A great many modifications have been introduced in
the construction of the Holtz machine by different in-
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and pulleys. There is no fixed disc, but instead, a rectan-
gular plate of glass /' is fixed between ebonite supports,
behind the rotating disc. The field plates are pasted on
the back of this fixed plate, and are shaped like right-
angled triangles with two rounded corners. They are
made of silvered paper, the silver side of which is placed
next the glass, and connected by paper strips to two
paper combs 2 and & fixed on the edge of the rectangular
fixed plate, and bent towards the rotating plate, without
however touching it.

On the pillar S are fixed two brass collecting combs
¢ and &, which lie almost in the same vertical plane as
the vertical edges of the field plates. The two combs
are connected by a metallic wire passing through the
pillar S, and are mounted so that they can be slightly
displaced parallel to the axis of the machine. The con-
ductors are connected to two collecting combs ¢ and £,
“which in this machine havea special construction. They
are made of semi-circular brass plates, protected by a
bead on the curved side, and brought to a very sharp
edge on the straight side, which stands opposite the disc.

To start the machine, a piece of vulcanite, excited by
friction, is held near the rotating disc, at a point opposite
the paper collecting comb ¢, while the disc is turned in
the direction shown by the arrow. Leyser’s machine,
which was constructed in 1873, is very effective ; sparks
of 6 inches in length can be easily got from a medium-
sized machine.

The principle of the action of this machine will be
readily understood. When the disc is turned in the
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direction shown by the arrow in the illustration, the combs
a, d, and ¢ will show positive electricity, while negative
. electricity will flow out of the combs 4, ¢, and f as
may be readily seen by working the machine in a dark
room. ‘The charge on the surface of the disc will be
positive on one side of the neutralizing combs, and
negative on the other side. It is evident that the
polarity of the machine will be reversed if the excited
ebonite be held opposite &.

Holtz Influence Machines of all sizes have been made.
One of the largest machines of this kind was made a
short time ago by J. and H. Berge, of New York. It
had two rotating discs, each 45 inches -in diameter, and
was fitted with separate starting machine. The length
" of spark obtained from this machine was as much as
26 inches."

The Bleekrode Mackine.—A machine of the Holtz type,
in which the discs were made of vulcanite, was constructed
in 1875 by Bleekrode. In experimenting with this .
machine, he discovered several peculiarities of great inte-
rest. Paper sectors were pasted on the back of the fixed
disc, with points projecting through openings in the disc,
as in the ordinary Holtz machine. Collecting combs anda
neutralizing rod were also mounted in the usual way. The
machine may be started in any of the ordinary ways, or
simply by the friction of the hand on 6qe of the vulcanite
discs. Contrary to the usual practice, the electrodes of
the machine must not be in contact when the machine
is started. But the most interesting points are in con-
nection with the neutralizing rod. It has been found -
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that a machine such as this, having vulcanite discs, will
not work at all without the neutralizing rod; the Holtz
machine, with glass plates, as we know, will work with
or without the neutralizing rod. If when the Bleekrode
machine is in full action, the neutralizing rod be removed,
the machine will cease to act, and all electricity will
apparently disappear from it. This machine, how-
ever, is not really discharged; for when the neutra-
lizing rod is again brought into position, the machine
will commence to act as before. It will start even if the
neutralizing rod is held in the hand at a distance of 1 to
11 inches from the rotating plate in its proper position
opposite the field plates. If the machine should acci-
dentally lose its charge, it may be started by giving a to-
and-fro motion to the neutralizing rod: From a machine
of this kind, having afixed disc of 24 inches in diameter,
and a rotating disc 23 inches in diameter, sparks of g
to 10 inches in length may be obtained.

Duplex machines, with two fixed and two rotating
plates, have been made with vulcanite discs, by Bleek-
rode. One of the plates of this machine may be rendered
quiescent by removing the neutralizing rod.

A new kind of neutralizing rod was devised by Bleek-
rode, having gas flames instead of combs for collecting
* the electricity from the surface of the rotating disc. Gas
burners, consisting of pieces of bent glass tubes, were
fixed on the end of a transverse wooden rod occupying
the same position as the ordinary neutralizing rod in
front of the rotating disc. Gas is supplied to the burners
by flexible tubes, and the flames are put in conducting
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communication by a metallic wire, the ends of which dip
in the respective gas flames. These flames behave as if
they were positively electrified, the flame opposite the
negative field plate is attracted, while that opposite the
positive field plate is repelled. Such a neutralizing rod
furnishes a useful method of visibly showing the direction
of the electric current in the neutralizing rod. ‘It is
evident that the machine will not work if the wire is
removed. If the vulcanite ‘should deteriorate by the
action of light or ozone it may be restored by washing
with a solution of carbonate of magnesia.

Machines with Multiple Field Plates—In machines
hitherto deseribed there have usually been two field
plates. In one of Holtz’s earliest machines we have seen
that he suggested the use of more than one pair of field
plates, when it was desired to get larger quantities of
electricity from a machine.

Poggendorff also devised a machine, Fig..54, in which
there were four field plates, four openings in the fixed
disc, and four collecting combs standing opposite the
field plates in front of the rotating disc. In such a
machine, going round the disc the field plates have alter-
nately positive and negative charges, and consequently
a pair of field plates lying at opposite ends of a diameter -
have similar charges of electricity; hence the collecting .
combs which stand opposite these field plates draw off
similar charges from the rotating disc. One pair of dia-
metrically opposite collecting combs are connected to
one of the discharging rods, while the other pair are
connected to the other discharging rod of the machine. _
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The quantity of electricity generated by a machine
with four field plates is greater than that produced by a
machine with two field plates, but the length of spark
obtained is less. .

Holtz constructed a machine with twenty field plates,
having discs about 2% feet in diameter. It produced

F1G. 54. POGGENDORFF’S MACHINE.

about ten times as much electricity as a machine with
two field plates, but it was found to be very liable to
reversal of the direction of the discharge.

Duplex Holtz Mackines—The first duplex Holtz ma-
chine was constructed in 1869 by Kaiser. It consisted
of two rotating discs of glass, between which was one
fixed disc of glass. The two movable discs rotated in
the same direction. The fixed disc had two openings
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or windows through which projected the pointed ends
of the paper field plates which were pasted on both
sides of the disc. For each rotating disc there are two
collecting combs, the two negative and the two positive
being metallically connected together. Kaiser measured
by a galvanometer the quantity of electricity obtained
from a single disc of the duplex machine, and from the
‘two combined, and found that the quantity obtained
in the latter case was 212 times as great as that in the
former.

Poggendorff, in 1870, devised a duplex machine in
which the movable discs were fixed on the same axis
about four inches apart. Outside the movable discs
stood the fixed discs, the paper sectors of which are
pretty broad, and subtend a considerable angle. The
collecting combs were fixed on the ends of horizontal
brass rods lying between the rotating discs parallel to
their axis and supported on glass pillars. The discharg-
ing rods.were mounted on the ends of vertical brass rods
rising from the centre of the horizontal rods of the col-
lecting combs. ‘

There are no neutralizing rods on Kaiser’s machine,
but in Poggendorft’s machine there is one fitted in front
of each movable disc at an angle to the horizon of about
45°
Ata later date Ruhmkorff very much simplified and
improved the construction of the duplex machine. His
machine is illustrated in Fig. 55. The two fixed discs in
this case are between the movable discs. The points of
the collecting combs are fixed on the inner sides of the
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prongs of two forks which embrace the four discs at
opposite ends of a horizontal diameter, and are connected
at their inner ends to the horizontal rods leading to the
discharging rods. On the ends of these horizontal rods

F1G. 55. RUHMKORFF’S DUPLEX MACHINE.

balls 2 and NV are fixed, and through one of these N,
one of the discharging rods can be moved backwards or
forwards by means of an ebonite handle. Leyden jars X
and A have their inner coatings connected to the elec-
trodes, and their outer coatings to each other by a
metallic rod. Two vertical rods surmounted by knobs
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Pr N1 and connected one to each electrode, are em-
ployed for discharging the current through Geissler’s
tubes or other external bodies. To start the machine
the electrodes are placed in contact, and the discs are
turned in the proper direction, while an excited plate of
vulcanite is placed between the fixed plates in contact
with one of the field plates. The duplex machine pro-
duces about double the quantity of electricity obtained
from a single machine with the same size of plates.
This is true, however, only when the striking distance is
short. The duplex machine is capable of giving longer
sparks than a single disc machine with discs of the same
size ; for example, a spark of seven inches was obtained
from a single-disc machine, while a spark of 8% inches
was obtained from a duplex machine with discs of the
same diameter. With discs 36 inches in diameter sparks
of 12 inches in length have been obtained.

It has been found that a duplex machine will retain
its charge when at rest much longer than a single
machine.

These machines are also less liable to reverse or cease
working when the electrodes are separated to a con-
siderable distance. The reversal will not take place at
all if the electrodes are connected with Leyden jars, and
both discs are fitted with neutralizing rods. If one of
the neutralizing rods is removed the current in the disc
from which it has been removed will reverse, and thereby
cause the other half of the machine to reverse.

To start a duplex machine we shall assume that a
positive charge is communicated to one of the four paper
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sectors. The influence of this charge will cause the two
connected collecting combs to deposit a charge of nega-
tive electricity on the outer surface of the nearest disc,
and a charge of positive electricity on the outer surface
of the furthest disc. The charge on the surface of this
latter disc induces a charge of positive electricity on the
furthest end of the other sector which lies adjacent and
parallel to the sector which received the original positive
charge. Thus'the charges on the parts of these adjacent
sectors which lie opposite the ends of the neutralizing
rods are both positive, and consequently negative elec-
tricity will be induced on the surface of both discs at the
ends of the neutralizing rod, and carried round to charge
the other pair of adjacent sectors with negative elec-
tricity. From the above explanation it is easy to see
that the current in both discs will be in the same direc-
tion if there is a neutralizing rod on each disc.

The Voss Machine—This machine which is at the
present time in very considerable use in this country
was constructed in 1880 by Voss, an instrument maker
in Berlin. It may be described in general terms as a
combination of the Holtz and Topler machines. As
shown in Fig. 56, it consists of a fixed and a rotating disc
as in the Topler machine, Fig. 41, or the Holtz machine,
Fig. 49. It differs from the To6pler machine in having
the fixed disc in one piece, and also in having the re-
plenishing brush for each field placed in front of the
rotating disc opposite the field plate to which it is con-
nected, instead of being opposite the other field plate
as in the Topler machine. It resembles the Topler
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machine in having on the front surface of the rotating
disc carriers consisting of circular pieces of tinfoil, on
which are fixed hemispherical brass knobs for the
brushes to touch. The field plates C C are paper sec-
tors resembling those of the Holtz machine; but be-

FI1G. 56. Voss MACHINE.

tween the paper sectors and the back surface of the
fixed disc on which the paper sectors are glued there
are two tinfoil discs connected by a strip of tinfoil, and
about the same distance apart as the carriers. The
paper sectors prevent the too ready escape of the elec-
tricity from the field plates, while the tinfoil discs are
said to facilitate the self-excitement of the machine.
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The neutralizing rod £ is fitted as in the Holtz machine,
but at the ends small metallic brushes are fixed in such
a position as to touch the brass knobs on the carriers as
they pass under them. For replenishing the field plates
D shaped brass tubes G G are connected at one end to
the field plates, and have metallic brushes on the other
end which touch the knobs on the carriers as they pass.
The collecting combs and electrodes are fixed as in the
Holtz machine; they stand in front of the rotating disc
between the brushes of the replenishing rods and the
brushes of the neutralizing rod, which latter brushes stand
opposite the ends of the paper sectors. To obtain sparks,
Leyden jars F F* must be connected to the electrodes.

This machine is self-exciting, and is not so susceptible
to damp weather as the Holtz machine. As there are
no windows to cut in the fixed glass disc it is easier to
make than the Holtz machine. It is however liable to
reversal when charging Leyden jars with the discharging
rods separated beyond the striking distance.

Duplex and multiple Voss Machines have been con-
structed and give very good results.

Holtz Mackines without fixed Field Plates.—These
machines are designed on an entirely different principle
from the Holtz machines we have already described,
and have been called machines of the “second kind,”
or machines “with oppositely rotating plates.”

Before describing an actual machine of this kind we
shall explain the principle of their action by means of
the Bertin diagrams, in which the glass discs of the
machine are represented by cylinders.
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the disc between 4 and B in the direction of the motion
of the disc will be covered with positive electricity.
This layer of positive electricity on C will by its in-
fluence draw negative electricity from the comb B:
on to the disc C* which in the course of its rotation
will be coated with a negative charge between B* and
A* as shown in the figure, If the discharging knobs of
the electrodes are in contact, negative electricity will be
formed on the surface of the disc C from the comb B,
simultaneously with the discharge of positive from 4 on
the surface of the disc. The upper half of C will thus
become coated with negative, and this by its influence
will draw positive from 4' on to the disc C* and
thus coat the left side of C* with positive electricity.
Positive and negative electricity having thus been dis-
tributed on the disc C* by the influence of the charges
on the disc C, these charges on C* will react upon C and °
draw increased negative charges from B on to C, and
positive charges from 4 onto C. The electricity received
by the combs 4* and B* is conveyed by the connecting
wires to the electrodes' V and P respectively, and helps
to reinforce their charges. When the machine is fully
excited the electrodes may be separated, and sparks will .
pass between them.

It will be observed that in this machine there are no
fixed field plates; in fact, parts of the surface of one
rotating disc act as field plates for the other rotating
disc. The positive field plate for the disc C is the half
of the rotating disc C* which is charged with positive
electricity, and the negative field plate is the half of C*
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a Holtz condenser tube may be laid between the rod
joining 4 A* and the rod- joining B B*, as shown in the
figure.

To start the machine the electrodes are placed in con-
tact, and an electrified body is held opposite one of the
collecting combs ; for example, below the lower disc and
opposite the comb B, while the discs are set in rapid
rotation. The direction of rotation of the lower disc
must be the same as the hands of a watch, and
that of the upper disc in the opposite direction. A
peculiar crackling noise will indicate when the machine
is working. The electrified body may now be with-
drawn, and the electrodes separated. ‘It has been
observed that these Holtz machines of the “second
kind” are liable to die out when the electrodes are
separated beyond the striking distance, though according
to other authorities a reversal of the current takes place.

It is also stated that if the machine, when supplied
with Leyden jars, is stopped just when the electric
brushes disappear, it may be started after an interval of
several minutes, and will be found active, but in the
opposite direction.

The reversal of this machine, if such take place, is no
doubt due to the fact that there is no continuous neutra-
lizing rod. The complete reversal of the charges on the
disc C* at 4* and B*, Fig. 57, will not take place unless
the collecting combs 4* B* are in metallic connection, or
both connected to the earth. In fact when the elec-
trodes P and V are separated beyond the striking dis-
tance there may be no reversal of the charges on the
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discs at 4* B*, or A and B. The result will be that the

charges will be carried past the collecting combs till .

positive takes the place of negative, and negative the
place of positive, giving a distribution exactly the reverse
of that shown on the diagram. With this new disposition
of electricity on the surface of the discs it is easy to see
that the current in the electrodes will be reversed., It
will be interesting to consider the result of putting 4* and
AB* in metallic connection,

that is to say, applying a
neutralizing rod to one of /
the discs in a direction at

right angles to the elec- /
trode collecting combs in

front of the other disc.

This arrangement is shown
diagrammatically at Fig.

59. The brushes 4* and

B* are connected by a

.metal wire or rod. If a

piece of ebonite excited

by friction is brought

opposite the comb A4, positive electricity will be
drawn from the comb on to the surface of the disc,
and carried round till the whole of the lower half of the
disc from 4 to B is coated with a positive charge. If
the discharging knobs 2 and /V are in contact, the upper
half of the disc will be coated with a negative charge.
The two halves of the front disc thus charged with
opposite electricities act as field plates to the other disc,

L

Al

F1G. s59.
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and by their influence positive electricity will be drawn
from the comb A on to the latter till its left side
between A*and B* is coated with positive electricity,
and negative electricity from the comb B* till its
right side is coated with negative electricity. The
right and left sides of the back disc now act as
field plates for the front disc, and by their influence
negative electricity will be driven into the discharging
knob &, and positive electricity into the discharging
" knob P, with sufficient force to cause sparks to pass
between the knobs when they are separated. A curious
point about this machine is that when the direction of
rotation of the discs is reversed, the direction of the dis-
charge from the electrodes is not reversed. A moment’s
consideration of the diagram will show the reason for
this. If the excited piece of ebonite be placed opposite
the brush 4 as before, and the direction of rotation of
both discs be reversed, there will now be a positive
charge on the upper half of the front disc, and a negative
charge on the lower half. These charges will draw on
to the back disc a negative charge from the brush 4
and a positive charge from the brush B*. These charges
are of the opposite kind to those which were poured on
“the surface of the back disc in the first case, but the
rotation of this disc is now in the opposite direction, so
that the charges are carried to opposite sides from those
they were carried to before. The result of these two
reversals is that the distribution of electricity on.the
back plate is the same as before; and hence the direc-
tion of the discharge from the electrodes will be the
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same. The direction of the current in the neutralizing
rod, however, will be reversed.

The Holtz machine illustrated diagrammatically in
Fig. 57 may have a neutralizing rod applied to the front
disc, and we shall now consider the effect of applying
this rod indifferent positions. In the diagram, Fig. 60,
we shall suppose that the inner circle or front disc is
divided into four quad-
rants, marked with the
numerals I, II., III. and
IV. In the first place we
shall suppose the neutra-
lizing rod connects the
two quadrants I. and IIL
The machine is supposed
to be excited in the same
way as in Fig. 57, that is
to say, negative electricity
on the upper half of the
front disc, and positive on
the lower; negative on the
right side of the back disc,
and positive on the left side. The neutralizing rod in
this position prevents the reversal of the machine, or loss
of the excitement, in case the electrodes are separated
to too great a distance, because the positive charge.
which is carried past the comb B is drawn off at I.
by the neutralizing rod, and prevented from passing
round to the other side of the disc. The other end of
the neutralizing rod, of course, deposits the positive

FiG. 60.
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electricity on the disc at IIL, whence it is carried
round to the collecting comb B.

If the neutralizing rod is placed so as to join the
quadrants II. and IV, its ends will now be under the
influence of opposite charges on the outercircle C*, with
the result that positive electricity will be drawn upon
the quadrant IIL, and negative upon the quadrant IV,
Positive electricity will be imparted to the electrode 4,
and negative to the electrode B ; this will change the
distribution on the outer circle C*, which in turn will
cause a reversal in the discharge. The action of the
machine rapidly diminishes and soon altogether ceases.
If the neutralizing rod occupies a vertical position, its
ends will stand opposite the collecting combs 4* and B*,
and the action of the machine will not continue, as the
influence of the two halves of the disc upon the combs
A* and B* will neutralize each other.

Musaeus Machine—Musaeus has devised a modified
form of the Holtz machine of the “second kind,” in
which there are four combs on the front disc, and two
combs on the back disc, connected to those on the front
by metal bows.



CHAPTER 1IV.

MODERN MACHINES (CONTINUED) : WIMSHURST
MACHINES.

IN recent years a most important advance has been
made in the construction of reliable and powerful Influ-
ence machines, by Mr. Wimshurst, one of the consultative
staff of the Board of Trade.

Before proceeding to the description of the machine
now so widely known as the Wimshurst machine, we
shall describe a simplified form of the Holtz machine
constructed by Mr. Wimshurst.

Wimshurst-Holtz Machine—This machine was first
described in 1882, though one had been constructed as
early as 1878.

The Holtz machine, as we have already explained,
contains in its simplest form one fixed plate, and one
plate which rotates. In the fixed plate, on its horizontal
diameter, are three holes of considerable size (one for
the axis, and two for the collecting points of the field
plates), which are very difficult and expensive to cut,and
very much increase the risk of breaking the plate.

In the multiple plate machine especially, these expen-
sively cut plates are a great drawback, for as they have
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frequently to be removed for cleansing or repair, they
must necessarily undergoa good deal of rough handling.

Another well-known objection to the multiple plate
form of the Holtz machine is the aptitude of the alternate

F16 61. WIMSHURST-HOLTZ MACHINE.

revolving plates to obtain an opposite excitement, and
thereby neutralize each other’s effect. For the successful
working of the apparatus, all the field plates on one side
of the spindle should be positively electrified, and all
those on the other side of the spindle should be nega-
tively electrified.
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It occurred to Mr. Wimshurst that these objections

might be overcome, and accordingly he constructed the
very large machine illustrated in Fig. 61. This machine
consists of twelve circular discs of glass, each 32 inches
in diameter, mounted on a spindle, which by a simple
multiplying gear of a belt and two pulleys, can be rotated
at a high velocity. To get rid of the objectionable per-
forated fixed plates, for each one of these he substituted
two separate rectangular pieces of glass, fixed a little
apart from each other, the gap between the two pieces
lying opposite a horizontal diameter of the rotating disc.
The paper field plates were pasted on the back of the rect-
angular plates, with their tongues projecting through the
gap in the usual way. This arrangement was continued
throughout the machine; hence for the twelve discs
there are twenty-four rectangular pieces of glass, twelve
above and twelve below the spindle. The gaps between
the upper and lower sets of plates, are of sufficient width
to allow the spindle to pass freely between them. These
plates are not fixed in any way, but are simply dropped
‘into grooves, and in a few minutes can all be removed,
cleansed and replaced. All the plates are well coated
with shellac varnish. The rotating discs run freely
between the plates without touching them, so there is no
friction in the working of the apparatus, except the
friction at the bearings, which is inconsiderable.

To prevent alternate plates obtaining an opposite ex-
citement, Mr. Wimshurst connects together all the paper
field plates on the one side of the machine by a metal
wire, which also serves as a conductor for giving the
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machine its initial charge. The machine is inclosed in
a glass case to protect it from dust.

The machine gives off dense showers of sparks, through
a distance of seven inches between the terminals ; when

F1c. 62. WiMsHURST-HOLTZ, WITH FRICTIONAL STARTER.

Leyden jars are attached to the terminals, the sparks
appear to be continuous, and theé discharge is almost
deafening.

Mr. Wimshurst has constructed smaller machines of
this type, having in combination with them a frictional
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machine for producing the initial charge, as illustrated
in Fig. 62. He has also constructed these with self-
exciting influence machines for supplying the initial
charge to the field plates. '

Mackine with oppositely rotating Plates—We now
come to the type of machine which has most recently
been introduced by Mr. Wimshurst, and which is more
especially associated with his name.

It was first described in January, 1883, and, as may
be seen from the illustration, Fig. 64, differs essentially
in construction from either of the machines which pre-
ceded it. It also differs greatly in its behaviour, for it is
self-exciting, and will discharge its torrents of electricity
under atmospheric conditions which are fatal to the
working of the other forms of electrical machines. More-
over, the direction of the current will not change when
the machine is at work; nor will the excitement die
away when the terminals are opened beyond the limit of
the sparking length.

Following the plan which we have already adopted in
dealing with other machines, we shall explain the action
of the Wimshurst machine by means of a diagram, Fig.
63, before describing the different forms of it which
have been constructed.

.In the diagram, the oppositely rotating discs are re-
presented by Bertin’s method, as sections of cylinders
D and D*. The inner circle D represents the front disc,
the outer circle D* the back disc, and each rotates in a
direction shown by the adjacent arrow. On each disc
there is fixed a series of metallic carriers denoted by the
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letters C and C*. A neutralizing rod £ F is fixed on
the disc D, so as to connect diametrically opposite
carriers as they pass and touch the contact brushes fixed
on its extreme ends; and a similar neutralizing rod G
H is mounted on the face of the disc D!, with its con-
tact brushes in a diameter at right angles to £ #. The

F1G. 63. DIAGRAM OF WIMSHURST MACHINE.

electrodes B P and 4 N have discharging knobs £ and
N at one end, and collecting combs B B* and 4 A4* at
the other. The collecting combs B B* stand facing each
other, one in front of each disc, and are metallically
connected by a bent rod passing round the edges of the
discs ; A and A are fitted up and connected in a pre-
cisely similar manner.
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This machine, like all those having metallic carriers,
is self-exciting, that is to say it requires no charge of
electricity imparted to it from an external source to set
it in action. The action of the machine does not depend
on the presence of the collecting combs ; for the charges
on the surfaces of the plates are produced though the
collecting combs are removed. In considering the de-
velopment of electricity in the machine, the collecting
combs and the electrode circuit may be left out of
account. It is not yet certainly known how the initial
charge'is ‘produced which leads to the starting of self-
exciting machines, but probably it is due to the fact that
there are no two places in the atmosphere at exactly the

. same potential at any given moment. As a consequence

of this, we shall suppose that one half G B* Hof thedisc.D,
has a small positive charge, and the other half 7 4* G
has a small negative charge. Under the influence of the

ositive charge on D!, each -carrier C on D, when in
. b

contact with the brush £, will receive a negative charge,
which will be carried round by the motion of the disc
till every carrier on the half £ 4 F of the disc has

_a negative charge. In the same way, the influence of

the negative charge on D* will impart a positive charge
to each carrier C as it passes under the brush 7, by which
operation the half # B E of the disc D will be coated
with positive electricity. The two halves into which the
disc is divided by its neutralizing rod have thus far acted
as field plates, to induce charges on the two halves into
which the disc D is divided by its neutralizing rod. The
two halves of D now in turn act as field plates to induce
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charges on the carriers C* of the disc D:, and a little
consideration will show that owing to the motion of -
this latter disc, the charges originally upon it will be
increased by this action. The discs will continually
react upon each other in the manner just described, and
raise the potential of each other’s charges according to
the compound interest law, till the limit fixed by leakage
is reached. The final distribution reached, is shown by
the doted lines, and 4 and — signs on the diagram. If
we consider the discs divided into four quadrants I, II.,
III., IV, by the two neutralizing rods, it will be found
that the charges on the two discs in quadrants II. and
IV. are opposite, and therefore, attract each other, but
on the two quadrants I. and III., they are the same, and
therefore repel each other. The collecting combs are
placed opposite the middle of the quadrants I. and III.
to draw off the self-repelling electricities. This, as shown
in the diagram, imparts a positive charge to the dis-
charging knob 2, and a negative charge to the discharg-
ing knob A, and if these knobs are not too far apart,
sparks will pass between them. As the action of the
machine takes place without the collecting combs, it is
not necessary that they should be in contact in order to
start the machine. . It is for the same reason impossible
to reverse the action of this machine by separating the
discharging knobs beyond the striking distance.

The machine illustrated, Fig. 64, which was one of the
first constructed by Mr. Wimshurst, consists of two cir-
cular discs of ordinary window glass 14%f inches in
diameter, mounted upon a fixed horizontal spindle in
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such a way as to be rotated in opposite directions at a
distance apart of not more than one-eighth of an inch.

F1G. 64. WIMSHURST’S ORIGINAL MACHINE.

Each disc is attached to the end of a hollow boss of
wood, or of ebonite, upon which is turned a small pulley.
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This is driven by a cord or belt from a larger pulley,
of which there are two attached to a spindle mounted
below the machine and rotated by a winch handle, the
difference in the direction of the rotation being obtained
by the crossing of one of the belts.

Both discs are well varnished, and attached by cement
to the outer surface of each are twelve radial sector-
shaped plates of thin brass, which are disposed around
the discs at equal angular distances apart, and act both
as carriers for the disc on which they are fixed and field
plates for the other disc. There are two neutralizing
rods, one for each disc, having fine wire brushes fixed
on their ends to touch a pair of diametrically opposite
metallic sectors, and supported at the middle of their
length by the projecting ends of the fixed spindle upon
which the discs rotate. The position of the two pairs
of brushes on the neutralizing rods with respect to the
fixed collecting combs and to one another is variable, as
each pair is capable of being rotated on the spindle
through a certain angular distance, and there is one
position of maximum efficiency. This position in the
- machine we are now describing appears to be when the
brushes touch the discs on diameters situated about 45°
from the collecting combs and 90° from one another.
The fixed conductors consist of two forks furnished with
collecting combs, the sharp-pointed teeth of which are
directed towards the external faces of the two discs.
The arms of the two forks which lie along a horizontal
diameter and inclose the two rotating discs, are supported
on ebonite pillars, and are of sufficient length to cover
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the metallic sectors on the faces of the rotating discs.
The terminal electrodes are mounted on the transverse
part of the collecting forks, so that they can be rotated
by the ebonite handles as shown in the illustration, and
the distance between the discharging knobs varied to
_any required extent.

The presence of these collecting combs, as we have
already explained, appears to play no part in the action
of the apparatus except to convey the electricity to the '
discharging circuit; for the electrical excitement of the
machine is as rapid and as powerful when both the col-
lectors are removed, and nothing is left but the two
rotating discs and their respective contact and neutra-
lizing brushes. The whole apparatus bristles with elec-
tricity, and if viewed in the dark presents a most beauti-
ful appearance, being literally alive with luminous brush
discharges.

The Wimshurst machine does not reverse its polarity,
even when worked with a distance between its termmafs
greater than its sparking distance, and in this respect it
has the advantage over most other influence machines,
as for example the Holtz and the Voss.

With a machine of the size we have described and
shown in the illustration, there is produced under ordinary
atmospheric conditions, a powerful spark discharge
between the electrodes when they are separated by a
distance of 41 inches, a pint size Leyden jar being in con-
nection with each electrode; these 4i-inch discharges
take place in regular succession at every two and a half
turns of the handle. The machine is perfectly self-
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exciting, requiring neither friction nor a spark from any
outside electric exciter to start it ; and it is one of the
remarkable features of the machine that under ordinary
conditions it is working at its full power after a few turns.

Seven-foot Wimshurst Mackine—In the end of 1884,
Mr. Wimshurst constructed for the Science and Art
Department at South Kensington perhaps the largest
influence machine in existence at the present time. This
machine is illustrated in Fig. 65.

On reference to the illustration it will be seen that the
form of the machine is nearly identical with the smaller
type which has already been illustrated and described;
its points of difference lying in its size and in the con-
struction of the supporting parts, which the greater
weights have necessitated. Thus while the diameter of
the circular plates of the smaller machine was 14X in.,
that of those of the great machine is 84 in.; the former
being cut out of ordinary window glass, while the latter
are discs of plate glass, { in. in thickness and weighing
280 Ibs. each. Each of these discs is pierced at its centre
with a hole 6% in. in diameter, and is firmly attached to
a gun-metal boss 15 in. in length, carrying the disc at
one end and a pulley at the other. The boss is bored
so as to run freely on an iron tube 3 in. in diameter, and
supported at each end by strong oak trusses, which rise
from a firm base, also made of oak, and fitted with
lockers at each end, for holding spare parts and neces-
sary apparatus. The heads of the two trusses or A
frames consist of massive castings of gun metal, which
are so shaped as to hold the hollow iron tube and the



WIMSHURST MACHINES. 161

ebonite rod to which the collecting combs and discharg-
ing rods are attached. The iron tube projects at each
end beyond the trusses, and to the projecting ends are
attached the brass neutralizing rods, which terminate in
light wire brushes, shown in the illustration.

To the discs, which are well varnished with an alco-
holic solution of shellac, are attached at equal angular
distances apart, radial sectors of tinfoil, to the number
of 16 on each disc. These sectors are 19 in. long and
have a mean width of 1'65 in., thus having an area of
31'35 square inches. There is thus on each plate a
metallically coated area of 500 square inches, or 1,000
square inches on the two discs together.

The collecting combs are attached to the discharging
rods, as shown in the engraving, by interchangeable
brass rods, some being straight while others are bent, so
that their positions with respect to the horizontal dia-
meters of the discs may be varied within a range of
about 16 in., that is to say, between 8 in. above and 8 in.
below the horizontal diameter, as it is found that the
best effect is got when the combs are thus set obliquely
in a direction which depends on the direction of rotation
of the discs. The discharging rods or terminals are
made of brass tube 1L in. in diameter, and are fitted
with terminal knobs of different diameters, which are
made interchangeable, so that they can be arranged to
suit the direction in which the positive discharge may
happen to take place. The distance of these balls or
knobs apart—and therefore the striking distance of the
spark discharge—can be varied by glass handles with

M
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which the discharging rods are fitted at their lower ends,
these handles being attached by a hinged joint, so that
they can be used as levers wherewith to turn the terminal
rods around a vertical axis, and thus vary the distance
between their upper ends. The discs are rotated in
opposite directions by the belt-and-pulley driving gear
shown in the figure. This consists of a horizontal
spindle fitted with a winch handle at each end, and
cdrrying a pair of oak pulleys connected respectively to
the two pulleys attached to the discs by an open and a
crossed belt, thereby causing the discs to rotate in oppo-
site directions. As the height of the bearings of the
lower spindle is adjustable the driving cords can always
be maintained perfectly tight.

Owing to the want of a Leyden jar strong enouglf to
hold the charge without rupture, it has not been pOSS.Ible
to test the full length of the spark which can be obtained
from this great machine. Sparks up to I4 in. in length
have been obtained from it in an atmosphere above the
average humidity.

The Sparkler—In the illustration, Fig. 65, has been
introduced (partly to serve as a comparison of size) a
sketch of what is perhaps the simplest and ch.ea[.)est
electrical influence machine ever constructed. This little

apparatus consists simply of two discs of varnished glass
12 in, in diameter, fitted with a very large "“mbf’ of
tinfoil sectors close together, and mounted on a spindle
which can be held in the hands, while the discs are
rotated in opposite directions by spinning them with
the finger and thumb. When this is done—although
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there are no collecting combs or discharge conductors—
the most brilliant effects can be produced, the whole
apparatus literally bristling with electric discharges
immediately after the rotation commences.

Laboratory Machine—A compact form of the Wims-
hurst machine, designed by the inventor for use in
the laboratory, is illustrated in Fig. 66. It differs very
little from the machines already described except in the
compactness of its design. The collecting combs are
supported by the central rods of four Leyden jars, the
outside coatings of which are metallically connected.
The distance between the terminals can be varied by
turning round the Leyden jars to which the terminal
rods are fixed.

Eight-plate Mackhine—~Mr. Wimshurst has constructed
several powerful machines on the principle already,
applied to the Topler and other machines, of combining
a number of single machines into one large machine.
These machines are usually inclosed in a glass case,
which protects them from dust and serves as a support
for the neutralizing rods. No drying material is necessary,
inside the case to secure the successful working of the

machine in ordinarily dry weather, and in this respect we

have a striking advance on the great Topler machine

already described.

The multiple-plate machine illustrated, Flg 67, has
eight glass discs, mounted on the same spindle, and
rotated alternately in opposite directions by open and
crossed belts. The discs are each 2 ft. 4in. in dlameter,
and carry each sixteen tinfoil sectors on one side. The
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neutralizing brushes are fixed on the ends of brass rods

F16. 67. EIGHT-PLATE WIMSHURST MACHINE.

fixed to the framework of the case of the machine, and
connected together by wires, to insure that all the
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brushes shall be at the same potential. All the con-
ductors and even the rods carrying the metallic brushes
are covered with a thick coating of gutta-percha. With
the same object the brass rods which lead from the
prime conductors to.the outside terminals are carried up
through glass tubes. By these means the losses due to
leakage and discharge to neighbouring bodies are greatly
reduced.

Some idea of the electrical power of this machine
may be formed from the fact that every turn of the
handle gives six sparks each 8 in. in length. Sparks of
10in. and 12 in. are readily obtained. The condensers
used were made of ordinary wine bottles, and the dis-
charge was accompanied by an almost unbearable snap-
ping noise, comparable in loudness to a pistol-shot.

Twelve-plate Machine—The largest multiple-plate
machine constructed up to the present time by Mr.
Wimshurst has'twelve plates. It is essentially the same
in design as the eight-plate machine just described.

The illustration in the frontispiece shows the construc-
tion of the machine. '

Each of the twelve plates is 2 ft. 6 in. in diameter.
The greatest length of spark is 13§ in. To show how
readily such machines excite themselves, Mr. Wimshurst
stated, in his lecture before the Royal Institution, that,
though every care was taken during the construction .of
the machine to avoid electrical excitement in any of its

parts, the machine showed strong electrical excitement
at the end of a half-revolution of the driving h‘j‘“dle'
He also stated that he has never found this machine to
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fail in its performance, even with the most unfavourable
atmospheric conditions.

Cylindrical Wimshurst Mackine—A moment’s con-
sideration will show that a Wimshurst machine may
be designed in which glass cylinders are used instead of
glass discs. In recent years this type has been exten-
sively made and sold as an improved form of the Wims-
hurst machine. This form, however, was made by Mr.
Wimshurst himself as early as 1882, and rejected as
being inferior to the disc machines. The illustration,
Fig. 67, shows the cylindrical machine as constructed
by Mr. Wimshurst. The two glass cylinders on which
the tinfoil carriers are glued, are mounted so that they
can turn independently about the same vertical axis.
They are set in rotation in opposite directions by means
of friction gear, consisting of a disc fixed on the end of
the winch axis, and gearing on two small indiarubber
friction pulleys attached to the outer and inner glass
cylinders respectively, as shown in the illustration.
Neutralizing rods are fixed at right angles to one
another, one inside the cylinders and the other outside.
The collecting combs are fixed so as to bisect the angle
made by the neutralizing rods. Vulcanite is not recom-
mended as a material to be used in the construction of
these machines, as it warps with age, and its surface
undergoes chemical change and becomes a conductor.

Mr. Thomas Gray, C.B, has also given considerable
attention to the study of these machines. He took con-
siderable interest in Mr. Wimshurst’s work while the
seven-foot machine was being constructed, and shortly




Fi1G. 68. WiMSHURST CYLINDRICAL MACHINE.
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afterwards fitted up a multiple machine with eight discs,
each 30in. in diameter, which though not protected by a
glass case, gave very satisfactory results. He also con-
structed a machine of considerable theoretical interest,
by inserting a fixed plate between the two oppositely
rotating discs of a single Wimshurst machine. It was
found that the fixed disc did not interfere with the self-
excitement of the machine, but caused it when at work
to change the direction of flow of the electricity with
the greatest regularity at each few revolutions of the
handle. This machine, therefore, constitutes an alter-
nating-current influence machine, and the explanation
of its action, when discovered, will io doubt throw
considerable light on the theory of other influence
machines.



CHAPTER V.

MODERN MACHINES (CONTINUED): SIR W. THOMSON’S
MACHINES.

A sERIES of influence machines, characterized by great
simplicity of construction and theoretical perfection of
design, has been invented by the celebrated physicist,
Sir W. Thomson. As these machines were constructed,
as a rule, for practical application in connection with
telegraphic apparatus, electrometers and such like, they
have usually been made on a small scale, and not like
those of Holtz, Topler, etc, for giving long sparks.
There is apparently, however, no reason why they should
not be constructed for this latter purpose.

The earliest influence apparatus constructed by Sir
W. Thomson, preceded those of Topler and Holtz, if
not also that of Varley ; the water-dropping apparatus
having been described in the Proceedings of the Literary
and Philosophical Society of Manchester, for October
18th, 1859.

Water-dropping Apparatus.—This apparatus was in-
tended for observing atmospheric electricity. It con-
sisted simply of an insulated can, Fig. 69, of water set
on a table or window-sill Znside, and discharging by
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of some electrified body in the neighbourhood, in a
metallic insulated vessel. If the potential at the place
where the drops fall away is higher than that of the can
the drops will fall into the insulated vessel with a
negative charge, which, if the vessel is deep enough,
will be completely transferred to the outside of the

vessel.

To make provision for maintaining the charge of the
field plates in the water-dropping apparatus, Thomson

devised a reciprocal or regenerative arrange-
ment, in which the body charged by the drops
of water is connected to the field plate for
another stream of drops, the drops from which
latter keep up the charge of the field plate of
the former.

The illustration, Fig. 70, shows the arrange-
ment for a single stream. The spout & from
which the water falls in drops, is inserted into
the tube 4, which serves as an inductor or field
plate, to such a distance that the drops are
formed at the centre of the tube. After leaving

: the tube & with their charge of electricity they

‘F1c. 70.

drop into the collecting tube ¢. Inside this
latter tube there is fixed a conical or funnel-
shaped tube with an aperture at its apex of
sufficient diameter to allow the water to escape
from it as fast as it is received. The charge of

electricity is completely discharged from the water falling
in ¢ ; the escaping stream being almost entirely without
electric charge. If the collector of this first stream is con-
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nected to the inductor or field plate of a second stream,
part of its charge will be transferred to it; in fact,
almost the whole of its charge will be transferred to
the inductor of the other stream, as the capacity there
is much greater, owing to the presence of the drops of
water in its centre, at the potential of the earth.

F1G. 71. THOMSON’Ss WATER-DROPPING MULTIPLIER.

Fig. 71 shows the arrangement of the apparatus with
two streams. The two rods connecting the inductor and
the collecting tubes are connected to the stems of two
Leyden jars, which enables considerable charges to be
accumulated. “The practical limit to the charges is
when one is so strong as to cause sparks to pass across



/
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some of the separating air-spaces, or to throw the drops
of water out of their proper course, and cause them to
fall outside the receiver through which they should pass.
It is curious after commencing with no electricity except
a feeble charge in one of the jars, only discoverable by
a delicate electrometer, to see in the course of a few
minutes a somewhat rapid succession of sparks pass in
some part of the apparatus, or to see the drops of water
scattered about over the lips of one or both the
receivers.”

Sir W. Thomson mentions that he was led to. the
invention of the regenerative principle in the above
machine by a consideration of the analogous principle
in the self-exciting dynamo which had just previously
been invented by Siemens and Wheatstone. He also
mentions that the influence machine just described was
constructed by him many years before 186;.

Using a single inductor and a single receiver, and
putting the inductor in metallic communication with the
metal vessel or cistern whence the water flows, the vessel
being connected with a delicate electrometer, an electric
effect is generally found to accumulate in the receiver
and electrometer, when the lining of the cistern and the
inner metallic surface of the inductor are of different
metals. If the inner surface of the inductor be dry
polished zinc, and the vessel of water above be copper,
the receiver acquires a continually increasing charge of
negative electricity. There is little or no effect if the
inductor present a surface of polished copper to the
drops where they break away from the continuous water
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above ; but if the copper surface be oxidized by the
heat of a lamp, until instead of a bright metallic surface
of copper, it presents a slate-coloured surface of oxide
of copper to the drops, these become positively electrified,
as is proved by the continually increasing positive charge
exhibited by the electrometer. When the inner surface
of the inductor is of a bright metallic colour, either zinc
or copper, there seems to be little difference
in the effect whether it be wet with water
or quite dry.

Copper filings dropping from a copper
funnel, and breaking away from contact
in the middle of a zinc inductor to which
the copper funnel is soldered, as shown in
Fig. 72, produce a rapidly increasing nega-
tive charge in a small insulated can placed
below to receive them. )

The action of the apparatus just de-
scribed is closely analogous to that of the
voltaic cell, but differs in deriving its energy
from the falling of the drops of water in- Fic. 72.
stead of from chemical action.

In his lecture before the Royal Institution, 1860,
Thomson also pointed out that the flame of an insulated
lamp acted in the same way as the water-dropping
apparatus, z.¢., it reduced the lamp and other conducting
material in connection with it to the same potential as
that of the air in the neighbourhood of the flame.

Separately Excited Influence Mackine—This machine
was designed to facilitate the application of an instrument

N
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for recording the signals of the Atlantic cable. The
machine was driven by the wheelwork of an ordinary
Morse instrument. The field plate was excited by
another machine, which will be described later.

“ A wheel of vulcanite, with a large number of pieces
of metal (called carriers for brevity) attached to its rim,
is kept rotating rapidly round a fixed axis. The carriers
are very lightly touched at opposite ends of a diameter
by two fixed tangent springs. One of these springs (the
earth spring) is connected with the earth, and the other
(the receiving spring) with an insulated piece of metal
called the receiver, which is analogous to the prime
conductor” of an ordinary electric machine. The point
of contact of the earth spring with the carriers is exposed
to the influence of an electrified body (generally an in-
sulated piece of metal) called the inductor. When this
is negatively electrified, each carrier comes away from
contact with the earth-spring, carrying positive elec-
tricity, which it gives up through the receiver spring to
the receiver. The receiver and inductor are each
hollowed out to a proper shape, and are properly placed
to surround, each as nearly as may be, the point of con-
tact of the corresponding spring.

“ The inductor, for the good working of the machine,
should be kept electrified to a constant potential. This
is effected by an adjunct called the replenisher, which
may be applied to the main wheel, but which for a large
instrument ought to be worked by a much smaller
carrier-wheel, attached either to the same or another
turning shaft.”
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The Replenisher—The replenisher, Fig. 73, consists
chiefly of two properly shaped pieces of metal called
inductors (field plates) which are fixed in the neighbour-
hood of a carrier wheel, such as that described above,

Elcvalion.

Section.
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F1G. 73. THOMSON’S REPLENISHER.

and four fixed springs touching the carriers at the
ends of two diameters. Two of these springs, called
receiver springs, are connected respectively with the
inductors, and the other two (called connecting springs)
are insulated and connected with one another; one of
the inductors is-generally connected with the earth, and
the other insulated. They are so situated that they



180 ELECTRICAL INFLUENCE MACHINES.

are touched by the carriers on emerging from the in-

FIG. 74. THOMSON’S REPLENISHER.

ductors, and shortly after the contacts with the receiver
springs. If any difference of potential between the in-
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ductors is given to begin with, the action of the carriers
increases it according to the compound interest law, so
long as the insulation is perfect. Practically in a few
seconds after the machine is started running, bright
flashes and sparks begin to fly about in various parts of
the apparatus, even although the inductors and con-
nectors have been kept for days as carefully discharged
as possible.

An instrument of this kind, Fig. 74, with a wheel 2 in.
diameter, was constructed for Atlantic Telegraph appli-
cation; its action was so startlingly successful, that in
'Sir W. Thomson’s opinion good effects might be expected
from larger machines on the same plan.

When this instrument is used to replenish the charge
of the inductor in the con-
stant electric machine de-
scribed above, one of its
own inductors is connected
with the earth, and the
other with the inductor to
be replenished. = When
accurate constancy is de-
sired, a gauge electroscope I
is applied to break and . ’
make contact between the  Fio 75;}_;*!’;:;5;’.“ s Re-
connector springs of the
replenisher, when the potential to be maintained rises
above or falls below a certain limit.

Another form of the replenisher, Fig. 75, was used in
the quadrant electrometer, to replenish the Leyden jar.
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The inductors or field plates 7, 7, Fig. 76, are cylindri-
cal pieces of metal subtending an angle of 120° each.
The carriers C, C, are also cylindrically shaped pieces of
metal which are carried on a crossbar of vulcanite B,
mounted on a vertical axis 4 of vulcanite. The field
plates are not quite concentric with the axis, but are
shaped so that the

®Hs_____ carriers approach

Fo closer to them just
before emerging.

) ;| e

G
+ - afterwards.
' Openings are cut
m in four places in the
' inductors, through

which springs are
passed to touch
the carriers as they
pass. Two of these springs, G, G,, called the re-
ceiving springs, are connected to the inductors. The
other two, A/, H, are metallically connected with one
another, and neutralize the carriers, or reduce them to
the same potential, when in contact with them. The
carriers are not arranged concentrically with the axis,
but so that the front edge only comes in contact with
the springs. All the springs must be placed so that the
carriers are completely covered by the inductors when
they are in contact with the springs. The action of the
machine is as follows : The potential of the two inductors

Fi1c. 76. DIAGRAM OF REPLENISHER.
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is usually slightly different, however completely the
apparatus may have been discharged. We will assume
that this difference takes the form of a positive charge
on one of the inductors /', the other inductor /', being
at a less potential. When the carriers are in the position
shown in the diagram, Fig. 76, they are in contact
with the receiving springs, and a very large propor-
tion of any charge which they may have will be com-
municated to the inductors. By continuing the rotation
of the carriers they come in contact with the springs
H, H, of the neutralizing circuit. In this latter position
they are still almost completely inclosed by the inductors,
and are at the same potential. The result of this will be
that C, will receive a negative charge, and C, a positive
charge, these charges being in amount almost as large as
the charges on the inductors. As the rotation proceeds, C,
with its negative charge comes in contact with the receiv-
ing spring G,, and communicates a large proportion of
its negative charge to the inductor F,, thereby increasing
the negative charge it already carries. The charge which
each carrier carries away from the receiving spring must
be less than the charge which it acquires when in contact
with the connecting spring, for otherwise charges in the
inductors will not increase, but diminish. To insure this
the inductors are bent so as to be closer to the carriers
when they are in contact with the connecting springs,
than when they are in contact with the receiving springs.
By turning the replenisher in the opposite direction the
charges on the inductors will be diminished.

The replenisher can be spun rapidly round by a milled
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head on the end of a steel pivot fixed to the top of the
vulcanite shaft, and passing through the cover.

The Potential Equalizer—Sir W. Thomson has con-
structed an instrument for equalizing the potential of
a spring (which might be connected with an electro-
meter) with the potential of the air in contact with it at

F1G. 77. THOMSON’s POTENTIAL EQUALIZER.

any given point. This instrument was used for investi-
gating the electricity of crystals, the theory of the galvanic
cell, and similar researches. One form of the instru-
ment suited for testing the electricity of crystals when
heated is shown in Fig. 77.

The springs A4 7 and A* T* are insulated and con-
nected to the two electrodes of a quadrant electrometer
—or one of them may be connected with the insulated
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part of the electrometer and the other with the metal
inclosing the case, when there is only one insulated
electrode. A circle of small brass pegs on the face of a
vulcanite disc are fixed so as to touch the points of the
two springs, 4 7 and A* 7%, as the disc rotates. A
crystal of tourmaline 2 /V is held'in a clip at the end of
a metallic arm, parallel to the disc, and with its ends
over the ends 7 7 of the springs, where they make
contact with the brass carriers on the disc. The crystal
is now heated, preferably by a hot plate placed behind

F1c. 78. THOMSON’s POTENTIAL EQUALIZER.

it, and, as is well known, one end of the crystal will
become positive and the other negative. The potential
of the air surrounding the points 7 and 7* will in one
case be higher than that of the spring, and in the other
lower. Thus an accumulation of positive electricity will
take place at one point, and an accumulation of negative
at theother. These accumulations will be carried off by
the brass carriers as long as any difference of potential
exists between the springs and the surrounding air. The
principle is the same as in the water-dropping apparatus
already described.
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Another form of this apparatus suited for investigating
experimentally the difference of potential produced by
the contact of different metals is illustrated in Fig. 78.

Two inductors are placed over the ends of the springs,
as shown ; the inner surface of each being of smooth
brass. To experiment on the contact difference - of
potentials between zinc and copper, one of the inductors
is wholly lined with sheet zinc or with sheet copper, and
the two inductors are metallically connected together.
The springs are each in metallic communication with the
electrodes of the
quadrant  mirror
electrometer. The
disc is now kept
turning, and soon
a permanent read-
ing will be ob-
tained with the
electrometer. The
difference of the
readings obtained
with zinc and cop-
per is proportional
to the difference
of potentials pro-
duced by the contact of the metals. Any number of
different metals may be tested in this way.

This instrument may also be applied for testing the
insulation of insulated conductors of small capacity.

The Mouse Mill—A cylindrical form of the machine

Fi1G. 79. THOMSON’s MOUSE MILL.
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last described may obviously be constructed, and this
form has been called by Sir W. Thomson the mouse
mill, on account of its resemblance to the wheel of a
mouse mill. The ends of the wheel are made of discs of
vulcanite, and the carriers are metallic plates or bars con-
necting the two discs, and parallel to the axis of the
wheel. The field plates or inductors may be tangent
planes or curved into cylindrical shape.

The mouse mill used for electrifying the ink vessel of
the syphon recorder in cable signalling, is a combination
of an influence machine and an electromotor. The
Froment type of electromotor, the armature of which
resembles the wheel of the mouse mill, is used. The
parallel iron bars of the motor, which are insulated,
serve as the carriers of the influence machine. On
opposite sides of the armature are two cylindrically
shaped field plates, 7 F*, Fig. 79. A pin is attached to
each carrier-bar, which projects so as to come in contact
with the receiving springs a @', connected to the field
plates. They also touch at intermediate points the
springs & 6* of a neutralizing circuit. Rotation of the
motor, and hence of the influence machine, is produced
by a battery. .

Endless Band Influence Mackines—Thomson suggests
that “when great intensity is desired the best pattern
will probably be had by substituting for the carrier-
‘ﬁ'rheel an endless rope ladder, as it were, with cross bars
pf metal and longitudinal cords of silk or other flexible
nsulating material. This, by an action analogous to
that of the chain pump, will be made to move with
\

\

f
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great rapidity, carrying electricity from a properly
placed inductor to a properly shaped and properly placed
receiver, at a distance from the inductor, which may be
as much as several feet.”

It may be well to describe here some other machines
that have been made on the principle of Sir W.
Thomson’s endless band machine. .

In 1872 Righi designed a machine for multiplying
small electric charges. An endless indiarubber tube is
mounted like an ordinary lathe band, on two pulleys.
At intervals on the tube are wound rings of copper wire.
These rings act as the carriers of the machine. One of
the pulleys is connected to the earth and the other is
turned by a handle. Opposite the belt, where it leaves
the earth-connected pulley, is held the body with the
small charge which is to be multiplied. Each copper
wire carrier, as it passes under this electrified body, being
in contact with the pulley and thus with the earth,
receives a charge of the opposite kind of electricity.
Each carrier with its charge proceeds towards the other
pulley, and about half-way it enters a metallic sphere,
through a perforation in which the band passes. While
inside the sphere the carrier is discharged by means of a
contact spring. If the sphere is connected to a Leyden
jar, a very large charge may thus be communicated to
the jar, though the original charge in the influencing
body may be very small. This evidently belongs to the
class of addition machines.

An influence machine of the endless band type, an&‘i
arranged to multiply the charges on the field plates,
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has been designed by the author. The machine is
illustrated in Fig. 80. An endless band A4, of india-
rubber cord is stretched over two grooved pulleys,
B and C. Both these pulleys are mounted on insulating
supports, and one of them is turned by a handle, which
should also be insulated. Short pieces of brass tube are
slipped on the cord, at equal intervals, to act as carriers.

F1a. 80. ENDLESs BAND INFLUENCE MACHINE.

The field plates or inductors are in this case ferrules, or
short pieces of brass tube, F* and F,, surrounding the
ends of the glass tubes A* A* through which the endless
band 4 passes. The two carriers inside the inductors
Ft F*, are connected for the moment by a neutralizing
rod XK. They thus receive an opposite charge to the
inductors. Each carrier with its charge next passes
inside the collecting ferrules, (z* G*, on the other ends
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of the glass tube, to which they give up their charges
by contact with a spring or brush fixed on the ferrule.
The ferrules F* and G* are connected by a transverse
brass rod L, and the ferrules G* F> by a transverse brass
rod M. Sliding electrode rods N and P, furnished
with discharging knobs, may be fitted to L and M. If
the pulleys B and C are removed to a sufficient distance
from the electrodes of the machine to prevent sparks
passing to earth, it will be unnecessary to insulate them.
Machines of this kind may be constructed with flat
gutta-percha or indiarubber belts, and glass plates above
and below, instead of the glass tubes, as in the forms
first described. A silk ribbon belt with tinfoil carriers
forms a very good arrangement.
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MODERN MACHINES(CONTINUED): ADDITION MACHINES,
MAXWELL'S MACHINE AND EXPERIMENTAL NOTES.

THE modern influence machines hitherto described have
belonged, with one or two exceptions, to the class of mul-
tiplying machines, that is machines in which the initial
charge increases according to the law of compound
interest, or geometrical progression, till the limit fixed
by leakage is reached. There is another class of
machines which may be called addition mackines, in
which the original charge on the field plates is not
replenished by the machine, and which therefore do not
follow the compound interest law, but the law of arith-
metical progression, that is to say, they deliver a fixed
quantity of electricity at each revolution of the machine.
We shall describe one or two of the best-known forms
of these latter machines.

Bertsck's Mackine—This machine, Fig. 81, consists of
an ebonite disc P, collecting combs 4 and 4*, and a
fixed ebonite sector S, which acts as a field plate.

To start the machine, the field plate S must be excited
by,rubbing it with a piece of fur,and the disc P then
turned on its axis. If the knobs C C*are not too far

) %
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apart a discharge will take place between them. . A front

view of the disc is shown on the right side of Fig. 81.

By the influence of the negative charge excited in the
field plate S, negative electricity will be driven through
the comb 4 to the discharging knob C, and a positive
charge left on the surface of the disc. If the direction
of rotation of the disc is that shown by the arrows,
positive electricity
will be carried
round from 4 to
Ar, whence it will
be conveyed by the
collecting comb to
the  discharging
knob C*. Atevery
revolution of the
disc a certainquan-
tity of negative electricity will be added to the knob
C, and of positive to the knob ( till the difference
of potential is sufficient to produce a discharge.

A machine made on this principle by Bertsch, having
a disc 20 inches in diameter, gave sparks of § to 7 inches
in length.

The action of the Bertsch machine is liable to stop,
owing to the disappearance of the charge on the field
plate through leakage. In the next machine to °
described a contrivance is introduced to overcome t
difficulty.

Carré’'s Machine—This machine is essentially of t
same construction as that of Bertsch, but instead of *

=

4 |s
F1G. 81. BERTSCH’S MACHINE.
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ebonite plate, the disc of a frictional electric machine
is used as a field plate. This has the advantage of
being always in an excited condition.

Two discs, 4 and B, Fig. 82, are mounted on parallel
axes, and geared .
together by a belt-
and - pulley  ar-
rangement, so that
by turning -the
handle M both
discs are caused to
rotate ; the disc B
rotating at a much
higher speed than
the disc 4. The
disc A4, which is
made of glass, is
electrically excited
by the friction of
the amalgamated |
pads D, and over-
laps,attheopposite
side from the pads, the disc B, without however touching
it. The disc B is of ebonite, and runs free, that is with-
out being in rubbing contact with anything. On the

« opposite side from the frictional disc is fixed a collecting

& comb E, which is connected to a discharging rod T.
1 Another collecting comb F stands in front of the disc B
% at the opposite side from £, and is connected to a large
% conductor C.

~

Fi1G6. 82. CARRE’Ss MACHINE.

(o]
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The action of this machine is similar to that of the
Bertsch machine. The surface of the disc 4 where it
overlaps B, acts in this case as the field plate. If this is
positively electrified, negative electricity will be drawn
from the collecting comb £ on to the surface of the disc
B, while a positive charge will be communicated to the
discharging rod 7. The negative charge on the surface
of the disc B is carried round and imparted to the col-
lecting comb #, and thence to the conductor. After a
sufficient number of revolutions, sparks will pass between
the discharging rod 7" and the conductor C. Sparks of
about 7% inches have been obtained from a Carré
machine, having discs 4 and B of 15 in. and 20 in.
respectively in diameter. The energy of the sparks is
considerably increased by connecting the two electrodes
to the inner and outer coatings of a Leyden jar.. The
Leyden jar may be suspended from the ring » by a hook,
its other coating being connected to the other electrode
by a chain.

Wimshurst has greatly increased the efficiency of the
Carré machine by fixing a glass plate in front of that
half of the disc B, which is conveying the electric charge
from the comb £ to the comb /. This plate probably
fulfils the same purpose as the fixed disc in the Holtz
machine, viz., prevents the dissipation of the charge on
the disc B into the atmosphere.

Up to the present time the influence machine has
proved of very little practical use. Professor Lodge has
suggested that it might be used for collecting dust,
smoke, or fog by electrifying the particles, and thus
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causing them to adhere; and as a consequence of this.
suggestion an attempt has been made to condense the
fumes produced in the manufacture of lead. The attempt,
however, has not as yet proved a practical success.
Another application, which has been more successful,
is to the lighting of gas jets. Clarke has invented an
instrument for gas-lighting, in which short electric sparks
are produced by an influence machine inclosed in the

3

F1G. 83. CLARKE’S GAS LIGHTER MACHINE.

handle of the apparatus. The type of influence machine
which he usually employs is a combination of the
Thomson's replenisher and Voss machine. There are,
Fig. 83, two field plates of tinfoil shaped as in the
ordinary Thomson replenisher. Between the field plates
is a rotating ebonite cylinder, having eight pieces
of metal foil fixed on it to serve as carriers. A pair of
neutralizing brushes are fixed to a cross conductor; a
pair of replenishing brushes are connected to the field
plates ; and, lastly, a pair of collecting brushes are con-
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nected to the wires, which lead up through the stem of
the instrument to the sparking points.

Clerk Maxwell’s Machine—We shall conclude our ac-
count of modern influence machines by a description
of a machine of very great theoretical interest, invented
by the late Clerk Maxwell.

Maxwell pointed out that a great loss of efficiency,
even though loss by leakage were to be entirely elimi-
nated, would result from the passage of sparks whenever
a carrier comes in contact with a conductor. The reason
of this is that part of the energy employed in turning
the machine is spent in producing the heat and noise of
electric sparks instead of being converted into electrifica-
tion in an available form.

To obviate this loss he proposed to employ a con-
trivance called in heat engines a regenerator.

“In Fig. 84 let 4, B, C, A*, B*, C* represent hollow
fixed conductors so arranged that the carrier P passes in
succession within each of them. Of these 4, 4* and B, B*
nearly surround the carrier when it is at the middle
point of its passage, but C, C* do not cover it so much.

. We shall suppose 4,B,C to be connected with a
Leyden jar of great capacity at potential V, and
A, B*, C* to be connected with another jar at potential
-V,

P is one of the carriers moving in a circle from 4 to
Ct, etc, and touching in its course certain springs, of
which @ and a* are connected with 4 and A* respec-
tively, and ¢ and e* are connected with the earth.

Let us suppose that when the carrier P is in the
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middle of A the coefficient of induction between P and
A is —A. The capacity of P in this position is greater
than 4, since it is not completely surrounded by the
receiver A. Let it be 44-a.

Then if the potential of 2 is U, and that of 4, V, the
the charge on P will be (A+a) U—-A4 V.

Now let P be in contact with the spring @ when in the
‘middle of the receiver 4, then the potential of P is V,
the same as that of 4, and its charge is therefore 2 V.’

If P now leaves

the spring a it carries // \<C\
with it the charge a =T

V. As P leaves 4 E\
its potential dimin-

A

ishes, and it dimin-
ishes still more when

P
it comes within the z/
a

B .
( /
influence of C*, which E
is negatively elec- \;\;\, /
c

-
trified.

If when P comes
within C* its co-
efficient of induction on C* is —C* and its capacity is
C'+ c*,then if U is the potential of 2, the chargeon Pis

(C+cHUHCVr=al.

If C'Vr=alV,
then at this point U the potential of P will be reduced to
zero.

Let P at this point come in contact with the spring
e*, which is connected with the earth. Since the

B

F1G. 84. CLERK MAXWELL’S MACHINE.
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potential of P is equal to that of the spring, there will
be no spark at contact.

This conductor C*, by which the carrier is enabled to
be connected to earth without a spark, answers to the
contrivance called a regenerator in heat engines. We
shall therefore call it a regenerator.

Now let 2 move on, still in contact with the earth
spring e*, till it comes into the middle of the inductor
B, the potential of which is V. If —B is the coefficient
of induction between P and B at this point, then, since
U = O the charge on P will be —B V.

When P moves away from the earth spring it carries
this charge with it. As it moves out of the positive
inductor B towards the negative receiver A" its potential
will be increasingly negative. At the middleof 4, if it
retained its charge, its potential would be

A* V' + BV

T T4 fa
and if B V is greater than a* V* its numerical value will
be greater than that of 7*. Hence there is some point
before P reaches the middle of A4*, where its potential
is —V*. At this point let it come in contact with the
negative receiver spring a*. There will be no spark,
since the two bodies are at the same potential. Let P
move on to the middle of A1, still in contact with the
spring, and therefore at the same potential with A4,
During this motion it communicates a negative charge
to A*. At the middle of 4* it leaves the spring and
carries away a charge, — @' V' towards the positive
regenerator C, where its potential is reduced to zero, and
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it touches the earth spring e. It then slides along the
earth spring into the negative inductor B*, during which
motion it acquires a positive charge, B* V', which it
finally communicates to the positive receiver 4, and the
cycle of operations is repeated.

During this cycle the positive receiver has lost a
charge, a V, and gained a charge, B* /*. Hence the
total gain of positive electricity is

' BV —al.

Similarly the total gain of negative electricity is
BV —a* V.

By making the inductors so as to be as close to the
surface of the carriers as is consistent with insulation,
B and B* may be made large, and by making the
receivers so as nearly to surround the carriers when it is
within them, 2 and ¢* may be made very small, and
then the charges of both the Leyden jars will be in-
creased in every revolution.

The conditions to be fulfilled by the regenerators are

CrVri=aV,and CV =a* V.

Since a and ' are small, the regenerators do not
require to be either large or very close to the carriers.”

It may assist us to understand the use of the regene-
rator in Maxwell’s machine, if, in accordance with the
hypothesis explained in Part I., Chap. II., we assume
that the carrier P is an elastic bag filled with the electric
fluid. The object aimed at in this machine is to bring
the elastic bag into such a field of pressure that when it
comes in contact with a discharging spring, the pressure
inside the bag will be the same as that of the spring. As
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a consequence of this there will be no transference of
fluid when the contact is made ; the transference takes
place as the bag moves into a field of higher or lower
pressure, while still in contact with the spring.

EXPERIMENTAL RESEARCHES ON INFLUENCE
MACHINES.

Rossetti, Mascart, and other experimenters have made
a series of measurements on influence machines to ascer-
tain the relations between the electro-motive force, cur-
rent, and work spent in driving.

The electro-motive force, or difference of potential
required to produce a spark, may be calculated approxi-
mately from experiments made by Sir W. Thomson on
the electro-motive force required to produce sparks of
known length. These experiments were made with
sparks not exceeding 1'5 centimetre in length, and it
was calculated that to produce a spark between two
slightly convex metallic surfaces at £ of a centimetre
asunder, in ordinary atmospheric air, requires an electro-
motive force of 5,510 Daniell cells. From this we may
deduce an approximate rule, that to produce a spark
I inch in length, an electro-motive force of 100,000 volts
is required.

Sir W. Thomson’s experiments seemed to point to
the conclusion that for sparks above 1 cm. in length the
E. M. F. would be proportional to the length of spark ;
but other experiments have not confirmed this conclusion.
Macfarlane, who experimented with sparks of 0’1 to
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1 cm. in length, found the results could be represented
by the formula

V = 66940 / ¥ + 0205 x

in which V is the potential difference and # the spark
length, in other words, by a hyperbola; if the sparks
strike between a ball and a plate, or two plates, the
curve approaches a parabola. Mascart, experimenting
with spark lengths of o'I to 15 cm., between two balls
22 cm. diameter, found

Distance. Potential Difference.
‘I cm. 5,490 v.
I, 48,600
2, 64,800
5 5 94,800
1o ,, 119,100
12 ,, 124,200
15 ,, 127,800

According to Warren de la Rue and H. Muller the
spark length between a point and a plate increases
approximately as the potential difference for distances
up to I cm. If the length exceeds 2 cm. the potential
difference increases very slowly, so that it does not
go beyond a certain limit which falls about 120,000 v.
This applies to a point and a plate as electrodes. It
appears from the researches of Mascart that for two
balls the limit lies rather higher.

Rossetti employed an ordinary Holtz machine with
a neutralizing rod in his experiments. The machine
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was turned by the descent of a weight, the number
of revolutions being taken by an electro-magnetic counter.
The current was measured by a galvanometer, and re-
sistances consisting of glass tubes filled with water were
used for varying the amount of current by putting more
or less resistance in the external circuit. The effective
work employed in producing the electricity was ascer-
tained by measuring the amount of work required to
drive the machine when not excited, and deducting it
from the total work required to drive the machine when
producing electricity. It is this effective work that is
understood to be meant in what follows. Rossetti’s
results were as follows :—

The current is nearly proportional to speed ; or to state
it more exactly—the current increases a little more
rapidly than in proportion to the speed.

The effective work is exactly proportional to the
current.

In dry days there was more electricity for a given
quantity of work, and less for an equal speed.

With increased distances between the discs, the
current and the amount of work required di-
minished.

With increased resistances in the external circuit,
when the driving weight was the same throughout,
the speed decreased, and therefore also the work
and the current.

Riecke showed that for machines of the “second

kind,” that is, Holtz machines with oppositely rotating
plates, the current is proportional to the speed.
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Mascart measured the relative output of several in-
fluence machines and frictional machines, by determin-
ing the number of sparks per second from jars of known
capacity. The output was taken to mean the quantity
of electricity produced per second per unit of useful
surface. The following table gives the ‘results of his
experiments :—

Frictional Machines. Output.
Ramsden . . . . . . 042
Van Marum . . . . . o8o
Nairne . . . . . .12

Influence Machines.

Holtz, single . . . . . 128
Holtz, duplex . . . . . 123
Holtz (second kind) . . . 97
Carré . . . . . .72

A Holtz machine is reversible in the same sense as a
dynamo-electric machine, that is to say, it will act as a
motor if electricity is supplied to it from another in-
fluence machine. To perform this experiment the
rotating disc of the Holtz machine must be mounted so
as to run with very little friction. The electrodes of the
machine must be separated beyond striking distance,
and wires from another Holtz machine (by preference a
more powerful machine), connected to the two collecting
combs. If a slight impulse is given to the rotating disc
in one direction or the other, it will rotate equally well
in either direction. This appearsto show that the action
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of the electricity in the combs upon that on the surface
of the disc is greater than that on the field plate.

A Wimshurst machine can also be made to act as a
motor, if electricity is supplied to its combs from another
machine as described above.



PART IIL

PRACTICAL CONSTRUCTION OF INFLUENCE
MACHINES.






CHAPTER 1L

WIMSHURST MACHINES.

THE simplest form of Wimshurst machine is that with
two oppositely rotating plates. This may be made to
give an average length of spark, and excite itself readily
even in unfavourable atmospheric conditions ; or it may
be constructed to give the maximum possible length of
spark for a given diameter of disc. The former design,
which has been called by Mr. Wimshurst the laboratory
machine, Fig. 66, will be described in detail first, and
then the latter, which may be called the long-spark
machine, will be illustrated, and its differences from the
ordinary type indicated. Finally a twelve-plate machine
will be described.

The Laboratory Machine—In Fig. 85 the completed
machine is illustrated ; the reference letters appended to
each detail correspond with those marked on the sepa-
rate details in Plate II.

The Stand—The stand is made of mahogany. For
this is required—two side pieces 4, each 16 in. by 2% in.,
to be planed and moulded round three sides as shown,
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and mortised at the centre to receive the tenons of the
uprights or stanchions F; two transverse end pieces C,
each 121 in. by 34 in., having two round holes bored out

m

F1G. 85. LABORATORY MACHINE.

in each to receive the Leyden jars K ; two pieces B to
support the bearings of the driving spindle, each 9§ in
by 13 in.; two transverse pieces ., recessed to support
the bottoms of the Leyden jars, each 10f in. by 2% in. ;
four scroll pieces Z, for feet as shown; two tapering
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pieces F, for uprights or stanchions to support the
spindle of the glass discs, 103 in. long by 2% in. to 11 in.
in breadth,‘ten.ans being cut at the wide ends to fit into
the mortises in the side pieces 4. The stanchions
should be fairly rounded upon their edges and tops.
The scroll feet should be cut out with a turning saw to a
pretty shape, and care should be taken that they quite
cover the ends of the tables D which support the Leyden
jars, since it looks ugly if the ends of the tables are
shown. These parts may all be glued together, and as
they are chiefly surfaces glued to surfaces, screws should
be used as well as glue, care being taken that the points
of the screws do not show themselves through the stand.
The tables, which support the jars, have circular pins
cut upon their ends, which fit into holes bored in the
scroll feet, and they must be glued into place in their
proper order.

Driving Spindle and Wheels.—The driving spindle
of the pulleys G is made from iron rod, 13 inches long
and £ inch in diameter. Good centres having been
drilled in its ends, it is placed in a lathe; one end is then
turned up for a length of 1} inch and screwed; a thick
iron ring is then tapped and screwed on the end of the
spindle to form a collar to act as a stop for the driving
handle when it is screwed on to the end of the spindle
afterwards. A piece of mahogany is next bored out, and
driven tight on to the spindle. The spindle is now put
back in the lathe, and the mahogany sheath turned down
to a cylindrical shape, its ends being reduced to a some-
what smaller size and driven into discs, which are large

P
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enough to be turned up to form driving wheels 7} inches
in diameter, with grooves to receive a round band. The
spindle may now be trued up and its ends finished ; the
discs for the driving wheels are glued on to the maho-
gany sheath, and turned up and finished in the lathe after
the glue is dry. The grooves should be of good size, as
the bands run better in large than in small grooves. If
the mahogany sheath is not tight enough upon the
metal spindle, it will be desirable to bore a hole through
wood and iron, and drive in a metal pin. Care should
be taken that the driving wheels are about % inch free
from the bench on which the machine stands.

Clamps to hold Spindle—These (denoted by the letter
B) should be made sufficiently long to fit against the
ends of the frame. The corner pieces which fit between
the scroll feet and the side bars 4 are neatly cut out and
glued in their places, so that the remaining portion of
the clamp may be the more easily removed when neces-
sary. The clamps are fixed to the side bars 4 by two
screws in each.

Holes for Leyden Fars—The position of these holes
should be accurately marked at equal distances from the
ends of the transverse bars C and tables D, and bored
out 1} inch in diameter. A good centre-bit will do this.
The holes must be quite vertical and extend through the
transverse bars, and about half-way through the tables.

 Spindle for Glass Discs and Tubes for Brushes—
The former must be of straight, polished steel wire,
which can be purchased ready for use at Smith’s tube
warehouse, St. John’s Square, Clerkenwell, or other
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similar shops. The wire for one spindle should be 10
inches long and } inch in diameter, and when selecting
it, enough should be taken for two spindles, as a second
spindle will be found useful in many ways.

The latter consist of pieces of drawn brass tube, which
can be obtained at a tube warehouse, of the exact size
to turn nicely on the steel spindle. It is advisable in
this case also to select three or four times the length
required, as it is useful for experimental bosses.

Bosses for the Glass Discs—For these (denoted by
the letter /) well-seasoned wood must be selected. They
are 4 inches in length and 2% inches in diameter at the
large end. A hole is first bored through the piece of
wood from end to end, of such a size that the brass tube
must be pushed tightly into it. It is now placed in the
lathe and turned up, first for proper length, and after-
wards to form, taking care that its 7 groove is over the
V groove of the driving wheel.

Driving Bands—The round leather for sewing
machines answers very well for this size of machine.
The joint is best made by cutting each end to a scarf,
causing the scarf to overlap about 1% inch, and stitching
together with a needle and stout thread ; or a steel wire
hook may be used.

Connections for outer Coatings of Leyden Fars—These
connections are made by a small wire extending from
the two Leyden jars to one end of the machine, and
carried thence up to a terminal ; the wire, should, as far
as practicable, be placed on the underside of the several
parts. It may be attached by means of small staples or
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by small tacks, the wire being twisted round the tack
just before it is driven close up. The other end of the
machine is then similarly completed, and the circuit is
then closed by means of a removable piece of brass wire
placed between the terminals.

Brasswork Rods for the Leyden Fars—The four rods
L for the Leyden jars are made of brass tube, each being
12 inches long by 1 inch internal diameter. At 14 inch
from one end a nicely shaped brass ring is soldered on,
to form the shoulder upon which the ball of the comb
N rests. The whole is then polished up and lacquered.

Combs.—These (denoted by letter V) are made by first
cutting a 124 inch length of i-inch brass wire, of which
the ends are to be rounded. It may then be bent up to
U shape as in the drawing. Then get four cast balls
with holes bored through them, of such size as to freely
pass over the rods of the Leyden jars. With a small
round file a groove is cut on the one side of each ball of
such a size as to fit upon the bent brass wire. Having
done this, drill the holes in the bent brass wire, and fit
in the collecting points, five of which on each side will
be found sufficient. After this, solder the brass wire, the

" points, and the balls together as shown in the sketch &V
(Plate IL.), and then polish up and lacquer.

Discharging Terminals or Electrodes—These (denoted
by P) are made of brass wire, the size to fit into the
tubes or rods L for the Leyden jars, and 16% inches in
length. One end is filed slightly taper, a brass ball is
soldered upon it, the wire is then bent to the proper
form, and the whole cleaned up and lacquered.
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Neutralizing Rods—These (denoted by Q) are made
up of an axis of consisting of 1} inch of brass tube, of
the same size as is used to bush the bosses; and a piece
of brass wire 18% inches long, which is passed through a
+5 inch hole bored transversely through the axis ata
distance of % inch from one end. The ends of the wire
are drilled up (say § inch) to receive the brushes; the
wire is soldered to the axis; a brass ball is soldered on
the outer end of the axial tube to make a finish ; the
whole is then polished up, the wire is bent to the proper
form, and a coating of lacquer applied.

Brushes—For the brushes on the ends of the neutra-
lizing rods, it is necessary to get some fine wire, such as
is made by the gilt-lace makers, of the gauge which they
call No. 22. A quarter of an ounce (costing 34.) will be
enough for several hundred brushes. About ten turns of
the fine wire is wound upon a piece of metal plate, say 13
inch broad ; the turns of wire are then cut through by a
knife, at one side of the metal plate. The turns are now
slid off the metal plate, the uncut ends are twisted up
tightly by the finger nails, the wires are slightly pulled
and bent till they are straight, and the sharply hooked
ends are clipped off by a pair of scissors. The brush is
then complete, and may be fixed in the end of the neu-
tralizing rod by a small wooden wedge.

Driving Handle—1t is best to make a pattern for this
(denoted by R) and have it cast in brass. It then only
requires to be surfaced. The hole for the driving spindle
should be screwed, and a wooden case fitted over the
driving pins.
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Leyden Jars—These (denoted by K) are 10f inches
by 1. The tinfoil coating is about 4 inches in height
upon the inside of the jar, and about 3 inches in height
upon the outside. Besides which, on the outside of the
jar, there is a band of leather, which takes the chafing of
the hole in the end of the stand, through which the jar
passes.

Tops of Fars—These (denoted by M) are turned up
from short lengths of wood. To put them, the tubes, and
the jars together the following order is perhaps the
best :—First cement the top to the tube, leaving the
shoulder of the tube at a proper height to carry the

- comb ; then at the foot of the tube cement on a ring of
wood just large enough to enter the jar; coat this ring
with tinfoil, so that it shall make the metal contact with
the inner coating of the Leyden jar, then cement the
top on the jar, and lastly drop down each of these tubes
small sticks of wood, of just sufficient length to touch
the bottom of the jar with their lower ends, while their
top ends are of sufficient height to carry the lower ends
of the discharging terminals. The balls on the dis-
charging terminals must be kept high enough to pass
over the tops of the glass discs, to avoid breakage
through the balls striking the glass.

The Glass Discs—These are made of selected window
glass; care being taken that they are flat and of uniform
thickness. The dark greeni coloured glass, or at least
some of it, appears to conduct away high tension elec-
tricity ; therefore select the whiter qualities. They
should be cut on a revolving table illustrated in Fig. 86.









WIMSHURST MACHINES. 215

This table consists of a disc covered with chamois leather,
which is mounted so as to turn freely on a vertical axis.
The sheet of glass to be cut into circular shape is placed
on this disc or table. A glass-cutter’s diamond is
mounted on the end of a springy arm, so that it can be
pressed in contact with the surface of the sheet of glass,
while the latter is turned round by pressing the fingers
of one hand on its surface. A perfectly circular cut will
be made by the diamond on the surface of the glass,

Fi1G. 86. REVOLVING GLASS CUTTING TABLE.

which will in a short time, with judicious tapping, pene-
trate through the glass, when the outside pieces can
easily be taken off by the fingers. The hole in the
centre of the disc can be cut in the same manner by
moving the arm supporting the diamond nearer to
the centre of the disc; the arm being mounted so that
it can slide radially and be clamped at any point on the
baseboard of the apparatus. After the diamond cut has
penetrated through the glass, the centre piece must be
carefully broken out in fragments by crushing it with a
small hammer over the end of a steel punch fixed in a
vicee. The centre hole may also be bored out with
emery, but this takes a much longer time. The glass
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discs may be bought, cut out to circular shape, with the
hole in them, from many of the large glass cutters. For
the machine we are describing they should be 17 inches
in diameter, with a hole in the centre 1} inch diameter.
They must be coated with shellac varnish on both sides;
this should be done in a warm room, and the plates
should be dried by heat.

For Mounting the Sectors.—For mounting the sectors,
draw a circle of the same diameter as the discs, on a sheet
of paper, and divide it into sixteen or eighteen equal parts.
Draw radial lines from each point in the circumference
to the centre, and set off outlines of the sectors with
these lines as centre lines. The outer ends of the sectors
should be } inch from the circumference of the glass
discs ; the sectors should be 3% inches in length, 1} inch
broad at the wide end, and £ inch broad at the narrow
end, and rounded off at each end, as shown in Fig. 8s.
The glass disc upon which sectors are to be fixed is
placed on the paper on which the drawing has been
made, so that the circumference of the disc coincides
with the circle drawn on the paper. The tinfoil sectors
having been cut out to the proper shape, are varnished
on one side with shellac varnish, and stuck on to the
glass plate so as to coincide with their outlines drawn
on the paper beneath the disc. Now place the glass
disc again on the revolving table of the glass-cutting
apparatus, and with a small brush held in contact with
the fixed arm, make two rings of shellac varnish—one
at the outer ends of the sectors and the other at the
inner ends of the sectors. These rings help to attach
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the ends of the sectors and slightly insulate the
extremities.

Shellac Varnish—The best way to prepare and to
keep this extremely useful varnish is as follows :—Get a
wide-mouthed bottle and fit in it a soft wooden bung, in
which a hole is bored to receive the handle of a large
brush, which when not in use will remain inside the
bottle. Fill the bottle half full with shellac, and pour in
methylated spirits of wine till the shellac is covered.
With occasional shaking the shellac will in time be dis-
solved. The varnish will be ready for use in about
twelve hours. '

Cement—The best cement to use for fixing wood or
brass to glass is bicycle-tyre cement.

LoONG-sPARK MACHINE.—Fig. 87 is an illustration of
a machine to give the longest possible spark from a given
size of plate. The principal points to be attended to
are to make the collecting combs shorter, and the
sectors fewer in number. The discs in the machine
shown are about 17 inches in diameter. The sectors are
made from one-sixth to one-fifth the diameter of the
discs, and about I inch in breadth at the broadest part,
the sides of adjacent sectors being parallel to one another.
The number of sectors on one disc is ten to fourteen.
The radial rods of the collecting combs should be of
sufficient length to cover the sectors and no more, the
ends of the rods being covered with knobs. The stand
of this machine is somewhat different in construction
from that of the laboratory machine, but it can be
easily understood from ‘the illustration. The point to
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be aimed at is to obtain the greatest distances for insula-
tion between the several points.

TWELVE-PLATE MACHINE.—This machine has already
been described ; it is shown complete in the frontispiece

F1G6. 87. LONG-SPARK WIMSHURST MACHINE,

and in detail in Fig. 88 and Plate III. The dimensions
of each piece is marked on the parts in Plate III.;
very little description therefore will be necessary.
Fig. 88 is the case of the machine, consisting of a
mahogany frame with panes of glass fitted in grooves
in the sides and ends. Both end frames with their
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panes of glass are removable to enable the discs to be
got at for dusting and cleaning. The central uprights
have each two holes bored in them for the driving

€ R B a4

FIG. 88. CaSE OF 12-PLATE WIMSHURST MACHINE.

spindle, and for the spindle of the discs. Removable

boards with bevelled edges, and holes for fixing t}}e
rods which carry the neutralizing brushes, are fixed in

pairs across the top and bottom of the frame.
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The driving spindle, with its pulleys and the driving
handle, are shown at Fig. 1, Plate III. It consists of an
iron spindle with bearings turned on it and one end
screwed for the handle which is screwed tight up against
a collar, as shown. A hole is bored through a square
piece of mahogany so as to fit (an easy fit) on to the iron
spindle. The discs to form the driving pulleys are made
with square holes in their centres, and are driven tight
on to the mahogany sheath at suitable distances. The
sheath may be fixed to the iron spindle by four trans-
verse iron pins at right angles to one another, two at
each end of the spindle. Wooden distance pieces are
glued on the flat sides of the wooden sheath between
the pulleys, and the whole is placed in a turning lathe,
where the sheath is turned up, true, and the pulleys are
turned to the proper size, with V grooves for the belts.
The crank handle may be cast of brass and fitted with
a wooden handle.

The spindle and bosses for the glass discs are shown
at Fig. 2. The bosses are turned out of well-seasoned
wood, with V grooves for the belts, as shown. Each boss
is bushed with a piece of brass tube, which turns freely
on the polished steel spindle, which is supported at each
end by the uprights, somewhat loosely, so that it can be
easily drawn out. Wooden caps are screwed over the
ends of the spindle to prevent it coming out, and bifur-
cated distance pieces, Fig. 3, are fastened inside the
uprights to prevent the bosses from separating too far
from each other. These distance pieces are so fixed
that they can be easily removed by lifting them up,
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and then the bosses and their attached glass discs can
be separated to a convenient distance for dusting and
cleaning. The way in which a glass disc is fixed on a
boss is shown on a larger scale at Fig. 4. A projection
on the end of the boss fits into the hole in the glass
disc. A disc of vulcanized fibre cemented to the glass
is fixed by wood screws on this projection, and clamps
the disc firmly between it and the end of the boss. The
brass tube forming the bush of the boss, projects slightly
beyond the disc of vulcanized fibre, so as to bear against
the end of the bush tube of the next adjacent boss, and
prevent the fibre discs rubbing on each other.

Fig. 5 is a side view of the conductor to which the
collecting combs are fixed. It consists of a brass tube,
into which a wooden core is tightly driven. The ends
are rounded wooden knobs. The radial rods forming
the backbones of the collecting combs are driven through
holes in the brass tube of the conductor and tight into
the wooden core, as shown in the sectional plan, Fig. 6.
These holes are bored alternately above and below
the horizontal centre line of the conductor, as shown
in Fig. 5. It has been found advantageous not to
have the collecting combs for one pair of discs in the
same horizontal plane, but to displace them, or give
them a slight advance in the direction of rotation
of the disc in front of which they stand ; hence the zig-
zag arrangement of the holes in which the collecting
combs are fixed. The conductors are supported on two
glass pillars fixed with collars on a wooden board, which
is screwed on to the base of the case of the machine by
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wood screws, whose heads are covered with wooden
knobs. A

The rods carrying the neutralizing brushes are fixed
in the removable boards already mentioned. They are
shaped as shown in general view in the frontispiece.
The brushes should touch the discs at points separated
from each other by an angular distance of about 60°.
All these neutralizing rods should be carefully connected
together by copper wires recessed into the stand of the
machine; good metallic connection being made at all
the joints, as it is essential that the resistance should be
as small as possible in the neutralizing circuits. Fig. 7
shows a segment of one of the glass discs, with two tin-
foil sectors on it.

GENERAL NOTES ON THE CONSTRUCTION OF WIMS-
HURST MACHINES.—To obtain the longest possible
sparks from a Wimshurst machine a small number of
sectors must be used. When the number is reduced be-
low a certain limit (say eight), the machine will not excite
itself, but will work if a charge is imparted to it from an
external source. The larger the number of sectors the
more readily the'machine will excite itself : for example,
with sixteen or eighteen on each disc it will be freely
self-exciting under almost every condition of atmo-
sphere ; while if, say, forty sectors are placed on each
disc, it is only with difficulty, and under the very worst
conditions of atmosphere, that self-excitement can be
prevented.

A machine may be self-exciting in a cold room, but
will cease to work when brought into a warm room
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where a number of people are present. After a few
minutes, however, when the handle is turned, the
machine will excite itself. The explanation is that
while the machine was colder than the atmosphere it
condensed moisture on its surface, but after it had
acquired the temperature of the room the condensed
moisture evaporated and enabled the discs to retain
their charges.

It is important that the metal brush should be in
absolute metallic contact with the neutralizing rod. The
brushes on the opposite ends of the neutralizing rods
must touch the sectors on opposite sides of the centre
of each plate at the same time. If the rods are not
of the proper shape to cause the brushes to touch the
sectors in this way, they should be bent into the proper-
shape.

In the two-plate machine the neutralizing rods should
be made to turn on their axis, so that they can be set to
different angles. The best position for these rods can
be found by experiment. The rule given by Mr, Wims-
hurst is as follows :—Take your watch, hold it by the
chain, and let its back come to the spindle on which the
discs revolve: the neutralizing rod for the front disc should
then be parallel with the line joining XI and V, and the
rod at the back of the machine, seen through the glasses,
must be on the line joining I and VII—that is, the two
rods will make an angle with one another of 60 degrees.
The above is about the best position, though, if the
machine does not seem to pick up its charge readily, the
rods may be turned into a more horizontal position, say
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to an angle of 9o degrees. This rule also applies to
multiple plate machines.

The brushes must be kept in good condition and clean.
If they are worn out or are corroded, replace them with
new ones.

The balls on the discharging rods should be unequal
in size to give the best results. To obtain the maximum
length of spark with, say, 17 inch discs, one ball should
be about § inch and the other about 1} inch diameter.
They should be very nicely polished. Leyden jars must
be used to get good sparks. When the balls are of
different sizes, attention must be given to make sure that
the positive or negative electricity is on the side of the
machine to give the best results. This is readily dis-
covered by slightly darkening the room, and observing
on which collecting comb the electric brush is, and on
which the luminous point. Having discovered this, see
that the larger ball is in connection with that comb
which has the electrical brushes on its points.

To reverse the direction of the current in the machine,
where this is necessary, the best course is to charge a
Leyden jar from, say, the right hand comb ; then close
the discharging balls, and with them closed, turn the
discs a few revolutions in the opposite direction ; then
separate the discharging balls, and touch the left hand
comb with the charged Leyden jar. The current will

then be reversed.

To produce the greatest length of spark, the Leyden
jar connections have to be carefully attended to. The
inside coating of each of the jars should be connected
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to one of the collecting combs, and the outside coatings
of . the two jars should be connected, say by allowing
them to stand on a strip of tinfoil. For connecting the
inner coatings of the jars to the combs, good stout
gutta-percha-covered wire is best, great care being taken
to see that there are no points exposed. To show
the injurious effect of points, tie a pin on to the con-
necting wire of either of the Leyden jars, so that it
points away from the wire and from the machine. It
will then be found that scarcely any spark can be
obtained.

It is very important that the machine should be kept
free from dust. Each particle forms to a certain extent
a point ; besides, a layer of dust acts in some degree as a
conductor.

It will sometimes be found that though all the fore-
going points have been attended to, the charge will not
remain in the Leyden jars, It will then probably be-
found either that the glass of the jar is cracked, or that
its quality is bad.

If vulcanite supports are used anywhere in the
machine, their insulating quality should be tested by
trying whether a spark from a Leyden jar will pass
through them to the earth. If they are found to be
conductors, their surfaces should be washed with a solu-
tion of carbonate of magnesium, or placed in 2 lathe
and turned up.

The bearings of the machine should be carefully oiled
with a little sperm oil. .

If on turning the machine it is found that there is

' Q
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abundance of electricity, but that it is all at the top and
bottom of the discs, and none at the combs, the inference
is that the machine is being turned in the wrong direc-

tion. This may be remedied by interchanging the open
and crossed belts.



CHAPTER IL
HOLTZ AND VOSS MACHINES.

Holtz Two-plate Machine—The type of machine de-
signed by Holtz, that has been already described, is
by no means easily constructed, owing to the difficulty
of cutting the openings in the fixed plate. Such machines
are also quite unworkable in ordinary atmospheric con-
ditions in this country, unless inclosed in a case with
drying substances. We would therefore recommend the
amateur to construct the modified form of the Holtz
machine designed by Mr. Wimshurst.

Fig. 89 is an illustration of a machine of this type,
with two rotating discs and two fixed plates. Each fixed
plate is in two pieces, one edge of each piece being
inclined so that when fixed in the frame a parallel space
is left between the two edges, slightly inclined to the
horizontal diameter of the discs. This space corresponds
to the windows or apertures cut in the plate of the ordi-
nary Holtz machine, as the tongues or serrated edges of
the paper armatures project through it. The parallel
space between the plates also allows the axis of the
rotating discs to pass through without touching. The
fixed plates are supported in grooves in transverse
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wooden bars, which are supported by four glass pillars
at the corners.

The spindle of the rotating discs consists of a round
steel bar § inch in diameter, which passes through from

F1G. 89. WIMSHURST-HOLTZ MACHINE.

upright to upright. A cylindrical wooden boss is turned
on the spindle and cut into three separate lengths. The
length next the driving pulley is fixed to the spindle by
a transverse pin. The other two pieces of the boss being
removed the first rotating disc is slipped on, then the
second length of the boss is slipped on the spindle, then
the second disc, and finally the third length of the boss.
The two discs are thus gripped between the three sec-
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tions of the boss. To hold them firmly together an iron
cotter or wedge may be driven into a slit cut through the
steel spindle.

The paper field plates shown in the illustration are
not so long, that is do not subtend so great an angle
at the centre of the disc, as those in the ordinary Holtz
machine. It has been found that if the collecting combs
are fixed an inch or more back from the points, the
machine will work quite well ; hence a great length of
field plate is unnecessary.

The fixed plates are placed close together, so that
their paper field plates are in contact. A strip of paper
or tinfoil connected to one pair of the field plates in con-
tact may be brought to the outside, for the purpose of
imparting a charge to start the machine.

The collecting combs are carried by horizontal brass
rods, parallel to the spindle of the discs, which pass
through and are fastened to the front glass plate of the
case. On the outer ends of these horizontal rods, the
discharging terminals are mounted, so that they can be
swivelled on the rods. The discharging knobs of the
terminals can thus be adjusted at any required distance
from each other.

A large driving pulley is mounted on a spindle fixed
to the front upright, as shown, and this is connected by
a round or flat belt to the smaller pulley on the disc
spindle. A suitable handle is fixed in the side of the
large driving pulley. Insulating handles of glass or
ebonite are fixed on the ends of the discharging ter-
minals.
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The following are the principal dimensions of the
above machine :—Height of case, 2 ft. 10 in.; height of
moulding at base, 4 in.; length of case, 3 ft. 1L in.;
width of case, 14 in. ; diameter of discs, 2 ft. ; diameter
of wooden bosses on disc spindle, 3 in.; glass pillars,
2 ft. 4 in. long and } in. in diameter; distance between
a fixed and a revolving plate, 1 in.; diameter of large
driving pulley, 13 in., and of small pulley 4 in. ; uprights
2% in. broad at top and 3 in. broad at bottom.

Twelve-plate Holtz Mackine—Fig. 61 is an illustration
of a twelve-plate Holtz machine of the Wimshurst type.
The construction is very similar to that of the machine
just described. This machine has already been described
in general terms on p. 151.

The parallel space between the two halves of one of
the fixed plates is not inclined as in the previous machine,
but horizontal. The transverse wooden bars slide upon
the glass pillars, and can be raised or lowered by means
of four levelling screws ; by this means the height of the
fixed plates can be adjusted. The collecting combs are
fixed to the middle transverse bars, and are all connected
by copper wires to upright rods, leading to the discharg-
ing terminals, which are fixed on the top of the case.
The revolving discs are fixed to the spindle by wooden
bosses, as in the two-plate machine. An important
point about this machine is to connect together all the
paper field plates on each side of the machine by copper
wires. This connection consists of a brass rod lying
across the tops of the fixed plates and connected to the
paper field plates by thin wires, which descend from it
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between the fixed plates. There is of course one brass
rod with descending wires at each end of the fixed plates,
that is, one for the positive and one for the negative set
of field plates. Care must be taken that the collecting
combs, or their connecting wires, do not at any point
come too close to the wooden framework of the glass
case in which the machine is inclosed, as the charge
- would in that case leak through the woodwork to the
earth. The shortest distance should be greater than
half the greatest sparking distance of the machine.

For charging the machine a wire connected to one set
of field plates is brought out through a hole in one of the
end plates of glass. The frame of the other end plate of'
glass may be made separate and detachable from the
rest of the case to give access to the interior of the
machine, for dusting, cleaning, etc. If the air inside the
case is not sufficiently dry, a shallow dish containing
concentrated sulphuric acid may be placed inside the
case.

To start the machine the discharging knobs are
brought together, and the knob of a charged Leyden
jar is brought in contact with the charging wire while
the machine is turned. The discharging knobs are
separated as soon as it is seen that the machine is
excited.

The following are the principal dimensions of this
machine :—Width of case, 2 ft. 6 in.; length of case,
3 ft. 10 in. ; height of case, 3 ft. 8 in. ; diameter of large
driving pulley, 13 in.; diameter of small driving pulley,
6 in. ; distance between the centres of the pulleys, 13 in.;
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diameter of glass discs, 2 ft. 8 in. ; paper field plates, 8in.
long by 4 in. wide ; diameter of the steel spindle of the
glass discs, I in. ; diameter of the wooden bosses, 3% in.;
width of the horizontal space between the two halves of
a fixed plate, 24 in. ; distance between the rotating discs,
1} in. ; the endsof the collecting combs are at a distance
from the centres of the rotating discs equal to half the
radius of a rotating disc. :

Voss Mackine.—The Voss machine is a useful machine
for many purposes, on account of its ready self-excite-
ment, and the considerable quantity of electricity which
it furnishes. The great objection to it is its liability to
reversal when the limit of its sparking distance is
reached. The principle of its action has been already
explained (see p. 138).

The machine illustrated in Fig. 56 has one fixed and
one revolving disc. The fixed disc is attached at its
centre by a boss to the top of a wooden pillar fixed in
the base-board, but not seen in the illustration. The
revolving disc B is mounted on the end of a steel spindle,
which turns in a bearing passing through the centre of
the wooden boss to which the fixed disc is attached.
The paper field plates C C, shown in dotted lines, are
pasted on the back of the fixed disc. Previously, how-
ever, to pasting the paper field plates on the glass disc,
two small discs are pasted on the surface that comes in
contact with the glass disc. These tinfoil discs are of
the same diameter as the tinfoil carriers on the re-
volving discs, and are fixed at the same distance
from each other; they are connected together by a
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strip of tinfoil, also pasted on the inner surface of the
paper sector.

On the revolving plate there are six carriers, placed at
equal distances apart, and consisting of small discs of
tinfoil, on which may be placed hemispherical brass pro-
jections of about half the diameter, for the brushes to
touch. \

The collecting combs are fixed to the ends of a rod of
vulcanite D, to the centre of which the axis of the neu-
tralizing rod £ is also fixed. The two collecting combs
thus joined together are connected to the central rods of
two Leyden jars, F and F*, by horizontal rods parallel
to the axis of the revolving disc. The Leyden jars must
be firmly fixed in the base-board, and the central rods
must be firmly fixed in the jars by means of discs of
wood or metal. The discharging rods slide in holes
bored through the tops of the central rods of the jars.

The neutralizing rod is mounted so that it can be
turned on its axis to different angles till the best position
is found. Besides having brushes near its ends to touch
the carriers, points are often fixed on each side of the
brushes, as in the collecting combs. The collecting
combs are also sometimes furnished with a brush to
touch the carriers, as well as with points.

To replenish the field plates, metallic brushes are
fixed on the ends of bent pieces of brass wire, which
are soldered to brass clamps G G, which are clamped
to the edge of the fixed disc. Radial strips of tinfoil
connect these clamps to the paper field plates.

The large driving pulley A is fixed on one end of a steel



234 ELECTRICAL INFLUENCE MACHINES.

spindle, on the other end of which the driving handle is
fixed. A bearing for the spindle, consisting of a brass
tube, is fixed near the top of the wooden pillar by
driving it tight into a hole bored through the pillar. A
smaller driving pulley is fixed on the end of the spindle
of the revolving glass disc. Both pulleys have V grooves
turned in their peripheries, and are geared together by a
round leather belt.

The principal dimensions of this machine are as
follows :—Diameter of fixed disc, 1 ft. 6 in.; diameter
of revolving disc, 1 ft. 3 in.; field plates subtend an
angle of 60° at the centre of the disc, and are 2 in. in
breadth ; diameter of large driving pulley, 7 in. ; dia-
meter of small driving pulley, 2 in.

Of course, modifications may be made in the design
of this machine, or of any of the machines, if the maker
thinks he can in any way improve, or get a form more
convenient to construct with the materials and tools at
his command. The designs described are those of
machines that have actually been constructed, but if the
amateur should happen to be out of reach of the large
dealers in metal from whom he can procure brass tubes,
brass balls, polished steel spindles, &c., in a condition
almost ready for use, he must employ his lathe and
other means available, to get the best possible substitutes,
and make the necessary modifications in the types of
construction that have been described above.

END.
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PRACTICAL EDUCATION.

A WORK ON
PREPARING THE MEMORY, DEVELOPING
QUICKNESS OF PERCEPTION, AND
TRAINING THE CONSTRUC-
TIVE FACULTIES.

By CHARLES G. LELAND.

Autlquf“ The Minor Art.t " * Twelve Manuals of Art Work,” *“ The Album
of Repoussé Work,” Industrial Art in decatwn, or an-ular
No. 4, x883, ¢ Hints on Self-Education,” etc.

MR. LELAND was the first n to introduce /ndustrial Art as a branch of
educauon in the public schools of America. The Bureau of Education at Wash-
ton, observing the success of his work, employed him in 1862 to write a

et sflovnn how hand-work could be taken or taught in schools and Enmdm.
Yt is usual to issue only 15,000 of these pamphlets, byt so great was the demand
for this that in two years after its issue more than 60,000 were gwen to applicants.
Thls work vnll be found greatly enlarged in “ Practical Education.” Owing toit
, or clubs of industrial art were blished in Eng-
land, Amenca and Austm As at present a great demand exists for information
as to or T this forms the first part of the work. Init
the author indicates that all the confusion and dlﬂ'erence of opinion wlnch at pre-
sent prevalls as to this subject, may very easil bviated by simpl {
by the arts of whlch they are capable, and by
thence zma'uall¥ {udmg them on to more advanced wotk.

Mr. Leland’s theory,” says a reviewer, *‘is that before learning,
children should acquire the art of learning. It is not enough to fill the memory,
memory must fitst be created. By training children to merely memorize, extra-
ordmary power in this respect is to be attained in a few months. With this

1 of perception, which are at first purely

mechamcal and range from merely training the eye to mental arithmetic, and

roblems in all branches of education. Memory and quickness of perception

glend in the development of the constructive faculties or hand-work. ~Attention
or interest is the final factor in this system.”

““ Mr. Leland's book will have a wide circulation. It deals with the whole sub-
Ject in suck a downright tical fashion, and is so muck the vesult of “mr
personal cxWe and observation, as Lo vender it a veritable mine of val
suggestions.”—BRITISH ARCHITECT.

It has little of the dryness wsually associated with such books ; and mo
2eacher can read its thoughtful pages without smbibing many valuable 'ideas.”—
ScoTTisH EDUCATIONAL NEWS.
© “Styongly to be vecommended."—CHEMICAL NEWS.

“ This valuable little work.”—LivErPOOL DAILY PosT.

“Many of Mr. Leland's suggestions might be carried out advanf‘#:mlj
among tfc young folks in our large towns and villages.”—NORTHERN WHIG.
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A SERIES OF ILLUSTRATED AND PRACTICAL MANUALS FOR

SCHOOL USE AND SELF-INSTRUCTION.
Epitep By CHARLES G. LELAND.

This series of manuals on “The Minor Arts and Industries” is
designed on the lines laid down in Mr. Leland’s treatise on educa-
tion. Each handbook will present the subject with which it deals in
a thoroughly popular and practical manner ; the lessons carry the
student on his road step by step from the veriest elements to the
point where the most advanced works fitly find their place in his
course of study ; in short, the greatest pains are taken to insure a
thorough mastery of the rudiments of each subject, and to so clearly
state each lesson, illustrating it where necessary by plans and draw-
ings, that even very young children may be interested in and trained
to practical work. On similar grounds the self-taught student will
find these manuals an invaluable aid to his studies.

Part 1 now ready, Paper cover, 1s. or in cloth, 1s. 6d.

DRAWING AND DESIGNING:

IN A SERIES OF LESSONS, WITH NUMEROUS ILLUSTRATIONS,
By CHARLES G. LELAND, M.A., F.R.L.S.

WooD-CARVING : with numerous illustrations, chiefly from original
designs. By CHARLES G. LELAND. [Zn the Press.

Other volumes will follow at intervals, amongst the subjects of which
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LUCAN. The Pharsalia. By C. E. Haskins, M.A,,
and W. E. Heitland, M.A, 14s.

PLATO. ByW.H. Thompson, D.D. 2vols. 1os.
SOPHOCLES. Vol.1. ByRev.F. H. Blaydes, M. A. 8s.

Vol. II. Philoctetes—Electra—Ajax and Tra-
chinize. By F, A, Paley, M.A, 6s.

TACITUS: The Annals. By the Rev. P. Frost.
TERENCE. ByE. St. J. Parry, M.A.
VIRGIL. By]J.Conington, M.A. 3 vols. 1os. 64. each.

*.* In some cases the volumes cannot be sold separately. The
few copies that remain are reserved for complete sets, which may be
obtained, at present, for 9/,
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Srammat School Classics.

A Series of Greek and Latin Authors, with English Notes.
Feap. 8vo.

CASAR: DE BELLO GALLICO. By George
Long, M.A. 4s.

Books I.-ITI. For Junior Classes. By George

Long, M.A. Is. 6d.

Books IV. and V. in 1 vol. 1s. 6d.

Books VI. and VIIL in 1 vol. 1s. 64.

CATULLUS, TIBULLUS, AND PROPER-
TIUS. Selected Poems. With Life. By Rev. A, H.
Wratislaw.  2s. 64.

CICERO: DE SENECTUTE, DE AMICITIA,
and SELECT EPISTLES. By George Long, M.A. 3s.
CORNELIUS NEPOS. By Rev. J. F. Mac-

michael. 2s.

HOMER: ILIAD. Books L-XII. By F. A. Paley,
M.A. 4s. 64d.
Books I.-VI., 2s. 64. ; Books VII.-XII., 2s. 6d.

HORACE. With Life. By A. J. Macledne, M.A.
« 35. 6d. In 2 Parts: Odes, 2s. ; Satires and Epistles, 2s.

JUVENAL: SIXTEEN SATIRES. B); H. Prior,
M.A. 35 6d.

MARTIAL: SELECT EPIGRAMS. With Life.
By F. A. Paley, M.A. " 4s. 6d.

OVID: The FASTI. By F. A. Paley, M.A. 3s. 64.

Books I. and II. in 1 vol. 1s. 64.

Books III. and IV.in 1 vol. 1s. 6d.

Books V. and VI. in 1 vol. 1s. 64.

‘SALLUST : CATILINA and JUGURTHA. With
Life. ByG. Long, M.A., and J. G. Frazer. 3s. 64. Catilina,
2s. Jugurtha, 2s.

TACITUS: GERMANIA and AGRICOLA. By
Rev. P. Frost. 2s. 6d.




6 Whittaker and Co’s List of

VIRGIL : BUCOLICS, GEORGICS, and AENEID,

Boo6k; L-IV. Abridged from Professor Conington’s edition.
4s. 64.

ZNEID, Books V.-XII. 4s. 64.
Also in 9 separate volumes, 1s. 6d. each.

XENOPHON: The ANABASIS. With Life. By
Rev. J. F. Macmichael. 3s. 64.
Also in 4 separate volumes, 1s. 6d. each.

The CYROPADIA. By G. M. Gorham, M.A.
3s. 6d.
Books I. and IL in 1 vol. 1s. 64,

Books V. and VI. in 1 vol. 1s. 64.
MEMORABILIA. By Percival Frost, M.A.

35,

A GRAMMAR-SCHOOL ATLAS OF CLAS-
SICAL GEOGRAPHY, containing Ten selected Maps.
Imperial 8vo. 3s.

Uniform with the Series.

THE NEW TESTAMENT, in Greek. With
English Notes, &. By Rev. J. F. Macmichael. 4s. 64.
Separate parts, St. Matthew, St. Mark, St. Luke, St, John,
Acts, 6d. each, sewed.

Lower fform Series.
With Notes and Vocabularies.

ECLOGA LATINAE ; OR, FIRST LATIN
READING-BOOK, WITH ENGLISH NOTES AND A
DICTIONARY. By the late Rev. P. Frost, M.A. New
Edition. Fcap. 8vo. 1Is. 6d.

LATIN VOCABULARIES FOR REPETI.
TION. By A. M. M. Stedman, M.A. 2nd Edition, revised.
Fcap. 8vo. 1s. 6d.

EASY LATIN PASSAGES FOR UNSEEN

TRANSLATION. By A. M. M. Stedman, M.A. Fcap.
8vo. 1s. 6d.

i
|
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VIRGIL’'S ZNEID. Book I. Abridged from Con-
ington’s Edition by Rev. J. G. Sheppard, D.C.L. With Voca-
bulary by W. F. R. Shilleto. 1s. 6d. [Now ready.

CASAR : DE BELLO GALLICO. Book I. With
Notes by Geo e Long, M.A., and Vocabulary by W. F. R.
Shilleto. ?;l [Bookrfl. in the press.

TALES FOR LATIN PROSE COMPOSI.

TION. With Notes and Vocabulary. By G. H. Wells,
M.A. 2.

MATERIALS FOR LATIN PROSE COM.

POSITION {{the late Rev. P, Frost, M.A. New Edition.
Fcap. 8vo. ey (for Tutors only), 4s.

A LATIN VERSE-BOOK. AN INTRODUC-
TORY WORK ON HEXAMETERS AND PENTAME-
TERS. By the late Rev. P. Frost, M.A. New Edition.
Fcap. 8vo. 2s. Key (for Tutors only), 5s.

ANALECTA GRAZCA MINORA, with IN-
TRODUCTORY SENTENCES, ENGLISH NOTES,
AND A DICTIONARY. By the late Rev. P. Frost, M. A.
New Edition. Fcap. 8vo. 2s.

GREEK TESTAMENT SELECTIONS. By

A. M. M. Stedman, M.A. 2nd Edition, enlarged with Notes
and Vocabulary. Fcap. 8vo. 2s. 6d.

Cambrivge Terts with Motes.

A Selection of the most usually read of the Greek and Latin
Authors, Annotated for Schools. Feap. 8vo, 1s. 6d.
cach, with exceptions.

EURIPIDES. ALCESTIS— MEDEA — HIPPO-
LYTUS—HECUBA—BACCH&E—ION (25.)—ORESTES—
PHOENISSEA—TROADES— HERCULES FURENS—
ANDROMACHE — IPHIGENIA IN TAURIS—SUP-
PLICES. By F. A. Paley, M.A., LL.D.

ZSCHYLUS. PROMETHEUS VINCTUS—
SEPTEM CONTRA THEBAS—AGAMEMNON—PERSE
-L-II::EMENIDES—CH(EPHOR(E. By F. A. Paley, M.A.,

I
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SOPHOCLES. (EDIPUSTYRANNUS—CEDIPUS
COLONEUS—ANTIGONE—ELECTRA—AJAX. ByF.
A. Paley, M.A,, LL.D.

THUCYDIDES. BOOK IV. By. F. A. Paley,
M.A., LL.D.

XENOPHON. HELLENICA. BOOK II. By
Rev. L. D. Dowdall, M.A.

ANABASIS. Edited by Rev. J. F. Macmichael

New edition, revised by J. E. Melhuish, M.A. In 6 vols

Book 1. (with Life, Introduction, Itinemr{, &c.) ; Books II
and III. 2s. ; Book IV., Book V., Book VI., Book VII.

HOMER. ILIAD. BOOK I By F. A. Paley,
M.A,, LL.D. 1s.

VIRGIL (abridged from Conington’s edition). BUCO-
LICS : GEORGICS, 2 parts : ANEID, 9 parts.

TERENCE. ANDRIA—HAUTON TIMORU-
ME}{)?SD—PHORMIO-—ADELPHOE. By Professor Wag-
ner, Ph.D.

CICERO. DE SENECTUTE—DE AMICITIA —
EPISTOLAE SELECTA. By G. Long, M.A.

OVID. SELECTIONS. By A. J. Macleane, M.A.
Others in preparation.

Cambridge Sreck and Latin Terts,

These Texts, which are clearly printed at the Cambridge Univer-
sieg Press, on good paper, and bound in a handy form, have been
reduced in price, and will now meet the requirements of masters
who wish to use Text and Notes Separately.

ZSCHYLUS. ByF. A. Paley, M.A. 2s.
CZASAR: DE BELLO GALLICO. By G. Long,
M.A. 1s. 6d.

CICERO: DE SENECTUTE et DE AMICITIA, et
EPISTOLZE SELECTZA. By G.Long, M.A. 1s. 6d.
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CICERONIS ORATIONES. Vol I (in Verrem.)
By G. Long, M.A. 25, 64.

EURIPIDES. ByF.A. Paley, M.A. 3 vols, each zs.
Vol. I. Rhesus—Medea—Hippolytus—Alcestis—

Heraclidee—Supplices—Troades—Index.

Vol. II. Ion—Helena—Andromache—Electra—
Bacche—Hecuba—Index.

Vol. I1I1. Hercules Furens—Phoenissee—Orestes—

Iphigenia in Tauris—Iphigenia in Aulide—Cyclops—Index.

HERODOTUS. By ]J.G. Blakesley, B.D. 2 vols.,
each 2s. 64,

HOMERI ILIAS. L-XIL By F. A. Paley, M.A.
1s. 6d. :

HORATIUS. By A.]. Macleane, M.A.- 1s. 6d.

JUVENAL ET PERSIUS. By A. J. Macleane,
M.A. 1s. 64.

LUCRETIUS. By H.A. J. Munro, M.A. 2s.

SALLUSTI CRISPI CATILINA ET ]JU-
GURTHA. ByG. Long, M.A. 1s. 6d.

SOPHOCLES. ByF. A. Paley, MA. 2s. 6d.
TERENTI. COMGEDIZE. By W. Wagner, Ph.D.

25,

THUCYDIDES. By J. G. Donaldson, D.D. 2 vols.,

each 25,
VERGILIUS. By J. Conington, M.A. 2s.

XENOPHONTIS EXPEDITIO CYRI. By
J. F. Macmichael, B.A. 15, 64.

NOVUM TESTAMENTUM GRZECE. By

F. H. Scrivener, M.A. 4s. 64. An edition with wide margin
for notes, half bound, 12s.

A2
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dAnnotated EDitions.

CICERO’S MINOR WORKS. De Officiis, &c. &c
WitéldEnglish Notes, by W. C. Tylor, LL.D. 12mo. cloth,
3s. 6d.

VIRGIL'S AZENEID. With English Notes, by

C. Anthon, LL.D. Adapted for use in English Schools by the
Rev. F, Metcalfe, M.A. New Edition. 12mo. 7s. 64.

Oreck Llass Wooks.

BEATSON’S PROGRESSIVE EXERCISES ON
THE COMPOSITION OF GREEK IAMBIC VERSE.
12mo. cloth, 3s.

DAWSON'’S GREEK-ENGLISH LEXICON TO
THE NEW TESTAMENT. MNew Edition, by Dr. Tylor.
8vo. cloth, 9s.

NOVUM TESTAMENTUM GRACE. Textus
Stephanici, 1550. Accedunt variee Lectiones editionum Bezz,
Elzeviri, Lachmanni, Tischendorfii, Tregellesii, curante
F. H. Scrivener, M.A. 4s. 64. An Edition with wide margin
for MS. Notes, 4to. half-bound morocco, 12s.

Texts Stephanici, A.n. 1550, Cum variis Lec-
tionibus Editionum Bezz, Elzeviri, Lachmanni, Tischendorfi,
Tregellesii, Westcott-Hortii, Versionis Anglicanze Emendato-
rum, Curante F. H. A. Scrivener, A.M., D.C.L., LL.D.,
Accedunt Parallela S. Scripturee Loca. Small post 8vo. cloth,

PP. xvi.-598, 7s. 64.
EDITIO MAJOR containing, in addition to the matter in the

other Edition, the Capitula (majora et minora) and the Eusebian
Canons, the various Readings of Westcott and Hort, and those
adopted by the Revisers ; also a revised and much-enlarged series

of References.

VALPY'S. For the use of Schools. 12mo.
cloth, §s.

Edited by Rev. Macmichael. See Grammar
School Classics.
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Students’ Evitions of the Gospels and
the dcts.

Crown 8vo. cloth.

THE GOSPEL OF S. MATTHEW. The

Greek Text, with Critical, Grammatical, and Explanatory
Notes, &c., by the late Rev. W. Trollope, M.A., re-edited by
the Rev. W. H. Rowlandson, M.A. 5s.

GOSPEL OF S. MARK. The Greek Text, with
Critical, Grammatical, and Explanatory Notes, Prolegomena,
&c., by Rev. W. H. Rowlandson, M.A. 4s. 6d.

GOSPEL OF S. LUKE. The Greek Text, with
Critical, Grammatical, and Explanatory Notes, &c., by the late
Rev. W. Trollope, M.A., revised and re-edited by the Rev.
‘W. H. Rowlandson, M.A. §s.

ACTS OF THE APOSTLES. TheGreek Text,
with Critical, Grammatical, and Explanatory Notes, and Exami-
nation Questions, by Rev. W. Trollope, M. A., re-edited and
revised by the Rev. G. F. Browne, M.A. §s.

Latin Clags Wooks.

BEDFQORD’S PROPRIA QUA MARIBUS; or,
Short Rules for the Genders of Latin Nouns, and a Latin
Prosody. 12mo. Is.

BOSSUT’S LATIN WORD BOOK; or, First Step
to the Latin Language. 18mo. Is.

LATIN PHRASE BOOK. 18mo. 1s.

FLORILEGIUM POETICUM. A Selection of
Elegiac Extracts from Ovid and Tibullus. New edition, greatly
enlarged with English Notes. By the late Rev. P. Frost, M. A,
Fcap, 8vo. 2s.

GRADUS AD PARNASSUM ; sive novus sinony-
morum, epithetorum, versuum, ac phrasium poeticarum,
thesaurus. New edition. By G. Pyper. 12mo. cloth, 7s.

—— BY VALPY. Whittaker’'s Improved edition.
Latin and English. MNew edition. Royal 12mo. 7s. 64.
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STODDART’'S NEW DELECTUS; or, Easy Steps
to Latin Construing, For the use of Pupils commencing the
Language. Adapted to the best Latin Grammars, with 2

Dictionary attached. New edition. 12mo. 4s.

PENROSE’S (REV. JOHN) Easy Exercises i
Latin Elegiac Verse. New edition. 12mo. cloth, 2s.

Key to ditto, for Tutors only, 3s. 6.

dtlases.

LONG’S ATLAS OF CLASSICAL GEOGRAPHY.
Containing Twenty-four Maps. Constructed by William
Hughes, F.R.G.S., and Edited by George Lo M.A. New
edition, with Coloured Outlines, and an Index of Places.
Royal 8vo, 6s,

LONG’S GRAMMAR SCHOOL ATLAS OF CLAS
SICAL GEOGRAPHY. Conminw Ten Maps, selected from

the la.r%fr Atlas, Constructed by W. Hughes, F.R.G.S., and
edited by George Long, M.A. New cdition, with Coloured

Outlines. Royal 8vo. 3s.

&nglish Language and iscellaneous.

ALLEN AND  CORNWELL'S SCHOOL
GRAMMAR. Cloth, 1s5. 9d. *
GRAMMAR FOR BEGINNERS. Cloth, 1s.

BELL’S MODERN READER AND SPEAKER. A
Selection of Poetry and Prose, from the Writings of Eminent
Authors. 12mo. 3s. 6d.

DUNCAN'’S ENGLISH EXPOSITOR ; or, Explana-
tory Spelling-book. Containing an Alphabetical Collection of
all the most useful, proper, and elegant words in the English
language, divided into Syllables, and properly accented. New
edition.  12mo. Is, 6d.

LATHAM’'S (R. G.) DICTIONARY OF THE
ENGLISH LANGUAGE. Abridged and condensed into one
volume. 8vo. cloth, 14s.
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MACKAY (C.) A DICTIONARY OF LOWLAND
SCOTCH. By Charles Mackay, LL.D. With an Introduc-
tory Chapter on the Poetry, Humour, and Literary History of
the Scottish Language, and an Appendix of Scottish Proverbs.
Large post 8vo. cloth, 7s. 6d. hal?bound. 8s. 64.

SELECTED POEMS AND SONGS OF
CHARLES MACKAY, LL.D. With a Commendatory and
Critical Introduction by Eminent Writers. Wide foolscap 8vo.
half cloth boards, 1s. 64. Sewed, 1s.

WEBSTER’S DICTIONARY OF THE ENGLISH
LANGUAGE. Including Scientific, Technical, and Biblical
Words and Terms. New edition, with Supplement of over
4,600 New Words and Meanings. 4to. cloth, I/, Is.; half-calf,
1Z. 10s. With Appendices, £1 I1s. 64. ; half- calf, 20,

SHAKESPEARE'S PLAYS, with Text and Intro-
duction in English and German. Edited by C. Sachs, Prof.
Ph. D. 8vo. cloth, each Play or Number, 1od.

Now Ready :
1. Julius Ceesar. 10. King Richard II.
2. Romeo and Juliet. 11. King Henry IV, 1
3. King Henry VIIL 12. s » II.
4. King Lear. 13. King Henry V.
§. Othello. 14. King Richard III.
6. Hamlet. 15. Cymbeline.
7. A Midsummer Night’s 16. Coriolanus.
Dream. 17. Antony and Cleopatra.
8. Macbeth. 18. Merchant of Venice.
9. King John. 19. Much Ado about Nothing.
Others to follow.

“This edition will be quite a godsend to grown-up students of either
language, for the ordi class reading books are too childish to arrest
their attention. The parallel paging saves the labour of using a dictionary,
and the series is so low in price as to place it within the reach of all.”

Saturday Review.

SHAKESPEARE REPRINTS. 1. King Lear.
Parallel Texts of Quarto 1 and Folio 1. Edited by Dr. W.
Vietor, of Marburg. Square 16mo. cloth, 3s. 6d.

The texts of the first quarto and folio, with collations from the
later quartos and folios, are kere prmted in a compact and con-
tended as a class-book in the University.
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giscellaneous Educational WBooks.

SEIDEL (ROBT.) INDUSTRIAL EDUCATION:
A Pedagogic and Social Necessity. Crown 8vo. 4s.

WOODWARD (C.M.) THE MANUAL TRAIN-
ING SCHOOL, ITS AIMS, METHODS, AND RESULTS.
‘With Figured Drawings of Shop Exercises in Woods and Metals.
8vo. 105,

BIBLIOGRAPHY OF EDUCATION. Hints
toward a Select and Descriptive Bibliography of Education.
Arranged by Topics, and Indexed by Authors. By G. Stanley
Hall, Professor, John Hopkins University, and John M.
Mansfield. Post 8vo. cloth, pp. xvi.-309, 7s. 64.

CHEPMELL'S (REV. DR.) SHORT COURSE
OF GRECIAN, ROMAN, AND ENGLISH HISTORY.
New edition. 12mo. §s. Questions on, 12mo. Is.

COLTON (B. P.) ELEMENTARY COURSE OF
PRACTICAL ZOOLOGY. By B. P. Colton, A.M., Instructor
in8 Biolo%)"; Ottawa High School. Crown 8vo. cloth, pp. xiv.-
182, 4s. 64.

CORNWELL’S SCHOOL GEOGRAPHY. 3s.64.
With Thirty Maps on Steel, 5. 64.

GEOGRAPHY FOR BEGINNERS. 1s.
With Questions, Is. 4d.

DURHAM UNIVERSITY CALENDAR, with
Almanack. Cloth, 1s. 64. [Publisked annually.

JOYCE (P. W.) A HANDBOOK OF SCHOOL
MANAGEMENT AND METHODS OF TEACHING.
By P. W. Joyce, LL.D., &c. 11¢% edition, revised. Cloth, 3s. 64,

A NATURE READER. Seaside and Wayside.
By Julia McNair Wright. Cloth, 1s. 6d.
An elementary Reader for young children, designed to instil
a love of Natural History. It treats of crabs, wasps, spiders,
bees, and some univalve molluscs.
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PINNOCK’S HISTORY OF ENGLAND. From
the Invasion of Julius Caesar. With a Biographical and His-
torical Dictionary. Questions for Examination, Genealogical
Tables, Progress of Literature and the Constitution, &c. Illus-
ted. Continued by the Rev. W. H. Pinnock, LL.D. New
edition. 12mo. 6s.

HISTORY OF GREECE. With an Introduc-
tion on the Natural and Political Geography of Greece, Dic-
tionary of Difficult Terms, Questions for Examination, Genea-
logical Tables, &c. Illustrated. By Dr. W. C. Taylor. New
edition. 12mo. 5s. 64.

HISTORY OF ROME. With an Introduc-

tion, the Geography of the Roman Empire, Notices of the
Roman Manners, and Illustrations, Questions for Examination,
Chronological Index, &c. Illustrated By Dr. W. C. Taylor.
New edition. 12mo. §s. 64.

PINNOCK'S CATECHISMS OF THE ARTS,
SCIENCES, AND LITERATURE. Whittaker’s Improved
Editions. Illustrated with Maps, Plates, and Woodcuts, care-
fully re-edited. 18mo. price 9. each.

HISTORY.—Modern—Ancient—Universal—Bible and Gos-
pel—Scripture— Chronology— England—Scotland— France—
America—Rome—Greece— Jews.

GEOGRAPHY.—Ancient—Modern, Improved Edition—
Modern, Original Edition—Sacred—England and Wales—Use
of the Globes.

GRAMMAR.—English—French—German— Italian— Latin
—Spanish—Greek : Part I, Accidence. Part II. Syntax and
Prosody—Hebrew.

MATHEMATICS, &c.—Algebra (two Parts)—Arithmetic
—Geometry—Nawgatlon—Land Surveying.

RELIGION.—Religion—Natural Theology—Scripture His-
tory—Bible and Gospel History. »

FINE ARTS, &c.—Architecture—Drawing—Perspective—
Music—Singing.

LITERATURE.— Mythology— Rhetoric— Logic— British
Biography—Classical Biography.

MISCELLANEOUS.—First Catechism—General Know-
ledge—Intellectual Philosophy—Agriculture—English Law—
Heraldry—Medicine—Moral and Social Duties—Trade and
Commerce.
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SCHLEYER'S GRAMMAR, with Vocabularies of

Volapuk (the Language of the World), for all Speakers of the
English Language. Second (ﬁreatly Revised) Edition. By
W. A. Seret, Certificated Teacher of the Universal Language.

Crown 8vo. pp. 420, sewed, §s. 6d. ; cloth, 6s. 6.

SHUMWAY (E.S.) ADAY INANCIENT ROME.

‘With numerous Illustrations. By E S. Shumway, Pro-
fessor, Rutger’s College, New Brunswick. Small 4to. cloth, §s

WATTON’S ORIGINAL AIDS TO EDUCATION.
Hand-series of Tablets, in Stiff Covers, 34. each.

Leading Events of General His-

tory.
Chiernyvents of Old Testament
History.
Chief Events of New Testament
History.
Prophecies and other Scripture
Subjects.
Chief Events of Grecian History.
Chief Events of Roman History.
Chief Events of Eastern Empire.
Chief Events of German History.
Chief Events of English History.
Chief English Battlesand Results.
Chief Events of Scottish History.
Chief Events of French History.

Chief Events of Prussian History. |

Chief Events of Russian History.

Eminent Men of Modern Times.

Chief Events of Church History.

Natural System of Botany.

The Linnzan System of Botany.

Natural History—Zoology.

Natural Philosophy.

Principlesof Grammatical Analy-
sis, with Examples.

Guide to English Parsing, with
Examples.

Abstract of Heathen Mythology.

Word Formation—Saxon, La-
tin, and Greek Prefixes, with
Examples.

Chief Grecianand Roman Battles
and Results,

LARGE TYPE SERIES OF TABLETS

(20 by 23 inches), embracing Historical, Geographical, and other
Subjects, 44. each, for suspension.

WATTON’S SKELETON EXERCISE BOOKS.
For History, Geography, Biography, Analysis, Parsing, and

Chronology, with Script Headings and Specimen Page.

Price

regulated by the thickness of the books, 1s. and 2s. each.
Also now ready, a filled Biographical Exercise Book, 2 Series, each 1s.
Charts systematically arranged with date words, 60 pages,

cloth, I1s.

Selected Descriptive Poetry, 1s.

Object Lessons, Nos. 1, 2, 3, and 4, 32 pp., in stiff covers, 24. each.
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* School and Aniversity Analpses.
By the Rev. Dr. Pinnock.

AN ANALYSIS OF SCRIPTURE HIS-
TORY ; Intended for Readers of Old Testament History, and
the University Examinations ; with Maps, Copious Index, and
Examination Questions. 18mo. cloth, 3s. 6d.

AN ANALYSIS OF NEW TESTAMENT
HISTORY ; Embracing the Criticism and Interpretation of
the original Text; with Questions for Examination. 18mo.
cloth, 4s.

AN ANALYSIS OF ECCLESIASTICAL
HISTORY ; From the Birth of Christ, to the Council of
Nice, A.D. 325. With Examination Questions. 18mo. cloth,
3s. 6d.

ANALYSIS OF ENGLISH CHURCH HIS-
TORY ; comprising the Reformation period, and subsequent
events ; with Questions of Examination, especially intended for
the 61;niversities and Divinity Students in general. 18mo. cloth,

. 4s. 6a.

A SHORT ANALYSIS OF OLD TESTA.
MENT HISTORY. With Questions for Schools. 18mo.
cloth, 1s. 6d.

A SHORT ANALYSIS OF NEW TESTA-
MENT HISTORY. With Questions for Schools. 18mo.
cloth, 1s. 64.

Qritbmetic and Cucliv.

PINNOCK’'S ARITHMETICAL TABLES OF
MONEY, WEIGHTS, AND MEASURES. With Questions
for Examination, and Explanatory Notes, &c. 18mo. 3d.

FIRST CIPHERING BOOK. Containing

Easy Exercises in the First Rules of Arithmetic. 4to. sewed, Is.

RYAN’S CIVIL SERVICE ARITHMETICAL
EXAMINATION PAPERS. By L. J. Ryan. Cloth, 2s.

Key to Ditto. 1s. 64.
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DES CARRIERES’ HISTOIRE DE FRANCE,
DEPUIS LETABLISSEMENT DE LA MONARCHIE
Continuée jusqu'au rétablissement de ’Empire sous Napoleon
II1., pm'(fl « Delille. 12mo. 7s.

DUVERGER'S COMPARISON BETWEEN THE
IDIOMS, GENIUS, AND PHRASEOLOGY OF THE
FRENCH 6‘;\ND ENGLISH LANGUAGES. WNew edition.
12mo. 4s.

GASC (F. E. A.)) AN IMPROVED MODERN
POCKET DICTIONARY OF THE FRENCH AND
ENGLISH LANGUAGES. WNew edition. 16mo. cloth,
25, 6d. Also in 2 vols. in neat leatherette, §s.

MODERN FRENCH-ENGLISH AND ENG-
LISH-FRENCH DICTIONARY. MNew cditionn, revised.
In 1 vol. 8vo. 10s. 6d.

HAMEL'S NEW UNIVERSAL FRENCH GRAM-
MAR. WNew Edition. 12mo. 4s.

GRAMMATICAL EXERCISES UPON THE
FRENCH LANGUAGE. New edition. 12mo. 45. Key, 35

FRENCH GRAMMAR AND EXERCISES.
New edition. 12mo. §s. 6d. Key, 4s.

LEVIZAC'S DICTIONARY OF THE FRENCH
AND ENGLISH LANGUAGES. MNew edition, by N. Lam-
bert. 12mo. 6s. 6d.

NUGENT’S POCKET DICTIONARY OF THE
FRENCH AND ENGLISH LANGUAGES. New edition,
revised by J. C. J. Tarver. Pearl edition, 4s. 6d.

OLLENDORFF’S (Dr. H. G.) NEW METHOD
OF LEARNING TO READ, WRITE, AND SPEAK
A LANGUAGE IN SIX MONTHS. Adapted to the
French. New edition. 12mo. 6s. 6d4. Key, 8vo. 7s.

PRACTICAL COMMERCIAL CORRESPON-
DENCE. See Miscellaneous.
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ddbittaker’s SFrench Series.

For the use of Schools and Private Students. Edited b
A. Barrére, Prof. R.M.A. Woolwich, &c., and others.
number with a literary Introduction and Arguments in English,
foot-notes explaining the more difficult passages, and translations
of the idiomatic expressions into the corresponding English idioms.

Fcap. 8vo, each number, sewed, 64. ; cloth, 9.

Now Ready :—
1. SCRIBE. LE VERRE D’EAU. Barrére.
2. MOLIERE. LE BOURGEOIS GENTILHOMME. Gasc.
3. MOLIERE, L’AVARE. Gasc.
4. SOUVESTRE. SOUS LA TONNELLE. Desages.
5. MOLIERE. LE MISANTHROPE. Gasc.
6. GALLAND. ALI BABA. Clare.
7. CORNEILLE. LE CID. Gasc.
8, 9. LAMARTINE, JEANNE D’ARC. Barrére.
10, 11. PIRON. LA METROMANIE. Delbos.

Others to follow.

dbittaker’s French Classics, with
E&nglish Rotes.

Feap. 8vo. cloth.

AVENTURES DE TELEMAQUE. Par Féné-
lon. New edition. Edited and revised by C. J. Delille. 2s. 64,

HISTOIRE DE CHARLES XII. Par Voltaire.
New edition. Edited and revised by L. Direy. 1s. 6d.

PICCIOLA. ParX. B. Saintine. New edition. Edited
and revised by Dr. Dubuc. 1s. 64.

SELECT FABLES OF LA FONTAINE. New
edition. Edited by F. Gasc, M.A. 1s. 64,
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UMpittaker’s Series of Podern Jrrench
Authors.

WITH INTRODUCTION AND NOTES.

For Beginr;er:.
LA BELLE NIVERNAISE. Histoire d’'un vieux
Alphonse Daudet. With 6

bateau et de son équlg
illustrations. Edited n%ams oxeue, Senior French Master
at Dulwich College. 2s. 64. [(Ready.

For Advanced Students. )
BUG JARGAL. By Victor Hugo. Edited by

James Boielle, Senior French Master at Dulwich College. 3s.
Others to follow. [Ready.

Serman,

FLUGEL’S COMPLETE DICTIONARY OF THE
GERMAN AND ENGLISH LANGUAGES. Comprising
the German and English, and English and German. Adapted
to the English Student, with great Additions and Improvements.
By C. A. Feiling, A. Heimann, and J. Oxenford. New edition.

2 vols. 8vo. 1/ Is.
ABRIDGED GERMAN AND ENGLISH,
AND ENGLISH AND GERMAN DICTIONARY.

Carefully compiled from the larger Dictionary. By C. A. Feil-
ing and J. Oxenford. New edition. Royal 18mo. 6s.

GRENFELL’S ELEMENTARY GERMAN EX-
ERCISES. PartI. Adapted to the Rugby School German
Accidence. 12mo. Is. 6d.

OLLENDORFF’'S (Dr. H. S.)). NEW METHOD
OF LEARNING TO READ, WRITE, AND SPEAK A
LANGUAGE IN SIX MONTHS. Adapted to the German.
New edition. Crown 8vo. 7s. Key, 8vo. 7s.
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‘SHELDON (E.S.) A SHORT GERMAN GRAM-
g’IAR FOR HIGH SCHOOLS AND COLLEGES. Crown
vo. 3s.

WHITTAKER'S COURSE OF MODERN
GERMAN. By F. Lange, Ph.D., Professor, R.M.A. Wool-
wich, Examiner in German to the College of Preceptors, London;
Examiner in German at the Victoria University, Manchester,
and J. F. Davis, M.A., D.Lit. Extra fcap. 8vo. cloth.

A CONCISE GERMAN GRAMMAR. With especial-refe-
rence to Phonology, Comparative Philology, English and Ger-
man Correspondences, and Idioms. By Frz. Lange, Ph.D.,
Professor at the Royal Military Academy, Woolwich. In three
Parts. Part L., Elementary, 2s. Part II., Intermediate, 2s.
Part III. complete. 3s. 6d.

ELEMENTARY GERMAN READER. A Graduated Col-
lection of Readings in Prose and Poetry. With English Notes
and a Vocabulary. By F. Lange, Ph.D. 1s. 6d.

ADVANCED GERMAN READER. A Graduated Collection
of Readings in Prose and Poetry. With English Notes and a
Vocabulary. By F. Lange, Ph.D. and J. F. Davis, M.A.,
D.Lit. [(Nearly ready.

PROGRESSIVE GERMAN EXAMINATION
COURSE. In Three Parts. By F. Lange, Ph.D., Prof,
R.M.A., Woolwich, Examiner in German to the College of
Preceptors.

Comprising the Elements of German Grammar, an Historical
Sketch of the Teutonic Languages, English and German Corre-
spondences, Materials for Translation, Dictation, Extempore,
Conversation and complete Vocabularies.

1. ELEMENTARY COURSE. Cloth, 2s.

2. INTERMEDIATE COURSE. Cloth, 2s.

3. ADVANCED COURSE. Second revised edition. Cloth,
1s. 6d.

“We cordially commend it as a useful help to examiners, who will find it well
adapted to their needs.”—Practical Teacker.
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&erman Llassgics, with English 3N otes.

Feap. 8vo. cloth.
GERMAN BALLADS. From Uhland, Goethe,

and Schiller, With Introductions to each Poem, copious
Explanatory Notes, and Biographical Notices. By C. Bielefeld.
15, 64.

GOETHE’S HERMANN AND DOROTHEA.
With Short Introduction, Argument, and Notes Critical and
Explanatory. By Ernest Bell and E. Wolfel. 1s. 6.

SCHILLER’S MAID OF ORLEANS. With Intro-
duction and Notes. By Dr. Wagner, 1s. 64.

MARIA STUART. With Introduction and
Notes. By V. Kastner, M.A, 1s. 64,

WALLENSTEIN. Complete Text. New
edition. 'With Notes, Arguments, and an Historical and
Critical Introduction. By C. A. Buchheim, Professor, Ph.D.,
5s. Or separately—Part L—THE LAGER AND DIE PIC-
COLOMINI. 2s.64d. Part IL—WALLENSTEIN’S TOD.

2s. 64,

{bittaker’s Series of Wobern German
Qutbors.

Witk Introduction and Notes. Edited by F. Lange, Ph.D.,
Professor, Royal Military Academy, Woolwick.

The attention of the heads of Colleges and Schools is respectfully
directed to this new Series of ‘ MODERN GERMAN AUTHORS”
which is intended to supply the much-felt want of suitable Reading
Books for English Students of German who have passed through
the preliminary stages of fables and anecdotes.

To those who wish to extend their linguistic and grammatical
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knowledge, these volumes will afford, in one respect, a great
advantage over those of an earlier period, presenting, as they do,
the compositions of the best living, or only recently deceased
authors. The Notes, besides etymological and other explanations,
will contain many useful idiomatic expressions suggested by the text,
and worth committing to memory.

FIRST SERIES.

For BEGINNERS. Edited, with a Grammatical Introduction,
Notes, and a Vocabulary, by F. Lange, Ph.D., Professor, R.M.A.
‘Woolwich, Examiner in German to the College of Preceptors,
and H. Hager, Ph.D., Examiner in German to the London
University.

HEY’S FABELN FUR KINDER. Illustrated by O. Speckter.
Edited, with an Introduction, Grammatical Summary, Words,
and a complete Vocabulary. By F. Lange, Ph.D., Professor.
1s. 64.

THE SAME, with a Phonetic Introduction, Phonetic Transcription of
the Text. By F. Lange, Professor, Ph.D. 2s. .

SECOND SERIES.

For INTERMEDIATE STUDENTS. Edited, with a Biogra--
El;ical Introduction, Notes, and a complete vocabulary, by F.
nge, Ph.D., Professor, and H. Hager, Ph.D.

DOKTOR WESPE. Lustspiel in finf Aufziigen von JULIUS
RODERICH BENEDIX. Edited by F. Lange, Ph.D.,
Professor. 2s. 6d.

SCHILLER’S JUGENDJAHRE. Erzihlung von FRZ. HOFF-
MANN. Edited by H. Hager, Ph.D., Professor. [/n the press.

THIRD SERIES.

For ADVANCED STUDENTS. Edited, with a Literary In-
troduction and Notes, by F. Lange, Ph.D., Professor, R.M.A.
Woolwich, in co-operation with F. Storr, B.A. ; A. A. Mac-
donell, M.A.; H. Hager, Ph.D. ; C. Neuhaus, Ph.D. and
others.

MEISTER MARTIN, der Kiifner. Erzihlung von E. T. A. Hoff-
man. Edited by F. Lange, Ph.D., Professor, Royal Military
Academy, Woolwich. 1s. 64.
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HANS LANGE. Schauspiel von Paul Heyse. Edited by A. A.
M:igdonell, M.A., Ph.D., Taylorian Teacher, University,
Oxford., 2s.

AUF WACHE. Novelle von Berthold Auerbach. DER GEFRO-
RENE KUSS. Novelle von Otto Roquette. Edited by
A, A, Maodone_ll, M. A, 2

DER BIBLIOTHEKAR. Lustspiel von G. von Moser. Edited
by F. Lange, Ph.D. Second revised Edition. 2.

EINE FRAGE. Idyll von George Ebers. Edited by F. Storr,
B.A., Chief Master of Modern Subjects in Merchant Taylor’s
School. 2«

DIE JOURNALISTEN. Lustspiel von Gustav Freytag. Edited
by Professor F. Lange, Ph.D. Second revised Edition. 2s. 64.

ZOPF UND SCHWERT. Lustspiel von Karl Gutzkow. Edited
by Professor F. Lange, Ph.D. 25, 64.

GERMAN EPIC TALES IN PROSE. I. Die Nibelungen,
von A. F. C. Vilmar.—II. Walther und Hildegund, von Albert
Richter. Edited by Karl Neuhaus, Ph.D., the International
College, Isleworth. 2s. 6d.

Jealian.

BARETTIS DICTIONARY OF THE ENGLISH
AND ITALIAN LANGUAGES. To which is prefixed an
Italian and English Grammar. New Zdition, entirely re-
written. By G. Comelati and J. Davenport. 2 vols. 8vo.
1. 1s,

GRAGLIA’S NEW POCKET DICTIONARY OF
THE ITALIAN AND ENGLISH LANGUAGES. With
considerable Additions, and a Compendious Elementary Italian
Grammar. 18mo. 4s. 6d.

OLLENDORFF’S (DR. H. G.) NEW METHOD
OF LEARNING TO READ, WRITE, AND SPEAK A
LANGUAGE IN SIX MONTHS. Adapted to the Italian.
New Edition. Crown 8vo. 7s. Key, 8vo. 7s.

SOAVE’S NOVELLE MORALL New Edistion.

12mo. 4s.
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VENERONI'S COMPLETE ITALIAN GRAM-
MAR. By P. Rosteri. 12mo. 6s.

VERGANI AND PIRANESI’S ITALIAN AND
ENGLISH GRAMMAR. With Exercises, &c. By J.

Guichet. New ddition, by Signor A. Tommasi. I2mo. §s.
Key, 3s.

Russian,

DOLBESHOFF (E.) A DICTIONARY OF THE
RUSSIAN AND ENGLISH LANGUAGES. In two
volumes. Vol. I. Russian-English. Vol. II. English-Russian.
Compiled by E. Dolbeshoff in co-operation with C. E. Turner,
Professor of English Language and Literature at the University,
St. Petersburg. [Preparing.

. Spanish.

NEUMAN AND BARETTI'S SPANISH AND
ENGLISH, AND ENGLISH AND SPANISH DIC-

TIONARY. Revised and enlarged by M. Seoane, M.D.
2 vols. 8vo. 1/, 8s.

POCKET DICTIONARY. Spanish and Eng-

lish, and English and Spanish. Compiled from the larger
work. 18mo. §s.

OLLENDORFF’S (DR. H. G.) NEW METHOD
OF LEARNING TO READ, WRITE, AND SPEAK A
LANGUAGE IN SIX MONTHS. Adapted to the Spanish.
New edition., 8vo. 12s. Key, 8vo. 7s.

PONCE DE LEON’S ENGLISH - SPANISH
TECHNOLOGICAL DICTIONARY. 8vo. I 16s. See
page 31
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JPractical @9ercantile Correspondence.

A Collection of Commercial Letters and Forms, with Notes,
Explanatory and Grammatical, and a Vocabulary of Commercial
Terms, edited by L. Simon, Chr. Vogel, Ph.D., H. P. Skelton,
W. C. Wrankmore, Leland Mason, and others. Intended as Class
Books for Schools and for Self-Instruction.

Now Ready, crown 8vo, cloth :
ENGLISH, with German Notes, 3s.
GERMAN, with English Notes, 3s.
ENGLISH, with French Notes, 4s. 6d.
FRENCH, with English Notes, 4. 6d.

This new Collection of Model Letters and Epistolary Forms
embraces the whole sphere of Commercial Transactions. Each
example is provided with such remarks and explanations, that any
one with a fair grammatical knowledge of the particular lan
will find it an easy matter to prepare a well-expressed letter.

The Specialist’'s Series.

A New Series of Handbooks for Students and Practical
Engineers. Crown 8vo. With many lllustrations.

GAS ENGINES. Their Theory and Management.
gy 6\?:‘Ililliam Macgregor. With 7 Plates. Crown 8vo. pp. 245,
s, 6d.

BALLOONING: A Concise Sketch of its History and
Principles. From the best sources, Continental and English.
By G. May. With Illustrations. Crown 8vo. pp. vi.-97,
2s. 6d.

ELECTRIC TRANSMISSION OF ENERGY,
and its Transformation, Subdivision, and Distribution. A
Practical Handbook by Gisbert Kapp, C.E., Associate Member
of the Institution of Civil Engineers, &c. With 119 Illustra-
tions. Crown 8vo. pp. xi.-331. Second Edition. 7s. 6d.

ARC AND GLOW LAMPS. A Practical Hand-
book on Electric Lighting. By Julius Maier, Ph.D., Assoc.
Soc. Tel. Eng., &c. With 78 Illustrations. Crown 8vo. pp.
viii.-376.  7s. 6d.
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ON THE CONVERSION OF HEAT INTO
WORK. A Practical Handbook on Heat-Engines. By
‘William Anderson, M. Inst. C.E. With 64 Illustrations.

Pp. vili.-254. Second Edition. Cr. 8vo, 6s.

SEWAGE TREATMENT, PURIFICATION
AND UTILIZATION ; A Practical Manual for the Use of
Corporations, Local Boards, Officers of Health, Inspectors of
Nuisances, Chemists, Manufacturers, Riparian Owners, Engi-
neers and Ratepayers. By J. W. Slater, F.E.S., Editor of
¢¢ Journal of Science.” Crown 8vo. cloth, price 6s.

THE TELEPHONE. By W. H. Preece, F.R.S,,
and JédMaier, Ph.D. With numerous illustrations. Cr. 8vo.
12s. 6d.

MANURES, OR THE PHILOSOPHY OF
MANURING. By Dr. A. B. Griffiths, F.R.S.Ed., F.C.S,,

Principal and Lecturer on Chemistry in the School of Science,
Lincoln, &c., &c. Cr. 8vo. 7s. 64.

HYDRAULIC MOTORS: TURBINES AND
PRESSURE ENGINES. By George R. Bodmer, Assoc.
M.Inst.C.E. 14s.

ALTERNATING CURRENTS OF ELEC-
TR;;:ITY. By Thomas H. Blakesley, M.A., M.Inst.C.E.
4s. 6d.

In preparation.
GAII.WV:NIC BATTERIES. By Professor George Forbes,

INDUSCTION COILS. By Professor A. J. Fleming, M.A.,
D.Sc.

THE DYNAMO. By Guy C. Fricker.
Others to follow.

NIPHER (F. E.) THEORY OF MAGNETIC
MEASUREMENTS, WITH AN APPENDIX ON THE
METHOD OF LEAST SQUARES. One volume. Crown
8vo. cloth, 5s.

PLANTE (G.) THE STORAGE OF ELECTRI-
CAL ENERGY, and Researchesin the Effects created by Cur-
rents combining Quantity with High Tension. Translated from
the French by Paul Bedford Elwell. With Portrait, and 89
Illustrations. 8vo. pp. vii.-268, cloth, 12s.
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Small crown 8vo. cloth. With many lllustratsons.
{bittaker’s Libraty of Arts, Sciences,
geanufactures and Jndustries.

ELECTRIC LIGHT INSTALLATIONS
AND THE MANAGEMENT OF ACCUMULA.
TORS. A Practical Handbook by Sir David Salomons,
Bart., M.A. 5th Edition, Revised and Enlarged, with 100 Illus-

trations. Cloth, 5s.
‘“To say that this book is the best of its kind would bea poor compliment,
as it is practically the only work on accumulators that has been written.”—

Electrical Review.
ELECTRICAL INSTRUMENT - MAKING
FOR AMATEURS. A Practical Handbook. By S. R.
Bottone, Author of ¢ The Dynamo,” &c. With 60 Illustratlons

Third edition. Cloth, 3s.

ELECTRIC BELLS AND ALL ABOUT
THEM. A Practical Book for Practical Men. By S. R.
Bottone. With more than 100 illustrations. Second edition,
revised. Cloth, 3s.

PRACTICAL IRON FOUNDING. By the
Author of ¢ Pattern Making,” &c., &c. Illustrated with over
one hundred engravings. Cloth, 4s.

ELECTRICITY IN OUR HOMES AND
WORKSHOPS. A Practical Handbook. By Sydney F.
Walker, M.Inst.C.E., M.ILE.E. 5s.

ELECTRICAL INFLUENCE MACHINES:
Containing a full account of their historical development, their
modern Forms, and their Practical Construction. By J. Gray.
B.Sc. 4s. 6d.

THE PROTECTION OF BUILDINGS FROM
LIGHTNING. A Treatise on the Theory of Lightning
Conductors from a Modern Point of View. Being the substance of
two lectures delivered before the Society of Arts in March, 1888.
By Oliver J. Lodge, LL.D., D.Sc., F.R.S., Professor of Phy-

sics in University College, Liverpool.
Published with various amplifications and additions, %
approval of the Society of Arts. . [dn prepar
METAL TURNING. By J. H, author of
o Pracncal Ironfounding,” &c. [ 49 the press.

Others in preparation.
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@ echnological Dictionaries.
ENGLISH AND GERMAN.

WERSHOVEN (F. J.) TECHNOLOGICAL
DICTIONARY OF THE PHYSICAL, MECHANICAL,
AND CHEMICAL SCIENCES. English and German.
2 vols. cloth, 5s.

ENGLISH—SPANISH.

PONCE DE LEON. TECHNOLOGICAL DIC-
TIONARY. English-Spanish and Spanish-English. Con-
taining Terms employed in the Applied Sciences, Industrial
Arts, Mechanics, Fine Arts, Metallurgy, Machinery, Commerce,
Ship-building and Navigation, Civil and Military Engineering,
Agriculture, Railway Construction, Electro-technics, &c.

Vol. I.—English-Spanish. 8vo. bound, £1 16s.

Vol. II.—Spanish-English. [Zn preparation.

Post 8vo. 814 pp. 10s. 6d.

HOBLYN’S DICTIONARY OF TERMS USED
IN MEDICINE AND COLLATERAL SCIENCES. 114
edition. Revised throughout, with numerous Additions. By
John A. P. Price, B.A., M.D. Oxon., Assistant-Surgeon to the
Royal Berkshire Hospital.

This new edition has e complete revision and emen-
dation. Many terms, fallen more or less into disuse, have been
omitted ; and a considerable amount of fresh matter has been
introduced, in order to meet the requirements of the present day.

FODEN’S MECHANICAL TABLES, Fifth
Edition. Cr. 8vo. cloth. 1. 64,

LLYERS TABLES FO
CUAND MANURING LAND, E-r%_ ‘f&DASURLNS
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1 vol. demy 4t0. with 25 Double and 40 Single Plates, £2 10s.

TECHNICAL SCHOOL AND COLLEGE BUILDING.

Being a Treatise on the Design and Construction of
Applied Science and Art Buildings, and
theiy suitable Fittings and
Sanitation.
WITH A CHAPTER ON TECHNICAL EDUCATION.
By EDWARD COOKWORTHY ROBINS, F.S.A.

OUTLINE OF CONTENTS.—Introduction—English and Foreign
Technical Education—Analysis of the Second Report of the Ro
Commissioners on Technical Education—Buildings for Apphed
Science and Art Instruction, with examples of Foreign and English
Buildings— Analysis of the Fittings necessary for these Buildings—
British and Foreign Examples of the Details of the Fittings—Heat-
ing and Ventilation generally—Heatirg and Ventilation necessary
for Applied Science and Instruction Buildings—The Planning of
Buildings for Middle Class Education—Sanitary Science—Appendix.

Full prospectus post free on application.
It will prove an i‘ndi‘s_pe?n"blecwork of reference to architects, builders, and

“A most valuable contributien to architectural literature.”—Britisk Aschitect.

THE CHEMICAL ANALYSIS OF IRON.

A Complete Account of all the Best Known Methods for the Analysis
’ of Iron, Steel, Ores, &c.

By A. A. BLAIR, Chief Chemist, U.S. Geological Survey, &c.
Royal 8vo. 14s.

Third Edition, Revised and Enlarged.
THE

WORKING AND MANAGEMENT OF AN ENGLISH RAILWAY.
By GEORGE FINDLAY,
General Manager of the London and North- Western Raslway.
WITH NUMEROUS ILLUSTRATIONS.
Crown 8vo. 75, 6d.

CHISWICK PRESS :—C. WHITTINGHAM AND CO., TOOKS COURT,
CHANCERY LANE.
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