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PREFACE.

Tue Electrotherapeutics Course of The International Corre-
spondence Schools, of Seranton, Pa., comprises twelve Instruction
Papers. These Instruction Papers are issued in bound volumes
and in pamphlets. In this latter form they are supplied to
students to study as they proceed through the Course. The bound
volumes will make a desirable acquisition to any medical library,
and will always serve as a ready means of reference. The Instruc-
tion Papers are bound in paper, so that the student can carry
one in his pocket and study the whole or part of it, as his time
permits.  This usage must necessarily show itself in the appear-
ance of the Instruction Papers ; a page may become soiled,
torn, or even lost.  For this reason, the bound volumes will he
appreciated by the student for library work, and may he
consulted by him years after he has completed his Course.

The method of numbering the pages, cuts, articles, ete., is
such that each Paper and part is complete in itself ; hence, in
order to make the indexes intelligible, it was necessary to give
each Paper and part a number. This number is placed at the
top of each page, on the headline, opposite the page number ;
and to distinguish it from the page numbers it is preceded by
the printer’s section mark §  Consequently, a reference such as
page 29, §3, would be readily found as follows : The back
stamp on each volume shows the sections (i. e., Papers) included
in the volume, that for Vol. I reading §% 1-4 ; hence, look in
Vol. I along the headlines until § 4 is found, and then through
§ 4 until page 29 is found.

The Question Papers are given the same section numbers as
the Instruction Papers to which they helong, and are grouped
together at the end of the volume containing the Instruction
Papers to which they refer. The paging of each Question Paper
begins with 1, as in the case of the Instruction Papers.



Vi PREFACE.

Vol. I contains four Instruction Papers on electrophysics, in
which all facts and principles of electrophysics are fully, clearly,
and concisely set forth, and illustrated wherever illustration is
necessary to make the text clearer to the student. These Papers
on electrophysics were written by experienced electrical engineers,
emploved in the Electrical Engineering Department of THE
INTERNATIONAL CORRESPONDENCE ScHooLs, under the direction
of W. F. Brady, M. D., Professor of Genito-Urinary Surgery,
and Dean of the Faculty of the The Correspondence School of
Electrotherapeutics.  They were afterwards edited by Augustin
H. Goelet, M. D., Professor of Gynecology and Abdominal
surgery, of the New York Clinical School of Medicine, and
S. H. Monell, M. D., Chief Instructor of the New York School
of Special Electrotherapentics.

Vol 1T contains four Papers on the physiology of the different
electric currents and the technigue of their application, which
were written by W. F. Brady, M. D., and afterwards revised by
Drs. Goelet and Monell.

Vol. TIT contains two Papers, one on the therapeutic uses of
electricity in gynecology, written by Augustin H. Goelet, M. D.,
the other on the therapeutic uses of electricity in the medical
and surgical diseases of the genito-urinary system, written by
W. F. Brady, M. D,

Vol. IV contains two Instruction Papers, one on the thera-
peutic uses of eleetricity in diseases of the nervous system,
written by W. J. Herdman, M. D., LL. D., Professor of Diseases
of the Mind and Nervous System, of the University of Michigan,
the other on the therapeutic uses of static electricity, written by
. H. Monell, M. D.

Each Instruction Paper is accompanied by a series of (uestions
covering 1n a most exact manner the text in question. The
Course has been prepared especially for doctors, dentists, students,
and nurses, and the application of the three electric currents in
the treatment of diseases has received constant attention from
the writers of our Papers. Electrodes and technique of electrical
applications are illustrated and fully described in the Papers
treating of the diseases in which they are used.

THE INTERNATIONAL CORRESPONDENCE SCHOOLS.



CONTENTS.

Direct CURRENTS,
Nature of Electricity
Electrical Units
The Volt
The Coulomh
The Ampere .
The Ohm
The Joule
The Watt . :
Produetion of Electromotive Foree
Primary and Secondary Cells
Primary Cells
Cells . T
Cells with no Depolarizer
Cells with a Depolarizing Electrolyte
Cells with a Liquid Depolarizer
Cells with a Solid Depolarizer
Dry Cells
The Application of Primary Batteries
Secondary Batteries, or Accumulators
Lead Accumulators
Bimetallic Aceumulators
Uszes of Aceunmulators
Selection of a Battery
Care of Datteries
Eleetrie Cirenits o 2
Classification of Electrie Cireuits

Loss of Electromotive Foree in a Closed

Circuit
Derived Currents .
Arrangement of Cells . _
Classification of Electromotive Forces

Section. Page.

t et e e e e e e e e e ek e ek e ek i ek el ek i ek et ek

e e e ]

n, R Y
n 1 =l Jos
- - e

14
15
18
19
14
27
28
29

62
4
30
117

Vii



Vil CONTENTS.

Section. .-”r-"-‘,n".

Graphical Representation of Pressure . . 1 115
Direct Electromotive Foree, or Current . . ] 1200
Altermating E. M. F.. or Current . . . . 1 121

MAGNETISM AND ELECTROMAGNETISM.

Nature of Magnetism . 2 1
Magnetization : 2 4
The Magnetic Cireuit . 2 15
Magnetic Units 2 29

Electromagnetism : 2 22
Magnetic Field of E lf-f tric {II]].II'I'ILtlII'- 2 23
Electromagnets : 2 a0
Electromagnetic Induetion : 2 33
Various Means for Inducing an E. M F. 2 42
The Magneto-Electric Generator 2 48
The Induction-Coil : 2 a4
Measurement of Current-Strength . 2 86

ELECTROSTATICS,

Electrification 5] 1

Frictional Electricity 3 o
Measurement of Charge 3 7

Eleetrostatic Induetion 3 11
Potential . 5 5 17
Capacity of Conductors 3 24
Unit of Capacity 3 25

Condensers . ThEy A S 3 25

Static Machines . : 3 23

Static Frictional ‘-uu*lum-_. : 3 33
The Cylinder-Machine 3 23
The Plate-Machine 3 34

Static Induction-Machines . 3 25
Thomson's Hl.‘ll]t’l]i:-llif.'[‘ o a7
The Toepler-Holtz Machine 3 29
The Wimshurst Machine 3 44

Modes of Discharge 3 i
Convective Discharge . . 5 3 7
Disruptive Discharge . 3 48



CONTENTS. ix

Section. Page.
Conductive Discharge . . . . . . . . . 3 48
Static Induced Currents . B b nee 5 o4

{SSENTIAL APPARATUS.

Apparatus Used for Controlling and Measuring 4 1
(Cell-Selectors and Switchboards 4 1
Switchboards . 4 5
Ammeters, Voltmeters, and Rheostats 1 10
Ammeters and Voltmeters 1 10
Similarity of Ammeters and Voltmeters 1 16
Rheostats S B E 4 24
Influence of Resistance on E. M. F. and

Current : 4 27
Dynamos, Motors, and Transformers 4 24
Dynamos . 4 34
Fundament: 11 i’nm iiples . 4 34
Classes of Dynamos 4 41
Motors 4 hy
Transformers : 4 46
Electromotive Force and ]hﬁn:nu of Pntmtm] 4 50)
Potential 4 H0)
Electromotive Force 4 O
The Hydro-Electric Bath 4 61
Resistance of the Bath 4 61
Effect of Insertion of a Solid ﬂnd 4 4
Current-Density in the Human Rm_l_x 1 S0
Construction of the Bath 4 83
Monopolar and Dipolar Baths 1 85
Clectric Currents Used, and Their Regulation 4 S8
Units . 4 90
Fund: IIHF’I'I[L] Units 4 ()
Practical Units . 4 92
QuEsTIONs AND EXAMPLES. Section.

Direct Currents . SN x s 1
Magnetism and Electromagnetism 2
Electrostatics 3
Essential Apparatus 4






DIRECT CURRENTS.






DIRECT CURRENTS.

NATURE OF ELECTRICITY.

1. Electricity an Exact Science.—It has often been
remarked that ‘¢ eleetricity is a mystery’; so it is, and so too
are gravitation, heat, and light, for in none of these cases is it
known exactly in what manner the energy acts on matter. But
this does not make the science of these forces any less exact,
nor does it necessarily mean that we are fumbling in the
dark, nor that the laws of these phenomena may be upset at any
moment by new discoveries.

Nobody may say that astronomy is not an exact science ; and
vet the origin of that force upon the action of which all astro-
nomical laws are based is yet to be explained. Notwithstanding
all this, it has been possible to determine years ahead the transit
of the planets, and within the fraction of a sccond. Never-
theless, our knowledge of the force of gravitation is far more
limited than our knowledge of electricity. In the latter instance,
it is possible to at least establish a current, to conduct it, and to
regulate it at will. It is also possible to study the action of the
current in all its possible combinations, and new discoveries are
continually bringing us nearer to the solution of the question,
** What is electricity 7'’ Not so with gravitation ; while great
progress has been made in other sciences, our knowledge about
the inner nature of gravitation is no further advanced than it
was ages ago, and no immediate progress is in view.

As with gravitation, so it is with electricity ; ignorance of its
nature has not prevented the study of its action, and very exact

21



2 DIRECT CURRENTS. $1

laws have heen established. By means of these laws we are
enabled to predict beforehand, and without fail, what will take
place under certain prearranged conditions.

2. FElectrification.—The expression *‘producing elec-
tricity '’ is erroncous. We can produce a pressure that will
ause electricity to flow, but we cannot produce electricity itself.
Electricity can only be transferred from one place to another,
and does not in itself represént energy—any more so than water
or air.  Air in motion or under pressure does possess energy,
and the same holds true with electricity. To electrify a sub-
stance, work has to be performed ; electrification, therefore, is a
form of energy, and work will again be performed before the
substance returns to a neuatral state. It is perhaps nearer the
truth to say that electricity is a peculiar state of matter, a certain
condition of the ether.

W

3. The Ether.—The ether is a medium supposed to per-
vade all space; it is supposed to possess inertia, and to he
able to move without friction. We must consider it the one
universal medium, and that by its means all actions between
geparate bodies are carried on.  In brief, its function is to act
as a transmitter of motion and energy. The ether must no
longer be considered merely as a possibility, a convenient sub-
terfuge for the explanation of certain phenomena.  On the con-
trary, the existence of such a medium has beyond a doubt heen
proved by recent researches ; even its density and its rigidity
have been caleulated and the caleulations verified by experi-
ments. It is no longer a question of its existence, hut rather
of its constitution.

Light, heat, electricity, and magnetism are all supposed to be
transmitted through space by some active condition of the ether,
either in the form of longitudinal or of horizontal vibrations.

If a bell is vibrating in a glass vessel, the sound can be heard
from the outside ; but if the vessel is put in communication
with an air-pump and exhausted, the sound grows fainter and
fainter as the vacuum increases, showing that the sound needs
the air for its transmission. We find that a magnet enclosed
in a glass vessel is just as active when the vessel is exhausted
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as when it is not. The filament of an incandescent lamp,
although it glows in a vacnum, is visible from the outside of
the globe, proving that air is not necessary for the transmission
of light. Perhaps it may not be necessary to go further into
the manifestations of the ether, yet more proofs of its existence
may be given. For instance, the sun’s rays of heat and light
are transmitted through space, where it would be impossible for
them to travel without the presence of some such medium as
ether. It has also been noticed that an increase in the number
of visible spots on the surface of the sun has a marked influence
on magnetic needles, proving that the force of magnetism or
electricity also travels through an apparently empty space.
We must imagine the ether as all-pervading, as not alone sur-
rounding material bodies, but penefrating throngh their interiors ;
that it, in fact, encircles the smallest particles, even the mole-
cules and atoms.

Formerly, the phenomena of heat, of light, of magnetism, and
of electricity were all supposed to be actions of fluids; even
today we speak of currents of electricity and of magnetism.
This must not be taken too literally. It is more than likely
that there is no flow existing, but simply a vibratory action.
For instance, we do not speak of a current of heat; when we
therefore speak of electricity or magnetism as flowing, it is done
more because of the facility it offers to explain the action of
the various phenomena than because of a belief in the actual
existence of a current.

ELECTRICAL UNITS,

THE VOLT.

4. Electromotive Force.—We have now seen why the
expression ‘‘ producing electricity ’’ is misleading, just as it is
incorrect to speak of producing a current of water. In each
case there is produced a pressure somewhere in the cireuit, and
this is again the primary cause of setting the water or electricity
in motion. There is no exception to this; an electric current
will never be established without a pressure having been first
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created, and even then a current will not flow unless other con-
ditions are such as to permit it.

Fig. 1 will illustrate this more fully. A and B are two tanks
partly filled with water and connected by the tube €. If the
water is on the same level in each tank, as indicated by the full
lines, it will be at rest and have no tendency to flow in either
direction ; but if the tank B is raised to the position indicated
by the dotted lines, the situation is then changed, and the
water has a tendency to again place itself at the same level.
There will therefore be a flow from B towards A until balance
is restored. If the water is prevented from flowing, there will
gtill be a pressure in the tube, and this will vanish only when
tank B is returned to its original position.

The conditions under which an electric current will flow are
exactly similar.  We sce that, so long as the tanks remain in
their original position, there is no current and no tendency to
start a current, because the pressures exerted by the water-
columns in the tanks on the water contained in the tube
are exactly balanced. If, however, the tube (' he disengaged
from the tank A, water will flow out, because the pressure
is greater at one end of the tube than at the other. We can
now clearly see that the first requirement necessary to start
a current, either of water or of electricity, is to create an excess
of pressure somewhere in the circuit, or, in other words, to



§1 DIRECT CURRENTS. 5

create a difference of potential between any two points. In
electricity this pressure is called electromotive force, difference of
potential, pressure, or voltage. Electromotive force is, perhaps,
the most frequently used ; it is usually abbreviated to E. M. F.
A more complete explanation of these terms will be given in a
later part of this Course.

D. Available E.M.F.—To make comparisons between
various pressures in the water-tube C, a unit would be used of,
say, 80 many pounds per square inch. The corresponding
electrical unit is the volt. By means of the latter unit it would
be possible to indicate the surplus of pressure at one end of a
conductor over that at the other—in other words, to give the
difference of potential, available E. M. F., or pressure.

THE COULOMB.

6. Quantity.—Having discussed the subject of pressure,
the next point to be considered is quantity. Evidently, the
amount of water that may flow through the tube ' may vary
between limits very far apart; it will be necessary to know

R

N—-——

Fic. 2.

how much water has been flowing, and to agree on =ome unit
as a basis for measuring.

In Fig. 2 we have, again, a tank 4 and a tube C containing
water, and provided with a valve e. If the diameter of the
tube is 13.5 inches, the sectional area would be very nearly
1 square foot, and a section of the tube 12 inches long would
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contain 1 cubie foot. Let the divisions b, b, measured off along
the tube, each represent 1 cubic foot. If the length of the tube
is known, we are now able to say how many cubic feet it con-
tains, It is also possible to say how many eubic feet pass the
line aa in a given time, if the water is flowing and the velocity
of flow is known. But let it be distinetly understood that,
when we speak of the cubie foot as a unit, it is absolutely
independent of the pressure in the tube, and it is 1mmaterial
whether the water is in motion or not.

7. Unit of Quantity.—The electrical unit of quantity is
the conlombh. Tt signilies a certain quantity of electricity, either
at rest, distributed on the surface of some substance, or in
motion along a conductor.  In this Paper the coulomb is used
as the unit of quantity of electricity flowing along a conductor.
In another Paper of the Course the unit of quantity of elec-
tricity at rest will be considered. In no case does it zignify
pressure or speed ; it represents quantity—nothing else,

Should we open the valve ¢, Fig. 2, and allow the water to
flow out into a tank measuring 1 cubie foot, it would be possible
to say how many cubie feet pass the valve in a given time. It
would make no difference whether the rate of flow is so slow as
to require a whole day or only 1 minute for the passage of
1 cubic foot of water.

Similarly, with an electric current, a certain quantity in
coulombs may pass a given point, but the speed and the
pressure have no direct part in the measurement of the
(uantity.

THE AMPERE.

8. strength of Current.—The use of the coulomb, as a
unit of quantity, would be rather limited, and we should soon
find that a knowledge of the speed with which the ecurrent
flows, that is to say, the number of coulombs that pass in a
given time, would be of more practical use. The coulomb as
a unit is not much used in therapeutics. If the speed be
such that 1 coulomb passes per second, the rate of flow, or
strength of current, is called 7 ampere.
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It is now clear that, if we divide the quantity in coulombs by
the time in seconds, the quotient will give the strength in
coulombs

amperes ; or, — = amperes.
seconds

Or, let ¢ — amperes; @ — coulombs; and ¢ — seconds ; then,
4
=
ExasmrerLe.—If, in a conductor, 100 coulombs pass a certain point in
5 seconds, what is the current-strength in amperes?

s g f
sorLvTioN.—Applving formula, ¢ f, we get 1% = 20 amperes. Ans,

The current-strength is best ascertained by observing the
ammeter ; the current-pressure, by observing the voltmeter ; and
the resistance, by application of Ohm’s law.

9. Pressure.—When water is flowing through a tube, it is
subject to a certain resistance, depending on the length of the
tube, its sectional area, and the condition of its interior surface.

10 ft—

R Rt

FiG. 3.

[f the surface is rough or contains numerous projections, it will
materially check the flow of the water.

When the level of the water in tank A, Fig. 3, is 10 feet
above the surface B, the stream escaping from the lower end of
the tube € should theoretically reach the same height. It does
not do so, however, the top of the jet not reaching more than
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one-half the height of 4. The water, while passing through
the tube, has met so much resistance that by the time it reaches
the end it has lost one-half of its pressure. We can, by lower-
ing the tank, reach a height where the pressure would be so
small that the water would bharely be able to flow out of the
tube. The excess of pressure at the tank end is at this point
consumed entirely in overcoming the resistance of the pipe C.

THE OIIM.

10. Resistance.—Electricity 1s also subject to resistance,
although of a different nature. The resistance offered to the
flow of electricity has very much the same effect as the resist-
ance offered to the flow of water. A current cannot pass through
any conductor without losing some of its pressure ; the loss may in
some cases be very large, in others so small that it is difficult to
measure it, The E. M. F. of an electric current is always reduced
by the resistance of the conductor through which it flows. The
resistance is determined by the substance of which the con-
ductor is made (some substances offering more resistance than
others), by its sectional area, and by its length.

11. specifie Resistance.—To facilitate comparisons and
calculations, it has been found advisable to take a certain length
and cross-section of the various substances used for conduetors
to determine the resistance, and to call this their specific resist-
ance. The unit adopted for length is the inch, and for cross-
sectional area the square inch; the specific resistance will
therefore be the resistance of 1 cubie ineh of the various
substances taken at a temperature of 0° Celsius,

If we wish to measure the length of a rope, we need some
unit in which to express its length, otherwise we would be
limited to a comparison with other ropes of known lengths.
Adopting the unit of 1 foot makes it easy to signify any length
simply by stating the number of feet it contains,

Should we attempt to measure the various specific resistances
without having a unit, we would be placed in a position similar
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to that of measuring lengths without a unit. It would be
possible to compare the various resistances, but a unit would
be needed in which they conld be all expressed, independently
ol one another.  For this purpose the resistance of a column of
mercury of a given length and sectional area has been chosen.
The dimensions of the column expressed in inches are as
tollows : length, 41.7323 inches ; sectional area, .00155 square
inch. When this unit was established, the dimensions of the
column were given in centimeters and square millimeters,
the height being 106 centimeters and the sectional area 1 square
millimeter. In each case the temperature of the column shoulid
be that of freezing water. This standard is ealled the legal ofim,
or simply ohm. The specific resistance of metals i3 so small a
fraction of an ohm that it often is found more convenient to
employ as a unit the one-millionth part of an ohm, called a
microhm.

The following table gives the specific resistances of the most
important substances ; also, their relative resistances as com-
pared with that of silver.

Resistance of 1 Cubie

Name of Metal. Tnch b 6°. Relative Resistance

Microhm. to Silver.
Silver, annealed ; 5021 1000
Copper, annealed . q 6292 1.06G3
Silver, hard drawn . . . . 6433 1.086
Copper, hard drawn . . 643 1.086
Gold, annealed. . . . . . 8102 1.369
Gold, harddrawn . . . . . BT 1.293
Aluminum, annealed. . . . A470 1.935
Zine, compressed . . . . . 2.2150 3.741
Platinum, annealed 3.5630 6 022
Iron, annealed 5 3.8250 .40
Nickel, annealed . . . 4.9070 S 285
Tin, compressed 5.2020 8.754
Lead, compressed . 7.7280 13.050
German gilver . . : - S.2400 13.920
Antimony, compressed 13.9500 23,600
Mercury : S, 37.1500 62.730

Bizmuth, compressed 51,6300 87.230
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12. vVariation of Resistance With Length.—It was
stated in Art. 10 that the resistance of a conductor depends not
only upon the material of which it is made, but also upon its
length and cross-sectional area.

Referring to Fig 3 it will be reasonable to suppose that, by
doubling the length of the tube () the resistance would also be
doubled. The resistance of an electric conductor acts in the
same manner; for example, the resistance of @ conductor i3
n‘lrl'-l'."f"{hf _;Jr'f-l.-nn'ﬂlmruf to ils fr’;i_r;fh. TIII.I:-'-. a l.'l}|1[1l"l' 'q'q'il'l! EI'U ft‘.Et
long would have twice the resistance of one 25 feet long.

To find the resistance of a conductor when the resistance of a
certain length of the conductor is known :

Let r, known resistance ;
ry resistance that it is desired to find ;
L the length, the resistance of which is known ;
L, the length, the resistance of which is to be found.

Then, since the resistance of a conductor is directly propor-
tional to the length, we have
il
T AR P S ) L S / 2,
“1

Nore.—The two lengths should always be reduced to the same unit.

Examrre —Find the resistance of 1 mile of copper wire, if the resist-
ance of 10 feet of the same wire is .013 ohm,
Sorvtion.— r, —.013 ohm; L, = 10 feet; and I, = 5,280 feet.

Therelore,

013 = 59280
13 © o, 10 © 5,280, or r, i III‘ - 6,864 ohms. Ans.

ExasmprLe.—Find the resistance of 11 inches of a German-silver wire,
the resistance of 100 feet of the same wire being 2.4 ohms.

Souvmiox.— 1, = 2.4 ohms; L, = 100 > 12 = 1,200 inches ; L, = 11.
2.4 < 11

Therefore, 2.4 ¢ rp 5 1,200 11 orTs — =500

022 ohm.  Ans,
1:3. Variation of Resistance of Cross-Sectional
Area.—Having seen the effect the length of a conductor has
on its resistance, let us see how its cross-sectional area
imfluences its resistance. If a wire, of a given cross-sectional
area, conduets, say, 4 amperes, it would be taken as a matter of
course that another wire of the same length and area connected
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with the same source of supply would also conduet 4 amperes ;
thus, both together would conduct 8 amperes.  In other words,
by increasing the number of wires, the current-strength in
amperes would increase in the same proportion. Conversely,
by increasing the cross-sectional area, the current remaining the
same, the resistance would be reduced in proportion. It will
therefore be seen that the resistance of a given conductor diminishes
as its sectional area inereases ;) that is, the resistance varies inversely
as the sectional area.

To find the resistance of a conductor when its sectional area
is varied and other conditions remain unchanged :

Let r, — original resistance ;
r, == required resistance ;
@, = original sectional area ;
a, — changed sectional area.

Since the resistance varies inversely as the sectional area,

ry « ¥y .- dy . 0, 0F'Ty .

ExaMprLE.—The resistance of a conductor, the sectional area of which
is .025 square inch, is .32 ohm ; what wounld be the resistance of the
conductor if its sectional area were increased to .125 square inch, other
conditions remaining unchanged ?

SowutioN.— 1, — .32 ohm; a;, — .025 square inch; and @, = .125
square inch. Therefore,
i DA [ a0
92 X .02b :
or, ¥ 195 64 ohm, Ans.
2 125

ExamrrLe.—The sectional area of a conductor is .01 square inch, and
ite resistance is 1 ohm ; if its sectional area is decreased to .001 square
inch, and other conditions remain unchanged, what will be its resistance?

Sorvtios.— iy, — 1 ohm ; @, — .01 square inch ; and a; = .001 square

inch. Therefore,
1 ire 5; 001 : .01

or, I ]:;m'-lm - 10 ohms. Ans

Since the sectional area of a round conduector is proportional
to the square of its diameter [sectional area — (diameter)?
% .7854], it follows that the resistance of a round conductor is
inversely proportional to the square of its diameter.
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Let = original resistance ;
r, — required resistance ;
d, — original diameter ;
d, = changed diameter.
1 2 -l“tll.
Then, g P rfl_ ar e, = g
1

ExamrrLe.—The resistance of 2 round copper wire .12 inch in diameter
is .64 ohim : find the resistance of the conductor when its diameter 18
increased to .24 inch, the other conditions remaining unchanged.

SOLUTION.— 1 4 ohm ; o, 2 ineh; and dy = .24 inch.
Therefore, B4y nr 24 128
64 % 198 B4 L0
0r, r o : i e A6 ol Ans,

f 243 0570

ExamrLe.—The diameter of a round wire is .1 inch, and its resistance
ig= 2 ohms: what would be its resistance if its diameter were decreased
to .02 inch and the other conditions remain unchanged ?

SorLrTioN.— vy =2o0hms ; J, = linch; and J; — .02inch. Therefore,
5 . s & 5 S - B
- l"j e -.{]- . -] §
212 250
or, ry A ohms.  Ans
= D AN

14. Ohm’s Law.—We have seen that the voft is the unit
of pressure, the ampere, the unit of eurrent-strength, and the ol
the unit of resistance. It will now be necessary to see how these
units are related to one another ; to see what effect the volt and
the ohm have on the strength of a current of electricity ; and to
see how much pressure is lost when a current passes through a
aiven resistance.  These questions are of an eminently practical
nature and of daily oceurrence ; it is therefore of great impor-
tance that we should be able to answer them correctly,

The law answering these questions was first stated by
Dr. G. 8. Ohm, and for this reason it is called Ohm’s law.

In general, it is represented by the equation

volts E

g B — =
LN peres Ea) or R (1)

Transposing the factors, the law may also read

volts
ohms = : (b)
amperes

or, volts = amperes > ohms, (c)
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Formula («) determines the strength of current that will flow
in a conductor of a given resistance, when the pressure in volts
is known.

ExaympLe.—A circnit has a resistance of 50 ohms and an available
pressure of 100 volts ; what is the strength of the current in amperes?

virlts

SoLvTioN.—Applying formula (a) amperes — |
ohins

: hence,

amperes = M4 = 2. Ans.

ExanprLe.—If the pressure in a conductor is 3 volts and the resistance
is 15 ohms, how many amperes will flow ?
volts 3

SOLUTION,—Amperes — = -~ = lampere. Ans.
ohms 15 <

Nore.—The conditions may be such that the strength of a current is
too great and that it is desirable to insert a resistance to reduce it. In
that case formula (4 ) should be used.

ExampLe.—The E. M. F. of a ecircuit is 500 volts; it iz desirable to
have a current of .5 ampere flowing in it; what should be the resist-
ance of the cireuit?

. . volts
According to formula (&), ohms — -+ hence,

amperes’
Gl

D

SOLUTION,
= 1,000 ohims. Ans.

Norg.—To findd how much pressure it will require to foree a current
through a given resistance, it will be necessary to nse formula(e).

ExampLE.—How much pressure will it take to force a current of
18 amperes through a resistance of 5 ohms?

Sorvrion.—Formula (¢) states that volts = amperes « ohms; hence,
18 % 5 = 9 volts. Ans.

A definition of an ohm was given in Art. 11, but, as we have
now learned the use of Ohm’s law, it may be well to give some
additional information regarding the relation of the units to
one another.

Referring to formula (¢), we have volts = amperes < ohms.
It follows from this that a wait potential, or volt, would be that
electromotive force which would foree a current of 7 ampere
throngh a resistance of 7 ohm.
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THE JOULE.

15. Unit of Work.—To set a current of water flowing, it
is necessary to perform a certain amount of work. 1In Fig. 1 it
was seen that the tank B would have to be raised to a certain
height before the water would run, and it is easily seen that the
position of the tank determines the pressure and strength of
the current ; that is to say, the greater the height, the greater
the pressure.  But to raise the tank requires an expenditure of
work ; that is, a given weight in pounds must be lifted through
a distance of so many feet.  In mechanics the amount of work
done is determined by the distance through which the force
acts. The unit of work is the jfoot-pound; it is the work
done in lifting 1 pound through a vertical distance of 1 foot.
Multiply the force in pounds by the distance in feet, and the
product is the work, in fo t-pounds.  When we lift a weight of
200 pounds through a vertical distance of 2 feet, we perform
400 foot-pounds of work ; should we lift 400 pounds only 1 foot
high, the result is still 400 foot-pounds, as before. In fact, it is
immaterial what relation the two factors have to each other, so
long as their product equals 400,

In sending a current of electricity through a conductor, work
is done in a similar manner. We have seen that the unit
quantity of electricity is a coulomb ; if a pressure of 1 volt
forces a guantity of electricity of 1 coulomb through a con-
ductor, one unit of work has been expended, and this unit is
called a joule. 1 joule is equivalent to .7373 foot-pound, or
1 foot-pound is equal to 1.356 joules.

Therefore, to find the amount of electrical work performed in
joules, it is necessary to multiply the quantity of electricity
in coulombs that has passed in the circuit by the pressure
in volts.

Let J — number of joules ;

I = pressure in volts ;
} = number of coulombs.

Then, J = @ &
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Exaypre.—Find the amount of work done in joules when 30
coulombs of electricity are being forced through a conductor with a
pressure of 10 volts.

SoLUTION.— J = 0w E 30 > 10 = 300 joules. Ans.

NoTe. —It was shown that an ampere means 1 coulomb per second ;
when, therefore, the current-strength in amperes, the time during

whichl the eurrent flows, and the pressure are given, it is possible, from
these items, to ealeulate the work in joules,

ExayrLe.—Find the amount of work performed in joules when a
current of 15 amperes flows for § hour under a pressure of 30 volts,

SoLvTioNn.—Redueing the time to seconds gives 30 - 60 1,800 sec-
onds ; 15 amperes mean 15 coulombs per second ; therefore, 15 > 1,800 =
27,000 coulombs, multiplied by 30 volts, gives 810,000 joules. Ans.

THE WATT.

16. Power.—It must be borne in mind that, when speak-
ing of work performed, time does not enter as an element.
This is important, as many confusing statements result from
speaking of time in connection with work. No mention was
made of time when we were speaking of foot-pounds, coulombs,
or joules, and purposely go, in order to avoid confusion. It
makes no difference whether it takes 1 year or 1 minute to
perform a given amount of work ; the work in either case is of
the same magnitude. Neither does it make any difference
whether the quantity of electricity in coulombs forced through
a circuit by a certain number of volts requires 1 minute or
1 hour to pass. In either case the work performed is the same,

But when we speak of the rate of doing work, or power, that
is an entirely different matter; a sharp distinction must be
made between work and power. In daily life these terms are
used with the understanding that they mean the same thing ;
force, even, is supposed to be identical with power. Let it,
therefore, be repeated that if a force acts through a certain dis-
tance it performs work, and that power is the rate at which this
work is performed.

For instance, a boy may be able to do a certain amount of
work in pumping water out of a well. If time does not have to
be considered, he may be able to serve the purpose ; but if it is
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necessary to get the water out in the shortest possible time,
it is evident that a strong man is required. Why? Because he
has more power at his digposal and is able to perform the work
at a quicker rate. The rate at which two machines perform the
same amount of work is proportional to the time expended.
The unit of power in mechanics is 1 foot-pound per minute,

17. Rule for Finding the Power.—The power of a
machine may always be determined by dividing the work it per-
Jorms in foot-pounds by the time in minutes required to do the work.

Let P — power in foot-pounds per minute ;
F' — force in pounds ;
D — distance in feet ;
T' — time in minutes.

: Fx D

Then, i T

Exavirte.—If a machine performs 10,000 foot-pounds of work in 10
minutes, what is its power in foot-pounds per minute ?
SoLrTion. —Applying the equation for power, we have

Fx D 10,000

] i 10

1,000 ft.-1b, per min. Ans.

18. Unit of Power.—\We saw, in measuring work per-
formed by electricity, that the joule was the unit used. When
time has to be considered it is customary to use the second only.
The unit of power used is therefore the joule-per-second, or the
watt, As 1 joule is 1 ecoulomb < 1 volt, and as 1 watt is
1 coulomb " ;

P 1 volt, it follows that 7 watt is 1 ampere ¥ 1 volt,
since 1 ampere is 1 coulomb per second. Therefore, when 1
volt causes a current of 1 ampere to flow in a circuit, electrical
work is performed at the rate of 1 watt.

Useful working formulas are as follows : 1 volt » 1 ampere

- 1 watt, or the unit of electrie power. 1 volt x 1 ampere < 1
second = 1 joule, or the unit of electric work.

19. MHorsepower.—The uniis, foot-pounds per minute and
walts, are too small when large machines are under consideration.
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A larger unit is therefore desirable, and for this purpose 33,000
foot-pounds per minute has been chosen and ealled 7 horsepower,
that h(:il]_g‘ the power a strong horse is able to 11{-\.'1_-111}1 for :
short time, It requires 746 watts to make 1 horsepower ; that
i, 746 watts is equal to 33,000 foot-pounds per minute.

Rule.— 70 CrpPress the rate rf;' rfr.lr'ng electrical work in ,FH,II:‘.'«::"PI.I'EE{'J'
wwils, fined the swwmber of watts and divide the result by 746.

Let " = power in watts ;
H. I'. = the horsepower.

= o

['hen, H. P = T

Exampre.—When a pressure of 50 volts causes a current of 30 amperes
to pass throngh a cirenit, (a) how much power is required in watts?
(%) how much in horsepower ?

SOLUTION. —Since the power in watts is the product of the volts
and amperes, we have 50 <30 — 1,500 watts. From the formula

W 1,000
e JEN e - =
H D. we get 16

=0 =B HT:: Ans:

20. Unit Abbreviations.—When using Ohm’s law, it is
customary, for the sake of convenience, to use the terms volts,
ohms, and amperes in an abbreviated form ; thus, volts,
pressure, or electromotive force are represented by the letter /7
ohms, or resistance, by the letter R; and amperes, current-
strength, or current-volume, by €. In the following pages
Ohm’s law will be represented by these letters, and in its three
variations will appear as

) E

= - = It = HA L0 b — DN
1'1' i ok L ;Erl
Power in watts will be W = E % C; but can also be
expressed by the two following equations, viz. :
- - E?
W= xR:or W= ok

ExayrLe.—Ii a current of 50 amperes is forced throngh a resistance
of 40 ohms, what power is expended ?
SorLvTioN.—Applyving the formula 11" = * < R, we have
W = 50 > 50 > 40 == 100,000 watts, or 134.05 horsepower. Ans.
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Exampie.—If 3,000 volts pressure is supplied to a cirenit of 6 ochms
resistance, what power is needed in horsepower?
Sovvriox.—From the formula W = =, we have

i 3000 < 3,000 9,000,000

i f =
Dividing by 746 to reduce to horsepower, we have
9, 000, (00

Tt~ — 2011 horsepower, nearly. Ans.
b = 746 -

PRODUCTION OF ELECTROMOTIVE
FORCE.

21. Devices for Creating E. M. F.—We have seen in
the previous pages that certain conditions have to be fulfilled
before a current of electricity is established. We know that it
needs the creation of an E. M. F., a conductor to transfer the
electricity from one place to another, and further, that this con-
ductor must be of a certain material and eross-sectional area to
fulfil its purpose in a satisfactory manner. It will now be
necessary to describe the means for produecing an E. M. F.

There are various devices for ercating E. M, F., but all of
them are not of the same importance. Some are rarely used
for electrical purposes, and never in therapeutics. It will not
be necessary, therefore, to deseribe them in these pages, and they
will be mentioned only as possible sources.  Their classification
may be as follows :

1. Those producing an E. M. F. by means of chemical
action, such as voltaie, or primary, or galvanic cells and second-
ary cells.

2. Those producing an E. M. F. by means of mechanical
energy ; for instance, dypnamo-electric machines and electro-
static induction-machines, and faradic apparatus.

3. Those utilizing radiant energy, as light and heat, for the
production of an E. M. F. ; as, for example, the thermoelectric cell.

4. Animals and plants. Instances of animals are the torpedo
and gymnotus. The roots and interior parts of trees are found
to be negatively, and flowers, smaller branches, and fruits to be
positively, electrified.
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The first two classes only need be considered, and as the
second cannot be understood until after the subject of electro-
magnetism has been studied, we will at present limit our dis-
cussion to the first class alone.

PRIMARY AND SECONDARY CELLS,

PRIMARY C(ELLSs,

22. Direct Currents.—It is proved that, when two
dissimilar substances are placed in contact, one of them always
assumes the positive and the other the negative condition.
This can be proved by the gold-leaved electroscope. There
will therefore be a difference of potential between them. The
amount of this difference may be small and difficult to measure,
but a difference of potential will always be there. [If these
effects are produced while any two substances male contact with each
other in air, then the phenomenon properly belongs to the subject of
static electricity, and will be treated in that division. When the
contact 1s made between metals in water or other fluids, the
results are different and come under the class where an E. M. F,
is produced by chemical action,

Placing a piece of copper and zine in contact will develop a
difference of electric potential which ean easily be detected.
The same result will follow if the plates are slightly separated
from each other, and placed in a vessel containing saline or
acidulated water, leaving a small portion of one end of the
plates exposed. The exposed ends of the zine and copper are
now electrified to different degrees, or, in other words, there is a
difference of electric potential between the plates; one plate
being at a higher potential than the other.

When the exposed ends are connected together by a wire of
any conducting material, the potential difference between the
plates tends to equalize, and a momentary rush or discharge of
electricity passes between the exposed ends through the con-
dueting material, and between the submerged ends through the
liquid. During its passage through the liquid, the electricity
causes certain chemical changes to take place; these chemical
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reactions in their turn cause a new difference of potential
between the plates, which is followed immediately by another
equalizing discharge, and that by a further difference of poten-
tial, and so on. These changes follow one another with great
rapidity ; so rapidly, in fact, that it is impossible to distinguish
them, and they appear absolutely continuous. The equalizing
flow that is constantly taking place from one plate to the other
is known as a direct eurrent of electricity, which may or may
not be continunous, Consequently, a direct current becomes eon-
tinuous when the difference of potential is constantly maintained, and
when no mechanical device is employed to interrupt it.

We will see later on that the E. M. F. produced by other
means is not constant, and that, therefore, the equalizing flow
which results, though continuous, is not of a constant strength.
It may approximate very closely to it, yet the voltaic current
stands as the main representative of an absolutely direct current.

273. Simple Voltaie Cell.—.\ simple voltaie, or galvanic,
cell 1s shown i Fig. 4. It con-
sists, essentially, of a vessel A,
containing saline or acidulated
water, in which are submerged
two plates of dissimilar metals
€ and Z, or one metal and a
metalloid.

The two dissimilar metals, when
spoken of separately, are called
voltaic elements; when taken col-
lectively they are known as a
voltaic couple.

An electrolyte is a compound
chemical substance in solution, which undergoes decomposition
when traversed by an eleetric current.

A voltaic battery 1s a number of simple voltaic cells properly
joined together,

The terminals of a cell are the parts of the plates outside of
the electrolyte.

It should be remembered that the polarity of that end of the

FiG. 4.
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plate or voltaic element which is acted upon by the electrolyte
is always of opposite sign to its terminal. For instance, in the
case of the zinc-and-copper couple, the terminal of the zine
plate, or that part outside of the electrolyte, would be spoken of
as the negative terminal, while that part of the copper plate
outside of the electrolyte would be spoken of as the positive
terminal.  When mention is made of the positive or negative
pole of a cell, reference is always made to the exposed parts of
the elements, and no attention is paid to the submerged parts.
The symbols + and — refer to the parts of the elements not
contained in the electrolyte, and are always of an opposite sign
to the parts submerged in the electrolyte,

24. Chemiecal Actions Occeurring in a Simple Cell.
When a piece of ordinary zine is placed alone in dilute sulfuric
acid, one to twenty, the zine is attacked by the acid and a part
of it is dissolved into a salt of that metal called sulfate of zine.
At the same time, the electrolyte is decomposed and hydrogen
gas is liberated from it, coming up from around the zine in small
bubbles, and the whole mass of the liquid becomes heated. It
the zine is absolutely pure, the chemical actions take place
more slowly; the bubbles of hydrogen do not immediately rise
to the surface, but form around the zine, protecting it from
further action of the acid.  When a plate of commereial zine is
immersed in dilute sulfurie acid, we have in reality a voltaie
cell. This will be readily understood by referring to the
E. M. T. series, and by a knowledge of the impurities of zine.
By placing another metal in the water, say a piece of copper,
and connecting its exposed end with that of the zine hy means
of a conductor, the chemical action becomes exceedingly
vigorous again. Large quantities of hydrogen gas are liberated,
but, instead of the bubbles appearing around the zine, they form
around the copper and come to the surface at that point.  The
energy that in the former case was expended in heating the
liquid, now appears in the form of electric energy. Whenever
the connection between the exposed ends is broken, all ehemical
action ceases and the cell remains inactive until the two metals
are again connected. This refers to absolutely pure zine.
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Then the chemical action will again begin and continue for some
time, the duration of the action depending on the condition of
the electrolyte. It is found that the amount of electricity set
free will depend on the quantity of zine dissolved by the acid ;
the latter quantity will also determine the quantity of hydrogen
gas developed. It is clear that after a time the solution will
have changed into one of sulfate of zine, and will be unable
to dissolve the zine any further. Then the action of the cell
will cease, and the acid will have to be renewed before more
eurrent will flow.  Whether the zine must be renewed or not
depends on the amount of zine remaining ; if there is enough
to suflice for a second charge, the same zine will answer,

25. Loeal Action.—It must be remembered that a current
will be established between the elements of a voltaic cell only
when they are in direct contact or connected by means of an
outside :~:||||Il_|1'h||‘, We saw that wherever a difference of
potential exists there is a tendency to equalization by a flow of
eleetricity from the higher potential to the lower. It follows
from this that after a time the potential of both elements would
be the same and no current would flow ; but, fortunately,
chemieal action sets in as soon as the potential difference is
lowered, and immediately brings it up to its initial value. We
should suppose from this that on disconnecting the exterior
conductor, that is, on opening the circuit, all chemical action
would cease, because no tendeney existed to lower the potential
difference. Such would be the case if the zinc were perfectly
pure, but, as commercial zine is ordinarily mixed with particles
of iron, arsenic, and other metals, the conditions are altered.
By consulting the electromotive series, Art. 27, it is observed
that iron is half way between zine and copper, and that a differ-
ence of potential will be produced between them which, though
not as high as in the former case, will be suflicient to start a
current. In other words, there will be a local action ; that is to
sav, currents flow between various places on the same plate.
As these currents do not manifest themselves outside the cell,
they will evidently waste the zine to no purpose, both when the
cireuit i= open and when it is closed. This explains why the
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zine plate in Fig. 4 is attacked by the acid in the absence of the
copper plate. There is then a local action all over the plate,
aused by the various impurities existing in the zine,

26. Amalgamation.—To prevent this local action, the
zine is submitted to a process called amalgamation. = By this
means the iron is separated from the zine and made harmless.
Before amalgamating the zine it is first dipped into an acid bath,
which removes all impurities from the surface ; then a little
mercury is poured over it and rubbed into the surface with a
rag or a piece of galvanized iron. When finished, the surface
should be as bright as silver. Another way to amalgamate the
zine is to immerse it in an acid solution of mercuric nitrate. The
zine unites with the mercury, and the result, by either method,
is that the whole surfaceis covered with a pasty amalgam. The
iron does not participate in this combination, but remains undis-
solved and appears on the surface of the amalgam as small
particles, and, as soon as the cell begins its action, they are
carried away by the hydrogen bubbles. It is a peculiarity of
this amalgam that it does not leave the zine when the latter dis-
solves, but immediately attaches itself to fresh portions of the
same. Thesurface will therefore always appear bright and clean.
If a hissing noise is heard when the zine is placed in the electro-
Iyte, it signifies that the zine requires reamalgamation.

2%. Electromotive Series.—In any voltaic cell, the
element which is acted upon by the electrolyte will always be
» generating-plate, and its electrode is always negative.
the gene o- : _ g
The following list of voltaic elements compose the electro-
motive series:
CoNTtACT IN AIR.

+ Zine Antimony
Cadmium Copper
Tin Silver
Hydrogen Gold
Lead Platinum
lron Carbon
Nickel — Oxygen

Bismuth
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Any metal in this list is electropositive to every other below
it, and electronegative to every other above it.

Any two of these metals form a voltaic couple, and produce a
difference of potential when submerged in saline or acidulated
water, the one standing first on the list being the generating-
plate, and the other the collecting-plate. For example, if
nickel and earbon are used, the nickel will be acted upon by
the liquid and will form the generating-plate ; but if nickel
and zine are used, the zine will be acted upon by the liquid
and will form the generating-plate.

The farther apart the elements stand in the above list, the
greater will be their difference of potential,  For example, the
difference of potential developed between zine and carbon is
much greater than that developed between zine and nickel ; in
fact, the difference of potential developed between zine and
carbon is equal to the difference of potential developed between
zine and nickel plus that developed between nickel and carbon,

This may be summed up in the following law, as first stated
]P_"v.' Volta: The -‘fffﬁ."r‘f'm‘r’ -‘:,F‘ ";m!r'HI’f'H!. IJF_.'J“F’IEI‘J'!H'-IH{ between (i rfj"
these metals s equal to the sum of the difference of potentials of all
those intervening.

In the simple cell illustrated in Fig. 4, we have seen that
zine was the element acted upon by the electrolyte, and that
this element is called the generating-plate.  Strictly speaking,
the surface of contact between the liquid and the metal is
the place of action, and would more properly be called the
generating-plate,

The other element—in this instance, copper—is called the
collecting-plate, and serves merely as a means of connecting
the external circuit to the electrolyte. In some cells the
chemical action takes place between two different liguids, in
which case whatever solid conducting bodies are used act
merely as connectors or terminals.

In therapeutics, the term anode is used simply to indicate the
positive terminal, and cathode to indicate the negative terminal.

28, Polarization and Depolarization.—When com-
munication was established between the copper and the zine
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clements in the cell under consideration, it was observed that
large quantities of hydrogen bubbles collected around the
copper. If at or near the latter there should be placed some sub-
stance with which the nazcent hydrogen could unite, the energy
liberated by the reaction would inerease the E. M. I'. of the cell.
But as, in the present case, there is no such substance at hand,
the bubbles remain undisturbed and inerease in number, and
the consequence iz that the action of the cell decreases mate-
rially, even after the lapse of a few seconds. The resistance
and the counter E. M. F. of the hydrogen iz the cause of this.
Hydrogen is a poor conductor of electricity, and the layer of
gas which it forms on the collecting-plate increases the resist-
ance of the cell. In addition to this comes the tendency of
the hydrogen to set up an I£. M. F. in opposition to the existing
current, as it was geen in Art. 27 that there is much less differ-
ence between zine and hydrogen than between zine and copper;
that is to say, the copper element tends to become generating
instead of collecting. The restraining action of these opposing
factors may eventually reach such a value as to stop the action
of the cell entirely. When the cell is in this condition it is
said to be polarized. It need hardly be zaid that it is of the
utmost importance to remove the hydrogen, either by mechan-
ical or chemical means. Any agent used for this purpose is
called a depolarizer.

29, Depolarization of Cells.—Various mechanieal
devices for depolarizing cells have been used ; the collecting-plate
has been arranged to be agitated in the liquid, or to be entirely
removed from the liguid at intervals ; and the eollecting-plate,
or in some instances both plates, have been made in the form of
disks, dipping for about half their diameter into the electrolyte,
On rotating the disks, the hydrogen is prevented from forming on
the collecting-plate by its motion.  Again, the liguid itself may
be kept in constant circulation hy various means. Sometimes the
surface of the collecting-plate is roughencd, and provided with
small projections on which the gas colleets more freely and with
more facility for detaching itself, and in the form of bubbles
to rise to the surface. But, as none of these devices prevent
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depolarization altogether, they are commercially of little value,
especially as chemical depolarizers are much more convenient.

30. Chemical Depolarization.—Depolarization by chen-
ical means may be accomplished by surrounding the collecting-
plate with a solid or liquid with which the nascent hydrogen
may combine. This combination usually disposes of the gas,
and prevents the bad effects due to its deposit on the collecting-
plate.  Under these circumstances, the compound formed at the
collecting-plate is usually water, the depolarizer being generally a
substance rich in oxygen, with which the hydrogen combines,
This water has the effect of diluting the electrolyte already
weakened by the combination with the generating-plate ; but, by
properly selecting the depolarizer with reference to the elec-
trolyte, the chemical combination at the collecting-plate may
be such that it will, either directly or by further combination,
replace that part of the electrolyte which has been combined
with the generating-plate. By this means the electrolyte will
be kept at the same strength and composition throughout the
life of the generating-plate or of the depolarizer,

S1. Rate of Depolarization.—The rate at which any
depolarizer will perform its function depends upon many con-
ditions.  No depolarizer will keep the E. M. F. of a cell constant
for all currents; for, after a certain limiting current has been
reached—the limit depending upon the sizes of the various
parts of the cell—the formation of the free element of the
electrolyte is more rapid than its absorption by or recombina-
tion with the depolarizer, and the surplus gas will then collect
on the collecting-plate,

In the case of depolarizers that, by the formation of water,
dilute the electrolyte, the E. M. F. is reduced by continued use
of the cell, even if the current output be small. These facts
should be remembered in dealing with the various depolarizers.

33748 Primary Datteries as sources of Electrical
Energy.—Primary batteries, as sources of electrical energy, are
used principally in those cases where the use of the current is
intermittent, such as for ringing bells, for lighting gas, ete., or
where a small but steady current is required for long periods of
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time, as in electrotherapeutics, in telegraphy, in telephony, for
laboratory and for testing purposes. Their general use on a
large scale as sources of electrical energy for lighting or for
power purposes is precluded, at least at present, by the com-
paratively great cost of the material consumed, and the expense
of insulation and maintenance.

For example, the bichromate battery is about the cheapest in
point of cost of materials consumed, and in this the materials
alone would cost about 28 cents per horsepower per hour when
used on a large scale. When the electrical energy is produced
by means of dynamos, the cost per horsepower per hour is
ordinarily about 5 or 6 cents, and in many cases much less.
The cost of material in the silver-chlorid battery is about 81.35
per horsepower per hour.

This high cost of the power does not, however, prevent
batteries from being largely used for the purposes previously
outlined, and their practical application is an important part of
electrical engineering.

CELLS.

33. Classification.—The various kinds of voltaic cells
may be divided into classes as follows :

1. Cells in Which There 18 No Depolarizer.—These are the
simplest form of cells, but, because they polarize rapidly, cells
of this class, commonly called open-circuit cells, are used only
for intermittent work.,

2. Cells With a Depolarizing Electrolyte.—In this class of cells
the electrolyte is of such a nature that either ro hydrogen is
formed or the liquid contains a substance with which the
hydrogen unites. As this action takes place mainly at the
collecting-plate, there is little distinetion, so far as action goes,
between this latter type of Class 2 and the following class.

3. Cells With a Liguid Depolarizer.—In this class of cells the
collecting-plate is surrounded by adepolarizing liquid which is, by
mechanical means, prevented from mixing with the electrolyte.
The method that is usually emploved is to separate the two
liquids by a porous partition, which allows of their electrical
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contact without mechanieal mixture, if their respective specifie
gravities are nearly the same. If the latter differ materially,
gravity will keep the two liquids apart, one being above the
other in the containing vessel,

4. Cells With a Solid Depolarizer—Dry  Cells.—In many
respeets, this class is identical in action with Class 3, the only
differenice being that the depolarizer is a solid instead of a
liquid.  If the solid depolarizer is granular, or in the form of
powder, it is often necessary to employ a porous partition
hetween the collecting-plate surrounded by the depolarizer and
the electrolyte.  This is merely to keep the depolarizer in place,
and may be dispensed with if the depolarizer is in the form of
a paste orsolid body fastened upon the colleeting-plate.  In fact,
the depolarizer itself frequently forms the collecting-plate when
it ig a solid conducting material, the office of the collecting-
plate being primarily to establish a connection between the
electrolyte and the external cireuit.

Ordinarily, cells are elassed as *‘single-fluid’’ and “ two-
fluid ' eells ; but, as such a classification has little reference to
this principle of operation, 1t will not be used in this Paper.
All the different kinds of cells will not be deseribed in these
pages, and reference will only be made to those that have shown
themselves most suitable for the purpose of electrotherapeutics.

CELLSs WITITI NO DEPOLARIZER.

4. The Volta Type.—In this class are included cells of
the Tolta type, illustrated in Fig. 4. In place of copper as a
collecting-plate, many other elements have been used, notably in
the Smee cell, using platinum or platinized silver, and cells of
various other makes, in which the colleeting-plate is of iron.
The available I5. M. F. of the Smee cell is hardly more than
.2 Voit. .

It was found that copper could be advantageously replaced
by porous carbon. The 15. M. F. of the porous-carbon cell is
about 1.35 volts. To prevent the electrolyte from being too
quickly exhausted, there is sometimes placed in the cell a
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porous cup filled with strong sulfuric acid.  As the dilute
acid outside the porous cup becomes weaker, the stronger acid
oozes through the sides of the porous cup and maintains the
strength of the electrolyte,

In all the cells of this type the carbon is made as porous as
possible, and of such shape that the surface exposed to the
liguid is very large compared with the surface of the zine.
Thus the average area of the internal eircuit of the cell is made
large, and at the same time advantage is taken of the slight
depolarization that oceurs with a porous carbon of large
surface. Porous carbon absorbs oxygen from the air, and some
of the evolved hydrogen combines with this, thereby diminish-
ing the tendency to polarization.

CELLS WITH A DEPOLARIZING ELECTROLYTE.

35. Bichromate Cells.—The best known cells of this
type are the bichromate cells. Twenty of these cells form the
best portable battery having a liguid electrolyte. These consist
of a zinc-carbon couple, with an electrolyte composed of a solu-
tion of dilute sulfuric acid, mixed with a proportion of the
bichromate salts of some metal, usnally potassinm.  The purpose
of the bichromate salt is to act as a depolarizer, which it does
very satisfactorily, on account of the large quantity of oxygen
that it contains.  When, therefore, the hydrogen is liberated
by the decomposition of the electrolyte, it unites immediately
with the bichromate salt, forming water and a new sait known
as chrome alum, which forms in crystals of a purplish color.
If the salt of sodium is used instead of the salt of potassium,
there is no formation of chrome alum, and the working capacity
of the cell is therefore greater. The result of this combination
is a high E. M. F. of about 2 volts. By the action of the acid
in the electrolyte on the hichromate of potassinm, chromic acid
is formed. It has been proved that pure zine is 175 times more
soluble in acid containing a little chromic acid than in pure
dilute acid. The zinc will be attacked by the acid whether any
current 1s flowing or not—hence the impnrtnncu of arrm:ging
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the zine in such a manner that it may be lifted from the liquid
when not in use.

36G. The Grenet Cell.—A familiar type of bichromate
cell is the Grenet cell, shown in Fig. 5. It consists of a bottle-
shaped jar with a hard-rubber or porce-
lain cover from which two flat earbon
plates C, (' are suspended, parallel to
and a short distance from each other.
Between them hangs a zine plate Z, sup-
ported by a sliding rod R, which may be
drawn up until the zine is entirely out
of the liguid. The rod is held in any
position by the thumbscrew 7. On top
of the brass rod is a binding-post B, the
other terminal of the cell being the bind-
ing-post B connected to the two carbon
plates ', €1 The electrolyte is composed
of 3 parts of potassinm bichromate dis-
solved in 18 parts of water, to which is
added 4 parts of sulfurie acid. The
E. M. F. of the cell is 1.92 to 2 volts.

37. Plunge-Batteries,—Cells of the bichromate type are
often united to form what is called a plunge-battery. These are
usually built with several cells, the various elements being
connected in series to give an E. M. F. of 6 to 10 or more volis,
All the elements are simultaneously raised out of or lowered
into the liguid by a lever or windlass arrangement, as shown in
Fig. 6, which represents a battery of five cells, all alike. The
elements are zine and carbon, there being three plates of zine Z,
and four of carbon () in each cell. All the plates are suspended
from a wooden cross-bar, which is supported by means of the
chains H, H from the rod R. By turning the crank K on the
rod, the plates may be raised or lowered into the jars J.
Each cell is provided with two binding-posts B, B,, connected,
respectively, with the carbon and zine plates. The cells may
therefore be arranged in various combinations,

To this class belongs also the Pabst cell, in which wrought
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iron and carbon are used as elements. and a solution of ferrie
l.’lllﬂl"ltl as the EI#'!'H‘“I}'T!'. The ferric chlornd is 1II-1‘lrI]Jlm:~t'+i
into ferrous chlorid and free chlorin, the latter uniting with
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the iron element. There i1z no polarization, as the liquid regen-
erates itself by absorbing oxygen from the air. It is very
constant, but of low E. M. F.. about .78 volt.

CELL= WITIT A LIQUID DEPOLARIZER.
Nitric acid ( HNO,),

being rich in oxygen, is largely used as a depolarizing ligquid in

o8, Nitrie Acid as a Depolarizer.

this class of cells. Itsuseis objectionable from the fact that, when
deprived of a part of its oxygen, it gives off a gas, nitric oxid,
which, on combining with the oxygen of air, becomes nitrogen
peroxid, a disagreeable and even dangerous corrosive gas; con-
sequently, the best of ventilation is essential where cells with
this depolarizer are used.

39, Grove and Bunsen Cells.—The principal cells using
this depolarizer are the Grove and the Bunsen cells, and some of
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their derivatives. In the Grove cell the positive element is
zine ; the negative, platinum. The platinum element is placed
inside a porous cup and surrounded_ with nitric acid diluted
with water. The E. M. F. of the Grove cell is 1.9 volts at
ordinary temperatures. The Grove cell is a very old type, and
has been made in many forms.  The expense of the platinum
element led to the adoption of the Bunsen cell, in which
carbon is substituted for platinum. DBy using commercial
nitric acid, specific gravity about 1.33, the E. M. F. may
be inereased to 1.96 volts. About .35 volt is due to the
action of the depolarizer. These cells are objectionable
because of their odor, and must be situated in a place where
this is not objectionable.  They are useful for charging small
accumulators,

40, Electropoion Fluid.—Another important type of
this elass of cell is the bichromate cell, in which the bichro-
mate solution is not mixed with the electrolyte, but separated
from it by a porous partition, with the effect that the zine is not
seriously attacked on open cirenit.  As to the E. M. F., chem-
ical action, ete., this tvpe is not sensibly different from the
bichromate cell described above.  The bichromate solution is
usually, with the collecting-plate, placed in the outer vessel, the
zine and exciting liquid being inside the porous cup. The
exciting liquid is usually dilute sulfuric acid having a Sp. Gr.
of about 1.10.  The depolarizing liquid is ordinarily of the
composition given in Art. 36, Under the name electropoion
fluid, a bichromate mixture is prepared by dealers (all parts by
weight) as follows : sulfuric acid, 2 parts, is mixed with
water, 4 parts ; in another vessel, 1 part of potassium bichro-
mate is dissolved in three parts of boiling water, and, while hot,
1s mixed with the liquid first prepared. This liguid, when
cold and more or less diluted, is suitable for use in most bichro-
mate cells.

Bichromate cells are often constructed in which the liquids
employed have such a difference in their specific gravities that
they may be placed one above the other in the cell, no porous
partition being required to keep them from mixing.
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41. The Partz Cell.—The Partz cell, one form of which
is illustrated in Fig. 7, is an example. This cell is a bichromate
cell in which a solution of sodium chlorid or magnesium
sulfate constitutes the electrolyte and surrounds the zine 7 ; a
bichromate solution, which acts as a depolarizer, surrounds the
carbon plate (. The depo-
larizer, having a higher
specific gravity than the
electrolyte, remains at the
bottom of the jar, and
the two ligquids are thus £ "H;:;m _! -4
kept separate. To keep up S A == W
the strength of the depo- |
larizer, a glass tube T is
suspended in the cell, hav-
ing a small opening below
the normal level of the
bichromate solution. This
tube is filled from time to
time with crystals of what
the manufacturers call sulfo-
chromie salt, which is formed

(i
”.Il —

by the action of sulfurie
acid on some bichromate
solution, and when dis-
solved in water gives the same results as the electropoion fluid.
The depolarizer, as it becomes weakened by use, is replenished
by erystals in the tube T

With the cell shown, which employs a 6" > 8" jar, the
internal resistance is about 1 ohm with a solution of magnesinm
sulfate, and about .5 ohm with a solution of sodium chlorid,
the E. M. I being the same, 1.9 to 2 volts, in either case. This
cell is useful for either open- or closed-cirenit work, as the
depolarization is very complete; at the same time the local
action on open circuit is almost imperceptible.  The chrome-
alum solution that forms, being heavier than the bichromate
solution, descends to the lower part of the cell, so that the
crystals form beneath the carbon plate, which is slightly raised
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from the bottom of the jar; consequently, the formation of
these crystals does not appreciably increase the internal resist-
ance of the cell.

42, The Daniell Cell.—Another cell belonging to this class
18 the Daniell, a variation of which is illustrated in Fig. §; it is
here shown in the familiar form known as the gravity, or erowfoot,
cell.  The zine Z, from the shape of which the cell has received
its name, hangs from the edge of the glass jar ; the copper ('is
connected to the external eireuit by the wire I, covered with an
insulating material on those parts submerged in the liguid.
When the cell is set up, the copper plate is surrounded with

w crystals of cupric sul-

fate, until it is com-
|h11‘h:]}.' covercd. The
standard form of this
cell 1s of the following
dimensions : The jar
18 6 inches in diam-
eter, and is 8 inches
]Ii{_{]l. TIII' copper,

N .ffa il

made from three pieces
of thin sheet copper
2 inches wide and 6
inches long, is riveted
together in the mid-
dle; the outside pieces
are then spread out,
giving the copper the
shape of a six-pointed
star. A I:i(}{'l_‘ of No. 16
insulated copper wire
18 riveted to the middle strip. The zine is in the shape shown,
and weighs 3 pounds.  About 2 pounds of cupric-sulfate crys-
tals are required to charge the cell. The average internal
resistance of a gravity cell of this size is about .5 ohm, and
its E. M. F. is the same as the other forms of Daniell cell,
1.07 volts.

-'|.
=
=
o -

-
B

f iu}'l!.lr'il‘ ,':le{j‘-rfr'.
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The maintenance of this type of cell is simple, it being neces-
sary to renew the supply of cupric-sulfate crystals only when
the solution becomes weak, which fact is indicated by the fall of
the blue-colored liguid below the top of the copper plate. In
addition to this, the density of the zine-sulfate solution should be
occasionally measured with a hydrometer, and if too dense (above
1.15Sp. Gr. ) a portion should be removed and replaced by water.

43. The D’Infreville Zine.—To avoid waste, various
forms of the zine element have been suggested in place of the
crowfoot pattern ; one form, in which there is no waste whatever,
is the [V Infreville wasteless zine. This zine is cast with a conical
lug € on top (see Fig. 9) and a corresponding cavity in the
under side of the zine. When the
zine is nearlv consumed, it is removed
from its support, and the lug €' inserted
in the cavity of a new zine, which is
then placed in its support. The old
zine is thus placed underneath and is
entirely consumed. The ficure shows
a cross-section of this form of zine, the
new zine A resting on a partly consumed zine B with the stub of
a third zine €' beneath. The use of the Daniell cell in medical
practice is limited chiefly to the charging of accumulators.

CELLs WITH A SOLID DEPOLARIZEIR.

44, The depolarizers that are used in this class of cells are
generally substances containing a large proportion of oxygen,
with which the nascent hydrogen unites, forming water. Solid
depolarizers, like liquid depolarizers, are chosen on account of
the large quantity of oxygen that they contain. The balance
of the depolarizer is sometimes dissolved in this water, but it
more often remains at the collecting-plate in the form of a solid,
the water serving merely to dilute the electrolyte. In case the
depolarizer is dissolved, the solution formed usunally tends to
keep up the strength of the electrolyte.

Among the most widely used depolarizers are the oxids of
manganese, of copper, and of lead, and the chlorids of some
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of the metals. The several sulfates of mercury, on account of
the large quantities of oxygen which they contain, are also used

for this purpose.

45. The Leclanché Cell.—The Leclanché cell is the best
known and the most widely used cell of this type. 1Itis used
more by physicians than all other cells taken collectively. Its
positive element is zine, usually in the form of a rod; the
electrolvte is a saturated solution of ammonium chlorid (sal
ummnnli:n-,l, and the negative element is carbon, surrounded

by manganic oxid (per-
oxid of manganese), which
is the depolarizer. The
oxid is in the form of
a coarse powder, and 1s
usually contained in a por-
ous cup, which allows free
access of the electrolyte to
the depolarizer and the nega-
tive element.  Fragments of
erushed coke (or carbon in
other forms ) are often mixed
with the manganie oxid to
decrease the resistance of
the contents of the cup.
Fig. 10 shows the usual
= form of this type of cell.
The porous cup P contains
the manganic oxid and the
carbon element, which pro-
jects from the top of the cup, a binding-post B being attached
as shown. The glass jar is eireular with a contracted top, in
which a slight recess is formed for the zinc Z. The top of the
zine is provided with a binding-screw B,, which serves as the
negative terminal of the eell, B being the positive terminal.
The top of the jar is coated with paraffin to prevent the crystals
of sal ammoniac from ** ereeping '’ over the top of the jar as the
liquid evaporates.

FiG. 10.
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46. The cell illustrated in Fig. 10 has the following
dimensions :

AN o i e AR diameter, 6 high.
ARG . v e ol #" diameter, 63" high.
Porous cup . . . . 3" diameter, 53" high.
Carbon D B . about 6" >} 13" < "

The weight of the zine rod is about 3 ounces, and two-thirds
of it is usually below the level of the liquid. There are 16
ounces of peroxid in the porous cup, and it requires nearly
4 ounces of ammonium chlorid to make sufficient solution for
this size of cell. For each ounce of zine consumed in the cell,
2 ounces of manganic oxid and 2 ounces of ammonium
chlorid must also be consumed ; so, from the amount of these
materials contained in the cell, it follows that there is enough
peroxid in the porous cup to last while five or six zincs are
being consumed, while the ammonium chlorid will not last
longer than one zine, as the zines are usually replaced when
eaten away to about % or {; inch diameter. The consumption
of zine in the Leclanché cell is about 23 ampere-hours per
ounce of zine, and as about 13 to 2 ounces of each zine rod may
be consumed, the life of each zine is then about 40 to 45
ampere-hours. The E. M. F. of this type of cell is about 1.43
volts, and its internal resistance about 4 ohms.

It is usual to seal the carbon and depolarizer into the porous
cup by some compound such as sealing-wax, leaving small
tubes or holes through which whatever gas not absorbed by the
depolarizer may escape. This sealing necessitates the entire
renewal of the porous cup with contents, when the depolarizer
is exhausted ; to obviate this expense, some makers use a
carbon porous cup and place the zine inside, at the center, the
space between the zine and carbon being filled with peroxid.
To this class belong also the Samson cell, and the Hayden cell.

47. Gonda-Leclanche Cell.—Another widely used form
of Leclanché cell is the Gonda- Leclanché, which uses no porons
cup whatever ; the manganic oxid is mixed with granulated
carbon and some gummy substance, and compressed into cakes
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under great pressure. These cakes are attached to the sides of
the carbon plate and act in the same manner as the depolarizer
in the regular form. Other modifications have also been made

to avoid L“.'.'1|u1rulin]1 of l]u' 1i1[l|i||_

45, Lalande-Chaperon Cell.—To this class also belongs
the Lalande- Chaperon cell, which uses iron or copper surrounded
with a |L|._1.'vl' of :_'l:||rl'i!: oxid, which acts as a llu-lrnl.'ll‘i:f:l:!', as the
negative element. The positive element is zine and the elee-
'[I‘:II_\"[!' a solution of caustic |u!'£.'l:-]|.

49, Edison-Lalande Cell.—The Edison-Lalande cell 1s a
maodification of the I,;l].‘!tu{r-{'|1;|.In-rn|:].. The {'I.Illl‘i;l‘ oxid 1s
molded under pressure into plates of the requisite size, being
first mixed with mag-
nesium chlorid, which,
when the molded
plates are heated,
serves to bind the mass
together, These plates
are  held in copper
frames enclosing the
m];u'.-: of the II[:I.'[L":'-.
The positive element
in this cell is zine, and
the electrolyte a solu-
tion of potassium
hydrate, or caustic
potash. Two plates
of zine are used in
most forms of this
cell, one on each side
of the cupric-oxid
lrlalh-.

A cell of this type, having a capacity of 150 ampere-hours, is
shown in Fig. 11. The eupric-oxid plate € is suspended in a
copper frame F, F between the two zine plates Z Z which are
hung from each side of a lug on the porcelain cover of the jar.
The sides of the copper frame of the oxid plate are carried up
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through the cover supporting the plate, and form terminals B, B,
either of which may be used as the positive terminal of the cell.
That part of the copper frame which projects above the plate €'
is protected from the action of the liguid by tubes of insulating
material 7, 7. A binding-post B,, on the bolt that supports the
two zine plates, serves as the negative terminal. A layer of
heavy paraflin oil is used in this cell to prevent the action
of the air on the solution,

The 150-ampere-hour cell, shown in Fig. 11, is 5} in. x 8} in.
outside dimensions, and will give a current of 3 amperes at
a potential of about .7 volt for 50 hours, which is equivalent to
about 100 watt-hours, with one ‘‘charge’ of zine, caustic
potash, and oxid The internal resistance of the above cell is
about .07 ohm ; the weight of the oxid plate is about 3 pound.
They are very constant and are able to furnish a large current ;
the local action is small.

DRY CELLS.

50. Construction and Use.—This name is applied to
cells, usually belonging to cells having a solid depolarizer, in
which the electrolyte is carried in the pores of some absorbent
material, or combined with some gelatinous substance so that
the cell may be placed in any position without spilling the
liquid. These cells are generally made in small sizes, with zine
and carbon elements, the zine, usually forming the outside of
the cell, being made into a sort of eylindrical can, in the eenter
of which is the carbon, surrounded by its depolarizing compound.
The space between them is filled with some absorbent material,
such as “* mineral wool,”” asbestos, sawdust, blotting-paper, ete.,
and the whole is then soaked in the exciting liquid. In some
the exciting liquid is mixed with a hot solution of some gelat-
inous body, such as isinglass or ** Irish moss,”” which mixture
is poured into the cell, and on cooling it forms a soft jelly,
The first method of preparation is that most used.

It is evident that only a comparatively small amount of
liquid can come in contact with the zinec at one time, hence the
current-strength is not as great as that of an ordinary cell ; they
are therefore more adapted for smaller currents and for
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intermittent work. It is quite necessary, however, that they
have a depolarizer, as otherwise they must be made open to
allow the hydrogen to pass off, and this would allow the small
amount of water they contain to evaporate. To prevent evapo-
ration, the cells are sealed with some resinous compound.

The materials used in dry batteries are usually kept secret by
the manufacturers ; they all, however, answer to the above
description as to construction, and the best types employ the
game materials as the Leclanché battery ; that is, a zine element,
an ammoninm-chlorid electrolyte, manganic oxid or binoxid
of manganese as a depolarizer, and a carbon element.

Some of these cells act very satisfactorily and are quite suit-
able for medical work, by reason of their portability and the
small amount of attention and care required. If properly
cared for, that is, if not used too much beyvond their capacity,
they will last from a year and a half to two years, when they
must be replaced by new cells. The smaller sizes weigh as
little as 8 ounces, and measure 1} in. ¥ 1} in. < 3} in. ; their
I£. M. F. is about 1.5 volts and their internal resistance .65 ohm,
A larger size has a resistance of only .25 ohm, and two of these
used in parallel are suflicient to heat a short platinum wire for
cantery-work to a white heat, and may also be used for oper-
ating induction-coils,

>1. The Burnley Cell.—One of the best known dry cells
in this country is the Burnley cell.  This has a central carbon
rod, surrounded with a paste of manganese peroxid and pow-
dered carbon, which iz moistened with a solution of zine chlorid
and sal ammoniac.  Between the exterior casing of zine and this
central core is another paste composed of plaster of Paris and
flour, moistened with the same solutions mentioned above. The
whole is sealed on top by some pitch-like compound.  The out-
side of the cell being one element, care must be taken not to
bring it in contact with other cells or conductors, and the cell
is therefore inserted in a case of millboard. A cell weighing
2 pounds 1 ounce, with an E. M. F. of about 1.45 volts, is able to
send a current of .1 ampere for 200 hours, and can do this
before the E. M. F. will fall below .5 volts.
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THE APPLICATION OF PRIMARY BATTERIES.

52. Cost.—It was stated above that the cost of producing
an E. M. F. by chemical means was far beyond that generated
by motive power. But there may be cases where these condi-
tions are reversed, when, in fact, it costs less to use primary
batteries. Of course, these latter can never compete with
motive power when it is a question of large units and con-
stant supply. but when only a small current is needed at long
intervals, and where in the meantime no material is consumed,
the cost of the material is entirely offset by the small amount
of attention required and the constancy of the source of supply.

The current from cells is much used for medical work ; cur-
rents of a few milliamperes in strength, but of from 75 to 100
volts E. M. F. are applied for curative purposes ; while currents
of from 10 to 20 amperes in strength are used for heating
cautery-loops in surgical operations, requiring an E. M. F. of
from 4 to 8 volts. Miniature incandescent lamps are also
employed to examine the various cavities of the body.
Obviously, if the cells selected have a high E. M. F. (say,
2 volts), a less number will be required than if the cells are of
a low E. M. F.

D3. For furnishing the larger currents for cautery-work,
large cells should be selected, those which are =0 arranged as to
have a minimum internal resistance being best.  As the use of
porous cups in a cell increases the internal resistance largely,
cells that employ them are not well suited for this work.
Grenet cells are therefore very convenient for this purpose, as
the resistance is low and the E. M. F. high and steady.

54. Mechanical Construction.— Attention must also
be paid to the mechanical construction of the cells selected,
as on this point often depends their life and suitability for the
work they are called upon to perform.

The binding-posts should be firmly and substantially fixed
to the elements, and should be thoroughly protected from
possible contact with the electrolyte, as the resulting action
will so corrode the joint between the two as to destroy the
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contact, besides possibly eating away the connecting wires and
breaking the circuit. Each binding-post should be provided
with two openings for the reception of rheophores, or conducting
wires ; this will often save time and annoyance.

As much as possible of the material of the positive element
<hould be helow the level of the liguid, for when that is con-
sumed the balance must be thrown away, and this may repre-

sent a con=iderable loss.

35. Consumption of Material.—In general, it must be
remembered that the consumption of material in a primary cell
(assuming no local action) is proportional to the output in
ampere-hours 3 the energy output depends not only on the
amount of material consumed but on the E. M. F. of the cell
and its internal resistance, so that, other things being equal, the
higher the E. M. F. of a cell and the lower its internal resist-
ance, the greater its output for a given cost of material.

56G. Internal Resistance.—It is evident that all the
E. M. F. of a cell is not available to send a current through the
external cirenit, but that a part is expended in overcoming the
internal resistance. I the external resistance is very great, as
when sending a current through the human body, this E. M. F.
expended in overcoming internal resistance is of little impor-
tance.  On the other hand, if the external resistance is very
small, as in ecautery-work, the internal resistance practically
determines the amount of current flowing. To obtain the
maximum current-volume in an electric cireuit, the external
and internal resistance should be about the same.

SECONDARY BATTERIES, OR ACCUMULATORS,.

27. Construction.—A secondary battery, storage-battery, or
accumulator, as it is variously called, consists of an apparatus in
which certain materials are so arranged that when a current is
passed through the apparatus these materials are able to
rearrange themselves in such a manner as to be able to act as a
voltaic cell, and by chemical action produce electrical energy.
Accumulators store energy, but not electricity, by converting the
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kinetic energy of the electric current into chemical potential enerqy,
which may be realized again as kinetic energy.

Many forms of primary batteries may, when exhausted, be
more or less regenerated by passing through them a current
from some external source, in the opposite direction to the
current they themselves produced. This current passed in the
opposite direction restores the elements and the electrolyte of
the cell to the condition in which they were before heing used.
It is customary, however, to consider as accumulators only
those cells whose original construction is similar to an exhausted
battery ; that is, they cannot be used as sources of electricity
until they have been charged by passing a current through
them.

58. Positive and Negative.—Some confusion exists as
to the use of the terms positive and negative in speaking of the
plates of a secondary cell ; for, in charging the cell, the current
is in the reverse direction to that which flows when the cell is
acting as a voltaic cell and discharging. It is customary, how-
ever, to speak of the plate at which the eurrent enters the cell
(while charging) as the positive plate. In fact, whether char-
ging or discharging, this plate is at a higher potential than the
other, which justifies the above use of the term, although, with
respect to the chemical actions in the cell, the positive and
negative plates are reversed in the two operations.

59. Classes of Acenmulators,.—Accumulators may he
divided into two general classes: (1) lead accumulators and
(2) bimetallic accumulators. The larger proportion of cells now
in use are of the first class,

LEAD ACCTUMT LATORS,

60. Construction.—The original lead accumulator, as
made by Planté, consists of two plates of lead, usually rolled
together in a spiral and separated by strips of rubber or other
suitable insulating material ; these are placed in a ten-per-cent.
solution of sulfuric acid. On sending a current from some
external source through the cell, the water becomes decomposed,
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and the oxygen combines with the positive plate, forming lead
oxid or peroxid, while the hydrogen collects at the negative
plate. On disconnecting the source of the charging-current,
and completing the external circuit of the cell, the water is
again decomposed, the oxygen uniting with the hydrogen
collected at the negative plate, and also with the lead plate
itself ; and the hydrogen uniting with the oxygen of the oxid
of lead at the positive plate, thus producing a current in the
opposite direction to that of the charging-current.

61. Oxidation.—Owing to the fact that the formation of
the layer of oxid prevents further oxidation, the amount of
chemical change due to the charging-current is small, so that
the secondary current from the cell is of short duration.  After
this current has ceased, however, the surface of the positive
plate is much increased, owing to the removal of the oxygen
from the lead oxid, leaving the metallic lead in a spongy form.
On again sending a current through the cell, a further oxidation
of this (positive) plate takes place, and by continuing this
process, reversing the current each time it is sent through the
cell, both positive and negative plates become porous to a con-
siderable depth ; this very much increases the surface on
which the oxidation can take place. This process might be
carried on until the whole plate is reduced to spongy lead ;
in that case the plate would not hold together, so a sufficient
amount of the original plate must be left for mechanical
strength.  After the plates are so formed they are ready to be
used as an accumulator,

62. The Faure Process,—This forming process, how-
ever, is too long and expensive for commereial success, though
it may be considerably hastened by roughening the surface of
the lead plates with nitric acid before commencing the process.
It was soon superseded by the process, invented by Faure, of
coating the surface of the plates with some substance that, by
the first charging-current, is converted into lead peroxid on
the negative plate and into spongy lead on the positive. This
substance may be lead oxid (litharge), lead sulfate, minium
(Pb,0,), lead peroxid, or a mixture of these substances,
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63. Grids.—These substances are applied in various ways.
One method is to make a paste of the substance (in this case,
usually minium ), that for the negative plate being made with
sulfuric acid—which changes the Pb 0, into PhS0O, (lead sul-
fate)—and water, while that for the positive plate is made
with water only. These pastes were originally applied directly
to the surface of the plain lead plate ; but as they proved to be
only slightly adhesive, the plates were prepared by scratching
or otherwise roughening the surface, which process has been
gradually extended until the lead plates are now cast into grids,
or latticework plates, into the gpaces of which the paste is put
or forced by hydraulic pressure. Some manufacturers do not
use a paste of the active material, but employ minium, litharge,
or lead sulfate in the form of dry powder, forcing the powder
into the grid under such enormous pressure that it is solidified.

64. After the grids have been filled with active material,
they are set up in pairs, in suitable vessels, and surrounded
with an electrolyte consisting of dilute sulfuric acid having a
Sp. Gr. of 1.17, which density corresponds to about 20 per cent.
of acid in the liquid. A charging-current is then sent through
the cell from some external source ; the action of this current
decomposes the water, the oxygen of which further oxidizes
the lead oxid to peroxid at the positive plate. The hydrogen
goes to the negative plate, where it reduces the lead sulfate to
spongy lead by uniting with the SO, forming sulfuric acid.
Thus, the active material becomes lead peroxid in the positive,
and spongy lead in the negative, plate.

65. Gassing.—When the active material 1s thus all con-
verted, continuing the charging-current produces no further
effect, except to continue to decompose the water ; the resulting
gases then pass off through the water, giving it a milky appear-
ance. This phenomenon is known as gassing, and it is an
indication that the cells are fully charged. Continuing the
charging-current beyond this point—that is, overcharging the
cells—does no harm to the plates, but the energy represented
by the current is wasted,
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66. On discontinuing the charging-current at the gassing
point, and completing the external circuit of the cell, a current
will flow in the opposite direction to that of the charging-cur-
rent, the resulting chemical action being to reduce the lead
peroxid to lead oxid at the positive, and the spongy lead
to lead eulfate at the negative, plate; a secondary action is
the formation of a part of the lead oxid at the positive plate
into lead sulfate. The sulfates thus formed are not all of the
same proportions ; one exists as red, another as yellow, and
a third as white, ervstals.  Of these the white sulfate is best
known, as it is formed when the cell is considerably discharged,
“and is extremely troublesome. This discharge may be con-
tinued until all chemical action ceases, and the E. M. F. conse-
quently falls to zero; but this is not advisable, since, if the
discharge is carried beyond a certain point, the red or yellow
sulfates, probably by combination with the litharge (Ph0),
form the white insoluble sulfate, which has a higher propor-
tion of lead than the others; and this, being a non-conductor,
naturally increases the internal resistance of the cell, and, when
it is removed, usnally earries some of the active material with
it, as it is very adhesive,

67. Sulfating. — When the cells have been properly
charged, the positive plateis of a brown or deep-red color, while
the negative is a slaty gray.  The presence of the insoluble sul-
fate is made apparent by the formation of a white coating or
glaze over the plates, which are then said to be sulfated. If
the cells are discharged and left to stand with the electrolyte in
place, sulfating takes place rapidly.

As sulfuric acid is formed while charging, the density of the
electrolyte will vary with the state of charce of the cell. When
fully charged, the specific gravity will have changed from 1.17
to 1.22, but during discharge it will again return to its previous
density.

The E. M. F. of this type of cell is approximately 2 volts,
which gradually falls to 1.9 volts when nearly discharged.
Beyond this point, further discharging causes the E. M. F. to
fall more rapidly, the decrease after 1.8 being very rapid.
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68. Buckling.—Notwithstanding the fact that accumu-
lators are usually based on their capacity, when discharged to
an E. M. F. of 1.8 volts, a long series of tests shows that they
should not be continually discharged below 1.9 volts, as below
this point sulfating is very liable to oceur, and, the nature of
the chemical action being changed, it leads also to the distortion
of the positive plate, known as buekling. The buckling is liable
to cause the plates to touch and thus to short-cireunit the cell.

69. The cause of buckling seems to be the formation of a
sulfate in the plugs of active material that fill the spaces of
the grids, thus causing the plugs to expand ; lead having very
little elasticity, the grid is forced out of shape. As usually con-
structed, the edges of the grid are heavier than the intermediate
portion, so that the effect of the distortion is to bulge the plate
in the center. If the plates are not discharged too far and too
rapidly, the expansion of the active material is gradual, causing

the grid to stretch evenly ; this makes the plates ‘‘ grow,”” or
increase in area, sometimes as much as 10 per cent.

70. The amount of material altered by chemical action in
a completely charged cell determines the quantity of electricity
which it may furnish ; while the surface of the active material
exposed to the chemical action determines the rate at which the
material is altered, and, therefore, the strength of the current in
amperes. Cells of this type are rated at a certain number of
ampere-hours capacity, depending both on the weight and on the
surface area of the active material in the cell. A certain
economical discharge rate is also recommended, depending on
the surface of the plates exposed to the electrolyte.

T1. Ampere-Hours.—Ampere-hours is the product of the
current-strength in amperes and the number of hours during
which the current will flow hefore the capacity of the cell is
exhausted. For instance, 100 ampere-hours means that a cur-
rent of 100 amvperes will flow for one hour, or 4 amperes for
25 hours, or any other combination the product of which is 100.

But it must not be supposed that with a given number of
ampere-hours it is immaterial at what rate the battery is
discharged. On the contrary, there is for each size a certain
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rate beyond which it is not advisable to go, and, if this dis-
charge rate is continually exceeded, the chemical action goes on
too rapidly, the white sulfate is formed in the active material
of the positive plate, finally causing disintegration of the active
material and buckling of the plates, even if the discharge 1s not
carried beyond the point (1.9 volts E. M. F.) mentioned above.
With the ordinary construction, the normal discharge rafe is
about .033 ampere per square inch of the positive plate, and
the discharge capacity about 4.5 ampere-hours per pound of
plate (both positive and negative plate included).

72. Output.—It is evident that the interior portions of

the active material are affected much more slowly than the
surface, as the acid penetrates the active material only at a
comparatively slow rate. Reducing the rate of discharge there-
fore gives the active material more time to be uniformly and
thoroughly reduced, thus giving a greater output. This is also
the reason why the E. M. F. rises to its original value, if the
discharge is interrupted at any point before a complete dis-
charge has taken place.

If a cell is discharged at a rate beyond that most suitable for
it, the output in ampere-hours will be reduced. Conversely, if
the rate had been lower, the output would have been increased.

For example, assume the limiting E. M. F. to be 1.9 volts.
In a certain cell, with a discharge-current of 30 amperes, the
E. M. F. reaches its limit in 10 hours, giving an output of
300 ampere-hours. If the discharge-current were 40 amperes,
the limiting E. M. F. would be reached in about 6} hours,
giving an output of only 200 ampere-hours ; while, if it were
20 amperes, the limiting E. M. F. would not be reached for
about 17} hours, giving an output of 350 ampere-hours.

73. Efficiency.—The efficiency of the accumulator (or of
any means of storing or transforming energy) is the output
divided by the input. This quotient is always less than 1, as
the accumulator is not a perfect storer of energy.

The input and output of an accumulator may be expressed
either in ampere-hours (the quantity of electricity) or in watts
(the rate of doing work of the current). If the cells be discharged
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at a normal rate, the ampere-hour efficiency will be ordinarily
from .87 to .93, or 87 to 93 per cent. The watt efficiency at
normal rate of discharge is lower, being from 65 to 80 per cent.,
depending on the construction of the cell. In a larger cell it
may be as high as 84 per cent.

74. Loss Due to Internal Resistance.—The loss due
to the internal resistance in well-designed cells usually amounts
to about 8 per cent. at normal rate of charge and discharge. In
a good modern cell, exposing 1,100 square inches of positive-
plate surface, the internal resistance is about .005, when charged.
Cells of greater capacity than the above (which is listed as 350
ampere-hours) would have a proportionately lower resistance.

T5. Care of Cells.—If an accumulator of this class is not
discharged at an excessive rate, nor to more than 1.9 volts
. M. F., the positive plates should last for about 1,200 or more
discharges ; while, if discharged each time to below 1.8 volts, or
at excessive rates, the life of the positive plate will not ordi-
narily be more than 400 or 500 discharges. The negative
plates, with good care, will usually outlast four or five positive
plates,

T6. There are several other kinds of treatment that will
damage the cells. Among these is the habit of connecting the
poles through a small resistance, to see if the cells are in good
order. A current of great magnitude will flow for a moment
and it will he likely to loosen the paste and cause sulfating in
the cell. Either a voltmeter or a small incandescent lamp
gshould be used for this purpose. When the cells are used for
heating a large cautery, they should not be turned on suddenly,
but gradually, by means of a variable resistance.

5. Construction of Cells.—The usual construction of
the cells is as follows : The plates and electrolyte are contained
in a vessel of an approximately cubical form ; this vessel is of
glass, if the cells are not intended to be portable, as the glass
allows the condition of the plates to be ascertained while the
cell is in operation. If the cells are intended to be portable,
the vessel is usually made of hard rubber, or of wood lined with
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hard rubber or lead. The plates are usually approximately
square, and from } to % inch thick, according to size. To geta
large surface area without using single large plates, and
to allow of one size of plate being used for cells of various
capacities, each cell contains a number of positive and negative
plates, arranged alternately, side hy side, a short distance apart.
The number of negative plates is always one more than the
number of positive plates, so
that each side of each ]::'l:-?it-i'ﬁ.'ﬂ
plate has presented to it the
surface of a negative. All the
positive plates are connected
together by a connecting strip,
| = o usually at one corner of the

B |"|-:-—“1"1—"J|':—:J | plate, and all the negative
F;i :I.~4 T S I1F plates are similarly e mnected.
== — ——Enp The arrangement of a typical
M= e J accumulator-cell is represented
, T r'i— in Fie. 12, where the plates
Y, // marked N are negative and
- S those marked P” are positive.
_%\ [ ©T 3} From a corner of each plate
L '.l ,l«_[—:-lf_ lug projects ; the lugs on the
] i_ negative plates are joined to a

' connecting strip, as represented

J | : at T, and the lugs on the posi-
' E tive plates are similarly joined

‘ ? to a connecting strip 7. These

E S S t connecting strips are extended
: £ 1_.'& bevond the limits of the cell,

and serve to connect the vari-
ous cells of the battery together, as shown at €, the connection
being made by a brass bolt, which firmly clamps the connecting
strips together.

The plates are placed in the jar J, and they rest on a support
made from two strips of wood (usually boiled in paraffin)
of triangular section S, S. These support the plates at such
a height that any loosened particles of active material fall
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below the level of the bottom of the plates, thus preventing
possible short-cireuiting.  When in position, the electrolyte is
poured in until it reaches the line L L, thus covering the plates.
The plates are usually kept separate by blocks of insulating
material.

78. The Tudor Grid.—There are many variations of the
improved Faure type, but only a few examples will be given.
They all avoid the expense of forming the plates by utilizing the
so-called ** pasted plates.”

Fig. 13 (a) represents a section of the Tudor grid, a form of
pasted-plate grid that has many good features ; it is composed
of a number of small square or rectangular grooved grids G,
about 6 inches square, with the active material pasted or forced

into the grooves as in the ordi- o T M
nary form [=ee section Fig. 13 (a) X '

taken on line a#]. Six or more i M

of these small grids are then F Fe
fastened by a lug on one edge, : '

E

as at () to the bars of the sup-
porting frame F, made of cast
lead, which has openings between
the bars slightly larger than the
small grids which they enclose.
The small grids are thus free to
expand or contract without inter- Fii. 13 (a).

fering with the plate as a whole, thus preventing, to a large
extent, the buckling and the disintegrating of the plate, and any
damaged grid may be replaced without disturbing those
remaining. None of the pasted-plate cells, however, are as
substantial as those in which the active material is formed
from the plate itself, as in the Planté cell. Accumulators
employing this form of grid are largely used in Germany and
Belgium, and also form one of the largest accumulator instal-
lations in the United States, that of the Edison Eleetric
Iluminating Co., Boston, Mass., which consists of two sets of
70 cells each, having a capacity of about 3.500 ampere-hours

A
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%
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T

per set.
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79. The Chlorid Accumulator.—A form of cell in
which the plates, it is claimed, combine the cheapness of
preparation of the pasted plate with the greater solidity and
longer life of the Planté plate, is the chlorid accumulator. The
plates of this type of cell are made as follows: A mixture of
zine chlorid and lead chlorid is melted and run into molds,
which form it into cylindrical pellets, or pastils. These have a
bevel-shaped edge. The pellets are placed in a second mold,
being held in position by steel pins, and an alloy of lead and
antimony is melted and forced in between the pellets, under
heavy pressure.  When this cools it forms a plate, binding all
the pellets of zine and lead chlorid together.

80. This plate cannot be used in this form in an accumu-
lator ; a number of these are first set up in a bath of dilute
zine chlorid with plates of zine, to which the lead plates are
connected.  These plates then act as the elements of a primary
battery, and the resulting chemical action dissolves the zinc
chlorid contained in the pellets, and converts the lead chlorid
into metallic lead, which assumes a crystalline form. The
plate is now practically a continuous lead plate, solid and
dense in some parts and porous in others. The plates in this
condition are guitable for negative
plates ; those required for positive
plates are then set up with plain
plates in a bath of dilute sulfuric
acid, and a forming current sent
through them from the prepared
to the plain plates. This current
causes the porous parts of the
plates to be formed into lead
peroxid and into lead sulfate ;
the plate is now the equivalent
of a pasted plate, and is an im-
provement through having its active material firmly bound in
place in the composite grid.

Fig. 13 (b) shows a part of one of these plates ; the section
taken along the line ab shows the shape of the plugs. The

FiG. 13 (b).
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holes in the plugs are caused by the pins by which they are
supported in the mold. The requisite number of these pre-
pared plates are then set up together to form a eell, positive and
negative plates alternating and being connected to common con-
ductors, as in other types of cells. (See Fig. 12.) The plates
are each surrounded by a sheet of asbestos paper, and are sepa-
rated from each other by a thin wooden strip, so thoroughly
perforated with large holes that it really fills little of the space
between the plates,

81. The E. M. F. of this form of accumulator is the same
as that of the Faure ( pasted) type or the Planté. It is claimed
by the manufacturers that, because of the solidity of the con-
struction, buckling and loosening of the active material are
practically impossible, so that the cells may be discharged to a
low E. M. F. or at high rates without serious injury. Its output
per pound of element is greater than that usually assigned to
lead accumulators, being about 5 ampere-hours per pound of
plates (both positive and negative) at normal discharge rates.

BIMETALLIC ACCTUMULATOIRS.

S2, Classes,—In this class of cells the elements consist of
two different metals, the electrolyte being a salt of one of the
metals. There have been several combinations of materials
proposed for cells of this type, but the only cells that have
been actually used to any extent are the zine-lead, copper-lead,
and copper-zine cells.

83. Zinc-Lead Cells.—The zine-lead cell usually consists
of plates of zinc and lead in a solution of zine sulfate.  When
being charged, the zinc sulfate is decomposed, depositing zine
on the zine plate and forming nascent sulfuric acid with the
hydrogen of the water, which is also decomposed, its oxygen
uniting with the lead plate, forming peroxid of lead. This
nascent sulfuric acid slowly attacks the deposited zine, both on
open cirenit and while charging, so that the efficiency of the
cell is low and it will not retain its charge more than a few



o4 DIRECT CURRENTS. §1

days. The E. M. F. is high, being about 2.35 volts. The more
modern forms of this cell employ a tinned-iron plate, amalga-
mated, or a lead plate, in place of the zine plate.

S4. Copper-Zine Cells.—The copper-zine accumulators
are in more general commercial use than the other forms of
bimetallic cells, the best known being the Phillips-Entz
accumulator.  This aceumulator employs the same active
materials as the Lalande-Chaperon or Edison-Lalande primary
cell (see Art. 49), modified in mechanical construction to
adapt them for accumulator use.  The efliciency of this type of
accumulator is about the same as that of the lead accumulators,
while its output is very much greater, weight for weight, the
amperc-hour output being about five times that of a lead cell,
or about 20 ampere-hours per pound of plate ; but local action
is liable to oceur on open cireuit, so that these cells will not
retain their charge for more than a few days, while a lead
accumulator will scarcely lose 25 per cent. of its charge in as
many months.  On account of these features the copper-zine
accumulator ean only be suceessfully used in installations where
it is charged and dizcharged daily.

S5. Other forms of bimetallic accumulators have been
proposed, and in some eases used, among which may be classed
several forms of primary cells, such as the Daniell, Leclanché,
and others, which may be *‘ regenerated ’ by passing a eurrent
through them ; these have never been of commereial value, and
do not require further attention.

USEs OF ACCUMULATORS.

S6. Advantages.—When, for medical purposes, a current
of considerable strength 1s occasionally required, with long
intervals between, accumulators constitute an ideal source of
electric power. Primary cells might be directly applied in
such cases, but on account of their high internal resistance
either a considerable number of small cells or a few large cells
would be required to furnish the necessary current.  If, how-
ever, primary cells, say of the gravity or other type, giving a
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constant E. M. F., are used to charge secondary cells, the
charging can go on continuously day and night at a slow rate,
and at any time the secondary cells may be drawn upon for
a considerable current, far beyond the eapacity of the primary
cells themselves. This method is often adopted in surgeons’
offices, where a considerable current is occasionally required
for cautery-work or other purposes.

87. The Charging-Current.—It has heen found that in
charging an accumulator only a small part (about 8 per cent. )
of the E. M. F. required to force the current through the cell is
expended in overcoming the resistance of the plates and the
electrolyte ; the remainder is expended in overcoming the E.
M. F. of the chemical action of the cell. It follows, then, that,
if the applied E. M. F. be just equal to the E. M. F. of the cell,
no current will flow, so that the E. M. F. of the cell itself may
be considered as a counter E. M. F. opposing that of the char-

-

ging-current. To apply Ohm’s law (E’ = I‘*) to this case, E
s L .l

must be considered as representing the algebraic sum of the
applied and the counter E. M. F., or E = applied E. M. F.
— counter E. M. F. This is another way of saying that the
E. M. F. rvequired to drive the charging-current through the cell is
not only that required to overcome its ohmic resistance, but
that to this must be added an E. M. F. equal and opposite to
the E. M. F. of the cell itself, due to the chemical affinity of
the substances of which it is composed.

In charging, then, if from any cause the E. M. F. of the
charging-current be changed by a small amount, the charging-
current will be altered in a much greater degree, depending
on the ratio between the applied E. M. F. and the difference
between the applied and the counter E. M. ¥ For example,
consider a cell that has been discharged until its E. M. F. is
1.925 volts (on open circuit). The resistance of the cell is.005
ohm and its normal charging-current is 35 amperes. The
drop in voltage due to this current is 35 » .005 = .175 volt ;
the applied E. M. F. must then be 1.925 — 175 = 2.10 volis,
in order to cause 85 amperes to flow. If the applied E. M. F.
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drops to 2.0 volts, it is evident that, the counter E. M. F. being
the same, the available E. M. F. is 2.0 — 1.925 = .075 volt, and
the current that this E. M. F. would be able to drive through

E 075 . :
v eell is O = == - 15 amperes. Thus, a drop in the
the cell 1s R S peres . |
: 2 28 A | =
applied E. M. F. of -, or about 5 per cent., causes the current

2.1
to fall off more than 50 per cent. This shows the necessity of
having the source of the charging-current so arranged that the
E. M. F. may be closely adjusted, in order that the charging-
current may be maintained at its proper value.

SS. Density of the Electrolyte.—A hydrometer should
be used to ascertain the density of the electrolyte. The volume
of the electrolyte will gradually diminish during the operation
of the cell, due to evaporation and to the evolution of gas
when the cell is charged ; this loss should be made up by
occasionally adding pure water or acid if the density, as
indicated by the hydrometer, is too low.

89, Measurement of the E. M. F.—A portable voltmeter
should also be provided which shall have a capacity such that
the E. M. F. of a single cell may be aceurately measured, so that,
if the action of any cell seems to be irregular, its condition may
be determined by measuring its E, M. F. and comparing it with
that of the other cells.

SELECTION OF A BATTERY.

90. General Treatment.—It is not easy to select the
proper cells for medical purposes.  An ideal cell for both port-
able and stationary batteries would be one that is cheap, light
in weight, and in little need of attention ; but all these attri-
butes are not found in one cell, and compromises must there-
fore be made. For a stationary battery, the size of the cell
might not make much difference. When it comes to portability,
the *“dry’ cells would seem to be the most suitable, but
practice demonstrates that the red-acid battery renders the best
service.
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91. Cautery and Lighting.—For cautery work and for
lighting small incandescent lamps, then, undoubtedly a 2- and
a 4-cell accumulator, respectively, will he the most service-
able. They ought to have a switch for arranging the cells in
parallel or in series, and also an adjustable resistance. Should
there be difficulties in recharging the battery, then a large-sized
bichromate battery of, say, from 4 to 6 cells, may replace it. It
is not advisable to have too many different kinds of batteries.
It is better to make one battery serve as many purposes as pos-
gible ; there will then be less expense for maintenance and less
trouble in caring for them. The Daniell cell, the bichromate
cell, or the Edison-Lalande may be used to recharge an accumu-
lator, if no other means are at hand.

CARE OF BATTERIES.

92. Renewals.—In the care of batteries, there is little to
add to what has been already said. A dry cell needs no atten-
tion so long as its E. M. F. remains constant ; as soon as the
latter begins to fall off very materially, the cell needs to be
renewed. This is a distinet disadvantage, becanse one must
always send to the manufacturers for a new cell. Edison-
Lalande cells will work without further attention until
exhausted, when new plates and solutions must be put in,
The Leclanché cells also require little care except an oceasional
addition of water to replace the amount lost by evaporation.
Any tendency of the exciting liquid to creep over the edge of
the cell must be prevented by coating the exterior of the upper
part of the cell with paraffin wax. The red-acid cells last much
longer when a small amount of mercuric bisulfate is added
to the electrolyte.

93. Contact Surfaces.—When an acid enters into the
composition of an electrolyte it is apt to cause trouble because
of its tendency to oxidize the metallic surfaces connected with
the cell. All oxids are poor conductors, hence the necessity
of removing them with a piece of emery-cloth. As a con-
tact surface cannot be too bright and free from all greasy
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substances, it is important to give the connections a great deal
of attention. Should there be any suspicion about the contact
surfaces of the connections, they must be rubbed with a piece
of emerv-cloth, and the various screw connections made tight
to make certain that they will remain in good contact. It
has already been said that the zines must be amalgamated, and
care must be taken that they remain so.

94. Care of Bichromate Cells.—It is less easy to take
.are of the bichromate cells and to know when the electrolyte
needs renewing ; but as a rule this ought to take place when its
color is a dark green. Should the color of the electrolyte be
orange, and the cell yet show some weakening in its action, then
the addition of some sulfuric acid may improve it. If the
bichromate cells are used daily, the electrolyte will need renew-
ing in from three to six weeks, The elements should then be
removed and suspended in a jar with cold water in which about
i l:_l_l:}i_*.-']nmllfl.ll of salt has been dissolved y the water should not
be permitted to wet the switchboard.  Most of the impurities in
the carbon will be dissolved when the water has assumed a
greenish hue.  After a thorough soaking, the elements are
rinsed off in cold water and thoroughly dried with arag. They
are then replaced in the battery. The importance of lifting the
zines out of the electrolyte when not in use has already been
dwelt upon.

95. Care of Electrodes.—When the battery has been
used, the electrodes should never be thrown down in a careless
manner, as either the battery as a whole or one of the cells may
be short-circuited. Such a short cireuit is deleterious to all bat-
teries and to dry batteries in particular. The latter are in most
cases permanently damaged by short-circuiting them, because
the polarization that will take place is so excessive as to make it
impossible for the cells to again recuperate. A few minutes of
this accidental contact is enough to cause the damage ; it is
therefore advisable to form a habit of placing the electrodes in
a proper position, where short-circuiting is impossible.  Atten-
tion must also be given to the insulating covering of the
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electrodes.  After frequent use the insulating material will wear
through, or it may be, at any time, accidently injured. In this
case, the bare conductor may make contact with one of the metal
connections and cause a short cirenit. It is likewise possible
that some instrument may in a hurry be laid down on the
switchboard and make an unintentional contact between sepa-
rate connections.

96. The Poles.—After a battery has been disconnected for
the purpose of cleaning or renewing, it is important to see that
the connections are properly made and that the poles have not
been reversed. Should there be any doubt on this point, it is
well to make certain that the positive electrode has heen con-
nected to the positive binding-screw of the switchboard. For
this purpose various pole-testers may be used ; or a piece of
litmus paper may be placed on a piece of glass and inserted
under the ends of the two electrodes without letting the latter
touch each other. Aecid will be liberated at the positive pole
and will redden the blue paper, while under the negative pole
the red paper will turn blue,

ELECTRIC CIRCUITS.

CLASSIFICATION OF ELECTRIC CIRCUITS.

97. The Voltaic Cell.—Before proceeding to the con-
sideration of means, other than cells, employed in the pro-
duction of an electromotive force, it 1s advisable to first consider
the wvoltaic cell in connection with conductors of various
resistances.

08. Circuits.—We have already seen, when studying
Ohm’s law, the general effect of an E. M. F. and of a resistance
on the strength of an electric current; but there are certain
other effects produced by the installation of a voltaic cell in a
circuit, which call for very careful consideration, particularly
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as such combinations play a very important part in medical
treatment.

1. What is a Circuit ?7—First let us consider the meaning of
the word eircuit. Tt is evident that a battery, in and by itself,
is of no utility as a therapeutic agent ; it must, by means of a
conductor, be brought in communication with some device or
substance that is to be affected by the electric current. Let it,
for instance, be supposed that a eautery is to be heated ; then
the positive binding-screws of the battery and cautery are con-
nected together by one wire, and the negative binding-screws
by another one. We have then what is termed a eircuwit—that
ig, a combination of an electric source with conductors and
various receptive devices arranged in such a manner that the
electric current 15 allowed to leave the source at one terminal,
traverse the various conductors and devices, and return to the
gonrce at the other terminal. The whole path is the cireuit,
and it iz said to be elosed so long as the current is permitted to
pass, and to be open, or broken, when the current is interrupted
at some part, preventing a flow of electricity. In order that a
current may flow, there must always be a closed ecireuit.

2. Grounded, or Earth, Circuits.—When the earth or grounge?
forms part of a circuit it is ealled a grounded cireuit, or an frm'ﬁr.,n_ "
circuit.  Such connections are made when electrostatic machines
are used, and are alzo utilized in telegraph lines.

3. Erternal and Internal Circuits.—That part of a circuit
which is external to the electric source is called the external
circuit, while the remaining part of the circuit, included within
the electrie source, is called the internal cireuit.  For instance, in
the case of the simple voltaic cell, the internal circuit consists of
the two metallic plates, or elements, and the liquid, or electro-
Ivte ; the external circuit would be some external body, as part
or whole of the human organism, and the conductors by means
of which it is connected to the cell.

4.  Divided Circuits.—When a circuit divides into two or
more branches, as in Figs. 23 and 24, where each branch trans-
mits part of the current, it is called a divided circuit: the
branches are said to be connected in parallel. Each branch
taken separately is called a shunt.



o

51 DIRECT CURRENTS. 61

D, “Parallel.”’ —Fig, 14 (@) is an example of cells connected
in parallel. Here the positive terminals of all the cells are con-
nected to one main positive conductor and all the negative
terminals are connected to one main negative conductor.

(A Dl T r -
| 6. .Sm ies.”’—When the o Eil : l{' +1{|+ ]{|+ J{I ) ]{IH
cells are so connected as to <2 _}} _]; _}] _}E‘ _}g L
allow the current to pass sue- s A 1 T ri]

: —
cessively through each, they +
are said to be connected in
series.  This combination is shown in Fig. 14 (b), in which a
battery of voltaic cells 1s arranged in one cireunit by joining the
positive terminal of one cell to the negative terminal of the
adjacent one, so that the entire
current passes successively fd&'ﬂ&ﬂ&ﬂwp—ﬂa
through each cell. - +

7. “Parallel Series.””—The
connections between cells, lamps, or other devices may also con-
sist of a combination of the two previous classes. This may be
accomplished as in Fig. 15, where several cells are made up in

Fic. 14 (a).

Fra. 14 (b).

(4~ BrOups in which the cells are
4 connected with one anotherin [ ﬁ i‘l -I
‘series, and these various groups
are then connected in parallel. R [1'].2 =
TR

This combination constitutes
a parallel-series circuit.

S. ‘“Series Parallel.”’—If the cells in the separate groups are
connected with one another in parallel, and the groups then
joined in series, we have a combination called a series-parallel
circuit. An example of this
is given in Fig. 16.

Fi1G. 15.

99, Ttisevident that,ina
combination in which a bat-
tery constitutes part of the circuit, the battery is not only acting
as a source of E. M. F., hut constitutes also a part of the total
resistance of the circuit. We shall see later on that this internal
resistance of the battery is under certain conditions very
effective, and in many cases determines the most suitable
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arrangement of cells for the production of the proper current-
strength.

100. When electromotive force was described and illus-
trated by means of Fig. 1, its general effects were considered
only so far as they related to the starting of an electrie current.
We shall now lmmwml to consider more fl_llh the variations an
E. M. F. undergoes in passing from one part of a circuit to
another

LOSS OF ELECTROMOTIVE FORCE IN A CLOSED CIRCUIT.

101. ** Watermotive ** Force.—As soon as a voltaic
cell begins to send a current through a cireuit, there immedi-
ately arises in its path an obstacle in the form of a resistance
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which has to be overcome ; this ean only be done by a certain
expenditure of electromotive force. To make this more clear,
we will again use as an analogy the flow of water in a pipe.
In Fig. 17, Tis a tank of water communicating with the pipe
EN. 1Ii water is permitted to flow through this pipe, the
1111'111[5'(\.' of water that passes at any ]‘mi'ﬂt of the ])i]:E will be
the same, and the rate of flow, or the quantity that passes any
point in 1 second, will also be the same so long as the level in
the tank remains at the same height. Should the supply be
insufficient and the level fall, then the flow would still be
uniform in all parts of the pipe, but less water would flow
through the pipe as a whole ; that is, the rate of flow would be
smaller.  Although the flow is uniform, the pressure per square
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inch at the various parts of the pipe would not he the same.
To convince ourselves of the truth of this statement, let us insert
a series of tubes a, b, ¢, ete. in the upper side of the pipe EN.
When the end N of the pipe is closed, we observe that the
water will rise in all the tubes to the same level as that of the
water in the tank ; but as soon as water is permitted to flow
through the outlet at N, this uniformity of level is disturbed
and we find the water in the tube nearest the outlet to be so low
as to be bardly visible, while from N toward E the water-level in
the other tubes gradually rises along a line L, §, ¢, ete., called the
hydraulic gradient, until the water in the tube « is very nearly at
the same level as the water in the tank. As these tubes are in
reality pressure-gages, the water in each tube will only rise
to such a height that the weight of the water-column in the
tube is sufficient to counterbalance the pressure at that part of
the pipe.

The question now to be answered is, Why should not the
water in the vertical tubes remain at the same level as that of
the water in the tank when the outlet at N is open? The
answer 1s, Because the water in motion meets a certain frictional
resistance along the inside of the pipe, which it can only over-
come by losing some of its pressure. A similar case would be
that of a sled gliding over an iey surface ; its frictional resist-
ance is small until it meets a sandy spot, where the pull must he
materially increased, because a large amount of power has to be
devoted to overcoming the increased friction. The pressure and
the pull that are used in both cases are transformed into heat,

102. Loss in Pressure.—The total loss in pressure in
the pipe .V is indicated by the difference in the level of the
water in the tube & and that in the tank, and if we suppose
the length of the pipe to be 12 feet and the level of the water in
the tank 27.5 feet above that in L, then the pressure per square
inch at £ will be 12 pounds. If we further assume the cross-
sectional area of the upright tubes to be 1 square inch, then the
weight in pounds of the colummn of water in each tube will cor-
respond to the pressure per square inch at the base of the tube
in the pipe. The tubes are supposed to be 1 foot apart, and the
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reduction of pressure in each section or in each tube will there-
fore be {5 of the whole, or 1 pound. The level in each
consecutive tube will be 27.5 inches below that of the preceding
one. We can see that the water in flowing from E to a has
lost 1 pound in pressure, and that at a it has only a pressure of
11 pounds. This pound lost was consumed in overcoming the
friction in section Ea. When we proceed to the tube f, we find
that the pressure has decreased by 6 pounds, and that a pressure
of only 6 pounds remains for forcing the water through the rest
of the pipe. The excess of pressure at a over that at b corre-
sponds to the difference of level at « and ', and this is the
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pressure that is needed to propel the water through that section.
The foree which causes the water to flow through the whole pipe
is that due to the difference in level between the water in the
tank and at .V, and may be called the watermotive force.

The loss in pressure which takes place in the various sec-
tions a b, be, ete. is uniform so long as the cross-sectional area of
the pipe remains the same and the sections are of the same
length, but when a resistance is interposed in the pipe, the fall
of pressure will be more sudden. This is seen in Fig. 18, where
a plug P is inserted in the pipe. As there is only a small
aperture r in this plug, through which the water can flow, it
necessarily limits the whole flow and reduces its rate; but the
loss in pressure will be less than the reduction in flow. We see
that the pressure suffers little reduction in the tubes a, b, ¢ until
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the plug is reached, when the pressure falls very suddenly along
the line pp', the fall being caused by the friction to which the
water is exposed in passing through the plug.  After leaving p/,
the pressure again falls gradually along a line parallel to a p.

103. The E.M.F. in an Electric Cireuit.—\We are
now in a position to more easily comprehend the action of an
E. M. F. in an electric circuit. In Fig. 19, B represents a vol-
taic battery with the negative plate connected directly to
the ground at FE, and the positive plate to a long con-
ductor A L, which is also connected to the ground at E'. The
ground is here used as a return-conductor, as is the custom in
telegraphy. It has been found that, if the ground-return
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circuit is properly made, it practically makes no difference, as
far as the resistance is concerned, whether it be 1 mile or 100
miles long. This is hecause of the large cross-sectional area
which the gr:':um! offers to the current. But it is important
that the plates E and E’, which are usually made of iron or
copper, should be buried o deep as to be surrounded at all
times with a moist stratum, otherwise the resistance wounld be
very high. In the present instance, the earth is used as a
return-conductor, because it simplifies matters and makes the
analogy between this and the previous example more apparent.

104. Function of the Battery.—The battery may, in
this case, be regarded as a machine that raises the pressure or
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potential of electricity from zero (or that of the earth) to a
height that may be represented by the line aa’; or, in other
words, the distance aa’ represents the available electromotive
Joree of the battery. If the circuit is opened, or broken, between
L and FE’, so that no current flows, then the difference of
potential between the conductor and the earth is the same at
all points along the conductor, and is represented by the dis-
tances between the line C'D and the conductor 4 L. Let it be
assumed that the E M. F. of the battery is 12 volts, and that
the total resistance of the conductor A L, inclusive of the
internal resistance of the battery, is 12 ohms. If the internal
resistance of the battery be taken as 1 ohm, then that of each
section a b, be, ete. of the conductor will be 1 ohm, there being
11 sections, which, when added to the battery resistance, will
make the total of 12 ohms.

Knowing the total E. M. F. and the resistance, we can, by
Ohm’s law, find the current in amperes that will pass through

" " Pt .}I..- - a »
the circuit. The formula € = 0 which £ = 12 volts and
; ] -
R — 12 ohms, will give €' the value of o= 1 ampere. The

E. M. F. of the battery B will therefore send a direct current
of 1 ampere through the whole conductor 4 L down to the
earth plate E’, and, by means of the earth and the other plate,
back again to the battery.

105. Current-strength.—As it was found that the same
amount of water was flowing in any part of the pipe in Fig. 17,
so we have the same amount of electricity flowing through any
point of the conductor. No matter how much the pressure may
vary from point to point in the circnit, the current-strength in
amperes remains constant.  The current-strength is always the
same in all parts of the circuit. This must be borne in mind, as
the mistake is often made of supposing the current-strength to
varyin the several parts of a eircuit in accordance with the E. M. F.
The total E. M. F. of a circuit determines once and for all
the resulting current. and the latter remains unaltered as long
as the determining factors, E. M. F. and resistance, remain

gl
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constant. The strength of the current will only change when
either of these change, and then the flow will be altered at once
in the whole circuit, not in parts of it.  When a change in current-
strength occurs in a circuit, it does so wniformly, and not more in
one part than in anotleer,

Let us now examine more closely into the alterations that the
E. M. F. will undergo in the circuit illustrated in Fig. 19, We
have already found that the resistance of 12 ohms will consume
the entire E. M. F. of the battery ; that is, the E. M. I. suffers a
loss, or drop, of electric potential in the direction in which the
current is flowing, and this difference of electric potential is
caused by the flow of the electricity against the resistance of the
conduetor.

106. Drop of Potential.—The drop of potential hetween
two points, say between a and b, is also found by means of Ohm’s
law ; the drop veally represents the pressure or K. M. F. wceded
to send the current from a to b. To find this I M. F. we

use the formula F = C X R. The values of (' and R were
found to be 1 ampere and 1 ohm, respectively ; E is therefore
1 % 1 = 1 volt ; that 1s to say, there 1s a tll'ul‘: of 1 volt in each

division a b, b e, ed, ete., and, as the resistance of the hattery was
1 ohm, there is also a loss of 1 volt in the battery itself. If it
is desired to find the loss of potential from a to d, the same
formula is used, but one of the factors must now be changed ;
there are now three sections to consider, and therefore a resist-
ance of 3 ohms. The formula will then read : E = 1 ampere
« 3 ohms = 3 volts ; hence, the drop or loss in the part a d is
3 volts.

The diagram also shows the loss of IZ. M. I'. in any part of the
circuit by drawing a vertical line from the point in question on
line A L to line C'D.  Suppose, for instance, we wish to find the
conditions at point g. The distance between the line . L and
C D gives the total E. M. F. supplied to the conductor ; of this
E. M. F., the part above the line C' L is lost, and the part below
the line—that is, the line g g'—corresponds to the amount of
E. M. F. that remains for sending the current through the rest
of the circuit.
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107. Battery E. M. F.—In the preceding example we did
not consider that loss of pressure which the current suffers 1n
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passing through the battery, but, as this is a point of some
importance, it will now be considered more fully and illustrated
by means of Figs. 20, 21, and 22.
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The calculation of the loss of E. M. F. between any two
points is simple so long as the resistance of the circuit is
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uniform throughout its length. When the circuit is made up
of parts with differing resistances, then more care is required to
determine the real loss or drop. A cireuit of this character is
shown in Fig. 20. The entire circuit is divided into three
parts : ab containing the battery of 15 volts E. M. F. and 12
ohms resistance, a resistance coil b ¢ of 12 ohms resistance, and
a conductor ¢d of 6 ohms resistance. These three resistances
are designated by the letters », »,, and #,, respectively ; the

bﬂ
- ﬂﬁr
!1
Iy w
3 3
« Sh =
-= | =
S s s
] o
1 ) 3
LI UL I
3 \ =
*-\... \'l =
: .
¢' _._.-.-_—__- l ‘-1 ‘é_"
H_.--"—‘ : .I'n Iﬂ q".
o 3 I \ =
-_,.-‘ = 1 q -
= LI B
: 3 E
di=" : ¥ = \ a] &
{_‘J = + | ;'-F o
e YRRy 1] L Lol 1
} .1 : ; l i ! |
—ifg=d Fan; ; t B '
| C =3 Ampere | |
| 1 =i
RN AN S
r5=8 Ohms Fa=20hms iy=T10hms Fo=GOimng vy=15 Olims
P Total Reststance =42 Ohma— g
Lo B S Sl Sty B TR R S B R
= FIG. 2%
E E

circuit is completed through the ground by means of the plates
E and E’, and this resiztance may therefore be ignored.

The entire E. M. F. of the battery is represented by the line
b e, and the drop of potential in the external circuit is supposed
to take place along the line fd. Suppose it is desirable to find
the loss of E. M. F. in each of the three divisions ab, be, ed.
Before this can be done, the current-strength of the circuit must

]

R

be found. Here Ohm’s law, ' = -, is utilized ; £ = 15, and
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R=r+r+mr 12 4+ 12 4+ 6 = 30 ohms; therefore,
1:} -

[ ; O ampere,
al)

When the battery B is arranged as in the present instance,
the cells are in series, as shown in Fig. 14 (b) and explained in
Art. 98, The nature of this combination will be made clear
later on ; for the present it will be sufficient to know that the
pressure of each cell is added to that of the preceding one until
finally the pressure reaches the value of 15 volts, as indicated
by the line be.  The line a e would show the increasing pressure
of the battery as we approach the terminal 4, hut, as the battery
has a resistance of 12 ohms, evidently a portion of the pressure
must be lost before the current has traversed the whole battery.
The latter has therefore to be treated as the rest of the circuit,
and the drop that takes place in the battery calculated before
we can know what the E. M. F. in the external eireuit will be,

The drop is found by the equation E = €< R; since ('
is a constant all through the cirenit, it is necessary to change R
only, and in each case to substitute for £ the values of r, r,, or
r,, as the case may be, in order to find the various drops ¢, ¢,,

and e,.
First we have the battery itself, where r, =— 12 ohms ; there-
fore,e, = C'X 1, 5% 12 6 volts.  The loss of voltage or

drop that the current undergoes in passing through the battery
is therefore 6 volts.  Let us consider this point a moment, as it
is necessary to be perfectly sure about this important part of the
circuit. It was stated that the E. M. F. of the battery was 15
volts, and one would naturally suppose that this pressure would
remain constant no matter what took place in the rest of the
circuit. But we see now that this E. M. F. is 15 volts only
when the battery is at rest, that is, when no current is flowing.
As soon as the ecireuit is closed, the battery suffers like the rest
of the circuit from the effects of resistance, and by reason of its
resistance of 12 ohms, its E. M, F. of 15 volts is reduced to
15— 6 = 9 volts; that is, when the current enters the resist-
ance coil at point ¢, it has an E. M. F. of 9 volts only, and the
line a f will therefore indicate the pressure of the battery.

We now come to the resistance-coil bec; here ¢, — C X1,
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that is, e, — .5 ¥ 12 = 6 volts. The E. M. F. is now reduced
by another drop of 6 volts, and 3 volts only remain. In the last
division ¢d we have finally a resistance r, =— 6 ohms, and the
drop ¢, will be €' > v, = .5 % 6 = 3 volts, a pressure sufficient
to send the current to the battery through the earth plates E’
and E. The resistance and loss in the cireuit is shown in the
following table, giving the corresponding drop for the various
resistances :

Resistance. Lnss, Current.
Ohms, Volts. Amperes,

T 12 & = i3 i B
Pl &= O {:r B

Fg =— u iy = .r} i"—' o 'TI

Total, » = 30 =15 B —

108, Counter E. M. F.—There is yvet another combination
possible, that of a counter electromotive force acting in opposi-
tion to the E. M. F. of a primary battery. We saw in Art. 87,
when storage-batteries were considered, that while being charged
thev set up a counter E. M. F. in opposition to the impressed
E. M. F. of the primary battery. It is of importance to see
how this affects a closed circuit. In Fig. 21 is shown a storage-
hattery S ineluded in a circuit in which B is the primary battery.
The E. M. F. of the latter is, as in the previous case, 15 volts,
and its resistance 12 ohms ; it is connected to the storage-battery
S by means of a conductor b ¢ of .1 ohm resistance. The counter
E. M. F. of the battery S is 10 volts and its resistance .05 ohm ;
it is connected to a conductor d ¢ of .1 ohm resistance, which
conductor may be connected directly either to the terminal a of
the primary battery or to the ground, as in Fig. 21.

The line b f represents the total E. M. F. of the battery B ;
but, for reasons given in Art. 107, the pressure will not increase
along the line af, but along a g, the difference ¢, representing
the loss of pressure suffered by the current while passing through
the battery. Passing from b to ¢ the pressure drops from g to &,
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and at this point we meet the counter E. M. F. of the storage-
battery S, which immediately causes a drop of 10 volts, as shown
by the line #i. In passing through this battery another loss is
caused by its resistance, which is shown by line i k. Finally,
the 'L'l.lrl't'.ﬂl passes through the remaining part d ¢ in which the
pressure falls from & to e.

The procedure for finding the current-strength and drop of
E. M. F. is the same as in the previous example. First find the
total resistance R by adding the resistances r,, r,, 7y, and r,.
R is therefore 12+ .1+ .05+ .1 12.25 ohms. In this
instance the effective E. M. F. is equal to the difference between
that of the battery B and that of the storage-battery S; there-

fore, ¥ = 15— 10 5 volts. We have, then, C = e
].;}d- A0S ampere.  The various losses of E. M. F. in parts

ab, be, ed, and de are as shown in the following table :

e, 12.0 % .408 4. 90 volts.
€, % | 408 .04 volt,
€y 00 > .408 .02 volt.
&= 1 X.408 04 volt,

Taotal, 200 volts,

109, Resistance and E. M. F.—Figs. 20 and 21 are
likely to give the student a wrong impression, if not studied in
conjunction with the figures giving the loss of E. M. F. at the
various points ; otherwise it might appear as if the potential
were always falling along a straight line from the beginning to
the end of the circuit. This will be the case only when, as in
Fig. 19, the circuit throughout is of the same resistance per unit
length ; when the resistance varies, the E. M. F. will also vary
and depart from the line representing the gradient. In repre-
senting these variations of the E. M. F. by means of diagrams,
it sometimes happens that the length of the different divisions
mayv be increased and decreased in such a manner as to make
the gradient of one division fall in line with that of the previuus
one. This was done intentionally in Fig. 20, in accordance
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with the prevailing custom, for the purpose of obtaining a sym-
metrical figure. The student is warned against any false
impressions he may receive in studying these diagrams, but to
still further show the actual conditions in a eircuit, Fig. 22 has
been added. B is a primary battery of 21 volts and 15 ohms ;
it sends a current of .5 ampere through a series of resistances of
6,11, 2, and 8 ohms ; in all a resistance of 42 ohms. To avoid
any accidental symmetry in the diagram, the line af has been
divided into 5 equal parts, each of a different resistance. The
loss or drop is marked above the beginning of each division as
in the previous figures ; thus, above b we find ¢, =— 7.5 volts,
which is the loss of pressure that the current suffers in passing
through the battery. The line ag is divided into 21 parts,
corresponding to the 21 volts, and the various losses are counted
off on this line ; for instance, in counting off the drop of 7.5
volts, we come to the point 13.5, and from this point is drawn
a horizontal line intersecting the line 64" at ', The section b ¢
is now subject to the remaining . M. F. of 13.5 volts, but here
it again suffers a loss, and the pressure then falls to ¢, corre-
sponding to a loss of 3 volts. In this manner the losses are
recorded in varying heights until the point fis finally reached.
The diagram as completed clearly shows that the E. M. F. drops
more quickly in those parts of the circuit where the resistance
is greatest ; for instance, in the divisions a b and «d, where the
resistances are, respectively, 15 and 11 ohms, the fall of pressure
is much more rapid than in division e, where the resistance is
only 2 ohms. It is seen that the fall in potential between any two
points in a circuit is absolutely proportional to the resistance between
these two points. In fact, by going around the circuit until we
meet a point where the potential has fallen to one-half its original
value, as at ¢, where the potential is 10.5 volts, we know that
the current at that point has passed through half the total
resistance. At ¢, for example, the current has passed through a
resistance of 21 ohms, that is, one-half of the total 42 ohms.
So, in the same way, if the potential has decreased one-quarter
of its full value, it is a proof of the fact that the current has
passed through one-quarter of the whole resistance ; i short,
the loss of potential that the current suffers in passing through
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a given part of a circuit has the same relation to the total
E. M. F. as the resistance of said part has to the total resistance.

By changing the lengths of the various divisions so that the
lengths are proportional to the resistances, it is possible to
make all the gradients one common line, as in Figs. 19 and 20,
This is attained as shown at d”, to which position d" has been
shifted ; evidently, the diagram is now just as correct as before,
as d" shows the same loss of potential as ', but it does not
convey a correct idea of the actual conditions in the ecircuit.
By shifting the other points either to the left or the right, all
may eventually be made to lie along the line fg, showing what
1s apparently a uniform decrease in pressure at points equi-
distant along the cireuit.

DERIVED CURRENTS.

110. Conductivity.—So far we have considered the flow
of an electric current in a gingle conductor. It is evident that
there may be circuits in which the current flows between two
points through two or more conductors, and that the current at
these points will divide, one part flowing in one conductor and
the other part in the other conductor. To know beforehand
how many amperes will flow in each conductor or branch is of
some importance, and the application of Ohm’s law to a com-
bination of this character will now be shown. It will be neces-
sary beforehand to make an explanation of the word con-
ductivity.  Various substances have been spoken of as good
conductors, meaning that they offer little resistance to the
passage of an electric current, or in other words, that they are
of high conductivity. It is therefore evident that conductivity
is the inverse of resistance, its reciprocal.

As the term resistance is that most frequently employed, the
term conductivity is rather superfluous. In fact, there is no
established unit of conductivity, the term being employed
merely because it is convenient in a few calculations relating to
divided circuits.  For example, if the resistance of a circuit is
2 ohms, the conductivity is represented by its reciprocal . If
the resistance is increased to 4 ohms, the conductivity would
e one-half as much as in the former case, or }.



| o
—

DIRECT CURRENTS. 0
The c*m!r.".rrr'ffrft‘y ﬂ_f (ity conductor ;'.e:_ rfa.e?;-.r:furﬁ, Hm'r‘_y divided a’;l.«;
the resistance of the conductor ; and, conversely, the resistance of any
conductor 18 Hn;f__:; divided ﬂy the g*umhu'f.:i‘;.!'_q rf.l" that conduetor.

Note.—In treating derived currents, only that part of the cirenit will
be considered which is divided into branches and in which each branch
transmits part of the total current ; the rest of the eircuit is assumed to
be elosed through some electric source, as, for instance, a voltaic
battery.

111. Derived Circuit of Two Branches.—Fig 23
represents a derived circuit of two branches.

Let r, — resistance of branch a ;

r, — resistance of branch & ;

¢, = currentin a ;

¢, = currentin b ;

' = ecurrent in the main circuit.
Then, o 84

When the current flows from a to b, if the resistance », and r,
are equal, the current will
divide equally between the two
branches. Thus, if a carrent
of 2 amperes is flowing in the
main circuit, 1 ampere will
flow through each branch.

When the resistances are unequal, the current will divide
inversely as the respective resistances of the two branches, or,
since the conductivity is the reciprocal of the resistance, the
current will divide in proportion to their respective conductivities.

In Fig. 23 the conductivities of the two branches are the

: .1 1

reciprocals of the resistances r, and r, ; thatis, — and —, respect-
fy 'y

ively. As the currents in the branches are proportional to their

Fic. 28.

conductivities, we have

Hence, g, = 2, md = —X¢.
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ExamprLE.—Given, ' = 60 amperes, r, = 2 ohms, Py — 3 nhrl‘tﬁ.‘
find ¢, and «,.

a I # il r
Sorvtion,—By formula, ¢, = r_‘- > ey, we find o, = 53> ¢. Bute -
i 2
Cy = C = 60, or r;, = G —uv,.
_ i e : . , 8y
Substituting for ¢, its value 60 — ¢,, we get 60—, = 5
Transposing, 5 ¢, = 120, or ¢; = 24 amperes. Ans.
¢y = 60— 24 = 36 amperes, Ans,

112. Joint Resistance.—It is evident that two con-
ductors in parallel will transmit an electric current more readily
than one conductor alone ; that is, their joint conductivity is
greater than that of either taken separately. This being the
case, their resistances must follow the inverse law ; wviz., the
Joint resistance of the two conductors must be less than that of
either taken separately.

I the individual resistances of two conductors are equal, their joint
resistance when connected in p:”'ft”{'f 18 mm—ﬁu{f rgf' the tndividual
resislance f:r' cither,

Suppose a conductor A B, Fig. 24, is split longitudinally into
two halves a and &, If A B has a total resistance of 5 ohms

= between the points ¢ and d, evi-

A B dently the branches a and b must
each have a resistance of 10 ohms,

e b d :
F6. %1 since they have only one-half of the
cross-sectional area of 4 B. Thus,
their joint resistance does not amount to 10 + 10 = 20 chms,
10 3
but to - 5 ohms only.

113. Between the points ¢ and d, Fig. 22, there is a differ-
ence of potential. Suppose another conductor in shunt to be
also connected to the terminals ¢ and d; it would evidently
be subject to an E. M. F., and what would be the result?
Fig. 25 illustrates this combination, in which r, is a shunt of 11
ohms resistance, We know from the preceding example that
each conductor would transmit one-half of the total current, or
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.25 ampere. It is therefore clear that an active conductor can
be “‘tapped '’ at various points, and part of the current taken
through some outside device. The strength of this current
depends on the difference of potential at the terminals of the
shunt and on its resistance,

To avoid drawing false conclusions from the effect of the
shunt in Fig. 25, it would be in order to
ask the question, When the resistance of
conductor ¢d is reduced to one-half
of its original value by the addition of
the shunt ek d, does not this reduction
affect the current strength through the
whole cireuit ? It does, because a decrease
in resistance of one part of a cireuit will ;i Ta=11 Ohms
decrease the total resistance. In the
present case, it will increase the current A
strength of the circuit in Fig 22 to ¥o=L1 Ohumns
2756 ampere, and will decrease the drop G 23,
between ¢ and d to 3.16 volts instead of the 5.5 volts previously

existing.

When the individual resistances of two conduetors in parallel
are unequal, the determination of their joint resistance when
connected in parallel involves some caleulation.

e i I 1
In Fig. 23, the conductivities of the branches are =5 and —,
1 }'!

respectively,

Let K = their joint conductivity ;
I = their joint resistance.

1 1 G

Then, K =
1 3 LU
Pl 1—-“ -'.r‘? D (S

i'.ﬁz .I‘I—"—i't

Rule.—The joint vesistance of two conductors in parallel is the
quoticnt obtained by dividing the product of their individual resist-
ances by the sum of their individual resistances.
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ExamrLe.—In Fig. 23, given, r, = 4 ohms, r, = 6 ohms, and € = 30
amperes ; find ¢ and ¢, and the joint resistance I of the branches
from a to b

SorvTion.—Using the formulas from Art. 111, we have

Fa L
Oy = Oy = R el

T 4

= = 30,and ¢, = 30 —ec,

Substituting for ¢, its value, 30 —c;, we get 30 — ¢, = E(‘,.
Reducing gives

10 ¢; = 120, or ¢ = 12 amperes. Ana.
30 —12 = 18 amperes. ADS,

L

r.J“:.

From the formula K& — - oo e have
il 21 TE o
46 24 =
R= T4 6 = 2 4 ohms. Ans.

114. 1. The joint resistance of three or more conductors in
parallel is equal to the reciprocal of their joint conductivity.

Fig. 26 represents a derived circuit of three branches.  Letr, v,

r and », = the individual resist-
Cx ances of the three branches,
Cs respectively ; therefore, —, —,
T3 & i
€y 1 . s
Fre. 2 and - represent the individual
. 2. =

3
conductivities of the three branches, respectively. Their
joint conductivity is

g=ly1.1_tnntnn
:'I .r'E .r‘; :'1 "5: l"a

T _Tt_'rz_

Since the joint resistance is the reciprocal of the joint
conduetivity,

I R R R R N Yor-n

o ., Ta Ty 1 73 1 "2 1 T2 T3
B li e — 2 Ts :
Fy Va7 Fa Ty 7 Ty

which is the joint resistance of the three branches in parallel
from a to b,
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ExamrrLE.—In Fig. 26, given, r, = 5 ohms, », = 10 ohms, and r, =
20 ohms ; find their joint resistance from « to b,

SorvTiox.—The joint resistance is

i 510 X 20
T mTe st 53X 1045 % 20 4 10 % 20
5% 10 % 20 1,000

e R : = 3. 857 ohims. Ans.
50 - 100 - 200 330 TG il

2. To find the E. M. F. in a derived cirenit when the eur-
rent and resistance in each branch are known.

Rule.—1In any derived circuit, the difference of potential between
where the branches divide and where they wnite is equal to the
product of the sum of the currents in the separate branches by their
Joint resistance in parvallel,

ExamrLE.—If the currents in the three branches, Fig. 26, are 16, 8,

and 4 amperes, respectively, and the joint resistance from a to b is
2,857 ohms, what is the difference of potential between a and 1?2

soLvTion.—The sum of the eurrents in the branches is 16 — 5 - 4 =
28, and 25 = 2.857 = 80 volts. Ans.

5. To find the individual eurrents in any branch of a
derived ecircuit.

Rule.—Determine the difference of potential between where the
branches divide and where they wnite, and divide the result by the
resistance of the branch in question.

ExayvpLeE.—In Fig. 26, assume that the difference of potential between
a and b is S0 volts, and that the individual resistances of the three
branches are, respectively, 5, 10, and 20 ohms.  What is the current in
each branch?

Sorvriox.—The current in the first branch is L:t] = 16 amperes; in

batl] =i

' 15 = S amperes; and in the third, 50 — 4 amperes.  Ans.

the second

4. To find the individual resistance of any branch of a
derived circuit.

Rule.— Determine the difference of potential between where the
branches divide and where they unite, and divide the result by the
current in the branch in question.
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ExampLE.—In Fig. 26, assume the difference of potential between a
and b to be 80 volts, and the currents in the individual branches to be
165, 8 and 4 amperes, respectively. What is the resistance of each
branch?

& A, }
SoLrTioxn. —The resistance of the first branch i1s ?: -5 ohmes; of the
|

=i . =)
second, 5= 10 ohms: and of the third, i 20 ohms, Ans.

ARRANGEMENT OF CELLS.

115. Main Principles.—A voltaic cell, as usually con-
structed, is a source of electromotive force, the properties of
which are constant.  In other words, whenever a single cell is
set in action, its E. M. F. and resistance are constant as long
as the original conditions remain unaltered. If this E. M. F.
is not of the value desired for the purpose in view, a change
must be effected either in the cell itself or external to it. The
first method is rarely used except in the various plunge-bat-
teries, where the strength of the current may be regulated by
changing the internal resistance of the battery. But, as a rule,
this internal resistance is a constant in the average cell. In
some cells it may be excessively large, owing to the resistance
of the electrolyte, the relative resistance of the liquids ordinarily
used as electrolytes being from one million to twenty million
times that of the metals. In liguids, as in all conductors, the
resistance increases as the length of the circuit increases, and
diminishes as its sectional area increases. Consequently, the
internal resistance of a simple voltaic cell is reduced by decreas-
ing the distance between the two plates, or elements, or by
mncreasing their active surfaces. In most cells these points
have already been taken advantage of, and no alteration can be
made in the cell itself, and, as the E. M. F. cannot be altered,
the change, if necessary, must be made external to the cell.
The only way left to change the E. M. F. and resistance of a
battery is, therefore, either to place a resistance in the cir-
cuit, to combine a number of cells in a manner most suitable
for the purpose in view, or to use both of these means in
conjunction.
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Before discussing the various methods of arranging the cells,
it will be of advantage to examine into the effects produced by
altering the size of a cell, as the statement is often made that a
large cell has a higher E. M. F. than a small one,

116. The Size of a Cell.—For the sake of an easier
understanding, we will again use an analogy from hydraulics,
Let 4 and B, Fig. 27, be two cylinders in which the pistons b
and ¢ move freely. The cylinders are in communication with
each other by means of the tube a, and the latter is provided
with a pressure-gage g. It is supposed that the pistons b
and ¢ have a surface area of 12 and 120 square inches, respect-
ively. It is further supposed that the weight of either piston

11h per sq_inﬂ I Ib per sg.in.

&g in,

is such that any portion of them, such as ¢f, in which the bage
is 1 square inch, will weigh exactly 1 pound. The pistons b
and ¢ will then weigh 12 and 120 pounds, respectively, and, if
both eylinder and tube are filled with water, there will be a
total pressure of 12 pounds at the bottom of eylinder 4, and
120 pounds at the bottom of cylinder B. The weight of the
water is not considered. There will therefore be a pressure of
1 pound per square inch on the bottom of either cylinder and
also in the tube, the cross-sectional area of the latter being
1 square inch. It is now evident that an increase in diameter
of either of the pistons will increase the total pressure on the
bottom of either eylinder, but will not affect the pressure per
square inch ; the gage will register 1 pound at all times, and
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the pistons will be perfectly balanced. Of course the volume of
water contained in either cylinder will vary independently of
the pressure. Thus, by closing the valve A, preventing com-

1 Ib per sqgin, 3 1h per sqin,
- | I

Fig. 23,

munication between the cylinders, the eylinder A might be
emptied through the valve ¢ and would give 120 cubie inches of
water, while B, through valve j, would supply 1,200 cubic
inches.

As long as the weight per square inch of either piston is the
AT 3% agtn. same, there will be no motion, but if there

o [MME|]  is an excess in pressure on one piston, as
e ,l in Fig. 28, then the conditions are no longer
oy
|

] the same. Here the pressure per square
inch exerted by piston ¢ 18 3 pounds, while
"_:g ol § that exerted by b 1s 1 |mu||f|, as before. If
a piston d of a cross-sectional area of 1
square inch be inserted in the tube a, there
will be an excess of pressure amounting to
2 pounds on its right side, and it will move
to the left : in other words, there will be a
current of water flowing towards the left.

11%. Suppoze the ecylinders to he
arranged as in Fig. 29, one above the other.
The areas of both pistons are the same,
12 square inches, and the weight per inch
of area 1 pound, as before ; the gage ¢ will
therefore show a pressure of 1 pound per square inch.
Evidently the pressure exerted by the piston ¢ is greater, as

Fi16. 29,
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in addition to the 12 pounds of its own, it has received on
its upper surface a pressure of 12 pounds, through the tube a
from the piston b. The total pressure exerted by ¢, remember-
ing that the water is considered as having no weight, will,
therefore, be 12 4+ 12 = 24 pounds, that is, 2 pounds per
square inch, which pressure will be indicated by the gage ¢’
Should the cylinder B be emptied through the valve j, it will
deliver the same quantity of water as eylinder A, 120 cubic
inches ; but it will be delivered under double the pressure. It
15 clear that, by the addition of more cylinders and pistons
connected in the same manner, the pressure will be inereased
1 pound per square inch for each cylinder added, but that, on
the other hand, the quantity of water delivered will he the
same as that of one cylinder.

118. In an arrangement such as shown in Fig. 350, in
which all the cylinders 4 communicate by means of tubes a,

I b per sq in,
A 72 sq.iny] 4 dny | Al 12 sqin,

12 ze i

= =

. e
e S T —————
e ———— T ————

== e — —

e e T e S s e S R I — e e e

C
e E—— —" | m——

with a common tube ¢, any inecrease in the number of eylinders
will not increase the pressure in the tube ¢.  Thus, if the pres-
sure exerted by each of the pistons & is 1 pound per square
inch, the pressure in the tube will be the same no matter how
many cylinders are added. But, though the pressure is not
increased, the quantity of water that may be delivered will of
course he greater as the number of eylinders increases.

The cylinders in Fig. 29 are placed in series so as to add
their pressures, while the cylinders in Fig. 30 are arranged in
parallel, so as to add the volumes delivered. The general
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effects produced by the various combinations of voltaic cells on
the volume and pressure of an electric current are exactly
similar to those just deseribed, and by using this analogy of
pressure and flow of water, it is easier to understand the action
in the voltaie cell.

119. Cells in Parallel,—We have seen that in the
simple voltaic cell, as shown in Fig. 31 (a), zinc was the active
element., It may simplify matters by supposing that each
square inch of its surface would be able to deliver a certain
quantity of electricity under a given pressure. For instance,
let each square inch supply a current of .1 ampere at a pressure
of 1 volt. Considered in this manner, however small or large
the zine plate may be, the pressure would remain at 1 volt;
but the amount of electricity delivered would increase or
decrease as the plate increased or decreased In size. For each
square inch added, we would have another .1 ampere. This

case is exactly parallel to that illustrated by means of Fig. 27.
We saw there that an increase in the diameter of the pistons
did not affect the pressure per square inch, but only the volume
of water delivered.

To increase the strength of the current in the voltaic cell,
Fig. 31 (a), we may proceed in two ways, either as in Fig. 31 (b),
by increasing the active area, or as in Fig. 31 (¢), by adding one
or more elements of the same size. For instance, if the current-
strength of the cell in Fig. 31 (a) is to be doubled, we may
either, as in Fig. 31 (4), double the size of the plates, or, as in
Fig. 31 (¢), add another cell of the same size and connect them in
parallel. In the latter figure, the two zinc plates z and copper
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plates ¢ are connected by means of the wires b and ¢, and thus
constitute, practically, one plate of zine and one of copper, but
both of doubled area. The wire a unites the two combined ele-
ments in a manner similar to that of Figs. 31 (a) and 31 (b).
In the arrangement shown in Fig. 31 (¢), the cells are joined in
parallel, and correspond to the combination illustrated in Fig. 30.

120. Suppose the cell in Fig. 31 (a) has an E. M. F. of
1.1 volts and an internal resistance of .6 ohm, the current

strength would be 1—6} = 1.8 amperes.

In Fig. 31 (¢), we have two similar cells coupled in parallel,
and we might say that the current of two cells is 1.8 < 2 — 3.6
amperes. But it is customary to consider the cells as a derived
circuit, and treat their resistances accordingly, since it simplifies
the caleulations when it comes to more complex combinations.
In the present case there are two cells of the same resistance ;
their joint resistance will therefore be one-half of their separate
resistances, as shown in Art. 112,

If we call the internal resistance » and the number of cells in

parallel u, their joint resistance is —. Thus, we find the joint
It

resistance of the cells in Fig. 31 (¢) to be 5 = .3. Therefore,

e 1_'31 — 3.6 amperes, as before. Should there be six
similar cells in parallel, we would find their resistance
= .1 ohm, and then C = Ly — 11 amperes.
il

Looking upon Fig. 31 (¢) as a derived cireuit, it is clear that
the current in passing through each cell has to pass through the
fluid between the plates z and ¢, and that the resistance of this
fluid column will depend on its cross-sectional area. When the
cells are, as in this case, placed in parallel, it is evident that
the area of the fluid conductor is doubled and the resistance

thereby halved.

D] =

.6
6

121. In Fig. 32 the cells of Figs. 31 (a) and 31 (b) are
joined in the manner indicated, which corresponds to the two
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evlinders in Fig. 27. In either case the result 1s the same ; that
1*~ there will be no current, because the pressures of E. M. F. in
the cells are the same and acting in opposition to each other.
That one cell is much larger than the other does not alter the
conditions. The arrows indicate the direction in which the
electromotive forces tend to act.

Frm—————— ,.--_':;}
i [ 2 —
—_ —_

; |
—s] — -

— e

Fic. 32, Fii. 83,

122, Cells in Series,—In Fig. 33 we have a combination

corresponding to that shown in Fig. 29, two cells placed in
series.  Not only are the pressures of the cells united, but their
resistances also. Since the current has to go through both
resistances one after the other, the length of the fluid column is
doubled and consequently the resistance also.

Using the same value for » and n as in Art. 120, let

E = E. M. F. of each cell ;
R = total resistance of the cells in series ;
E, = total E. M. F. of the cells in series.

Then, R—=mnXr:
E =—nyFE

Let r be .6 ohm, as before, and E, 1.1 volts, and we have

B =axX k=211 =— 22 yolts

and R —nxy =2%.6— 172 ohms

The current-strength ¢ will therefore be:
£
R

or the same as that of 1 cell. This is at first glance surprising,

|

s | et

— 1.8 amperes,

[ 1 O]
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but an examination of the formula used for finding €' will
show the reason for it. Since

B mr s r
and n stands for the number of cells in series, it is evident
that, by increasing n, both the dividend and the divizor
increase in the same proportion, and that the quotient will
therefore remain unaltered.

123, Cells Connected With an External Resistance.
We are now ready to enter into an examination of the more
complex combinations of voltaic cells with an external resist-
ance, and the way R affects the total E. M. F. and the current-
strength. To make these effects more clearly understood, a
series of diagrams has been devised which will assist the
student very materially in grasping the subject.

[t has already been shown, by means of Figs. 19 and 20, that,
after the electric current has left the battery and entered the
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external cirenit, the E, M. F. of the current is constantly decreas-
ing, in some parts of the cirenit more rapidly than in others,
and these variations in E. M. F. were shown by various gradi-
ents. The resistance of a conductor varies with its length, that
is, the longer the conductor, the higher the resistance ; conse-
qently, the resistance along a circuit will rise as the E. M. F.
falle. Fig. 34 will show this effect more clearly. It gives in a
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diagrammatic form the relation between the E. M. F., the cur-
rent-strength, and the resistance of a conductor.  In the present
instance, the resistance of the battery B has been left out of
consideration and only that of the conductor ab is considered.
The available E. M. F. of the battery is 4 volts, and the resist-
ance of the conductor 4 ohms. If we now select some arbitrary
length for 1 volt, and measure four of these along the line ac,
we reach the point ¢ corresponding to the E. M. F.; and, by
connecting ¢ with point b, the triangle ab¢ will show the
E. M. F. along the line. In the same manner the resistance of
4 ohms is laid off along the line bd, and the points d and a
connected. The triangle a b d will then represent the resistance

(4 il
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of the conductor, and if we let the distance ae represent the
current-strength of 1 ampere, and through ¢ draw a line parallel
to a b, the rectangle a ¢fh will correspond to the volume of the
current, which is, in this instance, 1 ampere.

We now see that the E. M. F. is at its maximum at ¢, and
that from ¢ it gradually decreases until it reaches the point A,
which is just over the middle point of the conductor, where the
E. M. F. has diminished to one-half of its original value. From
here it continues to fall till the point b is reached, where the
pressure is zero. Simultaneously with the fall of E. M. F., the
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resistance, starting from a, has been gradually rising until at %
it has attained one-half of its maximum value, and at d its full
value of 4 ohms.  The strength of the current has, of course, been
constant throughout the whole length of the conductor.

DIRECT CURRENTS. 89

124. Disconnecting the Battery.—It will be interest-
ing at this point to watch the effect of disconnecting the battery
from the terminal b and make a connection with some other
part of the conductor. A change of this character has been
made in Fig. 35. One terminal of the battery has been moved
to g, a g being one-half the length of the whole conductor. If
a vertical line be drawn through the point g, it intersects the
line ad at point A, which shows the resistance to be 2 ohms.
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The E. M. F. is indicated by the triangle acg, and the current
by the rectangle aefg. Itis thus seen that the current-strength
has increased to 2 amperes, because the resistance has been
4 -
halved, and, therefore, " — T = 2 amperes. On moving the
battery connection still further towards the left, the resistance
would decrease, the ecurrent in amperes increase, and the
E. M. F. remain constant. This is on the supposition that the
available pressure of the battery remains constant, which would
not, however, be the case under the conditions here assumed.

125. Effect of Resistance.—We will now go a step
further, and in the next diagram, Fig. 36, how the effect of a
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e e — e e = - —

resistance that is not uniform. The resistance of the part a g of
the conductor is 1 ohm, as shown by the line ¢ ; the remainder
of the conductor has a resistance of 3 olims, that of the entire
conductor being 4 ohms. The E. M. F. is, as before, 4 volts,
which at point & has fallen to 3 volts, and between h and b it
falls more rapidly to zero. The current of 1 ampere has again
remained constant throughout the whole length of the conductor.

126. Resistance of Battery.—=o far the resistance of the
battery has been left out of consideration, but as any changes
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that take place in the external cireuit also influence the battery
in one way or another, it will be necessary to also include the
latter in the diagrams.

In Fig. 37 is shown a battery of 5 cells in series, each cell
being of 1 volt E. M. F and .2 ohm internal resistance. The
total E. M. F.is 5 % 1 = 5 volts, and the total internal resist-
ance is 3 % .2 = 1 ohm. The external resistance is 4 ohms,
which, together with the 1 ohm of the battery, makes the

: - : 51
total resistance 5 ohms. The current-strength C is then s — 1
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ampere. The loss of E. M. F. in the battery will be € X r
— 1 <1 = 1 volt. These figures are represented in the
diagram in the following manner : The line a b represents, as
before, the external cireuit, and aa’ the internal circuit through
the battery. The total E. M. F. is a¢, and corresponds to 5
volts. We see that this E. M. F. is gradually rising from the
point «', each cell adding its E. M. F. until the fifth cell brings
the pressure up to ¢. At the same time the resistance of the
battery has also been increasing, beginning at «', the five cells,
of .2 ohm resistance each, making a total of 1 ohm, as shown at
ai. To thisis added, at point i, the resistance of the external
circuit, 4 ohms, making a total resistance of 5 ohms, as indicated
by the line bd. Returning to the E. M. F. of the battery, it is
observed that 1 volt has been lost in overcoming the resistance
of the battery ; this loss is represented by the line ¢/, and the
triangle «'ch shows the distribution of this loss. Hence, the
available . M. F. is only 4 volts, as indicated by the line ha.
As soon as the current leaves the battery at «, the pressure
begins to fall, and continues to decrease till the point b is
reached, where the current again enters the battery. The cur-
rent-strength is indicated by the line «'e or bf, and is con-
stant throughout the circuit. The cirenit is supposed to bhe
completed through the earth.

127. In order to still more condense the diagram shown in
Fig. 37, it has been transformed to the form shown i Fig. 38.
Here that part of the diagram which, in Fig. 37, was situated at
the left of the line ¢ a has, so to say, been folded over and laid on
that part of the diagram which lies at the right of line ca.  As
the arrangement of cells will be treated by diagrams drawn in
this form, a few additional explanations will not be out of place.

The line ae represents the total E. M. F. of the battery,
5 volts ; the line ¢k, the loss of E. M. F. taking place in the
battery itself. The triangle a /b, therefore, indicates the avail-
able E.M.F. The battery is connected to the external
circuit « b at the terminals a and 5, and we have, as before, the
fall of E. M. F. in the external circuit along the line hb. The rise
of E. M. F. in the battery can also be observed by proceeding
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from & along the line b ¢. The more heavily shaded triangle b ¢ A
represents the E. M. F. lost in the battery. The battery resist-
ance that causes this loss is shown by means of the more heavily
shaded triangle adi, di being 1 ohm ; while the triangle abi
represents the resistance of the external circuit. The current-
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strength is, as before, indicated by the distance of the line
cf from ab, being proportional to the length of the line ae
Or |Fi_||"L

128. Fundamental Formula.—We are now prepared
to study the arrangement of cells most suitable for the purpose
for which they are to be used. In the following formula

(! — current in the ecireuit ;

r — internal resistance of a cell ;

R = external resistance ;

E = total E. M. F. of the whole battery ;

e =— E. M. F. of one cell ;

g = number of cells in series ;
p = number of cells in parallel ;
¥ = total internal resistance -

n — total number of cells :
I” = terminal or available E. M. F. of the battery ;
W = power in watts.
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As already mentioned, the total E. M. F. of a battery depends
on the number of cells in series ; therefore, K = s < e.

The total internal resistance depends on whether the cells are
in series or parallel, or in a combination of both series and
parallel.

If all the cells are placed in series, the internal resistance

-

¥ = 8 X r; if placed in parallel, ' = "
When the cells are partly in series and partly in parallel,
# S < r
W
jj

From this we will find that the total current which the
battery is capable of sending through the external resistance
R is found, in parallel series, as follows :

C = -
T
B b
I'herefore, o — e (a)
——— 4R
.I“

This formula can be used for any number of combinations of
cells in parallel series, or for a single row of cells, either in series
or parallel,

In using the formula for cells in series, it will appear in this
form :

se
(= T R+
1
| S
Therefore, Bl — — (D)
For cells in parallel the following formula will be evolved :
C=1 i E
SN + R
P
Therefore, = (¢)
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129. Effect of Combining Cells.—Let us, by means of
a few examples, see the effect of combining the same number
of cells (1) in series, (2) in parallel, and (3) in parallel series.

Suppose it is desired to send a current through an external
resistance of 5 ohms by means of 12 Daniell cells, each of which
has an internal resistance of .6 ohm and an E. M. F. of 1.1 volts.

Then, e = 1.1:
r o= .6
R=— B0
n = ]‘EU,

(' 1s unknown.

1. Placing all the cells in series, we use formula (b),

88
( :
LS +Il:l
boratore. (0 S — — 1.08Z.
Therefore, 129 % 65 12.2

rl
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Loss in Battery=7.79 Tolts

Volts in Extivcuit=541
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FiG. 39,

The resistance +’ of the whole battery = 12 ¥ .6 = 7.2 ohms.
Volts.

E. M. F. lost in battery = O = 1.082 X 7.2 = FATE
Volts lost in external circuit C x B = 1.082 x 5 = 5.41
The total E. M. F. = the sum = 13.20

The above arrangement is shown in Fig. 39.
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2. All the cells are placed in parallel.  Using formula (¢),
we find

e Eha _1.1 = L 917892
r .b e 5.05
e —= 15
P 12
resistance of the whole battery ' = e it — .05 chm.
-"H P
Volts,
E. M. F. lost in battery = C X ¥ = .217 % .05 = .01
E. M. F. lost in external circuit = (¥ R — 217 ¥ 5 — 1.09

Total E. M. F. = the sum = 1.10
Fig. 40 shows the above arrangement.

T:i;g_-f'. = E::::
A5 i35
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g_:‘ Current =21;8 Ampere
= | ) s [ [ | s e | ] | )
S i o o i

Fi1G. 40,

3. Let the cells now be placed 4 in series and 3 in parallel.

Then, s = 4, p — 3, and formula (a) now gives

! > 4 % 1. 4.4 =
U= — gy - : s , 1—— — £ g — .i000 ampere.

s 45 06 D, 5

= LN — ==+ D

P 3
b i o
Resistance of the whole battery ' = —— -Bighm.
"Ei.l'

Resistance of the external cirenit £ — 5.0 ohms

Total resistance =— 5.8 ohmes,
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E. M. F. lost in battery — .8 % .7586 = .61 volts,nearly
E.M.F. lostin external circuit = 5 X .79586 = 3.79 volts,
Tot: the sum = 4.40 volts.

The above arrangement is illustrated by means of Fig. 41.

With the external resistance of 5 ohms, we find that the
greatest pressure is furnished to the external circuit by the first
combination, as shown in Fig. 39, and the smallest pressure by
the arrangement in parallel, as shown in Fig. 40. The loss of
E. M. F. in the battery was much smaller in Fig. 40 than in

H——.
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E

Fig. 39, and yet a smaller pressure was delivered to the external
circuit, because the total pressure was only that of 1 cell. We
also note that the battery resistance in Fig. 40 is far below that
of Fig. 39, and this explains why the internal loss was less in
the former instance, as this loss is a product of the current-
strength in amperes and the internal resistance.

130. In looking at the formula (4), ¢ = — R‘ it will
R

be noticed that R, if very small in comparison with r, may be

: . [ - -
omitted and the formula will then read € = Z. which means
=
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that, if the cells are placed in series, the voltage, amperage, and
resistance will be simply those of 7 cell if the external resistance
is very small in comparison with the internal resistance. On
the other hand, if the exfernal resistance is very large compared
with the internal, the latter may be omitted, and the formula

B SE - .
will then read, ¢ = o that is, the current-strength increases

with the number of cells.

131, Summary, —Taking formula (¢), ¢ =

r
11
+ R
.1”
under consideration, we find the conditions somewhat different.
If R is so small in comparison with + that it may be omitted,

e k

we have € = = or, in other words, when all the cells are
P

placed in parallel, and the external resistance is very small, the

L. M. F. is the same as that of 1 cell, while the total resistance
is reduced in proportion to the number of cells. If R is very

large, €' — the . M. F. would then be that of 1 cell, and

E L]

R 1

the resistance would correspond to the external resistance.
Reecapitulating our deduections, we have

| B

: [BE=— when cells are in series.
It R is very large, : R
* i |
compared with ", | e -
b ' I = B when cells are in parallel.
: ¢ : :
g = , when cells are in series.
.

If R is very small,

d ~
compared with +/, | € = =, when cells are in parallel.
|

e ]

| p
We see, therefore, that for a large external resistance the series
irrangemeint ts the more Mrft'uﬁfi‘,- while for a fu:‘:‘,rf current, Hu';mf;h
a small external resistance, the parallel arvangement will be more
serviceable.
The arrangement in series is therefore always used in percu-
taneous applications and the arrangement in parallel in light
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and cauterv-work. The following examples and diagrams will
illustrate this more fully.

132, Large External Resistance.—It is supposed that
R is very large compared with +* There are, say, 50 cells with
an E. M. F. of 1.1 volts each, and an internal resistance of .G
ohim ; the external resistance is 200 ohms,

Then, n = 50.0;
g = s "
r 5 i

R M),
Placing the cells in series,
b :I{] . -I,| I -rr:lu:-l Py
¢ = .275 ampere.
R 200 200

If we retain the internal resistance,

- -

al » 1.1 ) ) E
¢ - - 239 ampere
= 50X .6+4+200 ° 30+200 230 |

)

o

Lost in Bottery =32 Volls
- Total E.M F=55 Volts,

Iﬁlm

200 Ofvins——
RBattery Rezz30 Olnns,

— — Exrt, JEeR;

X

Ured dn Ext. Cirowift=47 8 Volts,

Q

— —
- =
-
|
I
||

=Total Res =230 Olons.—

|
i

VR 23 Y ANPETD ot

50 Cells.

flarm

Fig. 42 shows that the volts lost in the battery were 7.2, while
those utilized in the external circuit were 47.8 ; total, 55 volts.

Fig, 42,
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Arranging the cells in parallel, as in Fig. 43, we find

1.1
oy = EE . :
= 500 — .0055 ampere.
If we consider the internal resistance,
: 1.1 1l g
(=t - — 00549 ampere.
6 oy 012+ 200 !
R
E
s
~ _ —
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e =B LB
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T
| i l =
7 i M e 1
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Volts lost in battery = .00006558, and volts consumed in
exterior cirenit = 1.1 total, 1.1 volts.

133. Small External Resistance.—Taking the case
where R is very small compared with ¢/, with the same number
of cells, but with an external resistance of .001 ochm only, we
have

n 0.0 :

g = 1.1
JER——R
R = .001
Placing the cells in series,
’ 1:1
¢ =< = =, — 1.833 amperes.

T aLE)
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Volts lost in the battery, 54.999 ; volts utilized in the external
circuit, .00183 ; total, 55.001 volts. (See Fig. 44.)
Again, placing the cells in parallel,

= ,i = 1.61 {1]119 = 91.7 amperes.
p al)

In this instance, the adding of the external resistance affects
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the result more than in the former examples. Retaining R,
we have,
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1.1 1.1 1.1

C= v = — o = —— — B4 0 ampenes,
;{;_!_.m] 012 4 .001 013

1.02 volts were lost in the battery and .08 volt in the external
circuit, making a total of 1.1 volts.
The diagram in Fig. 45 illustrates the conditions in the cireuit.

134. Maximum Current.—The internal resistance of a
: r ;
battery was shown in formula (a), Art. 128, to be i, that is,
P

the internal resistance of 1 cell multiplied by the number of
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cells in series, and divided by the number of cells in parallel.
This formula is quite useful when it is necessary to decide upon
the most advantageous arrangement of cells for sending a maxi-
mum current through a fixed external resistance. It can be
proved that a maximum ecurrent is sent through a given erternal
resistance, when the resistance of the battery is equal to the external
resistance,

If an arrangement of the cells is found such as to make the
current flowing through the circuit a maximum, it follows that
the power developed in the external circuit will also be a maxi-
mum, hecause the watts furnished are equal to the square of the

1 '- - nﬂ'ﬂ'ﬁl.--
J ¥ N R — _J:]
%8 e A A, Ly R
=S S e gEEE

" iy F A ; ; £ a
En L _,,.f"fo 7 = ==

=W P g // See

L LT E A i (.’u!imnt c,—,y: ﬁi 'Iwun‘rrs. ! f w S 0a

T‘E ..;‘ f.'..x.'-" - :-"':f ;, ’ ¥ .’ A E E a
e I s _. E y ’ -:_- N - ._

b L iy . S W ohn
wsSY . /)i
oy M e i _-ff '.__- g "'-f.-_' s — R
'-'E z LE f # .' # & :'_ F ff_,.- E ’ h g q
N s [ : ff ey
Bs~l 7 7 RED
0™ ma LAl v . Al : / 8
e o s o e -

- E R e A / s # 'q
E - .._:.:,f P A e e

" i A ,-_'.- : ’ Lt L

: Ll A {' - .-"'-".' o x o &

=

P i I

u 50 Cells. I T

Fia, 45.

current multiplied by the resistance, or I"= ¥« R. Conse-
quently, as the current is at its maximum strength, the power
must likewise be so. If, thercfore, one-half of the total resist-
ance is situated in the battery, one-half of the total power must
alzo be lost in heating the battery, and the other half be doing
useful work in the external cireuit.

135. The law as first stated will therefore read as follows :
When the resistance of the battery is equal to that of the external
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cireuit, @ marimum current will flow through the circuit, and of the
total power developed one-half will be lost in heating the battery,
while the other half is doing useful work in the external cireuit.

ExasrLe.—If it be required to send a maximum current throngh an
external resistance of 20 ohms by means of 108 cells, each cell having
an internal resistance of 15 ohms, how must the cells be arranged ?

sorvrion.—Using the formula (a),

.“-

it is clear that, in order to make the internal resistance of the battery

: e gl .
equal to that of the external eircuit, , which is the resistance of the
P

5,

: axr
battery, must be equal to R, the external resistance. Therefore,

h L
R, or . Jl" 20, We have also the equation s = p = 108, Inserting
(s : b
the value, p 1 , in the former equation, it will be: £ X ,1} = ).
# 108
20 = 108 . 5
Therefore, s hl 144, and s — 12, and p 108 — 108 9,
15 8 12

The cells must be arranged 12 in series and 9 in parallel.  Ans.

The preceding caleulations may be summarized in the two
following formulas :

__ JrXR
et ()
n X T
P \ll _R = (E}
136. If we now use the equation, ' — % and make
s
Fa _.+. R '
_ P
the internal resistance }: — R, and also substitute the value
for s found in equation (), we have,
In R 'n R
\I ;— i A \II_J‘ Ill——
C = — - = ¢ ;ﬂr,U:E\r-?‘l-‘ (1)
R+ R 2R 2 VRr ‘
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103
This formula gives the maximum current which can be
obtained from a given number of cells () through a given
external resistance (R).
If ¢ is known, and the number of cells is required, the
formula may be used in this form :

(" 5
I )

p

As formulas (f) and (g) are based on the supposition that
the internal and external resistances are exactly the same, they
are only approximately correct, because it is rarely possible to
make them absolutely the same.  We will see this more clearly
by the two following examples :

ExampLe.—It is required to send a current of .2 ampere through an
external resistance of 15 ohms.  How many cells are needed, when each
cell has an E. M. F. of 1 volt and a resistance of 10 ohms? How many
cells in series and parallel are needed ?

SoLvrioN. —Formula (g) gives

4 C*Rr __ 4X.04X15X 10

3] s 3
2 1 24 cells. Ans.

]

The number of cells in series is found by formula (4), in which,

8 = \ J';,R \-’H l-l_'l e 6. Ans.

The set in parallel,

INr 124 % 10
P = .\,l = \I! e 4. Ans
S . . . 8T =
In this instance, the internal resistance is -— = 15, and there-

L
fore equal to the external resistance.
If all the 24 cells were put in series, the conditions would be

entirely different. The wvoltage would be 24 X1 = 24,
instead of G, as at present, but the internal resistance would
increase to 24 % 10 = 240 ohms, while the current would be

only 0941 ampere. In the present arrangement it is .2
ampere, or more than twice as large. The diagrams, Figs. 46
and 47, will illustrate this more clearly.
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By studyving these diagrams some very important deductions
may be made.  We Liave seen that, in order to have a maximumn
current from a given number of cells, it is necessary that the
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105
internal resistance of a battery he equal to the external resist-
ance of the circuit. It follows from this that the total E. M. F.
should be equally divided between the battery and the external
resistance, or as nearly so as possible. In Fig. 46 we find all of
these conditions fulfilled, as 3 volts are consumed in the battery
and 3 volts in the external eircuit. The triangles representing
voltage are alike, as are those representing resistance. The
relations between them—that is, between those representing
voltage and those vrepresenting resistance—determine the
strength of the current ; the greater the resistance in proportion
to the voltage, the smaller the current.

In examining Fig. 47 we find the conditions are not the same
as in Fig. 46. In the former diagram there is a great difference
in the size of the triangles ; the volts consumed in the battery
are far in excess of those used in the external circuit, showing
that most of the pressure has been expended in the battery
itself. The resistance of the battery is also sixteen times as
areat as that of the external circnit.  Though the total E. M. F
in the present instance is four times as great as in Fig. 46, the
strength of the current is less than one-half.

137. Equal Internal and External Resistance.—We
will now take a combination of cells with which it is impossible
to make the internal exactly equal to the external resistance,
and see how this difficulty may be overcome.

ExasprrLe.—How many cells will be required to send a current of .75
ampere throngh an external resistance of 294 ohms? The cells at dis-
posal have an E. M. F. of 1.1 volts each, and an internal resistance of
.5 ohm.

Sorvmiox.—Using formula (g), we have

10*Rr _ 4X (.75 X 20438 4 .5625 < 204 X .8
L T N — 1.21
529.2 :
= — 437.4 cells, or, say, 4358 ceils. Ans.
Let us see if this number is sufficient. Placing all the cells in
series, we have a total E. M. F. of 4581.8 volts. The resistance

of the battery is then 438 < .8 = 350.4 ohms. Therctore, the
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volts consumed by the same, 350.4 > .75 = 262.8 volts, and
the volts used in the external resistance, 294 > .75 =— 220.5;
in all, therefore, 483.3 volts are required. As all the cells in
series could furnish 481.8 volts only, there is a deficiency of 1.5
volts.  We also see that the resistances are not equal, and that,
therefore, the answer is not quite correct.

By adding 3 cells, making the total number of cells 441, the
E. M. F. is increased to 485.1.  The battery resistance is hereby
increased to 352.8 ohms, which, together with the external
resistance, makes a total of 646.S ohms.  Volts consumed in the

battery will be 352.8 x .75 = 264.6, and in the external
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resistance, 220.5 volts as before ; in all, 264.6 + 220.5 = 485.1

volts, which is exactly the amount available. Fig. 48 gives the
arrangement as finally adopted.

Suppose that in the above problem the volts at disposal were
not exactly the number required ; say they were 485.8. This
amount, while not exactly that required, is sufficiently near for
all practical purposes, and would usually be adopted.

An exact solution of these problems is possible only by
means of differential calculus, and without it most of the
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arrangements of batteries of a more complex nature can he
solved only approximately.

Exaypre.—It is desirable to know how large a eurrent a battery of
cells, each having an E. M, F. of 1.1 volts and a resistance of .G ohm,
will send throngh an external resistance of 5 ohuns, if the cells be formed
4 in series and 3 in parallel.

SorLvrion, —Using formula («) Art. 128, we have,

% & 1 1.1 4.4 i
= ——— = — = = .76 ampere. Ans,
B 4 b 5 o8
+ R = -5
' ]
Exaspre.—If the earrent in the last example should be increased to
I ampere and the external resistance to 8 olung, how many cells 1n

series would be required ?
=oLuTioN. —By rearranging equation (&) for finding s,

O R 1% 8 g
B - 16 .“... Ans,
PR TP e [ T S (o VR R oAl

Exayrie.—Is it possible, with the conditions as stated in the previous
example, to increase the current to 2 amperes by inereasing the number
of cells?

SovvtioN.—Using the formula for z, we have

25 8 16 :
e T P T e ey | =

This is a negative quantity, and it is therefore impossible by adding
any number of cells in series to increase the current to 2 amperes. Ans.

138, Let us find the reason for this. Evidently when the
cells are in series, the current of the whole series when short-
circuited is that of 1 cell—that is the maximum current they
will be able to furnish. The maximum current that 1 cell ecan

e dad :
send s 6 1.83 amperes. If the number of cells is
increased, the resistance will increase in the same proportion ;

| S e . :
thus, e and the quotient will therefore be the same—

Ty o8

alwavs the amperage of 1 cell—and if there is an additional
external resistance, the current will be still less. It will now
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be understood why in the last instance it will be impossible to
furnish a current of 2 amperes.

Fig. 49 shows that increasing the number of cells in series will
not increase the curvent when the cells are short-circuited. The cur-
rent of 1 cell was found to be 1.83 amperes, and we find the

(o s |

o, O e -
current of 3 cells to be = 1.83 amperes, as with 1 cell, and

so with any number of cells.  Even should we use the 160 cells
given as an answer to the last problem, we find they will give a
current of 1.69 amperes only. Going yet further and placing
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1,000 cells in series, with the external resistance of 8 ohmes, the
current will be 1.80 amperes, and has even then not reached the
amperage of 1 cell, namely 1.83 amperes,

159, Placing Cells in Series.—If any difficulty is
found in making the total internal resistance equal to the
external resistance, it is better to make the internal resistance
larger.  To accomplish this, it will be necessary to put more
cells in series and less in parallel, resulting in a higher resist-
ance, but also in a stronger current.

A number of examples will now be given to show the applica-

tion of the formula for finding the most efficient arrangement
for cells.
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ExaumpLE.—It is desired to light an incandescent lamp of 50 volts by
gending a current of .5 ampere through it. The cells on hand have an
E.M. F. of 1.6 and an internal resistance of .1 ohm. If the cells are
placed in szeries, what is the smallest number that should be used?

v ™ . L] - R"“ -
SorvTiox.—Formula (&) will be used, viz., ¢ = et solving for
CR
5, we have, 3 = = OF

Before proceeding further, it will be necessary to find the resistance
: : i ol
of the lamp; from Ohm’s law, R = = We find R = = 100 ohms,

and by inserting this in the equation, we have

5 % 100

= —— — 32.3 cells in =series. Ans.
1-{] — ) X 11

L]

Thirty-two cells would not be guite enough, and 33 would
give a current somewhat too large. By interposing a small
resistance. the current could be reduced to .50 ampere from .511
ampere, which the battery would otherwise deliver at the
pressure of 51.15 volts,

140. This problem can be solved in another manner. We
know that each cell suffers a certain loss in voltage, depending
on its resistance and the current passing through it ; that is,
the loss in volts is €< ». Deducting this loss from the
E.M.F. of the cell, we will find the E.M.F. available at its
terminals. Dividing the required E. M. F by the available
E. M. F. of 1 cell, we find the number of cells required. In the
present instance the E. M. F. of each ecell is 1.6 volts, and
the voltage lost in the cell is € r = .5 .1 = .05 volts.
Deducting this from 1.6 volts leaves 1.55 available E. M. F.
from each cell. The required number of cells is then simply
found by dividing the total E. M. F. of 50 volts by 1.55, that is,
a0
1.55
read s X e— O X g X r = V, V being the available E. M. F. of
a battery. AssXe = E, and CX 3 X r = CXr', then

V = E— Cv. (h)

— 32.3 cells, as before. Written as a formula, it would
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Exasrre—In the last example, what is the resistance that must be
added in order to reduce the current from 33 cells to .5 ampere ?

soLvtioN.—From Ohm's law, we know that .--' . In this instance,
however, I consists of the lamps, battery, and the unknown resistance :
the formula must therefore read, if R, stands for the resistance of the
lamp, as follows:

. £ i s
R4+ X = - 105,66 olimis,

If we now deduet from this result the known resistances of the lamp
and battery, we will in the remainder have the required resistance.

X 1.6 (100 4 %.3) 2.3 ohims. Ans

Vig

Res.of Battery=12.9 Ohms!

"< Volts loat in Battery=6.45
——= Total EM.F=20645 Tolts

- Folts vwsed in Lamps-200.

— Total Reg=412.9 Ohma.
REes.of Lamps=400 Ohmas.

Current=.54mp

* (I 0 cos ||\|f|||\|||||—l/

;{ |
Fi1G. 50.

ExaypLe.—Taking the same cells as before—that is, each of 1.6 volts
and.1 ohm, but with 4 lamps of 50 volts each and .5 ampere—it is desired
to find the most favorable arrangement of lamps and cells to reqnire the
least number of the latter.
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SoLvTiox, —We will first see the effect of placing all the lamps and
cells in series.  Four lamps in series will need 4 % 50 — 200 volte, and
V" must therefore be equal to this: 7" = se— Csr ; therefore,

e S N, 200 N e
3 T e—0r T 1.6— e i » CELIS 1IN 2Eeries.

Let us now see the effect of placing all the lamps in parallel
and cells in series, as before. With all the lamps in parallel,
the required L. M. F. u.uuld be 50 volts only, but the amperage

would be increased to 4 < .5 — 2 amperes. Therefore,
;-}I:I iy -
8§ = —— = 0.7, or 36 cells. Ans
1.6 — 2 x .1 ’

This arrangement would therefore require about one-fourth
of the number of cells previously found necessary, and with a
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small resistance would fill the requirements. Fig. 50 illustrates
the effect of placing the lamps in series, and Fig. 51 that of
placing them in parallel.

It might probably be more advantageous to place the lamps
two in series and two in parallel, and the cells in two parallel
series. The lamps would then need a voltage of 2 > 50 = 100,
and a current of 2 X .5 = 1 ampere.
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For one set of cells in series, we would have s = ———

L
using - because each set of cells sends one-half only of the total

current.

100 100 -
§ = —— —— = —— = B4.5 for one set,
l.o—.1 X .D 1.9

e

or 129 cells in all, the same as in the first combination.
Let us now try one more combination—that of leaving the
lamps as in the last arrangement—and place all the cells in

series again. Taking the formula 3 — — o e have
: ¢ r
.l 66 cells in seri
8 _ —- = 66 cells in series,
1.6—.1X1

We see, therefore, that the second arrangement—all the lamps
in parallel and the cells in series—requires the least number of
cells.  In examining Figs. 50 and 51, the conditions are more
clearly presented. It is, for instance, noticed that the loss in
the battery is very nearly the same in both instances, although
the current in one instance is four times as great.  On the other
hand, the battery resistance in Fig. 50 is about four times as
large as in Fig. 51, on account of the greater number of cells
necessary for the high E. M. F. It is seen how important it is
to lower the internal resistance of the battery, and thus reduce
the energy expended in sending the current through the cells.
It is for this reason that accumulators are superior by reason of
their small internal resistance. To give an opportunity of com-
parison, we will calculate the number of cells needed to light
the same number of lamps used in the last example.

ExampLe.—Four lamps in parallel, each of 50 volts and .5 ampere,
are to be lighted by accumulators. How many cells are needed in
=eries when each cell has an E. M. F. of 1.95 volts, and .005 ohm internal
resistance 7
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. 3 : -
SOLUTION.— & — s four lamps in parallel = 50 volts and 2
= i
amperes.
Al 2l e
& e — 26 celle. Ans. (Ree Fig. 52.)

1.95 — 2 % 005 1.04

141. Electric Power of a Cell.—We have seen, in
Art. 18, that the unit of electric power is the watt, and that it

W=2G0

7
=—Tnfal =50 26 Volis

i
s

Ol

-

o
25,13 Ol
25

tes.af Battery=_130 Ol

S

Current=2Anpercs
B e R e !

e e
o i o

\Hl1|||\|||||||||||\|]||||q|||||||1|\|||mlllll|l—5’

FiG, 52

-
p

Volts Lost in Battes
Folts Used in Lamps =50

f Levve pps=

Total Res
Res. o

I

is the product of the current in amperes by the E. M. F. in
volts. If the power in watts is called W, we have W — E » (
and by substituting in this equation the values of E or €, as

b
i

found by Ohm’s law, we have also " = 1:]. and W= (*X R.
L
Again, using ¢ as the E. M. F. and # as the resistance of 1 cell,
4

we find the electric power of 1 cell to be " = ':*

As we have stated in Art. 134, a battery works at its greatest
advantage if the internal resistance is equal to the external
resistance ; the battery is then in reality in a position in which
its own resistance, so to say, has been doubled. If we double
the resistance, the amperage is halved, the total activity in
watts is therefore also halved, and, as half of this power is spent
in the battery and the other in the external ecircuit, it is clear
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that the latter will receive one-fourth only of the whole power
of the cell.

An example will make this clearer. Suppose we again take
the cells used in the last examples, where each cell has an
E. M. F. of 1.6 volts and an internal resistance of .1 ohm. Let
us take 5 cells, which give a total E. M. F. of 5 < 1.6 = 8.0

volts, and a total internal resistance of 5 < .1 = .5 ohm. By

placing these cells in short circuit, the current would he
E 8.0 : Ge =

. " 2 16 amperes. (See Fig. 53.) The total
(| el

power in watts expended is W= EX (' = 8 X 1b = 128 watts.

s

5 s S

i — Watts Expended in Battery=8x16 =125 % g
g -;-’ s G
2l X S
ol = s ¥
Wk-.n“ -] H
W . "
e s -
L i, -
R £z
= |
§|E| ]
.I - - —
H

S E?q .

urn nt 11
e 'f’ﬂuﬁ ?ﬁ%”” o

il

Therefore, the power in watts, W = E x € = 8.0 x 16
= 128 watts. Adding an external resistance R exactly equal

to v, we have R4+ = .5+ .5 = 1.0 ohm ; this is then
the total resistance of the circuit. The current will now be,
; E 8.0 . .

= TR e 8 amperes. (See Fig. 54.)

The total activity in watts, W = EX C = 8 X 8 = b4
watts, that is, one-half of that of the battery on short circuit.
The resistance of the internal and external cireuits being the
game, the same amount of E. M. F. will be spent in each, i. e.,
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one-half of the total. As 8 volts is the E. M. F. of the battery,
4 volts will be spent in the battery and 4 volts in the external

| E

Watts Expended in Battery=32
Watts Expended in Circuit =32
Total = 64 Waits
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circuit. The power spent in either will then he 4 « 8 — 39
walts, which is just one-fourth of the battery power, 128 watts.

142. We see from this that, if it is desirable to spend
electric power amounting to that of 7 cell in an internal eireuit,
it is necessary to have the battery consist of at least 4 cells,
Therefore, if 11" is the power in watts which is to be delivered
to an external circuit, the needed number of cells will be

4W e . .
n = —, being, as shown above, the power of 1 cell. The
& r
y 4W
formula may be more conveniently used in this form, n — i

[

ExampLe.—It is required to develop a power of 192 watts in an

external circuit. The cells on hand have an E. M. F. of 1.6 volts and
internal resistance of .1 ohm. What is the least number of cells

required ?

= § EWr :
Sorvrion.—The formula N = = ° will give us the number required.
”

4192 X1 41921 - _ :
2 : o Sras © all l."'l.]]:-.. Ans,



116 DIRECT CURRENTS. §1

Let us see if this answer is correct. From former statements
we know that the external resistance must equal the battery
resistance : therefore, the same number of watts must be spent
hoth in the batterv and in the external circuit, because the
current is the same. By placing all the cells in series and on
short cireuit, they develop an E. M. F. of 30 % 1.6 = 48 volts.
and show an internal resistance of 30 x .1 = 3 ohms. The
current will then be ¢ = f'l: = 133
power developed in watts 16 % 48 = 768,

The introduction of the exterior resistance changes this, and
48
-:3

— 16 amperes, and the

— 924 volts must now be spent in the external circuit, leay-

ing 24 volts only for the battery. The total current will then
24
B
through the external circuit, the number of watts spent in the
latter will be V< € = 24 % 8 = 192. The watts W spent in
both parts of the circuit is Ex € = 24 X 8 = 192. The sum
of these (384 watts) is, as was proved above, only one-half of
the battery power, which was found to be 768 watts.

In this example, the cells were put in series, but not neces-
sarily so. The 30 cells might have been placed in any other
combination, and the power in watts developed would have
been exactly the same. The proper arrangement is determined
by the pressure in volts desired in the external circuit, and the
cells must be arranged as previously explained, to furnish this
pressure,

be S amperes only, and, as this same current also passes

143. cCapacity of a Cell.—There is yet another point
which requires some attention. In the last example, we found
that the cells on short circuit were able to furnish a current of
16 amperes ; but of this amperage one-half only was used, that
is, 8 amperes. It is possible that this is beyond the capacity
of the cell, and that polarization would set in—in fact, that
6 amperes would be the maximum current which the cell would
he able to furnish. In this case, the formula quoted above
must be modified. If we call this reduced current-strength ¢,
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then ¢ % ¢ is the maximum power the cell is able to deliver,
and ¢ X e — ¢ < r is the maximum power it is possible for it to
deliver in the external cireuit.

y "l g7 5 -
The formula, n = =, must then be changed to this form :
{l

I
eXe—E X

n —

Examrre.—Taking the conditions of the last example, in which the
external power required was 192 watts, and the cells with an E. M. F.
of 1.6 volts and an internal resistance of .1 olim, we found that the cells
delivered a current of 8 amperes to the cireuit. If the current is limited
to b amperes, how many cells will be required ?

Sorvrion.—The new formula gives

1 162 1692
: = — 32 cells. Ans.

i = — %
i e il 6= 1.6 ] b | ti. )

This change in the number of cells of course requires a rearrange-
ment of the same, which is done according to the rules already given.

CLASSIFICATION OF ELECTROMOTIVE FORCES.

144. Variations in E. M. F.—Electromotive forces, as
produced by various appliances, ave alike in their tendency
to start an electric current, but they are often very dissimilar
in other respects. Some devices, as, for instance, a primary
battery or a direct-current dynamo, produce electromotive forces
that are practically constant in strength ; again, in others, such
as frictional machines, the E. M. F. is more or less variable, while
finally, in alternators and induction-coils, we find the E. M. F.
not only varying in strength, but also in direction, periodically
changing from a positive to a negative E. M. F., or vice versa.

These variations may be very clearly shown graphically by
means of a curve on cross-section paper, the method usually
a{hr]ltr':l bheing to let the ordinates, or vertical distances, repre-
sent the E. M. F., and the abscissas, or horizontal distances,
represent intervals of time.
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GRAPIHICAL REPRESENTATION OF PREsSSUITE.

145. To make the subject clearer, we will again use as an
analogy the flow of water from a tank through a tube at a
constant pressure. Let the

EFL' ] LT T g pressure be 4.5 pounds per

3 i S ‘1 square inch, and the water

il !'J T T T T T 1 | in the tank be kept at a

g B o “ constant level. The con-

g 4 T R -' ' ditions may then be repre-

a0 2 2 13 4 5 18 17 85 gented by means of the
Time—Seconds 13 .

diagram in Fig. 55. Here
the vertical line A €' at the
left measures off the pressure in pounds, and the horizontal
line A B indicates the time in seconds. The line 2 K is then
laid off at a distance from A B corresponding to 4.5 pounds.
The fact that the line D E 1s
l'II1i:I'1'|_"n' '||'.|.1':IHI'1 to A B proves
that throughount the time of 8

seconds the pressure remained

Fia. 55,

constant.

1 46, Nextlet us represent
the action of the pump shown
in Fig. 56. It is supposed that
the piston C, during a time of
4 seconds, forees the water out
1tt11l1;{]|. the valve ['1 into the
}Ii]m' P’, and that at the end of
the latter the water is delivered
at a pressure of 8 pounds per
square inch. While the piston
returns to its original position,
which also takes place during

the time of 4 seconds, water is
Howing into the cylinder from
the pipe P through the valve I,
The action of the pump, so far as the pipe P’ is concerned, is
intermittent, and if it is required to show the action by means of
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a diagram, then Fig. 57 will represent the conditions that exist
during the time of 8 seconds. The line D E shows that the
pressure in the pipe P’ during the time of 4 seconds remained
at a constant pressure of 8

=]

pounds; at this point the g IE{Q : i
pressure immediately fell to £ p# £
zero, and remained there ‘Ia it =
during the next 4 seconds, 2 (&
~ while the piston was return- P ;
g to 1its first position. E lf; = B & 17 s
A F b
147. Letus now repre- Tiawe —Jeconds.
F1a, 57.

sent the action of the pump
shownin Fig. 58. Here the water does not leave the pump, but
is simply changed from one side of the piston to the other by
passing through the pipe P. The latter is provided with an
indicator M, which not only measures the pressure, but also
indicates the direction. We will call the direction indicated by
the arrow » a positive, and the reverse a negative, direction, and
will suppose that the pressure remains 8 pounds while the

FiG. 58,

piston travels, during the time of 4 seconds, from one end of
the cylinder to the other, at which points the pressure falls to
zero. Fig. 59, then, illustrates the action of the pump. A D
I'l.'lli‘{?:-?ﬂlll.":; the zero-line, and the values marked off above this
line are positive; below it they are negative. When the piston
moves from right to left it moves in a positive direction, and
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the pressure exerted by it is therefore marked off above the
zero-line, by means of the line D E, the point E being the
point where the piston stops and where the pressure suddenly
falls to zero, as shown by

To
D: : or the line EF. The piston
I is supposed to immediately

2 begin its return-stroke, and

B the zero pressure is there-
g fore at once changed into
a negative pressure of 8
pounds, as indicated by the

——

T [ g [z o [ 3]s

Pressure — Pounds

& . - .

| line F(. This pressure
? - .

0 o remains constant during the
o Jr Jv 3 W b Jo 7 B whole length of the stroke,

Time — Secondsg
FiG. 69,

as seen from the line G I1.
At the point H the pressure
is again reversed to a positive one of 8 pounds at I, and
the motion is repeated.

The tracings shown in Figs, 55, 57, and 59 will now be used
directly for illustrating the main differences between the various
forms in which an electromotive foree may manifest itself.

DIRECT ELECTROMOTIVE FORCE, OR CTURRENT.

148S. Direet E. M. F., or Current.—When an E. M. F.
tends to act in one direction only it is called a direct E. M. F., as
distinguished from an alternating E. M. F. A direct E. M. F.
need not necessarily be constant, in fact it may vary between
very wide limits ; but as long as it does not change in direction
it will remain a direct E. M. F., and the resulting current a
direct current.

149, Continuounus E. M. F., or Current.—\When a direct
E. M. F. has an absolutely constant value during succeeding
intervals of time, causing a perfectly steady current to flow in a
closed cirenit of constant resistance, it 15 called a continuwous
E. M. F., and the resulting current a continuous current. The
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diagram in Fig. 55 will represent an E. M. F. of this class, if
the pressure in pounds be replaced by a pressure in volts.
A voltaic battery in good condition and a dirvect-current
dynamo will both produce a continuous E. M. F., though in a
dynamo the latter will not be quite go uniform, but of a more
wavy character, as indicated by the diagram in IFig, 60.
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150. TPulsating E.M.F., or Current.—When these
waves reach a magnitude as ghown by the curve in Fig. 61,
it is said to be a pulsating E. M. F. Even here, though the
difference between the maximum and the minimum pressure is
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about 600 volts, the E. M. F. is still a direct one, as it always
remains above the zero-line and therefore does not change
direction: A dynamo with few ecoils in its armature would
produce an E. M. F. of a somewhat similar nature ; so would a
voltaic battery if its eurrent were passed through a rheostat of
carbon powder, the resistance of which would change by rapidly
varying the pressure on the carbon.

151. Intermittent E. M. F., or Current.—If the
E. M. F. periodically falls down to zero and remains there for
a short time, as indieated in Fig. 57, then the E. M. F. is said
to be infermittent.

ALTERNATING LE.M.T., OR CTURRENT.

152. Alternating E. M. F.—An alternating E. M. F. is
one that alternately changes in direction. In the form most
frequently found it may be said to be an E. M. F. that
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constantly changes in magnitude and periodically in direction.
Fig. 59 shows a form of alternating E. M. F. which suddenly
changes in direction, such as would be the effect if the E. M. F.
that a voltaic battery impressed on a conductor were suddenly
reversed by means of a commutator. The alternating E. M. F.
most frequently found changes its direction more gradually,
as seen from the curve in Fig. 62. Here the E. M. F. begins
from zero at A, rises gradually, while acting in a positive
direction, until it reaches B, where it has a maximum value of
500 volts ; from this point the pressure begins to fall, still remain-
ing positive, until at €' it again reaches the zero mark. In
passing below this point the direction of the E. M. F. changes
from positive to negative, and the maximum pressure is
attained at D, whence it again begins to fall until point E
is reached, when the I£. M. F. once more is of zero value. Pro-
ceeding from FE towards F, the E. M. F. is positive again, and
from there follows a repetition of the curve as begun at A.

153. 1f the curves representing the E. M. F. on either side
of the zero-line are exactly of the same shape, but acting in
opposite directions, the alternating E. M. I. 15 said to be symimnel-
rical. Figs. 62 and 63 represent curves of symmetrical, and
ang
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Fig. 64 a curve of dissymmetrical form, such as may be produced
in the secondary coil of an induction-coil.

154. Sine Curves.—The curve shown in Fig. 62 is also
called a sine curve, or sinusoid, and the E. M. F. which it repre-
sents is said to be sinusoidal.



| e
o

DIRECT CURRENTS. 125

The nature of a sine curve may be explained by means of
Fig. 65, (a), (b), and (¢). Let us suppose that a point a of (a)
revolves around the point o with a constant velocity, so that the
distances a b, be, ete. are each
covered during the time of 1
second. If the point « had 1
been traveling in a dirvection at e — Y Jo
right angles to the line a «,, for i C
instance, along the line a k, the
distance traveled along this line
would at any time be directly
proportional to the time dur-
ing which the point @ had been in motion. That is to say,
during a time of 6 seconds a would be at a distance 6 < ab
away from the line aa,. But when the point a performs a
eircular motion, as in (a ), the conditions are entirely different.
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The distance between a and the line aa, 1s then no longer
directly proportional to the time, but to the sine of the angle
through which it has moved relatively to the line aa. For
instance, when the point a has moved into the position d, and,
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therefore, through the angle aod, its distance from aa, is pro-
portional to the sine of this angle, or the line dd,. Similarly,
when « has moved to the point f, its distance from a a, is pro-
portional to the sine f7,, and so forth. If, now, the line aa, a,
in Fig. 65 (b) is divided into a number of equal parts corre-
sponding to the number of divisions of the eirele in Fig. 65 (a),
and vertical lines are erected from these points, the signs of the
various angles may be laid off on these lines. Thus, dd,
corresponds to the sine of angle ao d, and ff, to the sine of aof,
ete.  As soon as the point @ passes the position a,, the values of
the sines will be negative, and are laid off below the line a a, a,,
in the manner already deseribed.

When the various points a, b, ¢, d, ete., thus determined, are
connected by means of a curved line, this line will constitute a
sine curve, A sine curve is not necessarily limited to the form
given 1 Fig. 65 (6), as it i1s evident that the relation beltween
the length of the divisions on the line a a, @, and the sines will
waterially change the appearance of the curve. Thus, by
bringing the said divisions more closely together, the curve
will assume a more peaked form, while, on the other hand, if
the divisions are put farther apart, the waves will appear more
shallow.,

155. A sine curve may be automatically drawn by means
of a vibrating spring.  If a long flat spring s, in Fig, 65 (¢), is
fastened at one end and the other provided with a pencil, the
latter will, while the spring vibrates, draw an approximate sine
curve on a sheet of paper p moved under the pencil in a direc-
tion parallel with the center line of the spring.

156. Cyeliec Alternating Currents.—If the curve
which represents the E. M. F. of an alternating current is
svmmetrical on both sides of the zero-line, as the curve in
Fig. 62 ; and if, further, the continuation of the curve is simply
a repetition of the first part 4 B C' D E, then the E. M. F. (or its
resulting current) is called a eyelic, periodic, or harmonic alter-
nating K. M. F. or current.

157. Alternations, Cycles, and Periods.—In speak-
ing of a cyelic alternating current, each complete reversal of the
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IE. M. F., or current, 1s called an alternation; in Fig. 62, for
instance, three alternations are represented, as A B C, CD L,
EFG, ete.; each alternation lasts, therefore, 135 of a second,
and there are 50 alternations per second. Two successive
alternations, that is, one positive and one negative wave, con-
stitute a eyele. A B Cand CD E together constitute one eycle,
and the time required for its completion is called a period ; in
the present instance it is .04 second, and the E. M. F. repre-
sented by this curve would be said to have a period of .04
second,

158. Frequency.—The number of complete eycles which
occur in 1 second is called the frequeney, and this is indicated
by the sign ~o. In the example cited above, the number of

1

25, so this E. M. F.
L 1
would be said to have a frequency of 25 e, or 25 cyeles per

eveles which oceur in 1 second is

second.  [requency 1s the reciproeal of period.

159. Alternating Current.—The current-strength pro-
duced by this varying E. M. F. will not necessarily be pro-
portional to the height of the E. M. F.; it will also depend
on the rate at which the I£. M. I. increases or decreases in value
or changes from positive to negative, If the I, M. F. is con-
tinuous, or if the changes are so slow as to more or less avoid
the introduction of seli-induection, the value of the current-
strength will keep step
with that of the . M. F.
But when the rate at
which these changes take
place exceeds a certain
frequency, the current
will no longer he able
to keep step with the
E. M. F., but will lag
behind and will reach
various points in its own
cycle a certain length of time after the impressed E. M. F,
has reached similar points in its cycle. Fig. 66 ghows the

F1G. 66,
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effect very clearly. Here A is the curve of the E. M. F.,
which would also be the curve of the resultant current. if the
circuit were devoid of self-induction. The curve B shows the
real strength of the current and the position of its maximum
values as related to those of the E. M. F. We see here that
the crests of the waves in curve B not only lag behind those
of A, but also fail to reach the same height as those of the
latter curve.
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MAGNETISM AND ELECTROMAGNETISM.

NATURE OF MAGNETISM.

I. Electromagnetic Phenomena.—When the subject
of electricity in motion was considered, it was seen that the
conductor had a certain effect on the'flow of the current, it
being able to retard it more or less ; but in doing so the con-
ductor in return suffered a change, the change being shown by
an increase in temperature. In both cases the effects were
caused by the passage of an electric current through the con-
ductors and took place in the conductor itself. But in addition
to these there are other and very important effects produced by
the current, which are not limited to the conductor itself, but
take place in the surrounding medium. These phenomena are
called electromagnetic, and will now be considered more fully.

The relations between electromagnetism and magnetism
proper are so intimate that it is difficult to describe one of them
without econstantly being obliged to refer to the other: they
will therefore be treated in the following pages in conjunction
with each other.

2. Magnetism as a Science.—It is just as well to say, at
the outset, that we do not know any more about the nature of
magnetism than we do about that of gravitation and electricity,
and that is next to nothing. It is more than likely that mag-
netism is electricity in rotation. In every case the forces of
both are exerted at right angles to each other. All we do
know is that certain metals under certain conditions can be

made to exert an attractive or repulsive influence on each
22
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other, and all that science has so far accomplished is to formu-
late the laws under which these forces act and react, and accord-
ing to these laws certain bodies, as iron, steel, nickel, and
cobalt, called magnetic substances, may be magnetized and
demagnetized, either by means of permanent or electromagnets.

3. Reaction Between Magnets.— In bringing two ordi-
nary magnetic needles in proximity to each other we find
they perform certain  peculiar, but well-known motions.
For instance, on attempting to bring their similarly marked
poles opposite to each other, they will refuse such proximity,

5 ) and a repulsion will
'ﬂ:_____‘_-__}' e o R Y 1 place, resulting in
a partial revolution of
either needle into new
positions, in which the axis of both needles lie in one line,
but with differently marked poles adjoining, as shown in Fig. 1.
We come then to the conclusion that the :i.;mﬂm'.l"y marked ;.-mfr..-f
of magnetic needles r‘c'pr_'f each other, and differently marked ;uw’ﬁs

Fig. 1.

altract each other.

In this country the marked end of a needle or bar magnet is
called a north pole, the other end a south pole, and for the present
these terms will be used without explaining their meaning.

4. Experiments With Magnetic Needle.—The knowl-
edge thus acquired we will use for some further investigation of
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the immediate surroundings of a bar magnet, such as is shown
in Fig. 2. On bringing a magnetic needle near its sides or ends,
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we notice that the position of the needle will vary considerably
while it is moving along the sides of the bar.

In position a we find the south pole of the needle pointing
towards the north pole of the bar, but making an angle of about
75°% with the axis of the latter, Moving to position b, the
needle places itself entirely parallel with the bar, and, on
arriving opposite the end of the latter, at ¢, it has placed itself
exactly in line with the longitudinal axis of the bar. In the
latter position opposite poles are facing each other. Continuing
this method of investigation, we arrive at the other side of the
magnet and find there similar conditions ; at d we have its
north pole pointing towards the south pole of the bar, making
an angle corresponding to that at «, and, continuing the circuit,
we arrive at last at e, where the needle again places itself in line
with the axis of the bar, but in this instance with its south
pole opposite the north pole of the magnet. If the bar is
round, we might, after placing the latter in a vertical pogition,
move the needle in circular horizontal paths around it, and
would find some invisible force constantly tending to deflect
the needle into positions in which it always is pointing towards
the axis of the bar.

5. We will now go a step further and follow a path from
one end of the bar to the other, as indicated by the needle itself.
Beginning at f and fol- , ,
lowing the direction in 1\ |
which the north pole nis « %\
pointing, we arrive at
point g, where the needle -
again is parallel with the -
bar, and, continuing, we
find the termination of
the path at A

By placing the bar
magnet on a sheet of
paper and indicating, by means of a pencil, the path over
which the needle has traveled, we will have drawn a line some-
what similar to the dotted line & i in Fig. 2.
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In starting from other points, along the sides and ends of the
bar magnet, numerous paths may be marked out, so that after
awhile we would have a picture somewhat similar to Fig. 3.

A simple way to show the direction of these lines is to dust
fine iron filings on a sheet of paper and place this over the
magnet, with a plate of glass intervening, when, by gently tap-
ping the glass, the iron filings will arrange themselves in lines
corresponding to those of Fig. 4.

6. Lines of Magnetic Force.—Faraday made very
extensive investigations of magnetism by means of such iron

filings, and the lines which they traced were by him called lines
of magnetic force. These lines show the direction in which the
magnetic force is acting, and also indicate the strength of the
force, as they are more numerous and closer together where
the intensity of the magnetism is at its maximum. The whole
collection of lines of force around the magnet is called the mag-
netic field,  The lines of force in a magnetic field, when not
disturbed, have only one form of energy, viz., attraction and
repulsion. In order to make these lines produce an E. M. F.,
they must be intersected by some conducting material. and to
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obtain an electric current the condueting material must form a
circuil.

7. Magnetic Field.—Of course these lines have no actual

existence. It is well to remember this, as diagrams similar to
Fig. 3 are often understood to mean that the magnetism acts
along these lines only, and nowhere else ; that is to say, that
between these lines the magnetic field is neutral. Evidently
this is a misconception ; there are no variations in the field as
sudden as this, but, on the contrary, a gradual decrease towards
the exterior parts of the field.

S. When a magnetic field exists between two magnetic
bodies, we have to imagine a certain stress in said field, a
tendency to draw the bodies together along the lines of force.
We have further to suppose that this attraction is not carried
on by means of the surrounding air, but by the aid of the all-
pervading cther, which also surrounds each individual molecule
of the two bodies.

9. Magnetic Flux.—Though we do not know for certain
that the electriec current actually flows through a conductor, we
use this convention as a convenience and determine its diree-
tion of flow by investigating its influence on a magnetic needle,
as will be shown further on,

In the same manner we speak of the magnetic lines of force
as flowing from pole to pole, thus indicating the direction of
the magnetie current, ov flur, and also here determine the direc-
tion by means of a freely suspended magnetic needle.  Thus,
in Figt 2. the needle while moving from position f to A, was
traveling with the lines of force.

When a freely-suspended magnetic needle is standing or
moving in a magnetic field its north pole will always indicate
the direction in which the lines of force at that place are flow-
ing ; in fact, we may imagine these lines to enter the needle at
its south pole and leave it at its north pole.  Applying this rule to
Fig. 1, the lines of force would come from the extreme left,
enter the first needle at its south pole, leave it again at its
north pole, to enter the south pole of the other magnet, and so
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—_——

forth. This rule forms the foundation for all the following
experiments, and must be kept clearly in mind,

10. Interactions Between Lines of Force.—We have
seen that when unlike poles of two magnets are opposite each
other, an attraction takes place. Now, the condition of the
magnetic field between these poles is somewhat similar to that
which would prevail if the lines of force were replaced by a
series of rubber strings under tension, which, to make the simi-
larity complete, should also have a tendency of mutually
repelling each other in a lateral direction.

Fiu. 5.

Lines of magnetic force running in the same direction have this
tendency of vepelling each other, while between lines running in oppo-
site directions an attraction takes place.  We shall see further on
that these interactions also take place between two conductors
through which electrie currents are flowing.

Figs. 5 and 6 illustrate the interactions between lines of force
in two magnets. If, as in Fig. 5, the adjoining poles are of
opposite polarity, the lines of force near each of the poles will,
before the latter are brought close together, be traveling in
opposite directions ; but if the bars are so close that an
interaction takes place, the lines of force will attract each other

i
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and unite. The contracting tendency of the lines will then
begin and the two poles will attract each other.

In Fig. 6 the conditions are reversed, as here two similar
poles are facing each other, from both of which lines of force
are emanating in the same direction. A repulsion will there-
fore take place and the lines of force will turn away at right
angles to the axes of the two magnets. This repulson of the

FiG. 6.

lines of force will interact on the molecules of the bars and will
also cause a repulsion of the latter.

11. Magnetic Circuit.—We have now seen how in a
magnet there is a certain flow of magnetism issuing from its
north pole, whence it proceeds in curved paths through the
surrounding space along the sides of the bar to its south pole,
where it again enters and then traverses the whole length of the
magnet. As there is neither end nor beginning to this flow, it
constitutes a closed path or eirenit, and is therefore called a
magnetic circuit.

It has also been shown how a freely-suspended magnet,
when in a locality where lines of force are passing, will place
itself so that its longitudinal axis coincides with the lines of
force and so that it points with its north pole in the direction
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in which the lines of force are traveling. Finally we found
that unlike poles attract and like poles repel each other,

12. Terrestrial Magnetism.—There vet remains one
subject with which we have to deal before we proceed any
further, and that is the magnetism of the earth. It is a familiar
fact that the earth itself constitutes an immense magnet, with a
north and south pole, and lines of force traveling through its
interior a= well as along its surface and through space. The
presence of these lines of force has been of great benefit to
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travel both on land and sea, in making the use of a compass
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In Fig. 7 we find a representation of the form which the lines
of force will assume in traveling from pole to pole, and also the
directions in which they will move. When applying the infor-
mation so far derived concerning the position a freely-suspended
magnetic needle will occupy while situated in a magnetie field,
we come to a conclusion which i= not a matter of general
knowledge. The magnetic needle of the mariners’ compass or
any other compass will, as we all know, point towards the ter-
restrial north pole, or very nearly so, depending on the longi-
tude of the place where it is situated. The lines of force will
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therefore enter the needle from the south, pass through it and
proceed towards the north. But it has previously been said
that the lines of force leave the north pole of the magnet ; evi-
dently, then, the lines of force coming from the south pole
towards the needle must come from a north pole, and we there-
fore come to the conclusion that the terrestrial south pole must
he a wmagnetic north pole and vice versa. The magnetic south
pole does not coincide with the earth’s north pole, but i= about
1,000 miles to one side of the latter.

MAGNETIZATION,

13. Two questions will now suggest themselves, to which
we will have to find an answer, viz., (1) Why does a body of iron
or steel under certain conditions change from a neutral to a maguetic
condition ?  (2) If a piece of steel is magnetized in one of different
ways, has it had fmparted to it a certain magnetic power not previ-
ously existing in it, or, if not, where does this power come from ?

14. Difference Between Electricity and Magnetism.
Before attempting to answer these questions let us first consider
an important difference between electricity and magnetisin.
If, for instance, a conductor is charged with electricity and is
brought in contact with another conductor, it will give up part
of its charge, as will be shown in Efectrostatics. On discharging
and charging the second conductor again and again, the first
conductor will finally have given up all of its charge, and hoth
will be neutral,

If this experiment is repeated with a magnet and one or more
pieces of steel, the result will be entirely different.  We can, for
instance, magnetize and demagnetize one piece of steel any
number of times, or we can magnetize any number of steel
pieces with the same magnet ; the result will be the same, that
is, the magnet will not give up any of its magnetism or grow
weaker. How, then, shall we explain this apparent inexhaust-
ible supply of magnetism ?

15. Molecules.—To give an explanation of this phenome-

non we have to go to the physical foundation of all matter—to
the molecule itself. The exact form of the molecule is not
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known, but every indication tends to show that it is more or less
globular in form, perhaps slightly elongated. It appears that
in a magnetic metal evervy molecule is in itself a magnet, very
much constituted as the globe on which we live. But though
we speak of molecules as being magnetie, we must understand
this to mean that in reality it is the ether, enveloping each
molecule, which exerts the magnetic attraction or repulsion,
and not the molecule itself. Tt was already shown that this
was the case with magnets in general, and it also holds good as
regards the earth itself. We must therefore imagine each
molecule to have its own north and south pole and its neutral
equator.

Having this clear in mind, let us now see what are the
positions of the molecules in a neutral piece of iron. We have
seen that these molecules already are magnetie, and it is there-
fore of interest to see why it is that they do not show any
external magnetism, and how they may be made to exhibit
such  magnetic effects. When not  disturbed by external
influences, the magnetic properties of the molecules of a
neutral lnirml- of iron are satisfied by the short cireunits estab-
lished between the molecules of the iron.

16, Interaction Between Freely-suspended Mag-
netic Needles.—On holding a magnet near an ordinary
magnetic needle, the latter will respond
to every motion of the former and
occupy any position desired. With
e / // tiwo magnetic needles in close proximity

to each other, as shown in Fig. 1, this

15 no longer the case ; they will refuse

= to move out of line with each other
until compelled to do so by a superior

fA T force.  This interaction is clearly
11 USR] shown by means of Fig. 8, where the

| ¥ needles in  position (a) are placed

' exactly as those shown in Fig. 1, and
therefore mutually react on each other
so as to keep their axes in line. In this and the following
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figures, the north pole of a needle will be designated by a black
tip, s0 as to avoid confusion of letters.

We will now suppose that a strong magnet NV is having its
north pole turned towards the needles at (@), and that the latter
are gradually brought closer to the magnet. In position (a)
we find that the magnet N is unable to alter the relative posi-
tions of the needles ; they stick stubbornly to each other. 1In
position (5) the directing force of N has increased so much
that they have heen obliged to yield and to swing into new
positions. The angle which they now form with the positions

FiLN ;_,,-"
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they at first occupied will inerease on approaching the magnet,
until suddenly they will cut loose from each other, and, after
violently vibrating back and forth, place themselves in position
(¢). DBut that they are holding this position against their
inclination is shown by the fact that, on removal of the magnet
N, they immediately return to the first position (« ).

17. Increasing the number of needles to four, the con-
ditions are somewhat different, as there are rarious stable com-
binations which they now may make. Let Fig. 9 (a) represent
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one such combination. It is seen that this 1s a very stable one,
and that it will take quite an effort for the magnetizing force N
to break it up. On succeeding in doing so, the needles do not
vet surrender, but effect an arrangement as indicated by
Fig. 9 (5). Finally they are compelled to also give up this com-
bination and to submit entirely to the directing force of N, as
shown at Fig. 9 (e).

18, Various stages of Magnetization.—These three
combinations, as shown in the last figure, illustrate very
clearly, on a small scale, the three stages which bhave to he
gone through in order to magnetize a bar of magnetic material,
such as steel, for instance.  There 1s first the initial stage, repre-
sented by Fig. 9 (a). Here it takes relatively quite an effort to
effect magnetization, or to secure the required arrangement of the
molecules of the iron, that is, to cause the needles to deviate from
their original positions ; but no sooner is the magnetizing foree
withdrawn than the needles at once return to their first posi-
tions.  On substituting molecules 1n place of the needles, we
come to the conclusion that on exposing the steel bar to a rela-
tively weak magnetizing force, no lasting effects will be produced ;
the molecules will swing back again after the magnetization
stops, and the bar will remain neutral,

14, Residual Magnetism and saturation.—On inereas-
ing the magnetizing force until the second eombination has
been effected, we have gone through the second stage of
magnetization, as shown at Fig. 9 (4). Here the molecules
have succeeded in making a new and stable combination, and
when now the magnet N is withdrawn, the bar will retain its
magnetism, and we have passed through the stage where residual
magnetism is effected. ;

If the magnetizing force is increased so as to carry us heyond
this stage, we will pass through the third stage, as represented
by the combination in Fig. 9 (¢), where saturation takes place.
But we have already seer: that this, as well as the variations in
the first combination, are not of a stable character. The result
will therefore be that after the magnet N is withdrawn, the
molecules will return to the positions occupied at the end of
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the second stage, and that the magnetic strength there attained
will be all that finally remains.

20. Molecular Rearrangement.—On multiplying these
groups of four, we would have a combination somewhat similar
to Fig. 10 (a), where the magnetic needles are replaced by
figures which may represent molecules and on which the black
tips signify north poles. We notice that the molecules are all
magnetically interlocked with each other, forming stable com-
binations which are difficult to break. The diagram may
represent a small particle of steel while in a neutal condition
and exposed to a weak magnetizing force N.  On increasing
the latter the molecules will break their connections in order to
turn around, so as to let their north poles point more in the
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direction of the lines of force proceeding from the exterior
magnet N; at the same time they will carry out new com-
binations of closed cireuits, as shown in Fig. 10 (b).

A further inerease of the magnetizing force will compel the
maolecules to again break their combinations and to stand
exactly parallel with the external lines of force N, as represented
in Fig. 10 (¢); the steel is now saturated with magnetism. As
11]1‘(11:1}' shown, they will not remain in these positions when
magnetization ceases, but will return to the combinations of
F'ig: 10 (h), which represents residual magnetism.

21, Induced Magnetism.—In all the experiments so far
considered, we have magnetized bars or needles by means of
another magnet, without actual contact. Magnetism effected in
this manner is sald to be induced. It must now be evident
from the previous explanations that no attraction or repulsion
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can take place between a magnet and a neuntral body made of a
magnetic substance, before the molecules of that body have
hecome arranged in the required manner—that is, not before the
molecules have been compelled to break their combinations
and place themselves in line with the inducing lines of magnetic

force.

29 Hydraulic Analogy.—These interactions between
molecules and an external magnet may perhaps be made a
little clearer by an analogy

r" : _' : __I'-Ii from hyvdraulies. Let a in
1 - S .I,' Fig. 11 be a short tube
C e --r:j Ii sitnated in a tank 7 filled
— 2, @ | with water. The tube has

[ ( . B ) Il in its interior a propeller p
’ » —

constantly revolving in such
L a manner that it will cause
the water to flow in the
direction indicated by the
arrows. The tube is free to revolve around the point b, and is
provided with a small vane . We may consider this as a fair
representation of a molecule with its surrounding lines of force.

Let us place four of these tubes in a pipe P, shown in eross-
section in Fig. 12 (a). They are all free to revolve around the
points b, but will place themselves so as to constitute a closed
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circnit. Evidently there iz a current constantly flowing in a
circular path, from tube to tube, hut there is no evidence of this
ontside of the tube P. We have here a condition similar to
that of a piece of steel before the molecules of the steel have
been rearranged by some external influence so as to exhibit the
properties known as magnetization.
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On now sending a current of water through the tube from the
outside, in a direction indicated by the arrows ¢ in Fig. 12 (a),
the tendency of the current will be to deflect the tubes by
means of the vanes v so as to send their currents in the same
direction as that of the external current. If the latter is strong
enough, it will be able to compel the tubes to occupy positions
similar to that of Fig. 12 (1), which would correspond to the
second stage of magnetization, where the induced magnetism
1s residual.

If the current-strength is increased still more, the tubes will
be obliged to also give up these positions, and will then stand
as in Fig. 12 (¢), which corresponds to the condition of a satu-
rated magnet.

When we divert the external current ¢, the tubes will return
to the positions shown in Fig. 12 (), and a current will now
flow constantly through the tube, corresponding to the state of
a substance in possession of residual magnetism. What we
now have accomplished is to make an apparently neutral tube
eject a constant stream of water, after first having sent an
external guiding stream of water through it.

23. Examples of Magnetization.—We are now in a
position to put our theories to a practical test and find an
explanation for phenomena which have been familiar to us, but
not understood. Let us, for instance, consider what takes place
when a steel bar is being magnetized by a permanent magnet.
It is an old and well-known method to stroke the bar with the
magnet in a certain manner, and we are now able to see what
the resulting polarity will be and why certain precautions
must be taken.

In Fig. 13 we have a steel bar B to be magnetized by means
of the bar magnet M. In the illustration the north pole of the
bar magnet is placed at the middle of the bar and we see the
lines of force proceeding from the magnet into the bar, where
they divide and proceed both to the right and left, later to
l‘l?tlvll‘n to the magnet through the air. As the molecules in
the bar must face with their north poles in the directions of the
lines of force, we find one-half of the molecules facing in an
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opposite direction to that of the other half, and we will therefore

find a north pole at either end of the bar, with a south pole at

the middle. A bar magnetized in this manner is said to have

consequent poles. 1t is

Mj_u evident that matters

will not be any better

by moving the magnet

back and forth, as the

magnetism  which 1s

induced by one stroke

B SRR will be reversed by the
?GGQQ ¢/ Cl Q_E}ml return-stroke,

= —— ——» |;r We  will  therefore

B have to change this
Fic. 13. '

L

method and proceed as
indicated by Fig, 14, Here the magnet is moved from right to
left, where it leaves the bar to return through the air to the
starting point.  During this manipulation the molecules will
have placed themselves with their north poles towards the right,
and their south poles towards the left, and the bar will therefore
be magnetized =0 that its north pole is on the right side, and its
=onuth 1m]:' on the lrllflf sidde,

Fig. 15 proves that it is immaterial in which direction the
magnet is moved, as in this instance the latter has been moving
from left to right and

then returned through

the air. The bar has =

now a north ]mh' Oomn &

the left side. Of course,

this stroking has to he

repeatedd on the lower & *

side of the bar. \t Qﬁﬁﬁﬁﬁﬁﬁﬁﬁmﬁ

P _ "

24, It will be un- B

Fic. 14
necessary here to enter

more into detail of the various kinds of magnetization, but, to
make the examples complete, we will later on consider how
magnetism may be induced by means of the electric current.
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At the present stage it should no longer surprise us why, when
a magnet is broken into smaller parts, each of the latter should
be an independent magnet, with its own north and south pole.
In fact, we can see, when looking at Fig. 14, that it should be
possible to continue this breaking up of the bar into the smallest
fragments and still find complete magnets of diminutive size.
There is no such thing as a magnet having but one pole.

25. Effect of a Weak Inducing Magnet.—We saw,

when Fig. 9 (a) was described, that the molecules during the
initial stage of magnetization adhered rather tenaciously to one
another so long as theyv were able to maintain their closed
circuits. It would therefore appear that, if these combinations
could be broken up by other means than an inducing magnet,
so that the influence of the latter would simply be a guiding
one, it should be possible "
to effect a strong mag- =
netization with a weak , *l
inducing magnet. This |
|
i

has been found to be ———t
the ecase, and there are v
several methods by [COCOOCOOCCCOO[)
means of which this may ¥|° = el ./
be accomplished. Under 7]

these circnmstances the FIG: 13-
rather weak inducing influence of the terrestrial magnetism may
be used with advantage.

In Fig. 7 we saw the general direction of the earth’s lines of
force, and by means of this illustration we will be able to deter-
mine how a bar that is to be magnetized by the earth should bhe
placed, as shown in Fig. 15, in order to be under a maximum
inductive influence, and also be able to foretell the polarity of

such a bar.

26, Disconnection of Molecules.—The disconnection
of the molecules may be secured in four different ways. (1) By
setting the molecules into vibration. This is accomplished by tap-
ping the end of the bar with a wooden mallet while holding the
former in a vertical position. (2) By increasing the lateral
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distance between the molecules, which is attained by subjecting the
bar to a tortional strain. (3) By increasing the longitudinal
distance between the molecules, as effected by elongating the bar.
(4) By erposing the bar to heat, when the result is twofold.
Not alone are the distances between the molecules inereased all
around, but the latter are also set vibrating at a constantly
increasing rate,

A bar magnetized by any of these methods will, if situated
north of the equator, have a north pole at its lower end, because
the terrestrial lines of force pass downward in northern latitudes,

THE MAGNETIC CIRCUIT.

2%7. Length of the Magnetie Cirveuit.—The length of a
magnetic circuit represents the average lengths of all the lines
of force measured from where they pass out from the north
pole along their cireuit through the surrounding medium to
where they enter the south pole, plus their length in the mag-
net. In a short bar magnet, the length of the magnetic circuit
may be exceedingly large and difficult to measure, because a
creat many of the lines of force will travel a long distance
hefore entering the south pole.  Whereas, in a longer bar, bent
into the shape of a horseshoe, the lines of force pass out from
the north pole and immediately enter the south pole, thus
making the average length of the magnetic circuit compara-
tively short and easy to determine.

28. Direction of Lines of Force.—Lines of foree ean
wever intersect  each other.  When two opposing magnetic
fields are brought together, the lines of force from each will be
crowded and distorted from their original direction until they
coincide in direction with those opposing them, and form a
resultant feld. The direction of the lines of force in the
resultant field will depend upon the relative strengths of the two
opposing magnetic fields,

29, sSimilarity Between Magnetism and Electricity.
There are a great many points of similarity between the
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flow of magnetism and that of electricity. Air is a medium
that offers great resistance to both, although less to magnetism
than fo electricity. Magnetism will penetrate air more readily
than will electricity. Metals like iron and steel are very readily
penetrated by magnetism. When one of these metals is present
in the magnetic cirenit, the magnetic flux leaves the air almost
entirely, and flows through the metal. The metallic body
will then, for the time being, become a magnet with a south
pole where the lines of force enter it, and a mnorth pole
where they pass out. In Iig 16, A is a permanent magnet
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and 5 a piece of iron called an armature, which is placed
across the poles of the magnet. The lines of force are seen
to continue their path through B, making a magnet of it,
while the armature in return greatly reduces the resistance of
the circuit.

Resist-

30. teluctance and Magnetomotive Force.
ance to the low of magnetism is called reluctance. Though at
first glance reluctance may seem to be an exact counterpart of
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the resistance of electrie circuits, there is vet a great difference
between them. In an electrie circuit the resistance in ohms of a
given conductor is a constant, so long as the temperature
remains the same, no matter how great an amount of current
may be sent through it. In a magnetic circuit the reluctance
does not remain the same, but increases with the density of the
magnetic flux, first slowly, but later on almost in direct propor-
tion to the increase of magnetization.

When the magnetic flux is weak, the reluctance of the air

may be a thousand times greater than that of iron, but when
the flux is inereased to a high density, the reluctance of the
iron will increase until it is very nearly the same as that of air.
On the other hand, we find that the flux is proportional to the
force causing it to flow, here called magnetomotive foree, and
inversely proportional to the reluctance. We have, therefore,
practically a parallel to Ohm’s law for the electrie current, and
we may write the law as follows :

magnetomotive force

magnetic flux =
reluctance

The unit of um_l,nu'i':-r' _,I"J'H_l' 1= called the u'rhn'; the unit of
magnetomotive force is called the gilbert ; and the unit of relue-
tanece 15 called the oersted,

The last formula can therefore also be written in this form :

zilbert

weber — :
oersted

21. The source of the magnetomotive force will be con-
sidered later on; at present we will consider other points
of similarity between electric and magnetic currents. In an
electric circuit the resistance depends on the substance of
which the conductor is composed, on the length of the con-
ductor, and its cross-sectional area; the magnetic flux is
also dependent on the substance or substances that constitute
the circuit, the length of the circuit, and the area of the
conductor. To decrease the resistance of a wire, its length may
be reduced or its cross-sectional area increased. In the same
manner the reluctance of a magnetie circnit may be decreased.
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The sectional area of a magnetic cireuit at any point in a
magnet is the area of a plane through which the lines of force
pass, the plane being taken perpendicularly to the direction of
the lines at that point. The sectional area of the magnetic
circuit outside the magnet is an indeterminate quantity, because
the lines of force spread apart and diverge in all directions
before entering the south pole. DBut where the lines of force
have only a small alr-gap to pass across, the tendency to spread
apart will be less, and the sectional area of the magnetic circuit
may be taken as the area of the polar face. For example, the
sectional area of the magnetic circuit in a bar magnet 5 inches
wide and 25 inches thick is 5 » 25 = 125 square inches,

32. Classifieation of Magnetic Cirenits.—There are
three kinds of magnetic circuits :

1. A non-magnetic circuit, in which the flux has to complete
the whole circuit through air, copper, or other non-magnetic
materials. (See Figs, 24 and 25.)

2, A closed magnetic civcuit, in which the flux completes its
whole circuit through iron or steel.  (See Fig. 16.)

3. A compound magnetic circuit, in which the flux passes
consecutively through iron or steel and non-magnetic materials,
as air, wood, ete. (See Fig. 17.)

33. Magnetic Quantity and Density.—The amount,
or quantity, of magnetism is expressed by the total number of
lines of force passing along the magnetic circuit.

Magnetic density is the number of lines of force passing
through a unit area measured perpendicularly to their direction.

The length of the magnetic circuit does not affect the mag-
netic density in a circuit, so long as the total number of lines of
force remains unchanged.

To find the magnetic density per square inch, when the
sectional area of the magnetic circuit and the total number of
lines of force is known :

Rule.—Divide the total number of lines of force by the sectional
area of the magnetic circuit in square inches.
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ExampLe.—If after measuring the magnetism in a straight-bar magnet
} inch square and of any length, the total amount of magnetism at the
middle of the bar is found to be 25,000 lines of force, what is the
magnetic density in the bar?

. e . 25,000 :
SorvTioN.—The magnetic density in the bar is e E 100,000 lines

of force per square inch. This is equivalent to saying that 100,000 lines
of force would pass through the magnet if its sectional area were
imereased to 1 square inch and the lines of foree were inereased in the
saine proportion.

MAGNETIC UNITS.

34. To facilitate a connection between the electrical and
magnetic forces, a system of magnetic units has been adopted,
based upon the absolute, or C. G. 8., system of measurements, in
which C. stands for centimeters, G. for grams, and S. for seconds.

A wnit magnetic pole 15 one of such strength that, if placed at a
distance of 1 centimeter from a similar pole of equal strength, it
would be repelled with a force of 1 dyne.

One line of force, or a unit line of force, is one of such strength
that if a unit magnetic pole be placed upon it, the pole will be
urged along with a force of 1 dyne.

A magnetic field of wnit density is one in which every square
centimeter area is cut by 1 line of force. Therefore, a magnetic
ficld of unit density represents a condition wherein 1 dyne of
force acts upon each unit pole of the magnet.

The foree, in dynes, acting upon a magnetic pole placed in a
magnetic field, is equal to the strength of the pole, in polar
units, multiplied by the density of the magnetic field at that
point.

ELECTROMAGNETISM.

35. When we considered the conditions of a magnetic
molecule, it was found to be in possession of a magnetic field,
or of lines of magnetic force, and the properties of magnetism
and magnets, so far deseribed, depend on the properties of
these molecules with their inherent magnetism. If this were
the only source of magnetism, electricity would never have been
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able to reach the preeminent position it occupies today : but,
happily, means for providing an inexhaustible supply of
magnetisi, of an intensity hitherto unheard of, were found
when electromagnetism was discovered. The phenomena of
electromagnetism will now be considered.

36. If a freely-supported magnetic needle is placed under
a conductor in the position indicated in Fig. 18, it will, as soon
as a current of electricity is sent through the conductor, turn in
the direction indicated by the arrows and tend to place itself at
right angles to the conductor, its angular motion depending on
the strength of the current. 1If the conductor is free to move and

the needle is stationary, the conductor will move in a direction
opposite to that indicated by the arrows. If hoth needle and
conduetor are free to move, the action will be mutual, each
moving in a direction opposite to that taken by the other. In
other \‘.‘I[‘:'I‘IIH, ain electric current and a matefinet mr:hfr;ﬁﬁ cxert
force uwpon each other, and this force is always exerted at right
angles.

MAGNETIC FIELD OF ELECTRIC CONDUCTORS.

37. Magnetic Forces.—In looking for an explanation of
this phenomenon, our first impulse would be to examine, if
possible, the immediate neighborhood of an active conductor,
to find whether the conditions existing previously have been
changed since a current began to flow. On passing the con-
ductor up through a hole in a piece of cardboard and sprink-
ling iron filings on the latter, we find that they will arrange
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themselves in conecentric circles around the wire, as shown in
Fig. 19. It makes no difference if
the cardboard is moved along the
conductor, the effect is the same
anywhere along its entire length ;
neither is the phenomenon limited
to the immediate neighborhood of
the conduector; the effect can, in
fact, be traced, under proper condi-
tions, at a distance of miles away
from a conductor. A practical
example of this is seen in wire-
less telegraphy.
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358, Magnetic Whirls.—Here we have again the lines of
magnetic force, found to exist in and near magnets, but in a
somewhat different form. We must imagine that the space
surrounding a conductor is filled with innumerable magnetic
whirls, all revolving in the same direction ; these whirls are
very close together near the conductor, but farther apart as
their distance from the eonductor increases. F]rg'. 20 will gi‘rv
a general idea of the position these magnetic whirls oceupy
relative to the conductor. It must be understood that part of
the electric energy supplied to the conductor is utilized not

alone in setting up these magnetic whirls but also in maintain-
ing them. If we again resort to the rubber rings as an illus-
tration, we can understand that these whirls, like extended
rubber rings, tend to counteract an attempt to extend them and
enlarge their diameters, and that, after they are in an extended
condition, an effort iz required to maintain them in that posi-
tion, their tendency being to contract themselves into the shape
of small rings resting in the eonduetor.

To carry the illustration still further, we may suppose that an
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I

increase of current-strength will result in an inerease of the
diameter of the existing circular lines of force at the same time
that new lines of force will be sent out from the conductor, the
result being that there will be an inerease of whirls per unit
length. The starting of a current will therefore be followed by
a spreading out of these whirls ; while, on the other hand, the
stoppage of the current will result in an immediate return of all

the whirls to their original starting place in the conductor.

39, Direction of Magnetic Whirls.—It was stated
nbove that these magnetic whirls were all revolving in a certain
dlirection ; it must here be
added that the direction of

the current in the conductor ST P
always stands in a certain x”f W K\\
relation to the direction in  / S B \
which the magnetic whirls / r S N \'\.,
rotate, so that by knowing f £ S \\.\ \'“1 \1
the direction in which one [ 1 f i’f A 1'1 |
of the two factors is nmﬂring,’1'[i | ': \ Y :f T Y
the direction of the other \ M Pt AR /
can always be determined. \ N e ’f'f f‘r
Considering these whirls as N \‘H-.._‘_ L fff
made up of circular lines R s
of magnetic force, we can \‘“nﬁh __r,_—fg
now see why the active
conductor should have an

FiG. 21.

influence on the magnetic
needle, as was shown to be the case by means of Fig. 18, and it
now remains to find in which direction the lines of force are
moving when the current in the conductor is flowing in various
directions.

If we imagine a current to be flowing from the observer
towards and into the conductor ¢, Fig. 21, it will be found that
the lines of foree travel in the direction indicated by the arrows,
and as the magnetic needle always points with its north pole in
the direction in which the lines of force are traveling, it follows
that a magnetic needle, if placed above the conductor, would
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point to the right, and if below to the left. From this we
deduct the following :

Rule.—[f the current in a conductor is _irfrlﬂ'f'ny away from the
ohserver, then the direction r:l'h the lines 'gp'._i'-m‘[‘t‘ will be around the
conductor in the direction of the hands of a wateh.

A simple method for remembering the connection between
the lines of forece surrounding a conduector and the
direction of the current in the latter, 18 the follow-
ing : Imagine an ordinary nut a, Fig. 22, to represent
the lines of foree, and a bolt 4 to be the eonductor,
both nut and bolt having, as usual, a right-hand
thread. If the bolt is placed with its head ¢ down-
wards and the nut serewed on the bolt, it will turn
towards the richt and will at the same time move
downwards. The direction in which the nut revolves
gives the direction of the lines of foree, and the
l e direction in which the nut proceeds indicates the
direction of the current. It follows that, should
the current be reversed, the lines of force will run

e

Fio, 22.

in an opposite direction.

40, Attraction and Repulsion of Lines of Force.
The rule, given in Art. 10, stating that lines of force, when

Fig. 23.

running in the same direction, repel one another, and when
running in opposite directions attract one another, alsp holds
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good for a magnetic field surrounding an active conductor.
Let us examine the eftect of these attractions and repulsions on
two parallel conductors with the currents in them running in
opposite directions and placed near each other, as in Fig. 23
Examining the few isolated whirls there represented, we find
the lines of force adjoining each other to be running in the same
direction ; a repulsion will therefore take place. The whirls
tend to crowd together near their respective conductors, and as
these whirls are supposed to be closely interlinked with the
molecules of the conductors, a mutual repulsion of the lines of
force will result in a mutual repulsion of the two conductors.

On the other hand, if, as in Fig. 24, the eurrents in both con-
ductors run in the same direction, the lines of force adjoining
each other are found to run in opposite directions; they will
therefore mutually attract each other and unite into one line,
and as the tendency of each line is to contract itself, the result
will be that all the lines of force will seek to draw the con-
ductors closer together ; that is, an attraction will take place.

From these experiments we deduet the following law, as first
expressed by Ampere :

Rule.—Two parallel portions of a cirewit attract each other if
the currents in them are flowing in the same divection, and repel each
other if the currents flow in opposite directions,

m
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If the conductor carrying the current is bent into the form of
a loop, as shown in Fig. 25, then all the lines of force around the
conductor will pass through the loop in the same direction.



28 MAGNETISM AND ELECTROMAGNETISM. 52

Anv magnetic substance, therefore, such as m, when placed in
front of the loop, would tend to place itself with its longest axis
projecting into the loop—that is, in the direction of the lines of
force,

41. solenoid.—It can be easily seen now that by increas-
ing the number of loops, as in Fig. 26, the lines of force of each
loop will join into one long loop, enclosing all the conductors,
and entering at one end will pass through the whole Aelix to
make a return path on the outside. In faet, we find the same
conditions that exist in a bar magnet—the lines of force pass
out from one end and enter at the
other ; by closer examination the solen-
oid is also found to possess a north
and a south pole, and will magnetize
and attract magnetic bodies. It will
also, if freely suspended, place itself in
the direction of the magnetic meridian.
A helix made in this manner and with
a current of electricity flowing through it, is called a solenoid.

A helix always has a penetrable interior ; a magnet, never.

2. Dirvection of Current Around Solenoid.—To

determine the direction in which the current will have to eiren-
late around a solenoid, in order to produce a north or a south
pole on the end nearest the observer, we may again utilize the
rule stated in Art. 39, giving the direction of the lines of force
in an active conductor.

This 1s purposely done in order to limit the rules requiring
memorizing to the fewest possible, and to so conneet these rules
that they may all be derived from one main rule, if it should
occasionally be found necessary to refresh the memory.

In the rule referred to, it was said that the direction of
the lines of force around a conductor are in the direction of the
hands of a watch, when the current flows away from the
observer.  If we now reverse the conditions and place the lines
of force where the current was, and let the current circulate
instead of the lines of force, we have the following modification
of the previous rule.



§2 MAGXNETISM AND ELECTROMAGNETISM. 20

() Rule.—lf the lines of force are flowing into a heliv away
from the observer, then the direction of the eurvent arvound the helix
will be in the direction of the hands of a watch,

When the direction in which the eurrent circulates is known,
then the rule nay he stated in the following form :

() tale.—[f the direction of the current arouwnd a heliv is in
the dirvection of the hands of a watch, then the lines of force are flow-
tng into the heliz away from the observer,

We have already seen that in a magnet the lines of force
enter at the south pole and leave at the north pole ; therefore,
when looking at the end of a helix info which the lines of force
are flowing, we are looking at its south pole.  If we are looking
at a north pole the current will circulate in a direction opposite
to that of the hands of a watch.

43. Ampere-Turns.—When the magnetomotive force was
mentioned in the previous pages, the source of it was left an
open question ; it will now be seen that the magnetomotive
force depends for its strength on the intensity of the current and
o the number of coils, or :_'mu:uff'u"t' trns, through which the current
passes.  The total number of turns multiplied by the strength of
the current in amperes will give the magnetizing foree in ampere-
turns. It has been proven that, for a given number of ampere-
turns, it is of no consequence what relation the two factors,
amperes and turns, have to each other, so long as their
product remains the same. For instance, it is immaterial
whether 500 ampere-turns are produced by 100 amperes eir-
culating through 5 turns, or 5 amperes through 100 turns, =o
long as their product remains 500, An ampere-turn is defined
as the amount of M. M. F. produced by a turn of wire carrying
1 ampere.

44. Permeability.—It was seen in Art. 28 that, when a
magnetic substance is brought into a magnetic field, the lines of
force in the field crowd together, and all try to pass through the
substance ; in fact, they will change their curved shape, as seen
in Fig. 16, and go a considerable distance from their original
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position in order to pass through it. A magnetic substance,
therefore, offers a better path for the lines of force than air or other
non=-magnetic substances,

The facility afforded by any substance to the passage through
it of lines of force is called magnetic permeability, or simply
e rieability.

The permeability of all non-magnetic snubstances, such as air,
copper, wood, ete., is taken as 1, or unity. The permeability
of soft iron may be as high as 2,000 times that of air. This is
one of the reasons why soft iron is used as a core in the
solenoid of the faradic apparatus. 1If, therefore, a piece of soft
iron be inserted into the magnetie circuit of a solenoid, the
number of lines of force will be greatly increased, and the iron
will be magnetized.

ELECTROMAGNETS.

45. A magnet produced by inserting a magnetic substance
in the magnetic cireuit of a solenoid is an electromagnet, and the
magnetic substance around which the eleetrie current eirculates
is called the core, as shown at (' in Fig. 27. The north and
south poles would be as indicated, for reasons already given.

46, Permeability and Conduetivity.—It may make
matters a little clearer to compare the permeability of a mag-
netic substance with the conductivity of an electric conductor.
With a given electromotive force, the strength of the current in
a wire depends on its conduetivity. If a wire of less resistance,
or higher conductivity, is used, the current-strength will
immediately inerease in direct proportion to the conductivity.
The behavior of a magnetie circuit in a solenoid is somewhat
similar. Let a given number of ampere-turns produce a
magnetic flux of a certain density ; if the resistance of one part
of the circuit be decreased by inserting a piece of soft iron in the
solenoid, the magnetomotive force will have less resistance to
overcome, because the iron is a better magnetic conductor than
air and is of a higher magnetic permeability ; the result,
therefore, will be a corresponding increase in the magnetic
flux. It is well to bear in mind that here the similarity ceases,
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as the permeability is not a constant quantity, like the resist-
ance of a conductor, but varies with the density of the flux.

47. Magnetizing Coil of an Electromagnet.—In an
electromagnet, as ordinarily eonstructed, the magnetizing coil
consists of a large number of

turns of insulated wire ; that g 1
18, wire covered with a layer pskeed = et ool WURS O
or coating of some non-con- (g 7l R T {;; N
ducting or insulating material, pe=l=—-f -} } -}
usually silk or cotton ; other- & =

wise, the current would take S

a shorter and easier circuit

from one turn to the adjacent one, or from the first to the last
turn, through the iron core, without circulating around the
magnet.

An electromagnet in its simplest form iz shown in Fig. 27,
and as it is usually constructed in Fig. 28. Though the
efficiency of an electromagnet in this form is rather low, it has
been used to a very large extent in therapeutics as an induction-
coil. It consists of a straight bar of iron or steel B fitted into
a spool or bobbin €' €' made of hard vuleanized rubber or some
other inflexible insulating material. The magnetizing coil of
fine insulated copper wire w is wound in layers on the bobbin,
as shown.

45. Polarity of an Electromagnet.—The rule given
in Art. 39 determines the polar-
ity of a solenoid when the direction

7 in which the current is flowing is

known. The same rule holds good

for an electromagnet, and it makes no

77 difference towards which end it is
! f wound, whether wound in one layer
i or in any number of layers, as long
& as it is always wound in the same

direction around the spool. The main
point to observe is that the current
shall circulate throughout the coil, always in the same direction ;

FiG, 28,
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LI

as, for instance, in the direction of the hands of a watch.
Should the inner layers be wound in a direction opposite to
that of the outer layers, there would be a tendency to produce
a north pole and a south pole at
the same end of the magnet, with
the result that the magnetizing
forces in  each layer would
neutralize each other; hence
the iron core would not become
a magnet.

EELEE T T T AW Ty Ty

: 49, The llorseshoe Elee-
5 fa) N tromagnet.—A form of clectro-
magnet much more eflicient than
that shown in Fig 25, and one
which is put to a greater variety of
uses, is the horseshoe, or U-shaped,
electromagnet, illustrated in Figs.
20 and 30. It consists of a bar of iron bent into the shape of a
horseshoe, with straight ends, and provided with two magnetizing
coils, one on each end of the magnet ; the two ends, which are
surrounded by the magnetizing coils, are the cores of the magnet,
and the are-shaped piece of iron joining them together is known
as the yole of the magnet.  The ordinary U-gshaped magnet, shown
in Fig, 50, is made in three parts ; namely, two iron cores M

FII|_ ! B

wound with the magnetizing
coils ¢, and a straight bar of &
iron b joining the two cores
together. In looking at the
face of the two cores, Fig,
29 (5, and remembering the

rule which gave the relation
between the polarity and
the direction of the current
flow, it 1s seen that the
current must circulate in opposite directions around the two
cores, otherwise they would both be of the same polarity.
If the rules already given have been carefully studied, the

Fre. S0,
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reason for winding the two cores of this magnet in opposite
directions will be easily understood.

Following the path of the magnetic flux in Figs. 28 and
29 (a), it can easily be seen why the latter should be the more
cificient of the two. In Fig. 28, the return-path of the lines
of force lies along the whole length of the bar B, and, being
through air, must necessarily be of high resistance. In Fig. 29
(@), the lines of force have simply to cross over the gap between
N and S, while the rest of the circuit is completed through iron.
Dringing the poles closer together would
decrease the resistance still more.

50. The Iron-Clad Electromagnet.
The electromagnet of the least resistance is
the one known as the dron-clad electromag-
net, and illustrated in Fig. 31, Tt contains
only one magnetizing coil and one core,
The core M is fastened to a disk-shaped
voke and the magnetic circuit is completed
through an iron shell S that rises up from
the yoke and completely surrounds and protects the coil. If an
armature is placed in front of the core, the paths of all the
lines of force will be through irom,

-
i
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' v
Ee

Fi1G. 21.

ELECTROMAGNETIC INDUCTION.

21. Electromotive Force in a Conductor.—It has
been shown that a magnet is constantly surrounded by a field
of magnetic force, and also that the surrounding space of a con-
ductor is immediately filled with circulating lines of force, as
soon as a cuwrrent begins to pass through it.  Further on it was
shown that the lines of force surrounding two or more magnets
or two or more conductors react on each other; that is to say,
not alone magnet on magnet, but also magnet on conductor,
On observing the phenomenon that lines of force begin to move
around a conductor on the closing of the circuit, the question
might perhaps suggest itself as to whether a reversal of the
phenomenon was possible ; or, in other words, whether lines of
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force could be made to create an electromotive force in a con-
ductor and start a current. Faraday made the important dis-
covery that this effect is indeed produced in a conductor under
the conditions mentioned, and thus laid the foundation of the
prineiples on which the dynamo of today is based.

In the following pages we will therefore consider the other
methods mentioned in Art. 21, Direct Currents—those pro-
ducing an E. M. F. by means of dynamo-electric machines,
induction-coils, ete.  In either of these appliances it 1s a ques-
tion of interaction between magnetic lines of force and electric
conduectors and of producing a motion of the lines of force or
of the conductors, as the case may be.

52. This interaction between magnetic lines of force and a
conduector can be shown by means of the following apparatus :
In Fig. 32 (a), a is a solenoid, whose terminal wires ¢ and d are
wound a number of times around the COmpass e, which then
serves as a galvanometer, an instrument described in Essential
Apparatus.  From the explanation given in Art. 36, it is
clear that if a current is passing through the wires ¢ and d
it will affect the compass and compel it to swing either
to the left or right, depending on the direction of the cur-
rent. If, now, the magnet b is moved quickly into the
interior of the solenoid, the compass needle will swing through
a certain angle, proving that a current has been passing
through the s=olenoid. As soon as the magnet stops its
motion, the needle will swing back to its initial position and
come Lo rest.

When, now, the magnet is withdrawn from the solenoid, the
needle will again swing through a certain angle, but in an
opposite direction to that of its first deviation, proving that in
this instance again a current was started, but in an opposite
direction to the former current.

It will also be found that wo ewrrent is flowing so long as the mag-
net remaing stationary, but only when a change takes place in
the position of the magnet. The quicker these motions are, the
more will the needle deviate, and, consequently, the stronger
the actuating current must have been. Of course, the same
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effects will be produced if the magnet is stationary and the
coll constitutes the moving part.

29. A Solenoid Conveying a Current Acting as a
Magnet.—On replacing the magnet by another solenoid 5, as
in Fig. 32 (¢), the results will be similar; on letting & enter
the solenoid @, a current will flow through the latter in an
opposite direction to that of the other current, which is estab-
lished by the removal of the solenoid .

FiG. 32 (a). Fic. 32 (h).

It iz further found that if this solenoid conveying a current
is placed inside another solenoid, and the cireuit of the former
broken, a current will flow in this latter solenoid as if the
solenoid conveving a ewrrent had been suddenly withdrawn.
Likewise is it found that on again closing the cireuit the effect
on the solenoid not conveying a current will be the same as if
the solenoid conveying a current had been reinserted. In faet,
any weakening or strengthening of the current in the solenoid
conveying a current has the same effect as if the coil was
approaching or receding from the solenoid conveying no current.
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We see, then, that a current is flowing through the coil «
only when one of the coils moves relatively to the other, or
when the strength of the eurrent in the active coil is changing.
As long as both coils remain stationary, or the current in the
active coil does not vary in strength, no current will flow in
the coil in which a current is to be induced.

That, in these experiments, the magnet & and the active coil b
both have the same effects on the coil in which a eurrent is to
be induced should not be surprising, as it was shown in
Art. 41, and by means of Fig. 26, that a solenoid possesses

e
e
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Fia. 32 (¢é).

lines of force which flow through and around it in the same
manner as those of a permanent magnet.

In looking for an explanation of these phenomena we will
have to investigate the actions of magnetic lines of force on a
conductor, when the latter is in motion relative to the former.

In Fig. 32 (1), the coil a in which we wish to induce a current
is shown in cross-section, and the magnet b is surrounded by
dotted lines &, indicating the position and direction of its
magnetic lines of forcee We see these lines of force pass
through the surrounding copper wires without being diverted
from their course, and as if these wires did not exist. If, now,



§2 MAGNETISM AND ELECTROMAGNETISM. a7

the magnet is moved downwards, these lines of force will pass
across the various turns of wire in the coils, and a certain inter-
action between the conductor and the lines of force will take
place, whereby an electromotive force is created in the coil.
There will then be a tendency to start a current, and if the cir-
cuit is closed, as in Figs, 32 (a) and (¢), a current will flow in
the coil and show its presence by its action on the compass e.

54. Direction of Induced E. M. F.—We will now have
to consider this interaction between a conductor and lines of
force more in detail and find some rule that will indicate in
which direction the induced E. M. F. tends to act, when the
lines of force are flowing in a given direction.

The principle according to which this interaction takes place
may be stated as follows : A conduetor, moving across a magnetic
field so as to cut the lines of force, will have an electromotive force
produced in it, and the direction of this K. M. F. in the conductor
will depend on the velative directions of the magnetic flux and the
motion of the conductor.

Fig. 33 will make this principle clearer. The lines of
force are here passing from the north pole N of a horseshoe
magnet, and through the air-gap in the direction indicated, to
the south pole S. The conductor .4, shown in cross-section, is
moving across the field in the direction of the arrow, and an
electromotive force will now be produced in the conductor,
which tends to send a
current through the same
downwards, through the
paper. It is seen that the
current will then flow in '
a direction at right angles
to the direction of the lines of force and also to the direction
of motion. If the motion of A is reversed, the current will
pass upwards away from the paper.

It is important that this principle be well understood, as by
its means all phenomena connected with electricity in motion
can be easily explained and analyzed in all their variations.
Many rules have been suggested by means of which to make

Gr
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the direction of the induced currents more easy to remember.
The one suggested by Dr. Fleming is as follows :

Hold the thwnb and the first and the middle finger of
the right hand as nearly as possible
at right angles to each other, as in
Fig. 34, so as to represent three rect-
angular ares in space. If the thumb
pounts in the dirvection of the motion,
and the forefinger along the direction
of the magnetic lines, then the middle
Singer will point in the divection of the
induced electromotive foree.

Rule.

Also, the following adaptation of Ampere’s well-known rule
is frequently used.

Rule.—fmagine a swimmer to be floating along a conductor and
that his face is turned in the direction in which the lines r:.*‘f-u'm are
moving.  If both the swimmmer and the conductor are moved towards
his vight hand, the direction of the electromotive force induced by this
motion will be from the feet to the head of the swinumer.

00, The following rule, suggested by the writer, has been
found very easy of application :

Rule.—Imagine a triangle B, Fig. 35 (a), jn'fu‘ﬁff o a table
with its high side to the right, and let a pencil A be held against its
upper edge.  Suppose, now, that the lines of force are passing from
the observer’'s eyes and proceeding towards the triangle, and that the
pencil be moved to the left.  When it reaches the point of the triangle,
it will, in addition to its lateral motion, also have made a downward
motion, indicating that the electromotive force produced in the con-
ductor tends to send a current in a downward direction. By moving
the conductor towards the right, the reverse will take place ; 1. e., the
current will tend to flow wpwards.

After this explanation, Fig. 35 () alone will be sufficient to
determine the direction of the induced electromotive force by
merely imagining the lines of force to proceed from the
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observer’s eyes towards the paper, so that when the pencil
moves in the direction indicated, the direction of the induced
electromotive force will be towards the bottom of the page.

It is well to call attention to the fact that in the rule just
given, no mention has been made of a current flowing ; it has
simply been said that the electromotive force tends to act in a
certain direction, and that it will eontinue to act so as long as

]

FiaG, 35.

the conductor continues to cut across the lines of force.
Whether or not a current will flow depends upon the condition
of the cirenit. If the cireunit is closed a current will flow ; if it
is open no current will flow.,

006. Magnitude of the E. M. F.—The magnitude of this
E. M. F. will depend mnot only upon the number of lines of
force eut through, but also upon the rate at which they are cut.
If the conductor passes very rapidly through the magnetic field,
the E. M. F. will be very high, but not of long duration, while
a slow passage through the field will produce a weak E. M. F.,
but one sustained correspondingly longer.

57. Abscolute Unit of Potential.— One absolute wnil of
potential is the potential produced in a conductor when it is
cutting lines of force at the rate of one line of force per second.

By definition, I welt is equal to 100,000,000, or 10 abso-
lute units ; consequently, in order to produce an electromotive
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force of 1 volt, the rate of cutting must be 10° lines of force per
second. This can also be expressed algebraically ; thus,

-
100 X ¢
where FE = electromotive force in volts ;
N — total number of lines of force cut by the con-
ductor ;
t — time in seconds taken to cut the lines of force.

If the total number of lines of force remains unchanged, it
will make no difference in the electromotive force developed,
whether the lines of force proceed from a permanent or from an
electromagnet.

58, Cutting Lines of Force.—According to Ohm’s law,
the current obtained from conductors cutting lines of force is
equal to the quotient arising from dividing the total electro-
motive force generated by the total resistance of the circuit
through which the current passes. In general, the total resist-
ance is the resistance of the conductor cutting the lines of force,
or the resistance of the internal circuit, plus the resistance of
any conductor or conductors that complete the ecternal circuit.
If E represents the total electromotive force in volts, r and R the
resistance in ohms of the internal and external circuits, respect-
ively, and €' the current in amperes, then ¢ = - E——.

R4+r

59. Limit of Induced E. M. F.—It will be seen from
the above expression that either a large or a small induced
current can be obtained from conductors cutting lines of force
by simply changing the combined resistance of the internal and
external circuits. There 1=, however, a maximum limit to the
amount of current obtainable in this manner. The lines of
force, which are produced around the conductor by the current
itself, will always act in opposition to those producing the
electromotive force, and will tend to distort or ecrowd them
away from their original direction. The number of lines of
force produced around the conductor by the current, is directly
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proportional to the strength of the current, and consequently,
as the current becomes larger and larger, the lines of force
which are being cut by the conductor become more and more
distorted and crowded away from their original direction, until
the conductor is no longer able to cut all the lines of force, and
therefore the generated electromotive force becomes smaller.
A means generally employed to get rid of this effect is to make
the density of the magnetic field large in proportion to the
current. This interaction between the lines of force around
the conductor and the lines of force cutting the conduector also
explains why it becomes more and more difficult to move a
conductor through a field as the field grows stronger, as in
a large dynamo, and why it requires hundreds of horsepowers
to turn an armature, which, when the dynamo is at rest, may
be turned by hand.

Fig. 36 shows that the direction of the lines of force on the
front of the moving conductor is such that a mutual repulsion
will take place between them and the lines of force of the
stationary field, tending to push the conductor in a direction
contrary to the one in which it is moving ; while, on the other
hand, the lines of force on the rear of the conductor exert
an attraction on the cutting lines of force, and seek, like the
lines in front, to prevent
the motion of the conductor.
This reaction may be com-
pared with the resistance
which the air exerts on an
oscillating fan ; an increase
in speed will be met with |
an increased resistance : while on the cessation of motion the
resistance will vanish altogether.

Fia. 36.

G0. Stationary Conductors and Moving Fields.—It
must not be supposed that, in order to produce an electromotive
force in a conductor, it is necessary for the latter to move, and
that the magnetic field must always remain stationary ; on the
contrary, the fact is that the opposite case, that of the stationary
conductor and a moving field, is a combination as frequently



42 MAGNETISM AND ELECTROMAGNETISM. §2
met with in regular practice. The millions of telephones in
use are examples of stationary conductors and moving fields,
and, to quote a few other instances, so are the transformers and
induction-coils. It makes no difference which one of the two
elements is in motion so long as the cutting of lines of force
takes place. It iz no matter whether both are moving in
opposite directions or whether both are moving in the same
direction with a different speed, with the result that there is a
relative motion between them. The rule illustrated by Fig. 35
holds good in either case ; it is only a question of determining
the direction of the relative motion between the two elements ;
but should it he desirable to apply the rule directly to the case
of a moving field and a stationary conductor, then simply move
the triangle in the direction of the moving field, while the
pencil is allowed an up-and-down motion only. The direction
in which it is moving will then be an indieation of the direction
in which the electromotive foree is acting,

VARIOU= MEAXN= FOR INDUCING AN E. M. F.

6G1. Classes of Induction.—All these various combi-
nations of moving magnetic fields and conductors are usually
classed under the following four headings : magneto-electrie
induction ; electromagnetic induection ; mutual induction ; self-
induetion.

It would perhaps have been more correct to place the self-
induction and mutual induction first, but as these subjects are
more easily comprehended when an explanation has been given
of the magneto-electric induetion, they have been arranged in
the above order.

62, Magneto-Electric Induction.—In magneto-electric
induction, an electromotive force is induced in a conductor by
moving it across a magnetic field or by passing a magnetic
field near a conductor ; it is immaterial which is done so long
as a relative motion between the conductor and the magnetic
field takes place. It has already been described, in Art. 52,
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how the cutting of lines of force affects a conductor and the
direction in which the E. M. F. is acting ; it now remains to
show the application of the law. In Fig. 37, A is a permanent
magnet with its north pole at N and its lines of force proceed-
ing in the direction of the arrows; €' is a coiled conductor
shown in cross-section, that portion of the coil which is cut
away being indicated by dotted lines. If the magnet is
moved towards and into the coil in the direction indicated by
the arrows, the conductor will ent lines of force, and an E. M. F.
will be produced in the coil. Let us, by means of Fig. 35 (4),
try to determine the direction in which this E. M. F. is acting.
Considering only that portion of the coil marked B, and look-
ing at it in the direction of the lines of force, we see that the
lines of force are moving towards the left-hand side of the coil.
Therefore, moving the triangle in Fig. 55 (b) alzo to the left, it
is observed that the pencil moves upwards ; the E. M. F. in the
part B is therefore also acting in an upward direction. Look-
ing into the coil from the end where the magnet enters, the
current will cireulate in the coil in a counter-clockwise direc-
tion, and the right-hand 5,

end of the coil must be §
a north pole. As 1t 1s |
known that similar poles '/}
of magnets repel each
other, the coil will tend
to prevent the entrance of
the magnet. If, on the
contrary, the magnet is
moving out of the coil, the
direction of the current will be reversed and the right-hand end
of the eoil will then be a south pole ; consequently, an attraction
will take place between magnet and coil; hence, the latter is
seeking to prevent the removal of the magnet. These effects
take place only when the magnet is in motion ; as soon as the
motion ceases the current stops. We have here a confirmation
of the experiment illustrated by means of Fig. 52 (a). Upon
this action of a magnet on a coil, the following rule, called
Lenz’s law, has been based.

r
FiG. 27.



44 MAGNETISM AND ELECTROMAGNETISM.  §2

Rule.— When a conductor is moving in a magnetic field a cur-
rent is induced in the conductor in such a direction as by its

mechanical action to appose the wmotion.

3. Electromagnetic Induction.—In electromagnetic
induction, the magnetic field is produced by an electromagnet
instead of a permanent magnet, as shown in Fig. 32 (¢); other-
wise the conditions are the same. This combination is illus-
trated in Fig. 38, in which A again is the moving magnet (here
a solenoid) in which the current circulates in the direction indi-
cated by the arrows. The stationary coil € is here shown
in cross-section with the upper part indicated by dotted lines.
The cutting of lines of force will affect the parts B in the same
manner as hefore, and the current in the parts marked £ will
therefore be in the direction of the arrows, l':}l]][‘l:'l'l'il'lg the
direetion of the eurrents in the two coils, it will at once be seen
that they are flowing in epposite directions, and, from the
previous experiment, we will come to the conelusion that when
A 18 retreating, they will move in the same direction. As it has
already been demonstrated that parallel conductors repel each
other when their currents run in opposite directions, and
attract each other when they run in the same direction, it can
at once be seen that the coil ' opposes both the advance and
retreat of the coil 4. The magnetic flux started by the coil €'
is in a dircetion entirely opposed to that of the coil 4, and its
tendency is to diminish the flow of the latter, and therefore
also to diminish the strength of the current in the coil A.
Applying Lenz's law to this phenomenon, we may sum up the
matter by saving that in all cases of electromagnetic induction the
induced eurrents have such a dirvection that their reaction tends to
stop the motion which :u.r'rnnluff'-'i them.

6G4. Mutual Induction.—The mutual induction is in
reality only a modification of the electro-magnetic induction,
We observed before that it was nmmaterial whether the con-
ductor or the magnetic field was moving, o0 long as the lines of
force were cut by the conductor. We may therefore go a step
further and imagine the coils in Fig. 38 as stationary, and by
gome means impart a motion to the magnetic field ; a current
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should then be started in the coil .  The only question would
he how to move the magnetic field of the coil A without moving
the coil itself,

Art. 38 stated that an increase in current-strength was fol-
lowed by an increased
number of lines of force
encireling the conductor,
and also by a spreading
of the same; that is to
say, the magnetic whirls
could be supposed to
increase their diameters,
ITustrating these motions
more fully by means of
Fig. 39, we may imagine a current of a certain strength to be
flowing through the coil A, and that the lines of force a, a, a
are produced by the same. If, now, the voltage and strength of
the eurrent were increased, the lines of force wonld move for-
ward to the left until they occupied the position of lines a, o', a'
This motion would be equivalent to a motion of the whole
coil A, and would be accompanied by the same result—that is,
the starting of a current in an opposite direction. The ten-
dency of the induced
current will be to again
send an opposing mag-
- netic flux through the
inducing coil and thus
diminish the flow of both
" magnetism and electrie-
ity. As long as the
strength of the current
in the coil A4 is constant,
the lines of force circu-
lating around it will remain in the same position, and there
will be no current in the coil '; it is only while changing
their positions that forces tending to counteract these changes
begin to work. A decrease or stoppage of the current in coil A
is followed by a retreat or a complete collapse of its lines of

IF1G. 38,
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force ; and, as the latter now have to move across the con-
ductor B in an opposite direction, the induced current will
also have changed its direction to one corresponding with that
of the inducing current.  As a consequence of this, the induced
current tends to start a maenetic flux in the same direction as
that of the coil A, striving to keep up its flow and prevent its
decrease and stoppage. A is usually called a primary and C a

secondary coil,

5. self-Induction.—The phenomenon of self-induction
may be considered as a case of mutual induction. Let Fig. 40
represent a combination of five conduetors projecting through
the paper ; when a current is sent through the conductor A in
a downward direction, the lines of force a will circulate in a
direction indicated by the arrows. As long as the current-
strength remains constant no effect i1s noticeable in the con-
ductors B, but an increase in its strength will immediately be

Fia. 40. Fia. 41.

followed by a spreading of the lines of force into a position a,,
and a cutting of the latter by the conductor B. The result
will then be the creation of electromotive forces in the latter
which will send a current upwards, and, therefore, in a direc-
tion contrary to that of the current in conductor A. A stop-
page of the inducing current will of course be the cause of
reversing the currents in conductor B so that they now will flow
in the same direction as that of 4. Let us now apply these
results to an explanation of self-induction, by placing all the
conductors in contact with one another ; therefore, in reality,
constructing one large conductor out of several smaller ones.
Fig. 41 represents such a combination. Of course it is at once
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seen that sending a current through A only will again be accom-
panied by results corresponding to those indicated in Fig. 40 ;
but, in the present instance, we have to imagine that the con-
ductors B also are carrying a current, and that all of the
conduectors are subjected to mutual induetion. The effect will
be that every conductor will tend to stop the eurrent flow in
the surrounding conductors. On the other hand, when the
current is deereasing or stopping, all the returning lines of force
of each conductor will have a tendency to maintain the current
in its neighbors. It is not necessary that a conductor should be
made up of several independent conductors in order to be
under the influence of self-induction. On the contrary, we can
imagine any solid conduector to be made up of numerous
smaller ones, all influencing one another in the manner just
described. We must therefore come to the following conclusions :
That any conductor tends to oppose the passage of a current through
it by setting wp an electromotive force acting in opposition to that of
the ewrrent; and further, that after « current is flowing, the con-
ductor tends not alone to prevent an inerease, but also a decrease
of same. This opposing E. M. F. is alzo called a counter-electro-

J‘ilf.if;?.’ﬂ ‘f;’};"r'f'.

66, Extra Current.—A\ decrease or stoppage of the cur-
rent is, as previously shown, accompanied by a vanishing of the
lines of force from the space surrounding the conductor; the
lines of force belonging to the various parts of the conductor
will therefore tend to maintain the current and will prevent a
sudden decrease or stoppage of the latter, These induction
effects are called self-induction; they are always present when-
ever a current begins to flow in a cireunit, also when its strength
varies and when it stops. As soon as the circuit is closed, the
current should at once attain its full strength ; but it does not.
Some little time is required, during which the magnetic flux
around the conductor is constantly increasing in strength. We
have seen that the cause of this is the setting up of an electro-
motive force, called counter-electromotive force, because it is acting
in opposition to the impressed electromotive force. Again, it is
noticed that when a circuit is suddenly broken, there appears a
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minute spark at the point of opening. This is because the self-
induction of the circuit at this moment is very great, the lines
of force elosing up with great rapidity, and therefore a high
induced E. M. F. is generated in the same direction as the
impressed E. M. F., thus causing a strong current to flow.
This current is called an extra ecuwrrent. This extra current is
always produced when the cireuit is broken. In a straight
conduetor its effects are not so noticeable ; but if the conductor
be formed into a coil, and provided with an iron core, then,
on opening the circuit, there will be a brilliant spark, and a
person holding the two ends of the wires between which the
circuit is broken, may receive a slight shock, owing to the high
E. M. F. of this self-induced or extra current.

67. In the previous explanation of induetion, the action of
the lines of force has been gone into in some detail, as otherwise
the phenomena could not very well be understood.  Ordinarily,
such a detailed examination will not be necessary, although it
is well to be in possession of the means required for such
investigations.  When it comes to the action of a magnet
entering a coil, or the mutual induction of two coils in prox-
lmity to each other, it is suflicient to remember the rule given
in Art. 63, that a conductor moving in a magnetic field has a
current circulating in it in such a direction that its mechanical
action will tend to oppose its motion. It is necessary, how-
ever, to be perfectly sure of the direction in which the eurrent
circulates around a north and south pole, and in which direction
the lines of force are flowing in a magnet.

It may be well to give a few practical examples of the various
means employved for producing an induced electromotive foree,
such as the magneto-electric generator and the induction-coil.

THE MAGNETO-ELECTRIC GENERATOIR.

6S. Example of Magneto-Electrie Induction.—A
magneto-electric generator is a good example of magneto-electric
induetion. It usually consists of a permanent magnet with two
coils revolving in front of its poles. Fig. 42 represents a
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magneto-electric generator, in which M is a permanent horse-
shoe magnet, and a, b the spools of an electromagnet fastened to
the shaft g and constituting what is called an armature. By
means of a crank ' and the intermediate gears and pulleys
#, g, P, and p, the armature is set in rapid rotation in close
proximity to the magnet. The cores h, h are therefore rapidly
filled with magnetic lux coming from different directions, with
the result that small currents of a high electromotive force will
be set flowing in the coils a, b ; the latter have their ends con-
nected to the rings ¢, d revolving with the shaft. These rings
are insulated from each other and from the shaft, but are in
electric connection with springs ¢ and f and will thus be able to
send the current to the terminals i, L.
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Fig. 43 gives more detailed information about the direction
of the induced E. M. F. To understand how, in this instance,
the lines of force cut the coils of wire, we have to imagine the
magnetism at first to flow through the air from the north pole
to the south pole of the magnet, while the armature is in the
position indicated at (d). When moving into position (¢),
the armature acts as a magnetic conductor of low resistance ;
the lines of force will therefore shift their position and attempt
to flow through the cores a and b In so doing the flux
will pass through the coils and will be cut by the wire
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conductors in them, ereating an E. M. F., the direction of which
will depend on the direction of the flux. In («) the coil a is
moving toward the north pole, and magnetism will begin to
flow through the cores, From previous explanations, we know
that an E. M. F. will be ereated in the coil @ that will tend to
oppose this flow, and a current will therefore cireulate in the
coil in such a direction that a north pole will be created facing
the magnet ; the arrow on a indicates the direction of this
current. It is unnecessary to add that the end of a, which is
turned towards the observer, will be a south pole, and that the
direction of the current in coil & will be contrary to that of a.
Conneeting the coils in the manner indicated, the eurrent will
flow from & to @, along the wire a,, and return to b through the
wire a,. If the current should be interrupted at point m for
any purpose, as for instance when sent through the human
body, the end towards & would be the positive terminal, and
that towards a the negative.

By studying Fig. 44 in conjunction with Fig. 43, it will be
possible to see the magnitude and direction of the E.M.F.
when the coils occupy the various positions indicated in Fig. 43.
In Fig. 44 the horizontal distances between the vertical lines
represent & of a revolution of the armature. The vertical
distances represent the E.M.F. in the coil «a, Fig. 43. The
line XX is the line of zero E. M. F., and points above this line
represent positive E. M. F., while points below XX represent
negative E. M. F  The
letters A, B, ' indicate
those points of the curve
which correspond to the
positions of the arma-
ture indicated by (a),
(b)), (¢)in Fig. 43 ; thus,
it will be observed that
in (a) the coill a is
traversed by a current of negative potential. When the arma-
ture has reached the position (%), the magnetic flux is at its
maximum ; there is neither increase nor decrease, therefore no
E.M. F. and no current is present. By examining Fig. 44 we

FiG. 44.
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find this confirmed, and we see that in fact the current begins
to change from a negative to a positive potential. When the
coils have reached position (¢) the flux has begun to decrease,
and the E. M. F. is reversed and tending to maintain the mag-
netic flux ; the farther side of @ will show south polarity, while
the current in same has been reversed and is now of a max-
imum positive potential, as seen at € Fig. 44. After the coil a
leaves the position (¢) and moves towards the position (e), its
core is emptied of a positive and begins to fill with negative
magnetic flux. The inductive effects which either of these
exert on the coils are to create E. M. F. in the same direction,
and the current will therefore not be reversed. In passing into
position (d), the magnetic flux does not stop, but will be
somewhat smaller by reason of the greater air-path through
which it is obliged to travel. Fig. 44 chows, in fact, some
decrease in E. M. F. at D, but shows also that at E it has again
reached its full force. Continuing the rotation till the position F
is reached, we have again a zero potential and a reversal of
the current.

It will not be necessary to deseribe the bebhavior of the coil
during the remaining part of the revolution ; the student
should be able to trace it alone, and Fig. 44 will, in any case,
illustrate the whole eyele. It is there noticed that the apparatus
has produced an alternating current; B CD FEF being an
alternation of a positive, and F & H I A B of a negative E. M. F.
Comparing the curve with the positions of the armature
indicated in Fig. 43, it will be seen that when a stands as
shown in (6). it beging an alternation and completes it when
reaching the position indicated in (f); then another alternation
begins of an opposing E. M. F., which alternation is completed
at (%), both together constituting a complete eycle.

(Y, Changing From an Alternating to a Continuous
Current.—Should it be found desirable to change the current
from an alternating to a direct pulsating eurrent, then the
armature must be provided with a commutator. Every
dynamo is per s¢ an alternator. Fig. 45 gives a diagram-
matic view of an armature and commutator with the necessary
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connections. The coils are marked « and b as before;
their farther ends are connected with each other by means of
the wire @, while their nearer ends are connected with the
segments c and d. The
segments are insulated
from each other and
from the shaft g, and
the springs e and f
conduct the eurrent to
the external circuit L.
Since the current flows
in the same direction
while a travels from
its lowest to its highest
position, it is clear
that during that period
a direct current is
Howing through the
spring e. The current changes its direction when a has reached
its highest position, but at that point the spring e leaves seg-
ment ¢ and makes contact with d, which just then is provided
with a current flowing in the same direction as that of segment ¢
while engaged with spring e. The result is that a direct cur-
rent is constantly flowing through the springs e, f, and the
external cireuit L ; f being, in the present instance, the pos-
itive terminal., Fig. 46 is the curve of the E. M. F. of the
armature after being rectified by the commutator,

T70. Faults of Magneto-Electric Generators.—A mag-
neto-electric generator
has the advantage in that
it does not require a bat-
tery for its operation, but
X ommm St e X it has faults that make
its use undesirable in
practice ; among these are the noise necessarily connected with
the intermeshing of the teeth on the wheels, the labor required
in operating the machine and the irritating effects of the
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current. It is, however, a useful instrument to have on hand
for emergencies, as it is always ready for work. When provided
with a commutator, it has the advantage over the induction-
coil in that the currents produced in the coils are of the same
strength, both when the coils are approaching and when they
are leaving the magnet. They are therefore physiologically
equivalent, and, in addition, they have a sensible chemical
effect, when rectified by means of a commutator. The ordinary
magneto-electric apparatus is very little used at the present
time by physicians.

THE INDUCTION-COIL.

T1. Action of Induction-Coil.—Another apparatus also
utilizing induction-currents for medical purposes is the induction-
cotl, which for a certain period played the leading part in elec-
trotherapeutics,

The action of an induction-coil iz based upon the phenomena
of mutual and of self-induction, which were fully explained in
Arts. 64 and 65, Figs. 40 and 41. Instead of placing the coils
end to end, as in the former figure, the inducing, or primary,
coil is placed inside the secondary, and the secondary coil is
moved away longitudinally only when it is desired to reduce
the inductive influence of the primary coil. Since, from an
electrical point of view, the primary coil is the more important
of the two, it will be considered first, and, for the present, no
attention will be paid to the reactive influences of the secondary
coil.  The therapeutic uses of the secondary coil are far more
important than those of the primary coil.

Let Fig. 47 be a diagrammatic view of a solenoid with its
connection to a battery and galvanometer. The solenoid P is,
by means of wires ¢, g, attached to the galvanometer &, and,
by wires ¢, ¢ to the battery B. The battery-circuit contains
the key K. On depressing this key, the battery will send a
current through the solenoid and galvanometer in the direction
indicated by the arrows, and the needle of the galvanometer
will be deflected through a certain angle. We know, from
former explanations, that the current does not gain its full
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strength at once, because a counter E. M. F. is started in opposi-
tion to the impressed E. M. F., opposing the sudden passage of
the impressed E. M. F. through the circuit. When the key is
suddenly released, the circuit is open and no current passes
from the battery. DBut the magnetic field in the solenoid is
instantly closed and a strong induced E. M. F. generated, which.
as we know, is in the same direction as that of the battery itself.
Since it cannot pass through the battery, the current goes
through the galvanometer and shows itself there to be a eurrent
of considerable strength. Although this extra current circu-
lates through the solenoid in the same direction as did the
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battery-current, it must pass, as can be seen by consulting
the figure, through the galvanometer in a direction opposite to
that of the battery-current. This is indicated by the galva-
nometer, as its needle now is deflected in the opposite direction.
It is clear that the more sudden these interruptions and the
stronger the magnetic field of the coil, the higher the E. M. F.
and strength of the extra eurrent will be.

T2. Eddy-Currents.—It was said in Art. 44 that if a
core of iron is inserted in a solenoid or coil it will decrease the
resistance of the magnetic circuit and thus indirectly increase
the number of lines of force flowing through the coil. As long
as the current which is flowing does not change its direction,
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it matters little whether this iron core consists of a solid rod of
iron or not. But if the current is interrupted, or alternating,
the case is different ; then provision must be made so as to
prevent the circulation of Foucault’s, or eddy, currents in the core.
Fig. 48 will show the position and direction of these currents.
A is the coil, which is shown in a sectional view with its front
half removed ;: in its interior is an iron tube B. If now a
current is circulating around the coil in the direction of the
arrow a, magnetic lines of force will be flowing through and
along this coil in the directions of the arrows b, and b,. Though
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only two of these lines of foree are shown to pass through the
iron core, we have to suppose that this core is filled with
such lines.

73. Retreating Lines of Force.—As long as the cur-
rent in the coil A is flowing uniformly, no effects are produced
in the core B, considering eddy-currents alone ; but when the
current i1s redueed In strength or stopped altogether, the lines
of force will contract and the lines b, will then have to pass
through the tube B and consequently produce an E. M. F. in
the latter. We may suppose this tube to be made up of a
ereat number of rings placed alongside each other, such as ¢,
and ¢,, or we can imagine the tube to be an endless flat con-
ductor. In either case the retreating lines of force will produce
an E. M. F. acting in the direction of the arrows a,, that is, in
the same direction in which the current is flowing. The
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transverse area of the tube being large and the circuit short, it
will offer little resistance, and a heavy current will flow in the
direction of arrows «a,, wasting its energy in heating the tube.
At the same time it sets up lines of force of its own, which flow
in the same direction as lines b, and b, and therefore tend to
maintain the existing magnetic field and prevent its decrease.

T4. Again, on starting a current through the coil A, the
lines of force b, and b, will spread out from the coil and will
cut the tube B in an opposite direction. An I, M. F. will then
be produced in B contrary to that of arrows a,, and a current
will be get flowing in an opposite direction to that of the cur-
rent in the coil. The tube will therefore also tend to set up a
magnetic field of its own, with a north pole at d, where the
coil A has a south pole, as seen in the figure. Consequently,
the tube tends to prevent the starting of the current in .4 and
will delay its increase in the same manner as it previously
tended to prevent its decrease or stoppage.

T5. Counteracting Eddy-Currents,.—We see, then, the
deleterious influence of these eddy-currents and the importance
of preventing their flow. As ordinarily a current is stopped by
opening the circuit, we may here resort to the same means, and
we could slit the tube longitudinally from ¢ to d, and repeat
those slits all along the circumference. But a simpler way
would be to make up the tube of wires laid in the direction of
the line ¢d. It should also be remembered that the iron core B,
though here for sake of simplicity shown as a tube, in reality
is a solid rod, and to make such a rod of wires would be a
simpler matter. Sometimes these wires have a thin coat of
varnish or paraflin, but they are usually left bare, relying on
the resistance of their oxidized surfaces, and that of the inter-
vening air, to prevent the circulation of eddy-currents.

76. The Primary Coil.—This function of the iron of
reducing the reluctance of the magnetic circuit and of increasing
the number of lines of force in the coil, has been made use of in
the coil shown in Fig. 49, in which € represents such a bundle
of iron wires as has just been deseribed.

The operation of this primary coil is as follows : The battery
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B sends a current through the post E and screw K to the con-
tact D on spring F, and then through the latter to coil P. The
current circulating in the coil is possessed of an E. M. F
that will produce a magnetic flux through the core €, making a
magnet of the latter with a south pole at the end near the
gpring. In starting this current through the coil P, we meet
with several obstacles which prevent the current from at once
reaching its full strength.  One of these iz the self-induction of
the coil itself, resulting from the magnetic lux around each turn
which spreads through the adjoining turns and there creates
E. M. F. in opposition to the impressed E. M. F. This mag-
netic flux does not stop here, but eontinues its action through
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the iron core, tending to magnetize it with a north pole at H, as
shown in Art. T2, having thus the effect of diminishing the
magnetic flux which accompanied the starting-current. These
retarding influences continue as long as the strength of the
but they get smaller and smaller, until,
when the current has reached its maximum strength, they

current 1s Increasing ;
cease altogether. At this point the magnetism of the core has
increased to such a degree that it is able to overcome the
tension of the spring F and attract the iron armature H.
When this is taking place, the contact ), moving with the
spring, leaves the screw K and the circuit is broken : hence.
the lines of force return again to their original source, and in
doing so they once more pass through the turns of the coil.
This time they come from an opposite direction, and create
an E. M. F. corresponding in direction to that of the battery-
current.
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Here we see the peculiar phenomenon of an E. M. F. being
produced in the coil P, although it is cut off from the battery,
and, what is more, the production of a pressure far beyond that
of the impressed E. M, F. We have not far to look for an
explanation of this matter, since it has already been shown that
the lines of force, in closing in on the conductor, do so with
great rapidity, because they are neither opposed by a counter
E. M. F. nor by a counter M. M. F., and therefore the E. M. F.
of the extra current has an opportunity of rising to its full
height. As the induced E. M. F. depends not alone upon the
density of the magnetic flux, but also upon the rapidity with
which the latter moves, it can easily be seen that this extra
current must he of a superior strength, since it 1s freed from the
retarding influences which the starting-current had to overcome.

When the magnetism of the core hegins to decrease after the
circuit is opened, the core is unable to retain the armature H,
and the latter returns to its initial position, once more bringing
the contact I? in touch with the screw K. This closes the battery-
eirenit again and the operation just described is repeated.

77. Breaking-Contact.—If, at breaking-contact, the coil
shall develop a high E. M. F., it is evident that the interruption
of the current must be accomplished with great suddenness.
It has been demonstrated that the current at break is 13 times
stronger than the current at make. In the apparatus just
described, this was, apparently, accomplished ; but there is a
fault in the arrangement which has yet to be overcome. It is
found that, at the moment the spring breaks contact, the
resulting extra current is of an E. M. F high enough to jump
across the intervening air-gap by means of a spark. This spark
heats the air and therefore decreases the resistance of the gap,
making it possible for a current to pass across even after the
contact is broken. The result is that instead of the current
being suddenly interrupted, it is gradually decreasing ; hence,
it is unable to produce the high E. M. F. desired. We must
therefore seek means by which to prevent the sparking at
contact D, and we find it in an arrangement wherein a con-
denser is placed in shunt across the contact-device.
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78. Condenser.—A condenser has very much the same
function as an air-chamber when inserted in a long pipe through
which water is quickly flowing. It is well known that when the
flow of water through a pipe is suddenly stopped, as, for instance,
by the closing of a valve, the inertia of the water tends to main-
ain the flow and to bodily carry the pipe along in the same
direction in which the water was flowing. That this longi-
tudinal pull of the pipe must seriously strain its joints and
connections, and that, therefore, a frequent starting and stop-
ping of the flow must eventually cause a break somewhere in
the pipe, can easily he seen.

To prevent this, long pipes are usually provided with what
is called an air-chamber, as shown at d, Fig. 50, In this figure

Fig. 50,

T is a tank which supplies the pipe a with water. If now the
valve b is shut quickly, the water will tend to continue its
motion and carry the pipe along in the direction of the arrow,
and thus cause somewhat of a stress in the former. The
function of the air-chamber is to prevent the sudden stoppage
of the water, by giving it an opportunity of entering the cham-
ber d through the pipe ¢. The air which is contained in the
upper part of the chamber will then be more and more com-
pressed by the water, thus acting somewhat like a spring, in
making the water give up its energy slowly and perform a cer-
tain work of compression over a more or less extended period,
instead of a sudden blow.
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T79. Action of a Cylinder.—In Fig. 51 the air-chamber
has been replaced by a eylinder d with a piston ¢ which is kept
in a middle position by the two compression-springs f,, f,. The
tank 7' communicates with the long coil a, by means of the
pipe a, and pipes ¢, ¢, unite both ends of coil a, with the
eylinder d. The piston ¢ will move either to the left or right,
depending on which side the pressure predominates.

Suppose now that the valve b is opened and
the water set flowing through the long coil a,,
and then again the valve suddenly shut, what
will be the action of piston e¢? The water in
the coil, being prevented from passing through
the valve b, will try to continue its flow through
the pipe ¢,; it will therefore push the piston e
towards the left, and compress the spring f

i

until the inertia of the water is unable to compress it any
further, during which operation the water has gradually come
to a stop. The spring would now begin to expand again and
move the piston to the right, thereby gending a current of water
through the coil; but if at this moment the valve is again
npen{*ﬂ, the piston will send the water through the valve b and
thus help start the flow again.  In this combination the cylinder
d may be said to be in parallel with the coil.

S8(). Cylinder in Parallel With Valve.—The arrange-
ment shown in Fig. 52 is essentially the same, with this
exception, that the cylinder is placed in parallel with the
valve . If now the current is stopped by shutting the valve b,



62 MAGNETISM AND ELECTROMAGNETISM. 52

the water will continue to flow through the tube ¢ and force
the piston ¢ to the right until the spring f, is sufficiently
compressed to prevent any further motion. The piston will
then move to the left again, and on now opening the valve b,
connection will be established between both halves of the
evlinder and will enable the piston to immediately move back
to its middle position, but without giving any assistance in
starting the flow through the pipe a.

S1. Construction of Condenser.—The action of a con-
denser is almost exactly the same as that of the
eylinder d in Figs. 51 and 52. It will not be
necessary to here enter into a detailed descrip-
tion of the condenser, as this will be done fully
in Electrostatics, where **Leyden Jars’ are
described. It will be enough to say that a con-
denser may be considered as a short conductor
with a very large surface, employed for storing
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up electrostatic charges, If used for induction-coils, it consists of
a number of sheets of tin-foil @ and b, Fig. 53 (@), between which
are inserted sheets of paraffined paper ¢,¢.  Each sheet @ has a
tongue of tin-foil @, on the left and sheets b corresponding
tongues b, on the right side. All tongues belonging to sheets
marked « are joined together and connected to a wire a,, as
shown in Fig. 55 (b), and the sheets b are similarly connected to
the wire b,. The sheets a are thus united to each other, but
insulated from the sheets b. It is therefore possible, for
instance, to have a positive charge on the sheets @ and an equal
negative charge on the sheets b, without the two charges being
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able to unite, though they will have a mutual inductive
influence on each other. In large coils, the amount of tin-foil
used for condensers may amount to over 300 square feet.

S22, Condenser and Induction-Coil Combined.—Let
us now combine a con-

denser, as deseribed, with —— —— @
an induction-coil of the = = :
form shown in Fig. 49. b /’/";
oY ¢ . : C
I'his has been done in =7
Fig. 54, in which R is the
condenser, connected by = b,
wires a, and b, with the ay a .
" 1
coil P.  The other parts are 4+
lettered in the same manner % = 7 -
oy by b b
as Fig. 49, and need no ¢ !
F1a6. 53.

additional deseription.

As soon as the current begins to flow through the screw K
and contact D) into the coil P the core will be magnetized and
attract the armature fI. The circuit thus being broken at D,
the lines of forece close in around the coil P and tend to set an

N

i+
[/ 2 ‘ub

L L
: E——=

Fic. b4,

—

-

extra current flowing, In Fig, 49 the current was able, by
reason of its high E. M. F., to bridge across the air-gap at D
by means of a spark. In the present instance the current is
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offered a I:ulh of much less resistance I::.* :_{nin;_f' into the
condenser. The result will therefore be that the current, as if
possessing inertia, will continue its motion and flow throngh
conductor L_{ into the I'HI'IIII!‘HFI'T,. l;'ll:H';EiH:__' the leaves b lu_l:iiti‘l.'v]_‘v.'
at the same time as the conductor a, will cause the leaves a to
be negatively charged, and, if the capacity of the condenser is
ample, the current will cease abruptlv. When the spring
returns to its initial position the condenser will discharge itself
il] Iln- SA1e manner as t]u- :,'}'HI]I]I']' o iI1 Fig. -'-ﬂ,, and will there-
fore send a current through conductor L, the battery, and L,
into the contact ), thus aiding to start the current flowing
again. The current from the condenser will by preference take
the ]l:!“l through the h."ttlE*]"‘n.'. as the self-induction and resist-
ance of the coil 1s greater.

S:3. Condenser in Parallel With Vibrating Spring.
In Fig. 55 we have a parallel case to that of IFig. 52, as here the
condenser is placed in parallel with the vibrating spring F.

[P
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Fic. 55.

When, now, the cirenit is broken the extra current will flow
through L , the battery, and L, into the condenser, the leaves a
being positively and b negatively charged. On again establish-
ing contact at D, the condenser will discharge itself through
conductor a,, L,, K, F, and b,, and thus give no aid in starting
the current through the battery.
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S4. Curve of Self-Induction.—It is apparent that the
self-induction of the primary coil plays quite an important part
in varying the E.M.F. of the primary current, by reducing it
when the current begins to flow and augmenting it when
interrupted.  Fig. 56 (a) may represent the induced E. M. F.
in a primary coil, when X X is the zero-line, and the curves
above and below the line represent, respectively, positive and
negative potentials. The curved line L M N O shows that the
counter E. M. F. of self-induction is at its maximum strength at
the moment when the circuit is closed, that is, at L M, and that
it gradually decreases while the current is gaining strength, and
the spreading lines of force are reaching their final positions,
until it reaches N (), where it suddenly goes to zero. The

F1a. Oi.

current is interrupted at this point, and the E. M. F. of self-
induction instantly rises to a high positive potential at O P,
caused by the sudden collapse of the lines of force, whence it falls
back just as suddenly as it rose, and finally dies away at Q. To
illustrate the difference between these electromotive forces, we
may consider the counter E. M. F. at LM to be 1 volt and dur-
ing 35 part of a second to be falling to zero, while P O may
be 6 volts and be reduced to zero in the '55 part of a second.
It should be understood that this curve does not represent the
current in the primary coil, but the E. M. F. of self-induction,
which may or may not assist the impressed E. M. F., as will be
shown more fully further on.
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85. The Secondary Coil.—So far we have only consid-
ered the primary coil in combination with an iron core. We
will now go a step further and place a secondary coil outside
thv !Il‘illlll]'."-' :|]1|1 iln'i‘rli.;_';lh' |:uw Ihi:-i :-il':'HI:IIILlI'_".' I'H‘” iF :Iﬁ.l."l.‘tt‘ll
inductively by the primary coil and its core.

[n Fig. 57, S represents a secondary coll wound on the out-
side of the primary coil P; both coils are supported by a spool
() of in=ulating material surrounding the iron core € in its

-
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interior. A switch 117 connects the post E with the terminal
P,, and the terminals P, and P, are joined to the battery B by
means of wires L, and L, The terminals S, and S, of the
secondary coil are not for the present connected with each
other ;: the secondary coil is therefore open.

N6, Function of secondary Coil.—Under these con-
ditions the secondary coil may be considered simply as an
addition to the primary coil, without being directly connected
with it ; that is to say, it is subjected to the induction of the
make-current, but does not itself conduct any current. When,
therefore, a current begins to flow in the primary coil and the
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magnetic flux begins to spread, an E. M. F., similar to that
shown by the curve L M N O in Fig. 56 (a) is created in
the secondary coil ; but with this great difference, that while
the E. M. F. in the one instance is in opposition to that of the
primary current, and therefore powerless to do more than
diminish it, in the present case it has no opposition, and is
therefore able to utilize its full pressure in sending a current
through the secondary coil, if its circuit is closed. It is well to
emphasize thiz difference still more by saying that, while the
make-current is flowing, there exists in the primary coil an
increasing positive E. M. F., and in the secondary coil an increas-
ing segative E. M. F. This relation between the 1. M. F.
continues until the current is interrupted at the point O P,
Fig. 56 (a). Then the conditions in both coils are the same,
because neither of them is connected with the primary battery.
The closing in of the magnetic flux has, therefore, the same
effect on both coils, that is, it creates in each a positive E. M. F.
of the form shown at O P @, Fig. 56 («). In the primary coil,
this means a continuation of the impressed E. M. F., but of a
greater magnitude, while in the secondary coil it means an
E. M. F. in opposite direction to that in the latter existing
E. M. F. We may conclude from this that, with an open
secondary circuit, both coils are subjected to the same inductive
influences, but with different results, =o that, while the E. M. F.
in the primary coil is of a direct and intermittent nature, in the
gsecondary coil it is alternating. In both cases the waves are
dissymmetrical, because the waves produced at breaking-contact
are of a greater magnitude,

r o |

8T7. E. M. F. of Secondary and Primary Coil.—If, as
is supposed, the coils are subjected to the same inductive
influences, the induced E. M. F. should be the same, provided
that both coils contain the same number of turns. Ordinarily
the secondary coil consists of many more turns than the
primary, and the same magnetic flux would therefore produce
a higher E. M. F. in the secondary coil, the Increase being
directly proportional to the added number of turns. It is easy
to see why this must be so. Take, for instance, a piece of wire
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4 inches long, and let 100 lines of force move across it, producing
a certain E. M. F. in the wire, If now a wire 400 inches long
is =0 arranged or wound that the space it occupies 1s not more
than 4 inches in length, the whole wire will be simultaneously
cut by the 100 lines of force ; that is, every 4 inches of the wire
will have the same E. M. F. produced in it as the original short
piece. The long wire will therefore have an I2. M. F. 100 times
larger than the small wire. Thus the primary coil may, for
instance, consist of 80 turns, while the secondary may contain
4.000 turns : hence, the E. M. F. in the secondary coil should
be 50 times as great as that in the primary. Fig 56 (a)
might represent these electromotive forces in the secondary
coil if the vertical lines LM, N O, and O P were made 50
times as long, and the curved parts connecting them drawn
parallel to M Nand PQ  If LM and O P, respectively, rep-
resent 1 and 6 volts, then the corresponding values for the
longer secondary coil would be, respectively, 50 and 300 volts,

88. Effect of Secondary on Primary Coil.—So far the
secondary coil has had no effect on the primary coil, because
no current has passed through the former; but let the ter-
minals S, and S,, Fig. 57, be connected to some external cireuit,
then the conditions will be materially altered. The high E. M. F.
generated in the secondary coil has now an opportunity of
starting a current ; but in doing so, it will immediately create
a M. M. F. which will not alone gend a magnetic-flux through
the secondary, but also through the primary coil. It will set
up a counter E. M. I. in the secondary in opposition to that of
the secondary current, while, in the iron core, it will set up a
magnetic flux in opposition to that produced by the primary
current.

That the current in the secondary coil should have this
obstructing effect on the tlow of the primary current ought not
to come entirely unexpected, as it must derive its E. M. F. from
some source. It is therefore evident that the energy displayed
in the secondary coil is taken from the primary current after
contact is made. The extent of these reactions, due to the
secondary coil, depends upon the strength of the current flowing
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in the latter, which is again controlled by the resistance of
the coil and the external circuit, and by the self-induction of
the coil.

89, Reduction of Voltage in Secondary.—We saw
above that the E. M. F. in the secondary coil at breaking might
be 300 volts, when no current was flowing ; but this voltage
suffers a very great reduction when a current is permitted to
circulate.  On the insertion of a comparatively low resistance,
the potential difference at the secondary terminals may be only
two or three volts. Even with a resistance of 1,000 ohms, the
E. M. F. would be very low, ordinarily from 10 to 15 volts, as
long as we deal with small coils ; with large coils these values
are of course much greater. This is caused partly by the
reaction of the secondary current on the primary circuit, but
principally by the self-induction in the secondary circuit itself.
At the time when the induced E. M. F. is at its maximum, and
when a heavy current might flow, it is most effectually stopped
by the powerful choking action of the coil, which does not
permit a sudden rise or a sudden fall of pressure. In addition
to these inductive reactions, the 1. M. F. will also suffer a great
reduction by the resistance of the very long, thin wire of the
secondary coil. The secondary current, thercfore, after it has
been subjected to all these influences, emerges not only in a
very much enfeebled condition, but the character of its waves
has also undergone a great change ; the rough edges have, so to
speak, been cut away.

90, In their present form they may appear as the waves
shown in Fig. 55, in which the changes are seen to be less

F‘H:. e,

abrupt. Here we observe that, when the spring makes contact
at point X, the pressure begins to increase gradually, but is not
pennittml to reach 1ts maximum value before the contact at M



70 MAGNETISM AND ELECTROMAGNETISM. §2

is broken. The E. M. F. is now suddenly reversed and rises to
its full value at N, whence it slowly descends until point O is
again reached, contact made, and the cvele repeated. A second-
ary coil made of long, thin wire, by reason of its high
self-induction, has a soothing effect, but even then we may
see that the wave is always steeper on breaking contact : in faet,
it is impossible to make the waves of the induced E. M. F. of a
symmetrical form. Should it be desirable to have the waves
act more abruptly, the number of turns in the secondary circuit
gshould be reduced, thereby reducing its self-induction and
resistance. In addition to this, the number of interruptions
per second should be lessened, giving the current time to reach
its full strength.

9]1. E. M. F. Curve of the DBattery-Current.— As
Figs. 56 (a) and 58 give the eurves of the induced E. M. F.
only, it may be well also to show the E. M. F. curve of the
battery-current after it has been affected by the counter E. M. F.
of self-induction in the primary coil.  Let the line 4 B in
Fig. 56 (h) represent the available E. M. F. of the battery, and
the dotted line L M N0 the counter 1. M. F. arsing on making
contact.  If the primary coil had been devoid of this self-
induction, the line A £ would show the E. M. F. of the primary
coil ; but as the E, M. . is acting in opposition, the latter must
be deducted from the former, and the E. M. F. of L CD remains,
which, in addition to the eurve D P () of the extra current, gives
the whole active E. M. F. of the primary coil, if the secondary
circuit is open.  On closing the latter, the primary E. M. F. is
affected more or less, depending on the inductive influence of
the secondarv coil.

92, Use of the Primary Current in Medicine.—The
primary current is employed in medical treatment when the
resistance is low and a larger volume of current than the second-
ary coil can furnish is required. To show how a resistance
affects these dissimilar coils, let us suppose that the E. M. F. of
the primary coil is 5 volts and its resistance 1 ohm, while the
E. M. F. of the =secondary coil is 100 volts and resistance 1,000
ohms. If the currents of these coils are sent through a
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galvanometer of 4 ohms resistance, we have, according to Ohm’s

¥

L 5

law, in the first coil a current of : — = —— = 1 ampere;
R 144
and in the secondary coil D = .0996 ampere. On
: '1,000 4+ 4

increasing the resistance of the galvanometer to 50 ohms, the
: : o G

current in the primary coil 1s =

: 1+ 50

100
the secondary coil ———— — .0952 ampere, that is, the
¥ €% 17000 + 50 P *
currents in the two coils are very nearly the same. But let the
resistance be increased to that of the human body, or about

2 000 ohms, then the difference will be most marked. In the

098 ampere, and in

— 0025 ampere,

o} N
1+ 2,000
while that in the secondary is Ll — — 033 ampere.

< 12,000 4+ 1,000
In the latter instance the current in the secondary coil is more
than 13 times the strength of that in the primary coil. It is
therefore clear that, in order to apply percutaneously the *‘ extra
current’”’ of the primary coil, the electrodes must be large and
the skin well moistened to diminish external resistance.

In speaking of voltage and strength of this induced current,
it is well to call attention to some points that are often mis-
understood. It has, for instance, been claimed that a smaller
guantity of electricity comes out of the primary coil than goes
into it. We know from previous explanations that this is
impossible ; that, in fact, whatever quantity of electricity enters
the coil will leave it again undimished. This idea very likely
has been based on the well-known fact that the current that
enters the primary coil is smaller than it ought to be, if it
simply depended on the resistance of the coil and the available
E. M. F. of the battery. But it was shown in Art. 84 that
the reason for this reduced strength was to be found in the self-
induction of the primary coil.

primary coil the current will now be

953, Effects of a Dissyvmmetrical Alternating Cur-
rent.—The E. M. F. in Fig. 58 is alternating ; but notwith-
standing this, its physiological effects may be that of an
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unidirectional current. The *‘ break-current '’ is thirteen times
stronger than the ‘‘ make-current.”” This break-current is the
only one that acts on the tissues or organs ; the dissymmetrical
alternating current may, therefore, be said to be unidirectional,
To understand this better, let us use as an illustration an
air-pump, as shown in Fig. 59, in which . is a eylinder and B
a piston moving from one end of the eylinder to the other.
A D and € are pipes con-

3 nected with the ends of the
evlinder, and £ a vane sus-
pended in the manner of a
pendulum.  If, now, the
piston should begin a recip-
rocating motion with the
same speed in both direc-
tions, 1t would produce
effects similar to those of
an alternating . M. I*. The
air would escape alternately
from the pipes €' and D
and blow against the vane,
causing the latter to oscillate from side to side. This would
correspond to the action of symmetrical alternating currents,
when the effect of either terminal would be the same.

But suppose the piston to move with speeds corresponding
to those indicated by the lengths of the arrows a and b. We
may then imagine the piston speed towards the left to be so
slow that the current of air escaping from D could barely be
perceived, and that its influence on the vane would be negli-
gible, while the air passing from €' would be ejected with a high
speed, forcing the vane strongly to the left. Considering the
vane simply as a pressure-indicator, we would come to the con-
clusion that the air-pump produces a pressure on only one side
of the piston, and that of an intermittent nature. Let the vane
be now removed and a rubber tube slipped over the pipes €
and D, transforming the whole into one continuous pipe in
which, at some convenient point, a current-meter has been
inserted. When the piston begins its uneven motion, the

FiG. 59.
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meter makes no distinction between the pressure on one side or
the other. It merely indicates that so many cubic feet of air
pass at each stroke of the piston, irrespective of its pressure.
Judging from these indications, we should say an alternating
current was passing and that the effects were the same in either
direction.

94. Effects of Induction-Currents,—The same con-
ditions determine the effects of the induction-current on the
human body. It requires a certain pressure of the current to
excite the muscles ; to a pressure below this the museles do not
responid.  When, therefore, an alternating current is flowing
from a secondary coil, the effect on the muscles will be the
same as that of the air-current on the vane. Though the
current in veality is alternately flowing in both directions,
physiologically it is unidirectional, and it will therefore make a
difference which of the electrodes iz placed on the muscle. On
the other hand, when it comes to those effects where it is
simply a question of current-volume, it is immaterial how the
coil is connected with the body, as the same volume of elee-
tricity passes through either electrode. The case is then similar
to the air-pumyp with both pipes connected by the rubber tube.

5. Effects of Changing the Number of Turns in
secondary Coil,—It must be remembered that by changing
the number of turns in the secondary coil, the voltage and
amperage will be changed according to certain fixed laws. For
instance, by increasing the diameter of the wire and reducing
the number of turns, the induced E. M. F. is necessarily
reduced, while the amperage is increased. Other conditions
remaining the same, the product of the two should be a constant.
Therefore, a reduction of the wire diameter with an increased
number of turns should necessarily be followed by a reduced
amperage and an increased E. M. F.  That this product is not a
constant is caused by the self-induction of the coil ; but, never-
theless, the tendency is in that direction, and when it is claimed,
as it has been, that the length of the coil is immaterial, it is
well to remember these facts as a general guide to the right use
of the coil.
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96, Variation of Electromotive Force in an Indue-
tion-Coil.—For therapeutic uses, it is important that the
active part of the secondary coil is variable, so as to create a high
or a low E. M. F. and to vary the strength of the current. It is
also of advantage to be able to use the primary coil alone, or
in conjunction with the secondary coil, as a curative agent.
Fig. 60 shows the primary coil connected in such a manner that
its induced extra current may be sent through the human body.
P and P’ are, as before, the terminals of the primary coil,
while /" is connected with the vibrating spring and also with
one end of the primary coil.  If, now, " and /" are provided

with conduecting-cords and electrodes and the latter held in the
0

8
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hands, a distinet shock will be felt when the spring breaks con-
tact, because the human body is the only path left open by
which the current may pass. On making contact no sensation
will be felt, since in that case the voltage is very low, in
fact, below the E. M. F. of the cells, as previously shown in
Fig. 56 (b).

97. Another combination, in which the primary coil may
be used singly or in conjunction with the secondary coil, is that
shown in Fig. 61. Here the end p, of the primary coil and the
beginning s, of the secondary coil, are joined to the spring of
the contact-device F. The beginning p, of the primary coil is
connected to the switch W and the latter eventually to the
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terminal P,. The end s, of the secondary coil is connected to
the terminal S,. Between the terminals P, and S, we have now
the E. M. F. of the primary coil, and between S, and S, the
3. M. F. of the secondary coil alone. Finally, between the
terminals P, and S, we have the combined E. M. F. of both
coils. The contact-device F' connects the end of p, of the
primary coil with the beginning s, of the secondary coil, making
one coil of both. It will therefore be necessary to use P,

P 3 2

Fi1G. 61.

which conneects with the beginning p, of the primary coil, and
the terminal s, of the secondary coil, to have both coils con-
nected as one.

)S. E. M. ¥. Generated by the Secondary Coil.—It
has been shown that the . M. F. generated by the secondary
coil depends upon the strength of the magnetic field and on the
number of turns in the coil ; likewise on the speed with which the
magnetic flux fills and empties these turns, and on the number
of interruptions per second. The strength of the magnetic
field in the first place depends on the number of cells connected
with the primary coil and the number of turns in the latter.
With the primary coil and the magnetic flux in same con-
sidered as a constant, the E. M. F. of the secondary coil may be
altered, either by changing the effect of the magnetic flux on it,
or by altering the speed of the vibrator.
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99. Dubois-Raymond Regulator.—The first of these
methods—that is, varying the effect of the magnetic flux on the
secondary coil—may be carried out in various ways. We will
consider briefly the most important of these, as recent practise
tends to abandon them all with one exception, the aim being to
avoid complicated devices, when better and surer results may
be reached by instruments constructed on more scientific
principles.

One of the earlier forms of regulators for this purpose was of
the so-called Dubois-Raymond type. In this the primary coil
with its iron core was stationary, while the secondary coil was
separate and could be moved away from the primary, enclosing
It more or less according to the E. M. F. it was desired to
develop in the secondary coil. It can easily be seen that a with-
drawal of the secondary coil from the inductive influence of the
primary coil must weaken the resulting E. M. F. in the former,
because part of the secondary coil is entirely out of reach of the
lines of force, and therefore inactive so far as producing an
E. M. F. is concerned, but still influencing the current by means
of the self-induetion and resistance of the whole coil.  The base
of the coil is provided ordinarily with a millimeter scale which
enables the operator to read off in millimeters the distance
between the coils. It is claimed that by the use of this
millimeter scale one can at any time reestablish with sufficient
accuracy for clinical purposes the eonditions which existed
during former treatments. This is the only advantage of the
scale, for as an indicator of current-strength it is without
value, and must not be considered as such. An instrument
of this class is often provided with several secondary coils,
making it possible to substitute one of finer wire for others
of coarser wire, while at the same time the primary coil
remains stationary and unaltered.

Instead of having several loose secondary coils, there may be
two or three such coils fastened permanently to the base, either
of the coils being thrown into action by means of a switch, and
each of them operated by its own vibrator, or by a vibrator
which is common for all. This is the form of secondary coil
now generally used.
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100. Sereening Effects.—It is not absolutely necessary
to move the secondary coil out of the magnetic field in order to
diminish its action ; it may remain in its original position and
the force of the magnetic waves be diminished before they reach
the coll.  We have already seen that the iron core had to be
subdivided to prevent the formation of eddy-currents. The
existence of these currents in conductors of large diameters has a
screening effect on colls situated either inside or outside of said
conductor, and may therefore be used as a means for weakening
the action of the magnetic field. Ordinarily, a space is left
open between the iron core and the spool, large enough to allow
the insertion of a metal tube. If the tube is pushed in far
enough to cover the whole length of the core, it reacts so
strongly on the primary current that only a very feeble E. M. F.
is generated in the secondary coil. To understand this, it
must be borne in mind that the tube practically constitutes a
seccondary coil. It is true that, strietly speaking, it consists of
one turn only ; but this one turn is of a large cross-sectional
area, and only a few inches in length, and consequently of very
low resistance. When, therefore, the magnetic flux passes and
repasses through the shield, it produces, although the E. M. F. is
small, rather powerful secondary currents and a M. M. F. in a
contrary direction to that of the primary coil. It therefore
counteracts the effects of the primary circuit, and the result is
that only a feeble magnetic flux reaches the secondary coil. A
gradual withdrawal of the tube of course dimishes its reactive
influence and permits the E. M. F. in the secondary coil to
increase. This tube need not necessarily be placed around the
core ; it may be situated between the primary and secondary
coil, or over the secondary coil alone. In either case the action
of the tube is the same. In a scientific faradic apparatus the
shield is not used.

101. Modern Methods of Regulation.—Neither of
these methods of regulation is much used in modern induction-
coilse.  The aim has been rather to avoid all loose and movable
parts, as heing a source of confusion and uncertainty, and to
place all the coils in a fixed position. When the various coils
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are to be thrown in and out of action, it is effected ]l"l.' the aid
of switches to which the terminals of the coils have to be con-
nected. The positions of the coils may be such that they are
either placed inside of one another or side by side.

An example of the first arrangement is shown in Fig. 62,
The terminals of the battery B are attached to P, and P, which
in turn connect with the ]miu—ru_:\'l-r.-:--r 1. The current flows
from 1~ through the wire w, to the contact-spring F' and the
post F, and thence through wire p to the Ill‘i“l“l'.‘f coil /7, from
which it returns to the reverser through the wire w,. The
secondary coil S, made of very fine wire, has one of its ends
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joined to the wires w, and &, ; the latter is connected with the
terminal I,  The other end of S, and the beginning of the
coil 8, are both attached to the wire s, that is connected to
the contact 8. The end of the coil S, is by means of the wire
8, united with the contact S, ; and finally the post F, is con-
nected to the contact P, through the wire p,. The terminal
of the switch 1 is P, which, together with the terminal P,
constitute the terminals of the induection-coil, to which the
conductors ¢, and ¢, are attached.

In the present instance, the secondary coil has only two sub-
divisions ; but in all modern faradic batteries there are six, made
up of three different sizes of wire. The switch with its con-
nections will not be affected by this inereased number, and the
arrangement shown in the figure will in the main be retained.

The operation of the coil is the same as before ; the new features
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are to be found in the pole-reverser 1" and the switch . The
former will be described later on ; it will suffice at this point to
say that, by moving the handle to the other side, the wire w,
becomes negative, instead of wire w,, as at present. When the
switch 11" is connected with the contact P,, the primary current
alone is received through the conductors t, and t,. Turning the
switch to the contact S,, the alternating current of the second-
ary coil S, ig sent through the terminals ; and finally, when the
switch reaches the position indicated in the figure, the united
E. M. F. of both the coil S, and the coil S, will be received.

The current may be regulated by means of the rheostat R in
the primary or secondary circuit to any desired strength, and
any sudden fluctuations may thus be avoided when changing
from one coil to another. The switch need not necessarily he
placed on the base of the induction-coil ; it is frequently placed
on one end of the spool.

102. Compound Secondary Coils.—Experience proves
that a limited number of secondary coils do not serve the
purposes for which they are intended in electrotherapeutics, and
that certain effects aimed for, notably those of a sedative
influence, are altogether impossible. Various combinations of
coils have been suggested as fulfilling all requirements, and as
these agree pretty closely, it is necessary to give but one of them.
Hence, the following arrangement suggested by one of the
leading practitioners in that line, will suffice :

e —— — —

The primary coil, made of No. 21 wire, 84 yd. long.
First secondary coil, made of No. 21 wire, 100 yd. long.
Second secondary coil, made of No. 21 wire, 150 yd. long.
Third secondary coil, made of No. 32 wire, 300 yd. long.
Fourth secondary coil, made of No. 52 wire, 500 yd. long.
Fifth secondary coil, made of No. 36 wire, 500 yd. long.
Sixth secondary coil, made of No. 36 wire, 1,000 yd. long.

Adding, total length of secondary coil equals 2,550 yd.

The end of each coil is joined to the beginning of the adjoining
coil and each junction connected with a contact-button.
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103, Methods of Effecting Combinations,.—There are
various means for effecting the desired combinations of the
secondary coils, or the primary and the secondary coils. A
device of this kind, with its connections, is shown in the
diagram in Fig. 63. The studs Z are supposed to be arranged
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on a plate of insulating material in any convenient place near
the induction-coil, and the arms A, B are supported by the plate
in such a manner that they can be moved from stud to stud by
means of the small knobs d,d. The arm A swings on the
pin a, which is surrounded by a bushing ¢ of insulating
material ; it is therefore insulated from the ring » to which the
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other arm B is attached. The conductors 7, and T, leading to
the electrodes are connected in any suitable manner to A and B,
respectively. In this instance they are shown, for the sake of
clearness, fastened directly to the arms. The primary battery B
is connected to the vibrator F and the stud P,, while the stud P,
is joined to the primary coil near F.

All the coils are connected with one another so as to make
one continuous coil, and the junctions of the coils are again
joined to the studs by means of the conductors t.  One end of
the last is, as one end of the first coil, likewise joined to a stud,
as shown in the figure. The coils are in reality supposed to be
wound so as to surround each other, as in Fig. 62, and not side
by side, as indicated in this figure. It can easily be seen that
by thus insulating the arms A, B from each other it is possible
to select any separate coil and to use its current alone or to add
any other coil that may be necessary for the proper voltage or
strength. By placing the arm 4 on P, and B on P,, the
primary coil alone may be utilized, or the first secondary coil
may be added by moving B to stud I. Any further motion
of B towards the right adds a coil for cach stud it passes, until,
when it reaches stud 1" the whole coil is included in the
circuit. In the position of the arms shown in the diagram,
only the fourth and fifth secondary coils are in the circuit. By
moving arm A to 7 I the fifth coil alone would be in use.

It has already been shown in Arts. 115-122, Direct Currents,
how the cells that operate an induction-coil may be combined to
give the desired voltage.

104. The Speed of the Vibrator.—Having considered
the first method of varying the E. M. F. in the secondary coil,
we will now proceed to the second, that of varying the speed of
the vibrator.

The contact-spring, shown in Figs. 49 and 62, does not admit
of much variation in regard to frequency. The usual method
is to advance the screw K towards the spring, thereby bending
the spring out of its original position, and causing it to exert a
heavier pressure against the platinum contact /. The distance
through which it moves is now shorter and its motion quicker,
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resulting in an increased number of vibrations per second. The
increase in frequency obtainable in this manner is not very
great, and it is seldom that the original speed can be doubled.
It may be improved somewhat by adding another screw K| near
the base, as shown in Fig. 64,
= )y thereby shortening the active
part of the spring. The fre-
| quency of a good spring-vibrator
varies from 150 to 300 interrup-
E s tions per second.

105. Ribbon Vibrator.
E\ 4&, If it is desired to increase the
. frequency still further, a ribbon

{_'::.l

"
S

i i vibrator, such as is illustrated in
Fig. 65, may be used. The steel

i ribbon » is fastened to a post a

and supported by another post & through which the ribbon
passes.  The contact-screw ¢ regulates the pressure and the rate
of vibration. An additional means for regulation is found in
the lever ¢ to which one end of the ribbon is connected. The
screw « engages this lever and can, by forcing it away from the

FiG. 65.

post b, subject the ribbon to an increased tension, followed by a
still higher rate of vibration. The iron cores are shown at g, g,
and s, s are the secondary coils, one of which is made of rather
coarse wire. The ribbon vibrator is connected with the fine-
wire coil, and gives an alternating current of rather high
frequency, in which the waves are smooth and devoid of any
abrupt changes.
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The other coil is used in combination with a slow vibrator
separately illustrated in Fig. 66, wherein F is a spring with an
iron armature H and an extension I carrying a small weight 17
The weight can be fastened in several positions to correspond
with the ehanges in the rate of vibration. The contact-serew 1s
shown at K, and (' is a small electromagnet operated by the
primary current. When
placing the weight 11" at
the extreme right, the
vibrations are the slowest
obtainable. Moving the
weight towards K in-
creases the rate of vibra-
tion, and if II" be taken
off altogether the make
and break is very rapid. Since the coil is made of a coarse
wire and with few turns, the current will necessarily be of a
low E. M. F. with sudden changes.

106. High-Speed Vibrator.—A vibrator that is claimed
to be capable of varying the rate of the interruptions from 50
to 1,500 per minute, is illustrated in Fig. 67. The head 4 of a
spool is provided with a disk B which is free to revolve on the
pin 0. The disk carries a spool €, and a pendulum D pivoted
in the bracket P. The pendulum is provided with an adjustable
weight 11" and an iron armature H. The slotted lever E carries,
at one of its extremities, a pin K adapted to engage the
spring F and push it more or less against the pendulum. The
lever is pivoted on the post L, and its slotted end engages a sta-
tionary pin M. When the disk B is turned to the right by
means of the handle N, the pin A is swung to the left, thus
shortening the active part of the spring, and making it stiffer.
The rate of vibration is therefore increased. On turning the
disk to the left the spring is not only made weaker, but the
pendulum hangs in a position more nearly vertical, and exerts
a smaller pressure against the spring. When the handle N has
finally reached its extreme position at the left, the pendulum
will come to a complete stop.
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10%. Effect of Excessive Freguency of Vibration.
It might seem, at first glance, that if a high E. M. F. were
desirable, the frequency of vibration could not be made too high ;
but unfortunately the E. M. F increases with the frequency
only up to a certain point. Beyond this, other factors appear,
with a constantly increasing influence, and prevent a further
rise of E. M. F. When this point is reached, the time for the

full action of the

| N primary current is cut

' short, and the I, M. ¥
cannot increase. The
magnetic flux being
limited, it follows that
the secondary current
must be affected in a
similar manner, and
the increase that
should have resulted
from the high speed
of the moving mag-
netie field is eut down
by the high ecounter
E. M. F. following in
its wake, Therefore,
if an increase of

| E. M. F. is looked for,

the results are disap-
pointing ; but, on the
other hand, a material
vain is realized in the
smooth form of the alternating current. Consequently, in the
modern medical coils, the frequency of vibration is pushed as
high as 10,000 to 15,000 interruptions per minute, the object in
view being rather to procure a current of a peculiar soothing
nature, than one of a high E. M. F. A current of this kind
can be obtained only by means of a perfect vibrator, the action
of which is even, and not of a jerky character. Should, for
instance, a spring, while vibrating at a high speed, reduce its

FiG. 67
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speed or stop at certain intervals, then such variation would at
once be accompanied by a wave of high E. M. F., which would
have a decidedly unpleasant effect and spoil the work of an
otherwise perfect instrument. For this reason it is important
that the action of a vibrator be examined very closely in order
to discover whether it is subject to such irregularities.

1085, Testing an Induction-Coil.—When examining a
coil, first see if its E. M. F. is high enough for the production
of what is called high-tension currents. For this purpose a
Geissler tube of moderate size, say three to four inches long, is
very useful. The terminals of the secondary coil are connected
to the Geissler tube by means of two short pieces of copper
wire, and, after the room has been darkened, the coil is set in
operation.  Unless the secondary coil contains at least as much
wire as the coil mentioned in the table in Art. 102, that is,
about 2,550 yards of Nos. 21, 32, and 36, no effect will be pro-
duced. If the voltage is sufficient, the tube will glow, and its
brightness will increase with a rise in E. M. F.

After it has been proved that the coil has sufficient voltage,
the Geissler tube may be employed to study more closely the
action of the vibrator. The tube will show patches of light of a
cup-like form, with a wavy motion. If the motion is uneven
and of an intermittent nature, it is proof that the action of the
spring is irregular, and that the interrupter must be adjusted
until the vibrations are even. These experiments should be
repeated with one or more cells until the entire strength of the
battery has been employed in the test.

A more delicate and efficient test may be performed by means
of an ordinary telephone receiver. It is counected to the coil
by the usual conducting-cords, and when placed to the ear will
indicate every variation in E. M. F. both in the primary and in
the secondary coil. Irregularities in vibratory action that would
otherwise pass unobserved would be quickly detected by this
method.

The bipolar electrode may also be used for testing the regu-
larity of the vibratory action of the interrupter. After the
electrode has been connected to the secondary coil, the tips of
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two fingers should be placed one on each side of the metal rings.
When used with the coils of fine wire, a light touch of the
fingers is sufficient to discover irregularities in the current;
while for larger currents it is necessary to hold the electrode
tightly in one hand.

MEASTUREMENT OF CURRENT-STRENGTII.

109, When an ordinary galvanic current is used for thera-
peutic purposes we find, as was shown in previous pages, no
difficulty in measuring its quantity and adjusting the latter to
any desired amount. This is important with a current of its
character, hecause its action is often so weak that one would be
ignorant of its presence but for the indications of the ammeter.
When it comes to the alternating current of the induction-coil,
the conditions are changed. Here the ordinary ammeter will
no longer serve as a measuring instrument, because the
direction of the current is constantly changing, and changing
go rapidly that it is impossible for the moving parts of the
instrument to follow these reversals, and apparently no eurrent
15 passing.  Attempting to use a voltmeter and measure the
pressure in place of the strength of the current, the result
would be the same. The variations in pressure are so sudden
that in this case also the pointer will be unable to trace them.
Even should it succeed in doing =o, the indicationg would be of
no value. We should see a maximum E. M. F. of a certain
value indicated during every alternation, but would be unable to
determine the average E. M. F. for both alternations of one eycle.
It is therefore necessary to find the effective value of this
E. M. F., and this is done by letting it expend its energy in
heating a given resistance that is devoid of self-induction.
The same resistance is then exposed to the heating effect of a
direct-current E. M. F., and that value of the latter which
was required to produce the same effect is taken as the
equivalent of the alternating E.M.F. The same procedure is
followed when measuring the alternating current. TIts rate of
Hlow is constantly changing, and therefore difficult to determine.
But its heating effect may be determined and compared with
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that of a direct current ; we then have what is termed the
effective current-strength.

When the effective E. M. F. of an induction-coil is known, it
gives but little information about the range of E. M. F. which
in reality exists. The effective pressure may, for instance, be
10 volts, and yet the E. M. F. produced by the coil may vary
between 50 volts and zero. Fortunately it is of little impor-
tance to know the effective I. M. F. or amperage of this induced
current when used for therapeutic purposes. In recording the
treatment of patients, and in communications to medical litera-
ture, the effective IE. M. F. and amperage would be of real
scientific service. The pressure and current-strength are deter-
mined by the condition of the individual under treatment, and
may vary within wide limits. It is of more importance to
have means for requlating the pressure to suit individual treat-
ment than to Anow the real current-strength. This applies
to the treatment of an individual patient, and not to the
contributions that go to make up the real progress of electro-
therapeutics. This is not supposed to mean that any coil
combination will do, as long as its current-strength is adjusted
to a certain value. It 1s taken for granted that the operator is
able to foretell the general effects of the various combinations
that his apparatus will allow, and that subsequently only
smaller variations will be required to suit individual cases.
This is usually effected by means of a variable resistance, as
already mentioned in Art. 101 describing Fig. 62. A resistance
will make it possible not only to vary the current-strength
hetween very wide limits, but also to prevent sudden fluctua-
tions when changing from one combination to another. It will
further enable the operator to effect gradations of the E. M. F. so
small as to be almost inperceptible. In short, it places the
induction-coil completely under his control. The various
means for interposing such resistances in the circuit will be
deseribed in another Paper.
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ELECTROSTATICS.

ELECTRIFICATION.

1. Positive and Negative Electricity.—In the previous
Papers of this Course we have considered electricity in motion.
When an electrification takes place on a substance that is able
to conduct electricity, the latter will at once be distributed
throughout such a substance and cause a flow, or current. In
case the substance iz not a conductor the various electromotive
forces that may have been produced on the substance have no
opportunities for equalizing themselves, and the charge will
remain where it was produced.

When a body is in this state it is customary to say that it is
positively or negatively electrified, meaning thereby that in the
former case a current would flow from the body, and in
the latter case iafo it, if a conductor were brought in contact
with it. This property of a non-conductor by which it is able
to retain an E. M. F. in a condition, so to say, dormant, but
ready to send a current in one direction or other, depending on
whether its potential is positive or negative, has given rise to the
idea that there are two kinds of electricity, positive and negative.
It is then supposed that ordinarily, when a body ig in a nentral
condition, these two kinds are mixed, but that after electrifica-
tion has taken place the positive would separate from the nega-
tive and form two distinctive kinds of electricity, different in
character and tendency. These two kinds would eagerly seek
to unite with each other and again produce a neutral condition.

We are here in the same position as when we were considering
the flow of a current. It was then remarked that, if a flow of
electricity really took place, we were not certain in which
direction it actually was flowing. A current might possibly

flow from the body of lower to that of higher potential, or
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might flow from both simultaneously, or not flow at all. In
any case, we preferred to speak of the equalization of different
potentials as causing a ecurrent of electricity, as this made it
easier to deseribe the various phenomena and to formulate rules
and laws,

2. The same holds true with the phenomena of static elec-
tricity.  When two bodies are respectively positively and
negatively electrified, there is a mutual action between them,
which seems to be similar to that taking place between two
magnetized bodies.  Moreover, the forces seem here to act along
lines of force, and to cause attraction or repulsion, as the case
may be; also, we must here suppose the ether to be the medium
that transmits the forces from one body to the other. Notwith-
standing these facts, we prefer to speak of positive and negative
electricity, because it makes it much easier to explain the
phenomena of static induction and the action of static induction-
machines. © When, therefore, in the following pages, we speak
of positive and negative charges, it must not be taken for
granted that such charges actually exist, but that on the contrary
these terms are simply used for convenience, as, without them,
it would be almost impossible to describe the phenomena of
static electricity to one not familiar with the science of electricity:,

3. Charge.—When a body has been submitted to some
influence that has changed its neutral condition into one in
which a difference of potential has been created, either between
different parts of the same body or between different bodies, the
body is said to have been electrified, or to have been charged,

The one part or body that possesses a positive potential is
said to be positively charged; the other, negatively. 1t is
impossible to bring forth one charge without bringing forth another
of equal quantity.

2. Conductors and Insulators.—If an electric charge is
communicated to one end of a glass rod it will remain there,
and will not pass to the other end of the rod. The glass rod
will not permit the charge to spread through its substance,
because it iz a non-conductor, or what is called an insulator.
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If, on the other hand, a metal rod receives an electric charge at
one end, the charge will immediately distribute itself over the
whole rod. The metal rod, unlike the glass rod, conducts the
charge from one portion of its surface to all other portions, and
is therefore called a conductor. A substance that is an insulator
1= said to offer a great resistance to the flow of electricity through
it, but it must not be supposed that conductors offer no resist-
ance. The fact is, there is no substance so good an insulator as
not to allow some electricity to pass, and there is no conductor
that does not possess some resistance ; no sharp distinetion can
be drawn.
In the following list various substances are placed in the
order of their conductivity.

e [ Silver
S | Copper
= | Other metals o
= 4 Chareoal Qils |
~ | Water Porcelain
E i o -
= [he human body, except = : l‘l..;]nul
= the dry skin = -RI <
= = es1n
Cotton = S 1 :
2z | Dry wood 8 k|G utta-percha
S Marhl = = | Shellac
O Marble = :
= I’ = Paratiin
] apeer :
B (i lass
2 | Alecohol :
= 21l . Dry air
2 sther
o2 | Powdered glass

. Jce at 32° F,

FRICTIONAL ELECTRICITY.

5. Both Bodies Conductors.—The means employed for
electrifying bodies depends somewhat on their nature—whether
they are conductors or non-conductors.  In the case of two con-
ductors, by merely bringing them in contact a positive charge is
produced on one and a negative charge on the other. The
amount of charge so obtained may, however, be very slight, and
requires delicate measuring instruments to detect it.
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6. One or Both Bodies Insulators.—When one or both
of the bodies are insulators, or non-conductors, it is necessary that
one of them be brought in energetic contact with the whole sur-
face of the other, or as much of it as is to be electrified. This is
usually done by rubbing one body intimately with the other, as,
for instance, a silk handkerchief with a glass rod, or a piece of
cat's fur with a stick of sealing-wax. When the bodies are
separated, after rubbing, each will be found to be charged—one
positively, the other negatively.  The friction between the two
substances simply causes contact between their various panrts,
and the (*l::_ll‘gv should therefore be considered of the same nature
as that generated by contact between two conductors. The
difference between the two cases is that, in the case of the con-
duetors, the charge flows to all parts of the body, while, 1n the
case of the non-conductors, the various parts have to be {'-]Iil'ngl
separately by contact.

7. Energy of Charge. The amount of electrie cnergy
stored up on either of the bodies 1s not 1:[‘::1:::1‘liu||;11 to the work
done by friction, but only to the small work done in separating

the two bodies against their mutual attraction.

5. Conditions for Electrification.—It was formerly
thought that only a limited number of substances could produce
an electric charge when brought in contact with each other ; but
later investigations show that friction between any two different
substances, no matter what the substances may be, always pro-
duces a separation of positive and negative electricity. It is
not even necessary that the substances should be different, as
two bodies of the same substance, one with a smooth and the
other with a rough surface, will show a charee when rubhed
together.  In this instance, the body whose particles are more
easily removed shows negative electricity. Two hodies of the
same substance with different temperatures will show electrifica-
tion, and it has also been shown that two bodies of the same
substance, but of different colors, will in some caszes be electrified
when rubbed together. Whether the bodies are brought in
contact by means of either rolling or sliding friction seems
immaterial. The main thing seems to be to bring the various
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parts of the surface of one body successively in contact with the
surface of a dissimilar body, and separate them, in order to
produce a charge. Static electrical machines are based on these
principles, and the following experiments, some of which may
appear quite elementary, are made for the purpose of making
the action of electrical machines, belonging to either the friction
or the induection system, perfectly clear.

). Conditions Governing Kind of Charge.—Let us

now consider the conditions necessary for producing an electrie
charge on a body, and the means of detecting its presence and
kind. Evidently this latter feature is a very important one, as
all of these phenomena can be studied only by the most careful
use of the testing instruments, both as regards the correct inter-
pretation of the action taking place,
and also in preventing exterior forces
from interfering with the forces
under observation.

By rubbing a glass rod with a
piece of silk, the rod will receive
a charge that it has been agreed
to call positive; the charge on the
silkk will, therefore, be negative. The
presence of the charge can be
detected by holding the glass rod in
the neighborhood of light bodies,
such as chaff or small bits of paper ;
it is seen that these small particles ave attracted by the rod, and,
after contact with it, partake of its charge and are repelled.

FiG. 1.

10. The Electric Pendulum.—A more suitable appa-
ratus for studying these actions is an electric pendulum, as repre-
sented in Fig. 1. Tt consists of a glass rod supporting a metal
bracket, which carries a silk thread to which is attached a pith-
hall. If the glass rod is held near the ball, it will be attracted
by the rod, and then, having partaken of its charge, be repelled.
Now, by rubbing a stick of sealing-wax with a piece of fur, a
charge will be given to the stick, and if it is held near another
pith-ball, the ball will also be attracted, and after contact



6 ELECTROSTATICS. §3
repelled.  As these two rods have the same effect on two
sceparate pith-balls, it would naturally be supposed that they
would be charged with the same kind of electricity ; but let us
now see the effect of holding the sealing-wax near the pith-ball
repelled by the glass rod. It will be attracted, and after contact
repelled, and the same will take place if the glass rod is held
near the other ball.  Evidently the two charges must be of a
different nature, and, if the glass rod is positive, the sealing-wax
must be negative.

As another experiment, touch one of the balls with the
charged glass, and the other with the charged sealing-wax.
Now bring the two balls into proximity; it will be found that
there i= an attraction between them. Again, charge both halls
from the glass rod, or both from the sealing-wax; in each case
the balls will repel each other.

11. It was stated that two substances rubbed together will
have different charges, so that, when the glass rod is positive,
the silk should be negative. The pendulum will prove this,
hecause, after the ball has been attracted and repelled by the
elass rod, it will be attracted anew by the silk. If, again,
the electricities of these two bodies is i]llIl:‘ll’t[‘(l 1o a t]'lil‘fl hu:l‘\',
the latter will have no effect on the pendulum, proving that
both electrie charges have united and neutralized each other.

We deduct from these experiments the following laws :

1. When two dissimilar substances are placed in contact, one of
them always assumes the positive an d the other the negative et rye.

2. FElectrified bodies with similar charges are mutually repel-
lent, while {'lrEr‘h‘{'ﬁt‘r.’ bodies awith dissimilar charqges are ’HIH!HrlHy
attractive.

These are two of the most important laws in the study of
electricity.

12. The Electric Series.—As has already been stated,
glass rubbed with silk will receive a positive charge. Such a
charge was formerly called vitreous, under the erroneous impres-
sion that this was the only kind of charge glass was capable of
vielding. It is found, however, and can be easily proved by the
electric pendulum, that glass rubbed with fur will receive a
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negative charge. Sealing-wax or resin rubbed with silk will, as
has been pointed out, take a negative charge, and for this reason
a charge so obtained was called resinous electricity.  1f, however,
wax or resin is rubbed with gutta-percha, the former will take a
positive charge, proving that these substances are capable of
receiving either a positive or a negative charge. It will thus he
seen that the character of the charge depends equally on the
material composing the two substances rubbed together.

The following list, called the electric series, gives the various
substances in such an order that each receives a positive charge
when rubbed with any of the bodies following, and a negative
charge when rubbed with any of those which precede it :

1. Fur 6. Cotton 11. Sealing-wax
2. Flannel 7. Silk 12. Resin

3. Ivory 8. The human body 13. Sulfur

4. Crystal 9. Wood 14. Gutta-percha
5. Glass 10. Metals 15, Guncotton

13. Charges on two bodies may differ not only in kind, but
also in amount. If a charged hody is brought in contact with
a larger body not charged, or charged with the opposite kind of
electricity, there will be a redistribution between the two bodies.
If the charges are equal and opposite, no charge will remain on
either. If the charges are of opposite kind and unequal, then
the smaller will be neutralized by an equal amount of the
larger, and the remainder of the larger charge will distribute
itself over the surfaces of both bodies. The speed with which
this distribution takes place depends on the substance of the
body ; if a good conductor, it will be practically instantancous ;
if an insulator, it will be glow, and will take appreciable time.

MEASUREMEXNT OF CHARGE.

14. The Gold-Leaf Electroscope.— For very crude
tests, the electric pendulum may be sufficiently accurate, but,
when finer measurements are needed, an Instrument will be

required that is capable of indicating minute charges, and at
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the same time is shielded from the moisture and motion of
air. Such an instrument is the gold-leaf electroscope, illustrated
in Fig. 2.

A brass wire x, the lower end of which is bent so as to support
the two gold leaves a, is
passed through a glass
tube b, projecting through
_a well-varnished  cork
% closing the mouth of a
¢ glass jar J. The upper
part of the brass wire is
provided with a flat disk,
or plate ¢, of conducting
material.  This instru-
ment not only shows
whether a body is electri-
fied or not, but can also
—~ be made to show the

10, 2. kind of electricity with
which a body is chargec.

Let us rub a glass rod d with silk, and hold it in the neighbor-
hood of the disk ¢, without making actual contact. The gold
leaves will diverge. The glass rod we know to be positively
electrified, and, when it is brought near to the disk ¢, a separa-
tion of the electric fluid in the metallic portions of the
clectroscope takes place, the negative electricity being attracted
to the plate ¢ by the positive charge on the glass rod d, and the
positive charge being repelled to the gold leaves. This charges
the two gold leaves positively, and, as similarly-charged bodies
are mutually repellent, they are caused to diverge. If the rod
is withdrawn without touching the plate ¢, the positive and
negative charges on the electroscope reunite, thus allowing the
cold leaves to come together. The action described, causing a
separation of the two electricities in a body by the proximity of
a charged body, is called induction, and is treated at greater
length in Arts. 20, ef seq.

Again bring the rod near the electroscope, and this time touch
the plate ¢. On removing the rod the leaves remain diverged,
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because some of the charge on the rod is imparted to the
electroscope. This charge is of course positive, and causes
the gold leaves to remain diverged until the charge is removed.
Knowing the character of this charge, we are able to compare
other charges with it and find out whether they are of the same
or of a different kind.

Let the glass rod be rubbed with flannel. The question now
to be answered is whether the rod is charged with positive or
with negative electricity. On bringing it near to
the disk on the electroscope, the leaves show a
tendency to close together. This is evidently
becanse there is less repulsion between them ;
that is, their positive charge must have become
less.  Evidently, then, the rod must be negatively
charged, so that it attracts a part of the positive
charge on the leaves towards it, leaving them less
strongly charged. On the other hand, if the rod
were positively charged, the gold leaves would
spread wider apart, because the positive charge
on them would he made stronger,

FFrom the foregoing we may draw these con-
clusions :
j:f” the f,ruf:!{ leaves tﬁt"f‘?“{iﬂ, the e'mrflu -Fu_‘rf'nlr; tested has

Fia. 3.

a charge of the same kind as that on the electroscope.  If the gold
leawes approach each other, the charge s of the opposite Lind.

15. Quadrant-Electroscope.—When it iz desired to
indicate and measure very large charges, an instrument called
the quadrant-electroscope, shown in Fig. 3, is used. 4 is a con-
ductor on which the charge to be measured is placed. It is
provided with an upright rod € on which the electroscope is
mounted. B is a pith-ball, supported by a light arm pivoted
on the upright rod. When the conductor A is charged, the
ball will be repelled in proportion to the charge, and a gradu-
ated scale will indicate the angle of divergence.

16. Torsion-Balance.—Both in the electric pendulum
and in the electroscope, we have seen forces at work repelling
similarly-charged bodies. The magnitudes of these forces under
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varying conditions are as yet unknown to us, and it is desirable
to examine them a little closer. None of the instruments so
far mentioned will do this with any accuracy, and some other
means must be provided. This we find
in the torsion-balance, a combination of an
electric pendulum and an  electroscope.
In Fig. 4 a light arm of shellac is provided
with a gilt pith-ball n suspended from
the movable head b by means of a fine
silver wire. Another gilt pith-ball m is
fastened to the end of a glass rod a, which
can be inserted through an opening in the
cover of the glass eylinder. Around the
evlinder, on a level with the pith-balls,
is a graduated circle. The head b is called
the torsion-head, and is also graduated, and its angular motion
is indicated by means of an index on a fixed arm near it.

To measure the amount of an electric charge, we proceed as
follows : The torsion-head is turned until the balls just touch
each other ; the glass rod is removed and a charge imparted to
the ball m, and the rod is then replaced. Asn is uncharged, it
will receive part of the charge on m, and the two balls will
mutually repel each other ; n will recede and produce a certain
twist in the silver wire. When the repelling force is counter-
balanced by the twisting force, the arm will come to rest. As
the angle through which a wire is twisted 1s precisely propor-
tional to the force with which it is twisted, it follows that the
force of torsion is proportional to the angle of torsion. If the
angle through which the ball moves is not too large, the ball
will practically move in a straight line, and it may therefore be
caid that the force of torsion is proportional to the direct dis-
tance hetween the balls.

Fia. 4.

17. Law of Inverse Squares.—DBy means of the torsion-
balance it is possible to prove that the force exerted between two
small bodies, statically charged with clectricity, varies inversely as
the square of the distance hetween them. Thus, if two electrified
bodies, 2 inches apart, repel each other with a certain force, this
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force will be four times greater if the distance between them is
decreased to 1 inch. This law holds good for both repulsion
and attraction, and also when the charges on the two bodies are
of unequal amounts. At a given distance, the attraction or
repulsion between two bodies will be proportional to the product
of the two quantities of electricity with which they are charged.
I'or instance, if one body is charged with 5 units, and another
with 3 units of electricity, the force acting between them will be
D 2 3 = 15 times greater than it would be if each body had
received but 1 unit,

18. Unit Quantity.—A unit quantity of electricity is that
charge which, when placed in air at a distance of 1 centimeter
from another equal and similar charge, will be repelled with a
force of 1 dyne. The dyne, or unit of force, iz that force which,
by acting on a mass of 1 gram for 1 second, can give to it a
velocity of 1 centimeter per second.

19. The Coulomb.—There is another unit of quantity,
based on what is ealled the electromagnetic system of units.
This is called the coulomb, and its value is 3,000,000,000 times
that of the electrostatic unit.

ELECTROSTATIC INDUCTION.

20. Wehave seen that, when electricity has been transferred
from one body to another by actunal contact, an attraction or
repulsion will take place ; but we have also seen, when mention
was made of the gold-leaf electroscope, how a charge could he
present on the gold leaves when no actual contact had been
made with charged bodies. This latter phenomenon is perhaps
the most important one in static electricity, and deserves a great
deal of attention.

21. The Electrostatic Field.—It is accepted as a matter
of fact that an electrified body can have no influence on a body
not charged with electricity. How, then, can we explain why a
neutral pith-ball is attracted by a rubbed glass rod? The
answer is that, before any attraction takes place, the glass rod
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has, while some distance away, caused a division of the neutral
state of the ball into positive and negative electrification, so that
a negative charge has collected on the side next to the glass rod,
and has therefore been attracted. All this will take place
almost instantaneously, but, before the positive and negative
charges have been established, no attraction will be noticed.
This influence, which a charged body is capable of exerting on
a neutral conductor, is called induction, and the charge is called
an indueced charge.  The range of space in which 1t takes place
is an electrostatic field.  We recognize here conditions very
sitnilar to those explained under magnetic induction.

22, The apparatus shown in Fig. 5 illustrates thig phenom-
enon more fully. ' may be a glass ball charged with positive
electricity, and A B a conductor with no charge, both insulated
from the ground by glass columns,  When €' is placed in the
neighborhood of A B, electric charges are induced on the econ-
ductor, and it is found that its two ends have charges of
opposite kinds,  The pith-balls suspended from the conductor
will also show that the charges are not uniform, because the
former are seen to l]'n'rl';_:t' more :llll] Inaore, the f:ll‘thl’,‘l‘ ﬂl['}' are
from the center of the conductor ; in fact, the middle part will
show no charge whatever,
It is also found, by test-
ing with an electroscope,
that the end A is charged
with negative and the
end I with positive elec-
tricity. Should the ball €

: . again be removed, we see
F16. 5. that the pith-balls touch
each other ; the charges have, therefore, entirely disappeared.
They have neutralized each other, and therefore must originally
have been present in equal amounts. The conductor may be
made in two parts and separated before the ball C has moved
away, In which case each part will have a charge of an opposite
kind.

From this experiment we draw the conclusions that a positive
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charge attracts a negative charge and repels a positive one, and
viee versa, and that this influence can take place through some
distance and through materials such as air, glass, ete.; that,
when the electrified body ig removed, it will again return to it=
natural eondition, and that the inducing hody has lost none of
its charge.

It the body on which the charge is induced has connection
with the ground, the results are somewhat different. Let the
bodies occupy the position illustrated in Fig. 5. If, now, a con-
nection is established between A B and the ground by touching
it anywhere along its surface, even at A, the positive charge will
escape and be neutralized in the ground, and the negative
charge only will remain. The charge that passed to the earth
is called a free charge, while that charge which is held by the
inductive intluence of ' is called a bound charege. On the
removal of € the induced negative charge is released ; it is also
free, and will now distribute itself over the whole surface of the
conductor.

23. There is yet another modification of these experiments
to be considered. The smaller the distance between the two
bodieg, the stronger the induced charge will be; it would
eventually be equal to that on the charged body. Before this
position could be reached, however, the insulating capacity of
the intervening substance (in this instance air) would break
down, and the charges rush across and reunite with such avidity
that a spark would be seen between the bodies. The negative
charge at A and the positive at (' have now reunited, and have
by that act neutralized each other. The bound charge at B is
now free, and positive electricity is distributed all over A B.

In the latter experiment, the induced negative charge was
supposed to be of equal quantity with the inducing positive
charge ; by their union they would therefore neutralize each
other. Should the charges on two bodies not be of equal
amount, there will remain, when they combine, a surplus of a
kind depending on which charge predominated. Thus, if one
body is charged with 50 units of positive and another with
30 units of negative electricity, their union will result in the
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neutralization of 30 units of each charge, leaving 50 — 30 = 20
units of positive electricity ; and this quantity will divide itself,
siving each body a positive charge of 10 units, provided the
hodies are of equal size and of the same shape.

24, Inductive Capacity.—It is not unimportant what
substance is residing between two charged bodies, as some sub-
stances permit the induction to take place with greater facility

| Inductiva

MATERIAL, Capacity,
Air, vacuum at about (001 millimeter pressure . L0400
Air, vacunm at about 5 millimeter pressure : S0
Hydrogen, at ordinary pressure . Sl i S L6000
Air, at ordinary pressare . . . . C e . LO00D
Carbon dioxid, at ordinary pressure . . . . . .| L0005
Olefiant gas, at ordinary pressure . . | . 1.0007
sulfur dioxid, at ordinary pressure | : 1.0037
Paraflin, clear . . o A T R . . | 1.92-2.47
Petroleum . . . T T T 2.03-2.07
Turpentine . e ) B e ST s 2.16
India-rubber, pure - : ol e i 2.34
India-rubber, voleanized . b o WL R I 2,04
Res=in e b e e 2.55
Ebonite : S N e o
ST = R e : i izl | 2.88-3.84
=hellac o DO AR 2.95-3.73
Giutta-percha . e S 4.20
Mica S e ; 500
Flint glass, very light . . . - 6.57
Flint glass, light . o 65.55
Flint glass, very dens : - d e | 7.40
Flint glass, double extra dense. . . . . . . . 10,10

than others.  Dry air offers more vesistance to induction than any
other substance. The facility with which a substance allows
electrostatic induction to take place across it is called its induetive
capacity, and the substance itself is called a dielectric.  An insu-
lator and a dielectric are not necessarily the same thing ; a good
insulator may be a poor dielectric, but all dielectrics are

insulators. There is this distinction between them, that the
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more resistance a substance offers to the passage of an electric
current, the better insulator it is, while the less resistance a
substance presents to an inductive influence across it, the hetter
diclectric 1t is said to be. A good dielectric is said to possess a
figh inductive capacity.

The preceding table gives the inductive capacity of various
substances, the capacity of air at ordinary atmospheric pressure
heing taken as unity.

25. The Electrophorus.—The amount of electrification
that can be produced by rubbing a glass rod is rather limited,

and, in order to produce larger charges on other bodies, the use

FiG. 6.

of some other apparatus becomes necessary. This is found in
what is called an electrophorus. By means of this instrument
an almost unlimited number of static charees of electricity may
he obtained from one single inducing charge. It consists of
two main parts (Fig. 6), one a round cake of resinous material
cast in a dish, or pan B, about 1 foot in diameter; and a
disk A, slightly smaller, made of metal, or of other material,
covered with a conduecting substance, and provided with a glass
handle. In modern instruments, B is usually made of ebonite,
When using the electrophorus, the resinous cake must first be
beaten or rubbed with a warm piece of woolen cloth or fur.
The disk, or cover, is then placed upon the cake, touched
momentarily with the finger to liberate the free charce, then
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removed by taking it up by the handle. It is now found to be
powerfully electrified with a positive charge, so much so, indeed,
as to vield a considerable spark when the hand is brought near
it. The cover may he replaced, touched, and again removed,
and will thus yvield any number of sparks, the original charge on
the resinous plate meanwhile remaining as strong as ever,

If the previous experiments in induction have been well
understood, it should not be difficult to see the reason for these
phenomena, and, as they serve as a basis for electrostatic
machines, it is important that they appear perfectly clear before
we proceed any further.

After the cake has been heaten with the fur, its condition 1s
that of Fig. 7; it iz charged with negative electricity. When
the disk A iz approaching the cake, the latter will act induct-
ively on the disk, and attract a positive charge on its lower side
and repel a negative charge to its upper side. These charges
will increase in amount until they reach a maximum, when

contact 1s made with the cake. This condition of cake and disk
is represented in Fig. 8. Should the disk be now touched, the
free negative charge will be neutralized by electricity flowing
through the observer’s body to earth, while the positive elec-
tricity will remain as a bound charge, as shown in Fig. 9. The
disk can now be lifted, when the positive charge will he no
longer bound, and will distribute itself all over the disk, as
tlustrated in Fig. 10,

The charges given to the disk will not diminish the original charge
on the cake, as the action is purely inductive, and the recharging
of the former could go on forever if the cake were not subjected
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to a certain amount of leakage through the atmosphere, particu-
larly when the air is damp. The charge must therefore he
replenished at certain intervals, If a metallic stud is fastened
to the bottom of the pan B, so as to pro-
ject through the cake near its surface, a
spark will pass between the stud and the
lower side of the disk when this is laid
down on the cake, and the negative elec-
tricity will be automatically discharged,
thus dispensing with the necessity of
touching the dizk hefore removal.

[t was remarked above that, were it not .
for the leakage from the cake through the
air, the charging and discharging of the
disk could go on indefinitely. Evidently, the supply of energy
represented by each charge must be drawn from some source,
and 1t 1s of some interest to inguire into its origin. The fact is
that, when the disk is removed from the cake, after being charged,
it offers more resistance against its removal than when it was
neutral. This supply of muscular energy is the real measure of
the energy dissipated in each discharge of the disk.

Fig. 10.

POTENTIAL.

26G. Change of Potential.—The experiments with the
electrophorus do not exhaust all the possibilities of inducing
charges in neighboring bodies,
and it will be necessary to
consider some further modi-
fications. These can best be
observed by means of the two

disks shown in Figs 11, 12,
and 135, where 4 is a metal
plate insulated from the ground, and B another metal plate
provided with a glass handle.

Let it be understood that, when mention is made in the
following of positive or negative potential, it will mean the
potential of the free charge on a body subject to induction, a
charge that would flow to earth if opportunity were given it.
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The various combinations and modifications will be found in
the following table, with the resulting potential, density, and
charge, the number in the table corresponding to the numbers of
the following divisions :

1. Let A, Fig. 11, be charged with positive electricity and be
without any connection with the ground.

2. A neutral disk B in metallic connection with the ground
is brought near .4 in the position shown in Fig. 11 ; the positive
charge is drawn towards B away from the lower side of A.

3. Let B be brought still nearer to A, and more charge will
be drawn towards B, decreasing the density on the lower gide
still more.

4. If now A and B are separated again, the condition of both
will be as it was before,

5. Now let B also be positively charged and placed in the
position of Fig. 12, without connection with the ground. The

FiaG. 12 FiG. 13,

density on the lower side of A is increased ; the charge is, so to
speak, driven away from the upper side.

6. Let B be brought still nearer to 4, and the charge on the
lower side will increase.

7. While B is in the last position, let 4 be connected with
the ground ; its positive charge will escape, it will have a bound
negative charge, and the potential will be zero.

8. Disconnect 4 from the ground and remove B ; the nega-
tive charge will be free and spread itself all over A, and there
will be a negative potential.

9. Next let 4 be neutral and insulated from the ground, and
B, a negatively-charged body, as shown in Fig. 13. Then the
potential of 4 will be negative, because negative electricity
would escape to the ground if it were connected with it. The
density on the upper side is positive ; on the lower, negative.

10.  Without changing the position of either body, let A be
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connected with the ground, when its potential will be zero and
its charge positive.

11. Disconnect 4 from the ground, and separate 4 and B
slightly ; the potential of A 1= then positive.

12. Let B come nearer to /4 than it did in position 10 ; then
the potential of 4 becomes negative, because negative electricity
would escape from A if connected with the ground, but the
charge is positive, as before.

The conditions of conductor A4 during these experiments are
shown in the following table :

CONDITION OF CONDUCTOR A.

DEexsiTY.
Kumber. I'otential, Upper Side, Lower Side, Charge.
1 Positive Pozitive I'ositive I'ositive
Positive, but less Positive, but Positive, but less e
2 : . % Positive
than in 1 greater than in 1 than in 1
| Fositive, Positive, and still | Positive, but less e
] | : Positive
| but small | greater than in 1 than in 1
| ' Positive Positive Positive Positive
- Positive, but | Positive, but less Positive, but Positiv
: greater than in 1 than in 1 greater than in 1 L
| : :
Fositive, and still Positive, and still i
i b2 Almos=t none | . | Positive
greater thanin 5 greater than in 5
) fero Negative None Negative
' Negative, but less
Kegative, but les - ; : .
N ive Negative Negativ
8 egative than 5 eg i erative
1 Negative Positive | Negative Kone

Iositive, and | .
LT None Tositlv
L greater than 9 2

Positive, 'ositive, but less Positive, |

5 but small ' than 10 bt small LRELLYE
12 Negative, ! Positive, but Negative, Positive
- but small | greater than 10 | biit small

27. We see, from the interesting phenomena in Nos. 10,
11, and 12, that, by a small motion of B either to or fro, the
potential of A4 is changed from zero to either positive or nega-
tive. To make this still clearer, let us repeat the last experi-
ments on the electroscope in Fig. 14.
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Let B he given a negative charge and A be neutral ; when B
is separated from A by a distance d, connect A for a moment
with the ground and again
insulate it. The negative
charge will then have escaped
and the potential is zero ; the
gold leaves will therefore not
diverce, Remove B to a dis-
tance a little greater than ),
and the gold leaves will
diverge with positive elec-
tricity, because the potential
of A is now positive.

Bring B a little nearer
than o, and the gold leaves
will close and immediately diverge again with negative elec-
tricity ; the potential i1s now negative.

FiaG. 14.

28, Conditions Governing Potential.—From these
experiments we have seen the influence of the electric charge
on the potential of a conductor, and it has been noticed that
the potential depends on the sign and amount of the free
charge. The experiments, particularly the last three, have also
demonstrated that the potential of a conductor depends on its
]:n:éiﬁll'rl in relation to other bodies.

[t now remains to investigate the influence the shape of a
conductor has on its potential. To do this we will again use
the apparatus in Fig. 14. Let B be laid on 4 and a charge
siven to them while in contact ; they will then act as one con-
ductor, and the gold leaves will diverge in proportion to the
charge given them. It is now found that, on sliding B on A,
or lifting one side of B without separating them, the divergence
of the gold leaves will increase. On putting B back into its
original position, the divergence of the gold leaves regains its
original value, proving that the alteration of the form of the
compound body A B alters its potential without altering the
amount of electricity on it.

From all this we finally draw the conclusion that the potential
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of a conduetor can be varied (1) by altering the charge of electricity
o it; (2) by altering the external shape of the conductor without
altering the charge of electricity on it ; and (3) by altering its posi-
tion relative to other bodies.

29. Location of Charge.—The preceding experiments
also make it clear that the electricity at rest resides only on the
surface of a conductor, and, so long as we have to do with elec-
tricity at rest, it is immaterial whether the conductors are of
solid or of hollow metal, or whether they are simply made of
wood and coated with tin-foil or gold-leaf. It may be well to
give some additional proof of this assertion, which may be done
in several ways,

Let, for instance, a hollow metal ball with an aperture at the
top be supported on an insulating stem and a charge given to
the ball. In order to examine the density of the charge on
various parts of the conductor, use is made of what is called
a proof-plane, a little disk of sheet copper fixed to the end of
a glass rod.  If this disk is laid on the surface of an electrified
body, part of the electricity flows into it, when it may be
removed and its charge examined with an electroscope. Such
a proof-plane, if applied to the surface of an electrified ball and
then brought in contact with the knob of an electroscope, will
cause a divergence of the gold leaves, showing the presence of a
charge. If, now, the proof-plane is inserted through the aper-
ture and touched against the inside of the globe and then
withdrawn, it will be found that the inside shows no sign of
electricity. Even a cylinder made of wires interwoven with
one another will show no sign of electricity on the inside, if the
meshes are not too large.

If two hollow hemispheres of copper are placed together over
a charged copper ball without touching it, the inner ball will
retain its charge only =0 long as it is not touched, but when it
15 touched the charge will instantly pass to the exterior ball,
and the inner ball is, on removal of the outer, found to be com-
pletely discharged. This tendency of a charge to rest only on
the outside was shown in a most striking way by Faraday. A
conical bag of linen gauze was supported upon an insulating



22 ELECTROSTATICS. 53

stand, and a silk string attached to its apex by means of which
it could be turned inside out. When charged, the electricity
was found to reside on the outside, and, when the bag was
turned inside out, the charge was again on the outside, leaving
the inside without a trace of electricity.

30. Exceptions.—There are a few exceptions to the law
that electricity always rests on the outside of a conductor.

1. The presence of an electrified body inside a hollow con-
ductor acts inductively on the latter, and attracts an opposite
kind of electricity to the inside of the conductor.

2. Eleetricity in motion does not flow on the surface only,
but through the substance of the conductor. This law 1s there-
fore limited to an electric charge only.

In medical practice, physicians employ a type of electrical
apparatus called a stafic machine, and the current that it
produces is called statie electricity, without reference to the
scientific term electrostatics, which has an altogether different
meaning.,  The foregoing experiments with electrostatic charges
have done much to confuse the therapeutics of statie electricity
in current form. The error arises from the use of the word
static, which seems to imply that the charges produced in a
static machine are at rest, and as such do not act as an ordi-
nary current.  But the electrostatic charges produced in these
machines are mostly allowed to unite, and will therefore
produce a current of electricity. For medical use these charges
are always set in motion, and cannot be employed unless they
are in motion. Statie electricity as employed in therapeuties
has no mediecal value while it is at rest ; hence, the proposition
that a static charge resides only on the surface of a body
cannot apply to the treatment of a patient with a current
which is not at rest. It is demonstrated that all methods
of treatment employ electricity as a current, and never
as a ‘‘charge’ at rest. Moreover, no one can prove that
electricity resides only on the surface of a patient’s body dur-
ing any form of actual treatment, while every evidence tends
to prove that the internal tissues are affected and traversed
by the current.
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The first exception may be proved by the following experi-
ment : A in Fig. 15 is a hollow conductor, in metallic connection
with the electroscope B; €' is a metallic ball with a positive
charge. When the ball is lowered into A, a negative charge is
attracted to the inside of the conductor and a positive --H;urj_rv
repelled to the outside. The gold leaves will diverge more and
more with a positive charge, until the ball iz well inside the
conductor, when they remain stationarv. If contact is now
made between the ball and the inside of the conductor, no

Fi1G. 15.

effect will be noticed on the gold leaves, which proves that the
charge on the inside of the conductor and that on the hall are
precisely equal in amount, but of opposite signs ; when united
they will therefore neutralize each other, and leave the positive
charee on the outside, as before. This hollow conductor, or
electric cage, as it is sometimes called, affords a very ready means
for comparing and examining charges on small bodies. They
need not be discharged, but simply lowered into the cage ; and
the induced charge repelled to the outside will be of the same
sign and quantity as the inducing charge, and can therefore
readily be examined by means of the electroscope.

31. Distribution of Charge.—A static charge of elec-
tricity is not usually distributed uniformly over the surface of
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conducting hodies. Experiments show that there is more
electricity on the edges and corners of bodies than on the flatter
parts. A charged sphere, if not exposed to the inductive influ-
ence of any surrounding bodies, will have the electricity evenly
distributed all over itz surface ; that is, its density is uniform.
The density on two similarly-charged spheres in contact with
each other is found to be a maximum at the parts farthest from
the point of contact, and a minimum in its neighborhood. If
the spheres are of unequal sizes, the charges being equal, the
density is greater on the smaller sphere ; in fact, a decrease in
the radius of curvature increases the density until, when at last
the radius is so small as to practically be a point, the density
has increased to such an amount as to be able to electrify the
neighboring particles of air, which are then repelled, each carrying
away part of the charge with it, thus contributing to a constant
loss of charge. For this reason, points are used when it is
desired to secure a rapid discharge, but must be avoided on all
parts of electric machinery where a charge is to remain constant.

CAPACITY OF CONDUCTORS,

32. Capacity.—The electrostatic capacity of a conductor is
measured by the quantity of electricity that can be imparted to it
n’n_ﬁu'e‘ tls Jmh'm‘:‘rli‘ is J"H'il.'if.'ﬂlrf-r'ﬂ}n zern Lo Hﬂfi‘_i;,

To make the meaning of electrostatic capacity clearer, let us
consider the capacity of a rubber bag when it is filled with
water or gas.  Its cubic contents is not limited to one definite
quantity ; on the contrary, it can vary between wide limits,
depending on the pressure to which the water or gas is subjected.
By pumping more gas into the bag, under an increasing pressure,
the capacity of the bag will increase and also the pressure of
the gas contained in it.

A charge of electricity will act in a similar manner. The
number of coulombs residing on the surface of a conductor
must not be considered as a fixed quantity, depending on the
extent of its surface. It is, as seen in the case of the rubber
bag, also dependent on the pressure ; the higher the latter, the
more compressed or dense the charge may be said to he. The
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smaller the above-mentioned bag is, the less quantity of gas will
be required to raise the pressure; similarly with an electric
conductor, the pressure will increase more rapidly if its capacity
is small. A small conductor, such as an insulated sphere of the
size of a pea, will not want so much as 1 unit of electricity to
raise its potential from O to 1, and is therefore of small capacity :
while a large sphere will require a large quantity to raise its
potential to the same degree, and could therefore be said to be
of large capacity. It is, then, necessary to know both the
capacity of a conductor and the potential of the charge hefore
any idea can be had of the quantity of electricity collected on a
given conductor.

UNIT OF CAPACITY.

33. The Farad.—If it is necessary to charge a conductor
with 1 coulomb of electricity in order to produce a potential of
1 volt, it is of unit capacity, and this unit is called a farad.
When the guantity is given in coulombs and the potential in

R e coulombs
volts, the capacity in farads = — ——.
' ; volts

ExasprLe.—If a charge of 200 coulombs increases the potential of a
conductor to 50 volts, what is the eapacity of the conductor?

SOLUTION. — 2.{:? — 4 farads. Ans.

Microfarad.—As the farad is too large for ordinary pur-
poses, it is customary to use only one-millionth part of it, which
is called a microfarad.

CONDENSERS.

34. Action of a Condenser.—It hag been shown that
opposite charges attract and hold each other ; that electricity
annot flow through glass, and yet can act across it by induction.
We have also seen that two pith-balls, one electrified positively
and the other negatively, will attract each other across the inter-
vening air. After interposing a plate of glass, they will still
attract each other, although the electric charges on them cannot
pass through the glass.
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If a piece of tin-foil is fastened upon the middle of each face
of a thin ]Iil'{'ll' of ;_fhl:-i:-i. and one of the ]!i{*l'l.'.-i is electrified with
a positive charge and the other with a negative charge, the two
charges will attract each other; that i1z to say, they are not
residing on the tin-foil as free charges, for it will be found that
on touching either of the foils practically no discharge will take
place. We must therefore conelude that each charge is induecing
the other—that they are bound. It will be found that these two
plates- of tin-foil may be made to receive a much greater
charge in this manner than either of them could possibly
receive if placed on the glass alone and then electrified. In
other words, the :‘-'J'Jlm'f-'j.f of @ conductor s gji‘rrfffy increased
when it 13 placed wear o conductor electrified with the opposite
keind if.l" a‘hr”'_rlpr_-,

1o

Fia. 16.

A greater quantity of electricity may therefore be put into
the conductor before it is charged to as high a potential as 1t
would be without the presence of the other conductor. Such
an arrangement for holding a large quantity of electricity is
called a condenser of electricity, or simply a condenser.

[t is of importanece to examine more closely the properties of
such condensers.  Let us therefore take two plates 4 and B,
Fig. 16, interpose a glass plate €' between them, and see what the
effect will be when B is charged with positive electricity from
some generator of static electricity and A is connected with the



$3 ELECTROSTATICS. 27

ground. The positive charge on B will, through the glass,
induce a negative charge on A, and repel the positive electricity
to the ground. The negative charge on A will collect on the
face nearest B and react on the positive charge of the latter,
attracting it nearer the glass, when more electricity will be
supplied from the generating source. This induecing and rein-
ducing across the glass will continue as long as the potential of
the source is able to add new charges to B.  In fact, the effect
will be the same as though a current was constantly going
from B to A through a constantly increasing resistance, and
then to the ground.

It the two plates are brought nearer to the glass, the attrac-
tion between the charges will increase and the inductive action
will be greater ; a larger quantity can therefore be accumulated
on the plates. After the disks have been strongly charged, the
wires may be removed and the disks brought farther away from
each other. The attraction hetween the charges will now he
less ; they will be less bound, and more of the charge will he
free, and able to spread over the surface. That this is so can
be seen by watching the pith-balls suspended from the con-
ductors on each side. They will diverge, giving the impression
that new charges have been added to A and B, while the fact is
that the capacities of 4 and B have diminished, giving them
the appearance of being more electrified than before, hecause
there is a greater quantity of free charge. The ground-plate A
has the effect of greatly increasing the capacity of an insulated
conductor, the surface density on the side opposite the ground-
plate being very great.

It will be noticed that in Fig. 16 the pith-ball pendulums do
not diverge through the same angle; this is a result of the
method of charging the condenser. It is evident that, when B
ig connected to the generating source, the right side of B and its
rod will have the same potential as the machine, while the left
side of A and its rod will have zero potential. When A and B
are disconnected from the ground and generator, respectively, B
still retains the surplus of electricity residing on its right side,
while the left side of A is still at zero potential ; hence, the
pendulums will remain as before.
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33. Condensing Force.—Let us denote the total quan-
tity of electricity on B by 1 ; it will be possible by induction to
retain a charge on A that is somewhat smaller, which charge we

will call m ; T will then be the ratio of the charge on 4 to that

on B. It follows that the charge m on A should he able to
bind a charge on B bearing a similar ratio to itself, which would

it

be m % o — m*.  This quantity m’

represents, therefore, the

amount of charge held or bound on B by the charge on 4. By

subtracting m* from 1 we have 1 — m* as the free charge on B,

a charge that can be removed by connection with the ground.
This quantity 1 — m?® is all the electricity that would collect

: : 1
on B if alone ; the ratio g ; therefore represents the so-called
1

condensing force acting on the plate B. The value of m is

found by experiments. If it were .99, the quantity of electric-

_ 1 S

ity that would collect on B would be i g — 90 times the

quantity it would be able to keep if alone,

36. Condenser of Unit Capacity.—The capacity of a
condenser is defined by the number of coulombs necessary to he
given to one coating when the potential difference hetween the
two coatings 1s 1 volt.

A condenser is of unit capacity, or of 1 farad, when a potential
difference of 1 volt between its two sets of plates charges each
one of them with 1 coulomb.

37. Conditions Governing Capacity.—That the size of
the coatings influences the capacity of a condenser, and is
directly proportional to the same, will hardly need a proof,
because a large one may simply be supposed to be made up of
several smaller ones. The aggregate area of one set of coatings
of the smaller condensers would be equal to the area of one of
the coatings of the larger.

We have already =een that the nearer the two conductors are
placed, the more intense is the inductive action between them.
It can be proved experimentally that the capacity of a condenser
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with plain parallel plates iz inversely proportional to the dis-
tance between the coatings. We have also found that the
dielectric medium plays an active part in induction, and that it
is able to diminish or inecrease it, depending on the substance of
which it consists.  From this we conclude that the capacity of a
condenser depends on (1) the size and form of the condensing
plates ; (2) the thinness of the dielectric medium bhetween
them ; (3) the inductive capacity of the dielectric medium.

If the charge of a condenser in coulombs be called K, its
capacity in farads F, and V its potential difference, then

K = F 3T (rlj

7= .,.‘Irxﬂ U:}
AR 3
V = i (:J

From formmula (a) we see that K may be inereased by increas-
ing either " or VT, or both. When used with static electrical
machines, to be described later, the potential is usually made
large, while for galvanic batteries and other sources of current

having low potential the eapacity is increased.

38. The Leyden Jar.—When it is desirable to have a
high potential difference between two charges, the Leyden jar is

Fic. 17.

found to be a convenient form of condenser. It consists of a
glass jar J, Fig. 17, coated up to a certain height on the inside
and outside with tin-foil. A brass knob a is fixed on the end of
a stout brass wire, which passes downwards through a lid or
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stopper of dry, well-varnished wood, and is connected by a loose
piece of bhrass chain with the inner coating of the jar. To
charge the jar, the knob is held to the prime conductor €' of an
electrical machine, the jar being held either in the hand by the
outer tin-foil, or connected to the earth by a wire or chain.
When a positive charge is thus imparted to the inner coating, it
acts inductively on the outer coating, attracting a negative charge
to the side of the outer coating nearest the glass, and repelling a
positive charge to the outside of the outer coating. This outer
charge passes through the hand, or any conductor connected
with the jar, to the earth.

This form of Levden jar has several weak points, the main
one being the difliculty of keeping the outer and inner coatings
well insulated from each other. It is known that moisture
collects very readily on the surface of glass, and that this, and
the dust that is always liable to collect, make it possible for the
electric charge to leak from the brass wire across the stopper and
the outside of the jar to the outside coating.

An improvement on this form of Leyden jar is one without
any wooden lid or stopper, where the stout hrass rod rests
directly on the bottom of the jar, thus utilizing the whole length
of the inside and outside glass surface, as well as the air-space

between them, as insulators,

39, A form superior to either of these is one designed by
Sir William Thomson, consisting of a glass eylinder with an
outer coating of tin-foil, but half filled with strong sulfurie acid,
instead of having an inner coating of foil. The brass rod is
here supplanted by a leaden rod expanded at its base to form a
foot =0 as to stand firmly on the bottom of the jar. The top of
the jar is closed with a wooden cover having an aperture in it to
avoid contact with the rod. The sulfuric acid absorbs all the
moisture that may be present inside the jar, keeping the glass
in a highly insulating state, and, as the rod does not touch the
cover, no current can pass except through the liquid.

40. Loeation of Charge.—Benjamin Franklin discovered
that the seat of the charge in a Leyden jar is not on the tin-foil,
but on the glass. He proved this by so making the coatings of
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a jar that they could be separated from the jar after the latter
had been charged. He then found that the coatings containerl
very little electricity. After having restored them to a neutral
condition, the jar was put together again. It was now found to
have a charge almost as large as before, proving that the coatings
merely serve the purpose of distributing the charge over the
surface of the dielectrie.

41. Residual Charge.—It was also found that, after a
Leyden jar had been ‘* discharged,’” there remains a certain resi-
due of charge on the glass, which after a while will emanate and
collect on the surface, and will be able to give a second spark.
This can be repeated a number of times, each succeeding spark
becoming feebler and feebler. It is known that the dielectric
between two charged coatings is subject to a certain strain or
compression, so much so that a Leyden jar can be shown to have
increased in volume, and when charged, if it is of thin glass, it
may break under the strain.

2. Battery of Jars.—If the knobs and outer coatings of

several Leyden jars are joined together, they will constitute what
is called a battery of Leyden jars. The potential difference between
the two coatings will be the same, but its capacity will increase
in proportion to the number of jars. A battery of this kind must
be handled with great care, as a shock from it may be very severe.

3. Isolated Charges.—In the preceding pages we have
spoken several times about isolated charges, either positive or
negative, on insulated bodies. This has been done for the sake
of convenience, so as not to unnecessarily complicate the subject
in hand ; but if the student has taken the matter of induction
well under consideration, there will by this time have been
aroused doubts in his mind as to whether an isolated charge of
any kind really could exist.

It has heen shown that the induction between two hodies will
decrease with the distance bhetween them ; from this it would he
supposed that, when these experiments were performed in the
limited space of a room, the surrounding objects would be subject
to induction. The fact is we cannot charge one body alone—
cannot place a single charge of electricity anywhere without
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having an equal quantity of opposite sign somewhere else,
Neither is it possible to have two bodies charged with the same
kind of electricity without having a third body charged with a
corresponding quantity of the opposite kind.
Let Fig. 18 represent a room A with two condueting bodies B
and C placed therein, both
A : = ~ charged with positive electricity.
We know from our previous
investigations in induection that
a charge of a negative kind will
| be induced on the walls of the
—i] room, and that the charges on
— 1| theconductors will be distributed
=1 unevenly on their surfaces, in
a manner illustrated in the
i1 ficure. We have said that two
E' conductors charged with positive
|
F

e e

electricity will repel each other ;
it has also been quoted as a fact
that two conductors oppositely
charged attract each other.

In the present instance, B and ¢ move away from each other
and tend to approach the walls ; but what is the cause of this?
Is it attraction or repulsion? As it has never been possible to
study the behavior of two similarly-charged bodies at an infinite
distance from any other bodies, it is really not known whether
it 1s possible for two charged bodies to repel each other, It is
therefore probable that, when an apparent repulsion takes place
between the bodies B and € their motion is in reality caused by
an attraction between them and the adjacent walls. It will
therefore be seen that every charged body forms a condenser
with some other adjacent body, be it the floor, ceiling, or walls
of a room, or pieces of furniture, or the experimenter himself ;
they all have some influence, one perhaps more than others,
depending on its position or the presence of a charge on its
surface. To have a charged conductor so placed that its charge
will be evenly distributed, unaffected by its surroundings, will
therefore be a condition very difficult to fulfil.

FiaG. 18,
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STATIC MACHINES.

44. As the electric charges that are obtainable from an
electrophorus are rather limited in quantity and of relatively
low potential, machines were early devised for the production of
large electrostatic charges. There are two important types of
*electrostatic, or, as they are usually termed, static, machines.
The older of these machines, the frictional machine, has now
been almost entirely superseded by the induction machine.

STATIC FRICTIONAL MACHINES,

45. These machines are now obsolete, but as a description
of them makes it easier to grasp the principle of the influence-
machine, they will here be treated first. There are two classes
of these : the cylinder machine and the plate machine.

THE CYLINDER-MACHINE.

46. This machine congists of three principal parts: (1) a
cylinder of glass revolving upon a horizontal axis ; (2) a rubber

Fi1G. 19.

or cushion of horsehair, to which is attached a long silk flap ;
and (3) an insulated metallic eylinder called a prime conductor.

In Fig. 19, the cushion of horsehair a, covered with a coating
of amalgam of zine, presses against the glass cylinder b from
behind, allowing the silk flap s to rest upon the upper half of
the glass. The prime conductor C is provided at one end with
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a row of fine metallic spikes, and is placed in front of the
machine with the row of spikes projecting towards the glass
evlinder.  When the glass eylinder is revolved, a positive charge
is produced upon the glass and a negative charge upon the
rubber.  The positive charge i1s carried around upon the glass
evlinder, and acts inductively on the prime conductor, attracting
a negative charge to the near end, and repelling a positive charge
to the far end, whence it can be collected. The row of spikes is
therefore strongly charged with negative electricity. The effect
of charged points upon surrounding air has already been noticed ;
in the present instance a strong current of negatively-charged
air will be driven against the positively-charged cylinder, thus
neutralizing the positive charge and leaving the glass in a neutral
condition, ready to be excited again, Sometimes the action of
the spikes is somewhat erroneounsly stated to be that of drawing
the positive charge from the eyvlinder, |

When the cushion is insulated from the ground by heing
mounted on a glass rod, as in the present instance, the negative
charge can also be collected from the brass knob, visible at the
rear of the cushion.

THE PLATE-MACHINE.

47. The plate machine is similar in all respects to the
evlinder-machine, with the exception that a glass or ebonite
plate is used instead of the glass eylinder, and that there are
usually two sets of rubbers or cushions instead of one. Each
set of cushions is double—that is, made in two parts—with the
plate revolving between them. One set of cushions is placed at
the top of the machine and the other at the bottom, with silk
Haps extending from each over a quadrant of the plate. The
charge is collected on two prime conductors connected by a
metal rod, each provided with a row of fine spikes at one end.
They are placed in such a position that the two rows of fine
spikes project towards the glass plate at opposite sides of its
horizontal diameter. The electrostatic action of the machine
is in all respects the same as that of the cylinder-machine.

Both the cylinder- and plate-machines are nothing else than
machines imitating the frictional action of rubbing a glass rod
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with a piece of silk, the action being made continuous and on a
larger scale. As the electrical energy stored up by rubbing the
glass rod and separating it from the silk was simply the work
done in separating them, and not in any way proportional to
the energy lost in friction, so with the frictional machines all the
useful work consists simply in separating the positively-
electrified portions of the rotating glass eylinder or plate from
the mnegatively-electrified silk cushions. Most of the work
expended in turning the glass plate against the frictional
resistance of the cushions is completely lost in heat. The
machine is therefore very inefficient, and a method had to be
devised by which this large amount of friction ghould be elimi-
nated. This was found in improved types of static induction-
machines, which have at present completely driven the
friction-machines out of the field.

STATIC INDUCTION-MACHINES,

48. Fundamental Principles.—When the action of the
electrophorus was considered, it was seen that its action was
founded on induction entirely.  As an apparatus for delivering
charges by induction it is a very good example, but one objec-
tion to it is its slowness of action. We can imagine this
overcome by an arrangement in which the disk would move
backward and forward between the cake and an outside contact,
constantly charging the latter with positive electricity ; but even
then there is a serious fault inherent in the method, namely, the
impossibility of raising the potential beyond that of the cake.
Here it is that the great advantage of the induction-machine
comes in, where it iz practically possible to begin with a small
initial charge, and, by adding to it little by little, increase it
until at last a very high potential is reached.

The apparatus illustrated in Figs. 20 and 21 will give a good
idea of the principle on which the influence-machine rests. It
is mainly a repetition of the experiment with the electric cage
illustrated in Fig. 15. D and E are two metallic cylinders
insulated from the ground ; there is a small potential difference
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hetween them, ) having a small positive and E a small negative
charge. A and B are two neutral conductors, suspended by silk
threads ; in Fig. 20 they are shown to be in communication
with each other by means of the thin wire W fastened to the
insulating stand ¢ The following will now take place : D will
attract a negative charge on the ball 4 and l"l_"])t‘] a pu:-'miti!.‘ih
while E will attract a positive charge on the ball B and repel a
negative. The positive charge repelled on A will unite with
the negative charge repelled on B through the wire W, and they

e e
Fia. 20.

will neutralize each other, leaving a bound positive charge on B
and a bound negative charge on 4. If now the communication
between the balls is broken by removal from the wire W, and A
1s Inserted in cylinder E, and B in cylinder D, they will both
induce charges of an opposite kind inside their respective
cylinders, repelling a charge of the same kind to the outside, as
represented in Fig. 21.  When at last the balls make contact
with the evlinders, the charges on the inside will unite with
those on the balls and neutralize one another, resulting in an
addition to the positive charge on D and the negative on E.
When 4 and B are removed from their respective cylinders,
they are entirely discharged, and can again be placed in the
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position indicated in Fig. 20 ; but as they are now subjected
to a stronger induction, the bound and free charges will be
greater, and they will be able to deliver greater charges to the
evlinders. It can easily be seen that, by repeating these manip-

ulations, the potential difference between D and E will con-

. g
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stantly increase, and will after a while be very high ; it may
indeed bhe said to increase at the rate of the ecompound-
interest law.

TITOMSONs REPLENISITEIRR.

49, Construction and Action.—An apparatus built on
these principles, but continuous in its action, and called a
replenisher, was devised by Sir William Thomson (in 1867), and
is illustrated in Figs. 22 and 23 in diagrammatic views. In
order to better compare them, the parts corresponding with
those of Figs. 20 and 21 have been marked with the same
letters. [ and FE are stationary brass conductors, 4 and B
brass carriers fastened to the ends of an arm F, made of ebonite
and revolving with the spindle & in the direction indicated by
the arrow. In place of the wire I/ in Fig. 20, we have here
a wire W with two springs I/, and, instead of touching the
cylinders with the balls, as represented in Fig. 21, there are two
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contact-springs S, S projecting through an aperture in the indue-
tors, and connected electrically with them. It is supposed that 1)
has a gmall positive charge, and E a small negative one. Fig. 22
represents the position at the moment when A and B are under
the induetive influence of the conductors D and E; at the same
time they are connected with each other by means of the
springs W and wire W. Negative electricity is bound on the
exterior side of A, while a positive charge is made free; on B a
positive charge is bound, while a negative charge is free. The
free charges will unite through the wire " and neutralize each
other, and, when /* continues its rotation, there will be a free
negative charge on A and a free positive charge on B.  Fig. 23

Fic. 22, FiG. 23.

represents the position in which the carriers make contact with
the springs S. The negative charge on A attracts positive
electricity to the inside of E, and repels a negative charge to the
outside ; the spring 8 establishes communication between the
negative charge on 4 and the positive charge on E, and a
neutralization takes place, leaving on E an increased negative
charge. A similar action takes place on D), leaving it more
strongly charged positively. The carriers 4 and B are now
discharged, and, when they again reach the springs W, they
will be subject to a stronger induction than before, and will
thus continue adding to the charges on the inductors. If the
action of this ** replenisher " is thoroughly understood, it should
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not be difficult to understand the action of the modern induc-
tion-machine, which ordinarily, without due study, is not quite
easy to grasp.

The most important types of this class are the Wimshurst
and Holtz machines, so named after their inventors. In this
country the latter is mostly used, while a small Wimshurst
machine, placed in combination with the Holtz machine, serves
the purpose of giving the latter its initial charge.

THE TOEPLER-HOLTZ MACIIINE.

50. Construction.—The machine originally invented by
Houltz was improved by Toepler, and constitutes in this form the
Toepler- Holtz machine, now extensively used. Other variations.
of the Holtz machine are easily understood, when the principle
of this type is fully grasped, and it will therefore be sufficient to
limit our explanations to this one type.

The Toepler-Holtz machine may be considered as a Thomson
replenisher, the difference being that the carriers are placed on
revolving glass plates instead of forming parts of a cylindrical
surface, and that the number of carriers is increased. It may
simplify matters by first explaining the action of the Holtz
machine in the form of a replenisher, and then give an example
of its practical form.

51. Diagrammatic View of Holtz Machine.—In Fig.
24 we find a diagrammatic view of such a replenisher, varied so
as to correspond in action to that of a Toepler-Holtz machine.
D and F are field-plates made of tin-foil attached to the outside
of the glass cylinder A, which is stationary. B is another
cylinder, which is revolving in the direction of the arrow r, and
is provided with earriers a, b, ¢, ete., also made of tin-foil.  To
obviate the necessity of the brushes w, and w, touching the
carriers, small metallic buttons n are attached to the latter,
which serve the purpose of transmitting the charges from the
carriers to the brushes. We will now suppose that the field-
plate D possesses a small positive charge, and that the carrier a
is under its inductive influence. A negative charge will then he
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attracted in the latter towards the side facing D, and will be
bound, while a positive charge will be repelled and flow into the
neutralizing brush w,, which conneects with the other brush w,
possessing a negative charge.  The charges will neutralize each
other, leaving a in possession of a bound negative charge. As
soon as the carrier a passes away from D and is no longer under
its induetive influence, the bound negative charge will be free,
and will, when the carrier passes under the brush s, be collected
by the latter and sent into the field-plate F, which is then nega-
tively electrified. This field-plate will now, when the carrier a
occupies the position of carrier d, induce a positive charge on
the side facing it, and
repel a negative charge
towards the side next to
the comb €. The same
action  will then take
place that was deseribed
in Art. 483 that is,
positively -charged air
will be driven from the
comb €, neutralizing part
of the free negative charge
on the carrier. The con-
ductor P, is thus given a
negative charge.. When
the carrier now proceeds
to the position ¢, the neutralizing brush w, will remove what-
ever negative charge is left, and combine it with the positive
charge taken up by brush w,, so that, when the carrier proceeds
to occupy the position f, it is in possession of a free positive
charge. This charge will now be of a higher potential than
that on the field-plate D, and, when communication is estab-
lished between the two charges by means of the brush s, an
equalization will take place, and both will be of the same
potential, thus inereasing the potential of D.

]"‘]Li-, 2.

52. The Carriers.—The carrier, when moving into posi-
tion A, will induce a negative charge on the comb €| causing
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negatively-charged air to be driven againgt the carrier, and thus
making the other end P the positive terminal of the machine.
Whatever positive charge is left on the carrier will, when it
reaches the position a, be neutralized by the negative charge on
the carrier e, so that carrier « is again in possession of a negative
charge, but stronger now than the charge that resided on the
carrier when we began our cycle,

We see, then, that the carriers, when leaving the position a,
have free negative charges, which they deliver to the field-
plate E, while the carriers after leaving this field-plate are
reacdly to deliver positive charges to the field-plate 1. The
potential of these two plates will be increased until the leakage
between them keeps up with the supply, when a further
increase is prevented.

At the same time that the potential of the field-plates has
been raised, that of the free charges on the carriers has also been
increased, and thus induced charges of progressively higher
potential will be set free at the terminals of the conductors
B oand. P

53. The Field-Plates.—There will now be little difficulty
in understanding the action of the Toepler-Holtz machine, as
illustrated by Fig. 25. For the sake of making comparison
easier, the same letters have been usged as in Fig, 24, on those
parts which have the same functions to perform. Thus, 4 is a
stationary glass plate, shown separately in Fig. 25 (¢), on the
back of which the field-plates D and E are cemented. Each
field-plate consists of a piece of tin-foil, the surface of which is
protected by a layer of varnished paper. The movable plate
with the carriers is B, as before, and the carriers are a, b, ¢, d,
e, f. As the latter are of tin-foil, and therefore liable to injury
by the rubbing of the tinsel brushes S and S,, they are provided
with small brass buttons a,, b, ete., shown in Fig. 25 (4), which
alone make contact with the brushes, and thus shield the carriers,

Fig. 25 (a) shows the plates in position, the revolving plate B
being in front. If we again suppose the field-plate D) to have a
small positive charge, the carrier a will have a bound negative
and a free positive charge. The latter will be removed by the
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neutralizing brush w,, and the carrier will therefore reach the
position b with a free negative charge, which will be imparted to
the field-plate £ by the brush S, as already shown. It is

i)
A 3
Sz 7
(=]
fec)
Fic., 25,

unnecessary to deseribe the operation any further, as it is exactly
the same as that of Fig. 24.

54. 1t is seen that the plate 4 and the collectors are sup-
ported by glass columns, to insure perfect insulation. The
discharge-rods P and P, can slide in their supports, thereby
making it possible to change the length of the air-gap between
the two rods. These discharge-rods are also electrically con-
nected with the Leyden jars L, L,, which will accumulate the
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electric charges of the rods, reducing the number of sparks, but
increasing their strength. The outer coatings of the jars are
electrically connected by means of strips /, [, binding-screws
r, 1y, and wire .  The charges passing between terminals r, 7,
can also be sent through various appliances, or through the
human body.

The plate B is set in rotation by means of the pulley H,
which engages a smaller pulley on the shaft of B. When starting
the machine, the brushes should be set so as to make good
contact with the revolving carriers, and the discharge-rods
should be drawn widely apart. A few turns will then suffice
to charge the machine, and, if the discharge-rods P, I, are now
hrought closer together, sparks will pass behind them.

It should here be remembered that positive charges are not
sent into the comb ¢ from the plate and transferred from there
to the rod P, but that negative charges are constantly withdrawn
from the comb and neuntralized by the carriers, leaving a positive
charge on the end of the discharge-rod at P

When P and P, are near enough to permit sparks to pass
hetween them, the positive charge on P will be neutralized,
but a negative charge will immediately be withdrawn from the
comb (', leaving a positive charge again at P, as before. The
reverse takes place at the positive comb €' ; here positive
charges are constantly sent towards the plate, thus leaving
negative charges on the discharge-rod I,.

-

55. Though the carriers perform most of the work of carry-
ing the 4 and charges from brush to brush and to the
combs, it must not he supposed that the plate B is neutral.
On the contrary, this plate could work even without the carriers,
but it would be difficult to put the machine in operation.
After the machine is once in action, this glass plate is also in
possession of a strong positive and negative charge, placed
diametrically opposite each other, which, as their potentials
increase, tend to leak across the plate and unite with each other.
This action of the plate, therefore, limits the possible potential
that the carriers otherwise might have attained.

In some types of Holtz machines the carriers have been



44 ELECTROSTATICS. §3

omitted, and the neutralizing brushes w, , w, replaced by neutral-
izing comhs. To facilitate the starting of the machine, the
field-plates D, E are connected with a small Wimshurst
machine, which gives them a high initial charge, after which
the machine at once is in full action, and able to maintain the
charges.

THE WIMSHURST MACHINE.

o6, Principles of Construction.—Another type of
induction-machine is the Wimshurst machine, which has been
very extensively used in Europe.  Though in some respects it
is superior to the Holtz machine, it has not gained ground in
this country, so far as its use in therapeutics is concerned ;
it seems that the strength of current it is able to furnish is
smaller than that of a well-made Holtz machine, and that it
i5, as regards mechanical construction, less enduring than the
other. It has this advantage over the Holtz machine, that it is
self-starting, and is therefore used very extensively in combi-
nation with the latter machine, it being always ready to furnish
the necessary initial charge,

57. Fig. 26 will explain the main principle of this machine.
A and B are glass eylinders provided with earriers numbered

h. 42

FiG. 26, FiG. 27.

,2. . .. 8 and 9, 10. ... 16; w,, w, are the neutralizing
brushes for the interior, and y,, y, the neutralizing brushes for
the exterior cylinder. We will first suppose that the exterior
evlinder is stationary, and the interior revolving in the direction
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of the arrow a. Let it further be supposed that the carriers
8, 1, and 2 have an initial positive charge. The carrier 9 will
then be subjected to an inductive influence due to these three
carriers, and it will therefore assume a bound negative charge,
and the free positive charge will be neutralized by the brush w,.

When the carrier 9 changes its position to that of carrier 75, it
will be removed from the inductive influence of the positively-
charged carriers, and will have a free negative charge of a slightly
higher potential than that held by &, 7, or 2. When, then,
carrier 9 occupies the position of carrier 75, it is inducing a
positive, bound charge on carrier 3, and a free, negative charge
is neutralized through the brush y,.

If we now set cylinder A in rotation in the direction of the
arrow b, carrier 3 will subsequently reach the position of carrier
1, where its positive charge is free and of a higher potential than
that possessed by carrier 7. The fact that each carrier on these
evlinders is exposed to the inductive influence not only of the
carrier placed opposite, but also to that of the adjoining carriers,
constitutes the main feature of the Wimshurst machine. This
explanation of its action appears as acceptable as any, and is
justified by the fact that the Wimshurst machine will work to
better advantage with, say, sixteen sectors per plate than with a
smaller number. Ordinarily, these carriers are much closer
tug;c-.i.hvr than shown in the diagram, and their combined action
ig therefore much stronger. 1If each carrier were able to influ-
ence only the carrier confronting it, no increase in potential
could he gained, and the charges would soon decrease ; but, as
it ig, the charge induced on each carrier is appreciably stronger,
if it is under the joint inductive influence of more than one
carrier instead of one only.

ELECTROSTATICS.
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58. Fig. 27 shows the condition of the machine after each
of the cylinders has made three-eighths of a revolution. We
find then that one-half of each eylinder is positively, the other
half negatively, charged ; in either case the neutralizing rod
constitutes the dividing line.

59. Fig. 28 shows a similar machine, in which all the
brushes have been replaced by combs, and the carriers removed,
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leaving bare glass eylinders. For collecting the charges, the
combs €'and €| have been added. The diagram plainly shows
the condition of the glass cylinders, and how the free charges
are neutralized by the combs
', €}, thus leaving the conductors
P and P,, respectively, positively
and negatively charged.

60. Fig 29 gives a perspec-
tive view of a Wimshurst machine,
The glass cvlinders used in the
previous  deseription  are here
replaced by two glass plates A
and B, on the outside of which
are cemented a number of sector-
shaped plates, serving as carriers
and inductors., The funetion of these sectors is changed
twice during each revolution of the plates, from a carrier to an
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inductor, the carriers on one plate serving as the inductors for
the carriers on the other plate. These glass plates are coated
with shellae, and are attached to the ends of two hollow bosses
of wood or ebonite pro-
vided with pulleys. Each
plate revolves independ-
ently on a fixed steel
spindle S, motion being
imparted to the pulleys
by means of cords pass-
ing over corresponding
pulleys in the lower part
of the machine, The
plates are % inch apart,
and are revolved in oppo-
site directions by crossing
one of the cords. The
curved conductors w, y, with fine-wire brushes at their ends,
are the neutralizing rods, and are placed at an angle of about
90° with each other. Two metallic conductors F and G have
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each two collecting-combs €' and €, one for each plate. These
conductors are, as usual, insulated from the ground by means
of glass columns, and carry two discharge-rods P, P, termi-
nating in balls ; the distance between these can be changed by
moving the handles K, L either up or down,

A Wimshurst machine will be able to maintain charges of a
higher potential if the carriers are removed, but it will not start
quite as readily. The use of the carriers has the disadvantage
that it changes a large part of the revolving plate into a con-
ductor, and thus facilitates the leakage between charges of
opposite potentials,

MODEs OF DISCHARGE.

61. It has been stated previously that there were not
different classes of electricity—that, no matter by what means a
difference of potential was created, the same kind of electricity
would flow. Its elementary nature would always be the same,
but it might be made to show different characteristics in the
manner of flowing by variations in the apparatus. For instance,
it might be a continuous, or pulsating, or an alternating current.
These three variations refer mainly to the character of its flow
through a conductor, but for a high electromotive force there are
also other means open for a discharge. It may take place in
any of the following three forms: (1) by convection; (2) by
disruption ; (3) by conduction.

CONVECTIVE DISCHARGE.

62. We have already seen how a convective discharge took
place in the static electric machine, when the collecting-combs
discharged their induced charge by means of electrified air,
repelled towards the revolving plates. A pointed metallic rod
connected with the prime conductor of a machine will discharge
itself in this manner if the electromotive force exceeds 20,000
volts. This motion of the air is called an electric breeze, and is
utilized as such in electrotherapeutics.
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DI=ERTPTIVE DI=CHARGE.

63. The second form of discharge, the disruptive, has been
observed when the electrophorus was considered ; 1t was noticed
that, after the disk had been removed from the cake and then
approached by one of the hands, it would discharge itself by
means of a spark.  The same will take place if the discharge-
rods of a static machine are brought near enough together.

[t has been found experimentally that it takes a potential
difference of about 8,000 volts to send a spark between two
metal balls separated by an air-gap of one-tenth of an inch, so
that it would take about 80,000 volts to send a spark through a
gap of 1 inch. If one of the econductors is pointed and the
other provided with a plate, the necessary voltage for a 1-inch
gap will be decreased to about 23,400 volts. This H]“r]llil.‘:r‘- 1o a
distance of up to 3 inches ; bevond this the voltage per inch
decreases,

The distance between the discharge balls of a static induction-
machine determines the maximum potential difference that can
be developed between them ; if, therefore, the balls were
separated a distance of one-half an inch and the machine turned
just fast enough to send a spark across, we would know that
the potential would be about 40,000 volts,

These relations between voltage and sparking distance do not
hold true when we have to do with an alternating current, such
as derived from an induction-coil. It is not the virtual voltage
that is here the deciding factor, but the marimum voltage, To
send a spark across an air-gap of 1 inch with an ordinary
induction-coil will therefore require less voltage, or from 40,000
to 50,000 volts.

CONDUCTIVE DISCHARGE.

64. We have already considered this form of discharge
when it took place under moderate pressures; but when it
comes to the high pressures produced by a ** static induetion ”’
machine, the conditions are no longer the same. This should
not be surprising, as it has been shown that an electric current

behaves as if in possession of inertia. When, therefore, a current
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of electricity is sent through a conductor under such enormons
pressure as a static machine is able to produce, it would he
natural to suppose that the current, after once being started,
would tend to continue its motion, creating a reverse pressure.

A swinging pendulum works under somewhat similar condi-
tions. On pushing it to one gide and releasing it, it will not
stop in a middle position, but will pass beyond this to the other
side. This will continue until the energy imparted to the
pendulum has been wasted in overcoming frictional resistance.
With no resistance to overcome, the oscillation would continue
forever.

6G5. It must not be understood from these remarks that
discharges taking place under high pressure are always oscilla-
tory. This is not the case; certain conditions have to be
fulfilled before a discharge of this nature will oceur.  There has
to be a certain relation between the resistance of the eircuit, its
self-induction, and its capacity ; otherwise, the discharge will
take place as ordinarily, that is, by a gradual equalization of
the positive and negative potential.

To return to the case of the swinging pendulum : we can, for
instance, well understand that, if a large fan be fastened to the
pendulum, the air resistance may be so great that the pendulum
would slowly swing to its middle position and stop there. In
the same manner, if the conductor of a static induction-machine
is connected by a slightly-damp linen thread, the discharge will
pass through it more gently, and oscillations will not be set up.

This slow conductive discharge may be compared with a light
body falling slowly towards the earth, and settling down gently.
The disruptive discharge, on the other hand, is more like the
action of a steel ball falling from a certain height on to a metal
plate. It will rebound again and again, and little by little come
to rest.

66. To better understand the relation between resistance,
self-induction, and capacity, we may again use the hydraulic
analogy of a condenser, as was used in explaining the action of
the condenser in connection with an induction-coil. Let A and
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B. Fie. 30, he two tanks filled with water, and communicating
with the eylinder ¢ by means of pipes a and b.  The piston d is
able to move either to the left or to the right, being held in a
middle position by springs ¢ and f.

If now we imagine the water-level of tank 4 suddenly raised
by pushing the piston d to the left and then releasing it, there
will be a difference of level between the water in the two tanks.
Water will then flow from tank A, so as to reestablish the
former level, and the water-columns in pipes a and b will be set
in motion.  After the
piston has reached its
middle position again,
the water, by reason of
its inertia, will tend to
keep up its motion, and,
therefore, to move the
piston to the right. As
al (b soon as the energy of the
moving water has been
used up in extending and
compressing the springs
e and f, motion will cease,
and the gprings will now
try to assume their nor-
mal form by pushing the
piston to the left. To
do =0, the water-columns in pipes a and b are set in motion,
and the water-level in tank B is lowered, while that in A is
raised.  Again, the inertia of both water-columns tends to
maintain the motion, and the result will be that now the piston
i= moved too far to the left.

If the water, the pipes, and the moving parts were devoid of
all friction, the to-and-fro motion would continue indefinitely,
without any diminution in the amplitude of the oscillations.
Dut it is easily seen that the friction of the water and the piston
will soon consume the energy originally imparted to the piston,
and the oscillations of the latter will therefore gradually decrease
in amplitude, and at last cease altogether.
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is influenced by the dimensions and nature of the circuit. It 1s
clear that the longer.or the wider the cylinder ¢ is, the more
water can flow into it before the piston has strained the springs
to their limit, the more capacity the eylinder therefore has, and
the longer it will take before the piston will stop and move in
the opposite direction ; there will therefore be fewer oscillations
per second.

If the inside of the pipes iz rough, thus offering much resist-
ance to the flow of the water, more energy will be consumed in
friction and less will be left for moving the piston againgt the
resistance of the springs. It is seen that, if this resistance is
made large enough—for instance, by fitting the interior of the
tubes with coke—the return of the piston, after having been
moved to the left, might be =0 slow and consume so much
energy that it would not only be unable to osecillate, but might
even be unable to reach its middle position again.

It will also be seen that the length or diameter of the pipes
will have some influence, as these dimensions determine the
volume of water contained in the pipes. A given force will
require a longer time to set a large volume of water in motion
than a small one; and a large volume, after once being set in
motion, will continue this motion against an opposing force for
a longer time than a smaller volume of water is able to. In
both instances, the énertia of the water tends to oppose both the
beginning and the cessation of motion.

68. The conclusions we arrive at are, then, as follows: that,
in order to have the piston perform oscillations, the resistance
of the pipes has to be below a certain value, otherwise there will
only be a gradual discharge in one direction. To have long
and powerful oscillations, the volume of the water set in motion
must be large, and also the capacity of the cylinder ¢. If, on
the other hand, this capacity is small, it will take a small motion
of the piston in either direction to bring the springs up to their
maximum resistance ; the oscillations will therefore be of short
duration, and their frequency will increase as the capacity of
the cylinder decreases. It will be seen from this that it is not
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possible to have a large volume of water perform oscillations of
great amplitude and high frequency, because a high frequency
requires a small capacity of the cylinder, while, on the other
hand, a great amplitude demands a large capacity.

69. The sudden discharge of an electric circuit is affected
by conditions somewhat similar to those influencing the oscilla-
tions of the water-columns. The condenser effect of a circuit,
or its electrostatic capacity, corresponds to the cylinder ¢ with its
piston and springs ; the longer and weaker the springs are, the
longer and slower the oscillations are, and this would corre-
spond to a high electrostatic capacity. On the other hand, the
shorter and thicker the springs are, the shorter and more rapid
the oscillations will be.

The resistance of the cirenit would correspond to the resist-
ance that the fluid would meet with in passing through the
pipes. If this resistance is too high, oscillations will not take
place in either the hydraulic or the electrie circuit.

The self-induction, or electromagnetic inertia, corresponds to
the volume of water in the pipes ; the greater this volume is,
the slower, hut at the same time more powerful, the oscillations
will be. The same holds good in the electric cireuit ; the
areater the self-induetion, the more difficult it is to start a
current, and, after it is started again, to stop it.

T0. Examining more closely into the conditions required
for an oscillating discharge, we observe that the production of
rapid and at the same time powerful oscillations will meet with
some difficulty. The reasons are the same as those which pre-
vented powerful and rapid oscillations taking place in the
hydraulic circuit. To have rapid electric oscillations, the
electrostatic capacity and self-induction must be small. On
the other hand, long and powerful oscillations require a
current of great strength and a circuit with a large electrostatic
capacity. But a strong current has a large amount of self-
induction. We see, therefore, that rapid osecillations cannot
be combined with a strong current, but must go hand in hand
with a feeble one.
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71. The conditions under which a sudden discharge takes
place are usually such as to make the discharge an oscillating
one. This is perhaps hard to realize ; it seems that, when we
discharge a Leyden jar, or let a spark pass between the prime
conductors of a static induction-machine, we see just one spark
and nothing more. But examinations by means of rotating
mirrors and extremely delicate galvanometers have shown that
a series of oscillating discharges pass back and forth.

The frequency of such oscillations may be as much as hun-
dreds of millions per second. Ordinarily, these oscillations
cease quickly, and number from 2 to 50 before equilibrium is
established ; the whole phenomenon will therefore ocenpy only
a small portion of a second, and in too brief a time for the
human eye to perceive any oscillations. A Leyden jar of
the size ordinarily used will discharge itself by oscillations
with a frequency of 15,000,000 cycles per second, each cyele
consisting of one oscillation to and iro. Though ordinarily
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the total number of osecillations are few, it is possible by suit-
ably adjusting the condensers to let a discharge consist of
as much as 20,000 double alternations before all its energy
is expended.

72. The resistance of a circuit is not the only factor that
determines whether a discharge will take place through it or
not. For instance, if, in Fig. 31, the prime conductors 4, B of
a static induction-machine are connected with each other by
means of two conductors in parallel, in one of which there 1s a
spark-gap a b and in the other a coil c of 3 or 4 turns, it is a
question whether or not the discharge will pass through the
coil ¢. If the pressure of the charge is high enough, the seli-
induction of the coil ¢, even with a few turns only, may be so
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high as to make the resistance of the air-gap a b relatively lower
in comparison, so that the charge will take this path in
preference,

STATIC INDUCED CURRENTS.

73. Oscillating discharges of the character previously
desceribed are used for various purposes m v]m'tnll‘,]wl‘:lln'l.lti(':-',
either to cause the flow of so-called static induced currents or for
the H'l'll"t';l““l] of the Tesla coil.

When used for static induced currents, an arrangement is
made as shown in Fig. 32. A and B are again the prime con-
ductors of a static machine, and a, b the discharge-rods. The
internal coating of the Levden jar ¢ is connected with the
conduector A, while the external coating is in metallic connection
with the binding-post ¢; the jar d is similarly connected

Fig. 32,

with the conductor B and binding-post f.  The conductor g
establishes electrical communication between the binding-posts.
Though the circuit egf is entirely insulated from the static
machine, it is possible to establish oscillating currents in this
circuit in the following manner :

74. Let us suppose that small positive charges are con-
stantly sent to the conductor A, and negative charges to the
conductor B. By reason of the air-gap between a and b, these
charges are not able to unite, but flow into the jars ¢ and d
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on the inner coatings, and induce charges of opposite polarity
on the outer coatings. These charges continue to flow into the
jars, where they remain as bound charges, held so by the
charges induced on the outside coatings.  For instance, if posi-
tive charges are flowing from A into the jar ¢, negative charges
are induced on the outside coating, and in the same manner a
positive charge is held on the outside of the jar d. Both of
these outside charges are bound, and cannot therefore unite and
neutralize each other through the conductor g.

This charging of the jars will continue until the difference of
potential between the inside charges of the two jars has reached
such a value that it 1z able to overcome the resistance of the air-
gap ab, and bridge it by means of a spark. When this has
taken place, the inside charges have neutralized each other, and
the outside charges are now free and will unite through the
wire ¢, when a current will flow from 1 to e. If, now, the
human body constitutes part of the conductor g, it will also be
traversed by these eurrents, and we have then an apparatus that
has some similarity with an induction-coil, in o far as the
cireuit egf, which may be called the secondary circuit, is insu-
lated from the conductors A, B, in this case serving as a primary
circuit. Here the similarity stops, and it may be added that
the leading principle in this phenomenon is widely different
from that utilized in the induction-coil, and that therefore the
term static induced currents 1s rather misleading,

75. Under ordinary circumstances, this discharge hetween
the knobs a and b will be oscillating, and the following will take
place : A positive charge will flow from a to b, tending to
neutralize the negative charge on the latter, but the self-induc-
tion of the circuit causes an excess of current to rush towards B,
and charges the latter positively. As soon as the current has
come to rest it will again seek to equalize the pressure by
rushing back to 4. The self-induction will again cause an
excess of current to go to A4, and a reversal will take place;
these reversals will continue until balance has been restored.

At the same time as these oscillations have been going on
between the knobs a and b, the inside charges of the Levden
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jars have, of course, suffered the same changes in potential, and
therefore compelled the outside coatings to change simul-
taneously, with the result that an oscillating current has also
been flowing between the posts e and f.

The frequency of these oscillations will, as previously
explained, depend on the capacity of the jars and the rest of
the circuit, and also on its self-induction ; ordinarily, this
frequency is from 200,000 to 300,000 cycles per second. The
resistance of the circuit efg and the air-gap ab will determine
the number of oscillations that the discharge will perform
hefore its energy has been spent.
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ESSENTIAL APPARATUS.

APPARATUS USED FOR CONTROLLING
AND MEASURING.

CELL-SELECTORS AND SWITCHBOARIDS,

1. Single-Handed Selectors.—\When a voltaic battery
consists of a large number of cells, it is very likely that the
whole battery is used only on rare occasions and that more
frequently merely a small part of it is put in action. In such
instances it would not only be inconvenient to constantly have
to disconnect and reconnect the various cellg, but it would also
give opportunity for making wrong as well as poor connections.
It is therefore preferable to have the cells connected up once
and for all, and to use other means for selecting the required
number of cells, or for rearranging them in a manner suitable
for the purpose for which they, at the time being, are intended.

If the cells are constantly used in series, and it is only
required to include a greater or smaller number in this series,
then devices called single-handed and double-handed selectors are
used. These are illustrated by means of Figs. 1 and 2.  If the
battery contains a small number of cells, the single-handed
selector shown in Fig. 1 may answer the requirements. For
a greater number of cells, the double-handed selector, illustrated
by means of Fig. 2, has certain advantages, not obtainable from
the other,

Fig. 1 is a diagrammatical view of the selector and battery
connections. The letters £, E,, ete. indicate the separate cells,
while z and ¢ stand, respectively, for the negative and positive

24
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poles of the same. The latter pole in each cell is connected
with the negative pole of the preceding eell by means of
wires ¢,, except the positive pole of the first and the negative
pole of the last cell, which communicate directly, by means of
wires ¢, and ¢,, with their respective studs d, and d,. The wires ¢
conneet the other studs to the eross-connections ¢, already men-
tioned. A is a plate of insulating material, as ebonite, slate, or
hard wood well varnished, in which the studs or buttons d,, d,,
ete. are inserted, and over which the lever, or hand B, 1s intended
to move and establish contact. The hand B is pivoted on the
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stud B, which latter connects with the negative terminal D,
through the wire .  The other terminal D, is connected to the
stud d, by means of the wire e. All these connections are, as
indicated by the dotted lines, under the plate A and therefore
out of the way, except the wires g and A, which connect the
selector with the device upon which the eleetric current is
intended to act.

In the present position of the hand, the first two cells E, and
E, are placed in action, while the remaining cells are out of
circuit and inactive. If the hand B is placed on the stud d,,
the cell E| alone will be in action. It is thus seen that, by
moving the hand to the left, more and more cells will be placed
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in action, until, when the stud d, is reached, all the cells are
included in the eircuit,  The drawback inherent in this selector
is the necessity of using some of the cells more than others.
For instance, F, will be included in any combination, and will
therefore be sooner exhausted than the rest ; while £ will last
the longest because less frequently used,

2. Double-Handed Selectors.—To obviate these draw-

backs, the double-handed selector, illustrated in Fig. 2, has heen

Fig. 2.

designed. Here it is possible, if less than the whole number of
cells is needed, to select any number of cells in any part of the
series, and let these alone be acting, independently of the cells
preceding or following in the series. This is accomplished by
the introduction of an additional hand B,. The interconnection
of the cells, and their connections with their respective studs,
are exactly the same as in the preceding figure. The new
feature is found in the hands, one of which, B, connects with the
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positive terminal D, while the other, B,, connects with the
negative terminal D,. The two hands are insulated from each
other by the insulated bushing B,; B, and B, revolve around
the stationary stud B. There is an additional stud d; which has
no connection with the cells ; whenever the hand B, makes con-
tact with this stud, the battery is on open cirenit, and no current
will flow through the wires ¢ and A. It is seen that, if one cell
only is required, it is just as easy to use the last as the first cell ;
in fact, any single cell can be gelected.  For instance, placing
the hands on o, and d,,, the cell £, alone is in operation ; while
on making contact with o, and d_, only the cell E, is in cireuit.
In either of the figures the arrows indicate the direction of the
current from the negative to the positive terminals,

3. Selectors as Current-Regulators.—It is clear that
these selectors will also serve as current-regulators : in Fig, 1,
by placing the hand I on the stud d, and gradually moving it
from stud to stud, and in Fig. 2, by letting the hand B, remain
stationary on o, and moving B, over the studs towards the left.
In either case the I, M. F. will be increased, and, if the external
resistance remains constant, also the current-strength. If the
addition of one cell at a time should make the increase in
E. M. F too great, a rheostat may be used in conjunction with
the selector, which would enable the latter to increase the pres-
sure with less abruptness,

4. Precautions to be Observed.—Care must be taken
not to leave a hand between two studs in such a manner as to
make contact with both, as otherwise the cell that is inserted
between these studs will be short-circuited and perhaps suffer
permanent injury. I, for instance, the hand B in Fig. 1
should be left between the studs d, and d, then the cell F,
would be short-circuited, because the current could pass from
d, through B and d, back to the cell.

5. It is not always that every cell is connected with a stud ;
sometimes it is only every second or third cell. In that instance
the pressure is increased by that of two or three cells at a time.
This is done when the number of cells is very great, in order to
avoid too many connections.
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SWITCIHBOARLS,

6. The Mercury Switchboard.—Evidently these selec-
tors are unable to connect the cells in any other way but in
series, unless the cells are divided into parallel groups and these
again connected in series parallel. But even then the combi-
nations are limited in variety, and when other connections are
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needed, as, for example, uniting all the cells in parallel, other
means must be found for m't-mnpli:ﬂ]ill;}: these results,

For this purpose a wmercury switchboard is very useful, as it
enables various combinations of cells to be quickly made
without altering the individual connections of the cells. Before
deseribing a switchboard of this class it will be well to illustrate
its principles by means of some analogous device, as shown in
Fig. 3. Here we have a row of cells, entirely independent of
one another and without any external connections. The posi-
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tive and negative poles of the cells are designated by the letters
¢ and z, respectively ; short pieces of wire join these poles to
external binding-posts @ and b. At either side of the cells are
metallic rods A, B provided with terminals %, ¢, and conducting
wires h, . By means of additional pieces of copper wires, the
cells can now be connected both with one another and with



6 ESSENTIAL APPARATUS. 4

v/

the metal rods, which latter in reality are extensions of the
terminals ¢, and A,.  Fig. 4 shows one mode of combining the
cells.  After the first 3 cells on the right have been joined in
series by means of the connectors ¢, their negative terminal b is
connected through the wire ¢, to the negative rod A, and their
positive terminal a through the wire ¢, to the positive rod B.
The external circuit ¢ 4 will then have the E, M. F. of 3 cells
and the current of 1 cell. By joining the remaining 3 cells in
the same manner and connecting them to the rods by wires
¢y and ¢,, we have the same E. M. F. as before, but the current-
strength is now that of 2 cells. If the wires ¢, and ¢, be removed,
and the terminals a and b, at that point, connected as the rest
of the cells, then all would be connected in series, and the
circuit would receive a current with a pressure corresponding

FIiG. 5.

to that of 6 cells, but with a current-strength equal to that of
1 cell only.

Again, if the connectors ¢ are removed and each cell con-
nected to the rods A and B, we have the combination shown in
Fig. 5. All the cells are now in parallel ; the total E. M. F.
is that of 1 cell only, but the current-strength has increased to
that of 6 cells.

7. As far as varving the combinations of the cells, this
apparatus is just as efficient as a mercury switchboard, but it is
not practical ; it takes too much time to make the connections.
In the mercury switchboard, as shown in Fig. 6, no connections
are made by means of binding-screws, ete., but simply by the
use of staples or bridge-pieces ¢’ of a form as shown at (a) Fig. 6.

The switchboard consists mainly of a plate 7, made of some
insulating material, as slate, ebonite, or varnished wood, in
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which cup-like depressions a and b are formed, replacing the
binding-posts @ and & in the previous figures. The rods A
and B, Fig. 3, are here substituted by troughs 4 and B. The
latter as well as the cups are filled with mercury. Small
hooks ¢ made of stout copper wire, with one leg longer than the
other, have their long legs inserted through corresponding holes
in the table, while the short legs dip in the mercury of the cups
a and b To those ends of the hooks which are projecting
through the table, the poles of the various cells E, E,, ete. are
connected by means of the wires o, and these poles are again
designated by letters ¢ and z  The legs of the terminals

g, and h, are projecting through the plate T, and their ends
hent over so as to dip into the mercury troughs. Correspond-
ing parts of Figs. 4 and 6 are marked with the same letters.

It is now clear that, as all the cups b are connected with the
negative and the cups a with the positive poles of the cells, the
cups b must all be of a positive and the cups a of a negative
potential. All that is now necessary is to connect the various
cups and troughs by means of the bridge-pieces ¢, when a cur-
rent of the desired E. M. F. and strength will be sent through
the wires g and h.

The cups have been arranged o as to prevent a short circuil
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of the cells. This has been attained by making the distance
between the cups a and b, helonging to one cell, say E,, greater
than those between either of these cups and cups of adjoining
cells. The bridge-piece ¢ is therefore long enough to join cup b
of cell E, to cup a of cell E,, but will be unable to bridge over
the distance between the cups a and b belonging to cell K,
and, therefore, also unable to short-circuit the latter.

Fig. 6 represents the same combination of cells as shown in

ol

Fig. 4. It is seen that the cells E,, E,, and E, are placed in
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series by means of two bridge-pieces, and that afterwards this
group is connected to the trough A through the piece ¢, and to
trough B by piece ¢,. The mercury in either of these troughs
transmits the current to their respective terminals A, and g,.
Another group of cells is formed and connected in the same
manner and with the same results as in Fig. 4.

S. If a larger number of cells is required, it would be
inconvenient to extend these into one long row, and in such
instances they may be arranged in a manner <imilar to that
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ilustrated in Fig. 7. The latter is mainly an extension of
IFig. 6, with some additional connections. The dotted lines
which are seen between the cups @ and / indicate the position
of the cells and their connections with the hooks e.  The first
cell is placed in the upper row at the right, and the connections
must proceed from there to the left, then down to the row
below, where the order of progression is from left to right.
At the end of the second row we proceed again to the third
row, beginning at the right and reaching the last cell at the
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extreme left. The troughs A, and A, are joined by means of
the wire f,, and the troughs B, and B, by the wire f,. It is
clear that this table may be enlarged in either direction to suit
the required number of cells.

In Fig. 7 we have the cells arranged in rows of three in series
and six in parallel, after the manner shown in Fig. 6. The
result is that the total E. M. F. will be that of 3 cells, while the
current-strength will be that of 6 cells.

Fig. 8 shows the particular case where the cells are placed
nine in series and two in parallel. After the cells in the first row
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have been arranged in series, they require connection with
the row below ; for this purpose the cell E, is joined to the
cell E. by an additional bridge-piece f, as shown more fully in
the separate fizure, and then three morve cells are added, to make
up the 9 cells in series. At this place the piece ¢, conneets
them with the positive trough B, and another piece ¢, connects
the other series of 9 cells with the negative trough 4,. The
connections are now carried out, as previously shown, until the
cell £, is reached, when again an additional piece f is required
to connect it with the cell E  of the following row ; then the
connections proceed as before and are finished by joining the
last cell E, to the positive trough B,.

It will searcely need any additional explanation to show how
other groups may be formed, or how to place all the cells in
parallel or series.

AMMETERS, VOLTMETERS, AND RHEOSTATS.

AMMETERS AND VOLTMETERS.

9. Galvanometers and Ammeters.—If the electric cur-
rent is to be used with any exactness, instruments are needed
that will measure its strength and pressure.  In its application
to medical treatment this is particularly so, as the various pur-
poses for which it is required demand various current-strengths.
In some instances an overdose may not only be annoying but
also dangerous, or may cause permanent injury.

When we speak of measuring the strength or pressure of an
electric current it must not be understood to mean that it is
measured in the same manner as a gasometer measures the
quantity of gas flowing through it, or as the pressure of the gas
by means of a gage, giving the pounds pressure per square
inch. The strength of an electric current is measured more
nearly in the same manner as an anemometer measures the
speed of the wind. The former does not count the cubic feet
of air passing it per second, but is simply set in rotation by
the air-current. By otherwise finding the relation between the
number of revolutions per second, caused by a certain speed of
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this air-current, the speed of the latter can be read off directly
from a scale,

So with electricity. We know that a couloml per second
constitutes an ampere, and it might therefore he supposed that
measuring the number of coulombs would answer the purpose ;
but instruments of this character would not be practical for the
present purpose. Neither would instruments based on the
property of the current of depositing a certain amount of metal
per coulomb of electricity.

In commercial measuring instruments, other properties of the
electric current are found more convenient for use. Thus,
modern instruments are based almost exclusively on the
phenomena that two active conductors, or a magnet and a con-
ductor, exert a certain mutual influence on each other ; or, that
an electric conductor will heat and expand in proportion to the
number of amperes it transmits, and be able by means of the
resulting elongation to operate a suitably arranged indicator.

100. The D’Arsonval Galvanometer.—Small eurrents
were formerly mostly measured
by means of the galvanometer
but lately such accurate and
reliable portable measuring in-
struments have been made that
these measurements may be
carried out with as great a
degree of precision and with
much greater facility than with
the various galvanometers. The
latter instruments will, there-
fore, not be described, with one

exception, the D’ Arsonval gal-
vanometer. Some of the Dest
modern measuring instruments _
are formulated on the principles < SO x
of this galvanometer, and it may
therefore simplify matters by
first describing it. It is illustrated by means of Fig 9, and
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consists mainly of a large permanent magnet P P, between the
poles of which is suspended a coil of wire €. The current is
led to the coil I:"l.' means of the llhilillllln wires S, S, which
suspend the coil, and it will cause the coil to turn in the same
manner as a magnetic needle, and for the same reasons. The
magnetic lines of force produced in the coil will tend to place
themselves, and therefore the coil, in a position where they will
be parallel with those of the magnet, and run in the same
direction. The coil would therefore adjust itself at right angles to

= . -
s S ———— .
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it present position, if this tendency were not opposed by the sus-
pension, which may be a spring or an elastic wire. A pointer
may be attached to the coil to indicate its deflection, though
usually a mirror M is used, a reflected beam of light from which
forms the pointer, as will be shown by means of Fig. 10. In
many forms of this instrument a soft-iron core [ is supported
between the poles of the magnet, a space being left between the
core and the magnet in which the coil swings. This core serves
to reduce the reluctance of the air-space, and the strength of
the field will therefore be increased in proportion.

By suitably shaping the poles of the magnet, the intensity of
the magnetic field, in various parts, may be so varied that the
movement of the beam of light will be directly proportional to
the current in the coil.
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Connection from the binding-posts B, B to the coil € is made
through the platinum wires S, §.  One of the chief advantages
of this instrument is the fact that external fields, such as the
carth’s magnetism, have little effect upon it, so that it requires
no controlling magnet or correction for the earth’s field, and it
may be used near dynamos or large masses of iron without
being affected. In Fig. 10 the galvanometer ¢ is shown in
combination with a lamp and scale, on which a reflected image
of the lamp frame will move back and forth. Under the scale &
iz a little lens tube, with a short piece of wire placed vertically
across the tube. The light from the lamp is, by means of the
ealvanometer mirror, retflected on the scale b, where the cross-
wire will show itself as a dark line on a light spot. If the
mirror moves through an angle of 1°, the light beam will move
through an angle of 2° and the galvanometer will therefore he
able to indicate most minute currents.  In some galvanometers
it is thus possible to indicate the pressure of 1 micro-ampere by
the motion of the light through a distance of about .04 inch,

11. The Weston Milliammeter.—The Weston milli-
ammeter, shown in Fig. 11, is made on the same principle as the
D’ Arsonval galvanom-
eter, and is among the
best known forms of port-
able instruments. Fig.
12 gives a detailed view
of the coil and pole-
pieces, partly broken
away, and Fig. 13 a
separate view of the mag-
net and stationary core.
The permanent magnet
A A has soft-iron pole-
pieces P, P fastened to it by the screws S5, and bored out to
make a cylindrical opening. In the center of this opening
is a stationary soft-iron cylinder €| supported in place by a
screw M passing through a lug on the brass plate B. The
cylinder being of less diameter than the opening through the

Fii. 11.
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pole-pieces, there is left a narrow gap between the pole-pieces
and T.In.' 1ron core, as S]‘ln“']], T}Jl_* lines of force from the Per-
manent magnet pass across this space, making a strong and
uniform magnetic field.

The movable part of the instrument is shown in Fig. 14. It
consists of a rectangular coil C of fine wire, wound on an alumi-
num or thin copper bobbin, which is suspended vertically
II+'1"-‘|.'I'!']I. 1wo delicate jru‘n-l--ul Ill':il‘iﬂs_'-:. Two 1!:!'( llnl'iznlltill
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springs 8, S oppose the tendency of the coil to rotate, and at the
same time conduct the current to the suspended coil.

A thin aluminum pointer P, attached at right angles to the
coil, moves over the scale and indiecates the deflection of the
coil from its normal position, which is as shown in Fig. 11. On
a current being sent through the coil, the latter will move until
the torsion of the springs equals the force with which the coil
tends to move, when the coil will come to rest and the pointer
will indicate the angle of deflection of the coil.

The copper or aluminum bobbin on which the ¢oil is wound,
in moving through the magnetic field, has an electromotive
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force set up in it, which causes a so-called Foucault cur-
rent, already mentioned in Art. T2, Magnetism and Electro-
magnetisin, to  circulate
around the hobbin, so
long as the latter is in
motion.  This current
circulates in an opposite
direction to that in the
coil ; hence, it tends to
oppose the motion of
the coil, and has the
effect of preventing the
needle from swinging
too far over the seale,
thus bringing it quickly
to rest at the proper
point. When an instru-

ment possesses this
:111:11itj* it 13 known as
a dead-beat Instrument.

It is a very important feature, and one that materially increases
the rapidity of taking measurements.
The instrument has two scales.  When the terminals « and &

are used, the lower of the two scales is to
he applied, the instrument then reading
up to 10 milliamperes. If currents up
to 500 milliamperes are to he indicated
by means of the upper scale, the ter-
minals @ and ¢ are connected up.

12. Other instruments are based
mostly on the action of a stationary coil
on a movable magnet needle. Fig. 15
shows an instrument of this class, 1n F16. 14.
which the needle is vertical.

For the measurements of pressure or voltage, instruments
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very similar to those 5.111-;111_1..' described are used. The lnnx‘illg
system is practically the same for all direct-current Weston
ammeters and voltmeters,

SIMILARITY OF AMMETER=s AN VOLTMETEIS.

13. Analogy From Hydraulies.—The similarity exist-
ing between ammeters and voltmeters, and the possibility of
substituting one for the other, is a circumstance that i1s very
difficult for beginners to understand. That an instrument
which serves to indicate current-strength in one position can
indicate current-pressure in another, seems to be an incongruity.
It is not that there iz any intringic difference between the two
mstruments ; 1t 1s rather their different positions relative to the
circuit to be tested that
makes it possible for
them to indicate am-
peres in one position and

volts in  another, An
analogy from hydraulics
will perhaps help to clear
this matter up.  For in-
stance, let aa, a,a,, ete.,
Fig. 16, be a pipe of large
diameter, through which
a certain volume of water
is constantly flowing, If
a small paddle, or vane ¢,
be suspended somewhere
in the tube, in the path
of the eurrent, and forced
to a zero position by means of a spiral spring s, the deflection of
the vane would depend on the current-strength, and could be
indicated by means of a pointer on a scale. By measuring the
number of gallons passing the vane ¢, 'y use of a water-meter,
the former may easily be made to register the flow in gallons
per second, and its funetion would correspond to that of an

anvneter when measuring the strength of an eleetrie current.

F1a. 15.
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14. We will now see how the same vane may be utilized
for indieating the pressure with which water is propelled
through the part of the tube marked a, a,a,a,. Evidently this
pressure is similar to the E. M. F. of an electric circuit. The
pressure at a, must be lower than at a,, and the difference
between these two pressures is the pressure required to foree the
water through the part of the circuit included between these
two points.  If, now, we establish a current between the points
a, and @, by means of a
tube &, water will flow
through the latter, for
obvious reasons. Such
a connection would cor-
respond  to  what, in
electrie eircuits, i1s called
a ‘‘short circuit.”” In
other words, the water
would have an oppor-
tunity of going either
partly or wholly through l
the tube b, and would
therefore affect the in-
dicationg of the vane ¢
To obviate this, the
tube & is made so small
in diameter that the current passing through it is insignificant
in comparison with the main current, but large enough to
operate the vane d placed in its path. The vane d will now
revolve in the same manner as ¢, and for the same reasons ;
but there is this difference : while the latter vane is operated
by the whole current, the former receives only part of it.
The greater the difference in pressure between the points «, and
a,, the more water will flow through the tube b and the farther
will the vane d be deflected. The relation between these deflec-
tions and the excess of pressure at a, over that at a, may be
determined, and we then have in the vane d an instrument
similar to a voltmeter. If the flow of water past the vane ¢ were
stopped by closing a valve situated at e, the vane d would stall
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he able to register the difference in pressure between the points
a, and «a, as a eurrent would continue to flow through the tube

L and thus deflect the vane .

15. It would seem reasonable to think that, if this vane
can indicate the difference of pressure between a, and a,, it
should also be able to indicate, by means of a separate secale,
the current-strength around the cireunit a, a, o, and a,, becanse
the latter is proportional to this difference of pressure. But
it must be remembered that the required surplus pressure
at a, will not only depend on the strength of the current, but
alzo on the resistance of this part of the circuit. In fact, the
tube may either be very long, with a small current, or short,
with a heavy current ; the instrument at d will make no dis-
tinction between these two combinations.  If the resistance of
this circuit were constant, then the vane « might also indicate
the current-strength, as the latter would be directly propor-
tiomal to the pressure.

16. Ammeterand Voltmeter in an Electrie Cirenit.,

[t will now be easier to understand the relation between a
voltmeter and an ammeter in an electrie cirenit, and how one

f =
[ - :'b_._ ) !
' L)
— '
R ::.'“1 P
==
— Y
1 | =

=

N
>

o
FiG. 17.
may replace the other. In Fig 17 we have an electric circuit
verv similar in its general arrungement $o the hydraulic circuit
of Fig. 16. B is a voltaic batterv sending a current through the
conductor a, a,, through an external resistance R, and then
through the conductor a, a, back to the battery. In the main
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circuit is inserted a milliammeter 4 in series, while, in the
branch ecircuit b b, a voltmeter V7 is placed in parallel with
the battery. The whole current is therefore passing through
the milliammeter, and its strength is there indicated in milli-
amperes ; only a small portion of the eurrent passes through
the voltmeter, and there its pressure is indicated in volts.

17. By virtue of their position in the circuit, it is clear
that in one respect they must differ widely from each other.
Take, for instance, the milliammeter, which is so situated that it
receives the whole current. Evidently, it would materially
lower the efhiciency of the whole cirenit if this instrument were
in possession of a high resistance, with the resultant loss of
voltage. The resistance must therefore be made as low as
possible ; in fact, so low that if the instrument is in circuit for
days there would be no perceptible heating of its coils. This
we also find to be the case with efficient meters ; thus, for
instance, a 15-ampere Weston ammeter has an Internal resist-
ance of .0022 ohm. When measuring a 10-ampere current, the
drop (€ < R) ig .022 volt, and the watts expended (' x F)
— .22, or about z455 of a horsepower.

18. With the voltmeter the requirements are exaectly the
opposite ; the resistance must be as high as possible, consistent
with an eflicient action of the instrument. If the resistance of
the voltmeter were as low as that of the milliammeter, the
areater part of the current would pass around the battery through
the conductors b, b and would thus act as a short circunit. The
resistance of a Weston voltmeter is about 19,000 ohms. Measur-
ing 110 volts, the instrument would take }}i; = .0058
ampere, nearly, with a consumption of energy of .638 watt,

19. It may be suggested that the voltmeter in the position
indicated in Fig. 17 should also be able to act as an ammeter
by using an additional seale, it being claimed that the current is
proportional to the pressure in volts. But it must be remem-
hered that while the current-strength depends on the pressure
it also depends on the resistance. For instance, let the
resistance R, Fig. 17, be 50 ohms and the current-strength 500
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milliamperes ; then the required voltage would be €' X R —
500 > 50 = 25 volts. The voltmeter would indicate this
pressure, but we see at once that this . M. F. would also be
sufficient to send a current of 2 amperes through a resistance of
12.5 ohms ; in fact, these two factors may vary between wide
limits, so long as their product remains 25 volts. Tt is seen,
therefore, that, for a voltmeter to indicate amperes, it must be
in circuit with a constant or known resistance. This principle
1s made use of in the Weston ammeter, which makes it neces-
sary to let the whole current go through the movable coil. The
latter 1s connected in parallel with a short, thick piece of copper
or some alloy (see a, Fig. 18) so that only a small part of the
current passes through the coil, and the resistance of the instru-
ment iz extremely low. The ammeter is then more in the
position of a voltmeter in parallel with a cirenit of constant
resistance, and now in reality measures the loss of voltage in
the piece of copper a, where a, and a, are the two ends of the
circuit, €' the movable eoil, and S, S the conductors connecting
the coil in parallel with the main circuit. The loss of potential
in a will now be in direct proportion to the strength of the cur-
rent through the strip @ ; and, as this loss determines the
difference in potential between a, and a, upon which the current
through €' depends, it is clearly seen that this current is directly
proportional to the main current. Thus, while the coil €' might
operate as a voltmeter for the local conduetor a, it will also
serve as an ammeter for the whole cirenit of Fig. 17, if properly
calibrated,

20. We then come to the conclusion that ammeters and
voltmeters are in reality both ammeters; that is, they are
instruments actuated by an electric current passing through
a movable coil placed near a stationary magnet, or through a
stationary coil acting on a movable magnetic needle. In the
ammeter proper the strength of this current depends on the
E. M. F. and the resistance of the whole circuit of which
the ammeter forms a part; it may also depend on a certain
fixed portion of the total current for its operation, when the
ammeter constitutes part of a parallel circuit.
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21. In the voltmeter the strength of the actuating current
depends on the difference of potential between the points to
which it is attached and the resistance of the loeal circuit formed
by the voltmeter and its connections. We see, then, that the
voltmeter is similar to an ammeter when this is provided with a
local resistance, as shown in Fig. 18.

22, An Ammeter Changed Into a Voltmeter.

ammeter of this class should therefore be capable of being
transformed into a voltmeter by
adding enough resistance to |‘ |
cl
| |

An

retain the original calibration,
but reading volts instead of S
amperes,

An example will illustrate
this. A milliammeter has a % |
resigtance of 20 ohms. If the ol
meter is to serve as a voltmeter and the divisions in milliam-
peres are to be read as volts, what external resistance must
be added ?

a A —

T3

It is supposed that the ammeter at present measures up to
1 ampere. The resistance being 20 ohms, it requires an E. M. F,
of ' X B = 1 % 20 == 20 volts to bring the pointer to indicate
1,000 milliamperes. To be capable of registering 1,000 volts,
the resistance must be inereased to 1,000 ohms, as then, accord-
ing to formula £ = ¢ < R, 1,000 volts =— 1 ampere < 1,000
ohms. The required addition to the present resistance is there-
fore 1,000 — 20 — 950 ohms.

If the instrument shall read to 100 volts only, then, placing
100 volts, we have B = E: = "i]“ — 100 ohms, and the
needed addition will be 100 — 20 = 80 ohms. In this instance
every 10 divisions of milliamperes will represent 1 volt.

E

23, Difference Between Ammeters and Voltmeters,
Before leaving the subject of ammeters and voltmeters, there is
vet one point to mention, which 1= not always understood.
Why is it, for instance, that an ammeter can be short-cireunited
with impunity, but cannot be removed from the circuit, while a
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voltmeter miust not under any circumstances be short-cireuited,
but may be disconnected ? Let the diagram in Fig. 19 show a
voltaic battery combined with an electric bath. The resistance
of the circuit is 90 ohms, the E. M. F. 30 volts, and therefore
the current ¢ = i .::: 333 ampere. B is the voltaic
battery, a, the conductor sending the current to the bath €, and
a,the return circuit. The milliammeter 4 is placed in series with
the conduetor «,, and the voltmeter 17in parallel with the bath
by means of the conductor bb. It is now seen that the whole
current passes through the milliammeter A before it reaches the
bath, and that by disconneecting this instrument the cireuit
would be broken and the current stop its flow. If, on the
other hand, the milliammeter be short-circuited by means of the
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additional conductor a, 1t would have no influence on the eir-
cuit as a whole, the resistance of the instrument already being
=0 low as to be left out of consideration, but would rather have
the effect of removing the instrument from the cireuit.

24. With the voltmeter we find the opposite to be the case,
Here a removal of the voltmeter would leave the rest of the
circuit unaltered, and the current would econtinue to flow
through the bath ; but let the voltmeter be short-circuited by
means of the conductor 4,, then the conductor & would no
longer be limited in its conduectivity by means of the high
resistance of the voltmeter, and would tend to carry the whole
current of the battery. It would, therefore, short-cirenit the
bath and consequently also the battery, and would very likely
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injure the latter ; otherwise, the damage might be little.  When
it comes to circuits with higher voltage and amperage, as, for
instance, in a lighting cireuit, the consequences would be more
serious,

In Fig. 20 we have, for instance, the conductors a, and «,
leading to a combination of incandescent lamps L in a house.
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The lamps are all placed in parallel and the ammeter A inserted
in the conductor a,, while the voltmeter I, by means of wires b,
is connected with both conductors, and therefore is in parallel
with the lamps. If, now, the ammeter be again short-circuited
by the wire a,, it will have no effect on the cireunit, but will
simply throw the ammeter out of action, whereas removing the
ammeter altogether, before being short-circuited, would, of
course, break the circuit and extinguish all the lamps.

A short-circuit of the voltmeter by means of the wire 4, would
not only affect the lamps in this house but in the whole neigh-
bhorhood. It would send a very strong current across the con-
ductors b, b,, b, and either melt these wires or the safety-fuse
which may be situated there. A fuse consists of a strip of
metal through which an ordinary current will pass unimpeded,
but which will heat and melt if the strength of the current goes
hevond certain determined limits ; it will, therefore, break the
Cil:('llit- and prevent any serious damage to the rest of the
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apparatus. Disconnecting one of the wires leading to the volt-
meter, while in ecircuit, will have no other effect than simply
removing the instrument from the circuit.

RITEOSTATS.

25. We have now seen how, by means of a voltmeter and
an ammeter, the qualities of an electric current flowing in a
circuit may be ascertained. There is still another instrument
used in combination with these two, which serves to alter the
current-strength, if the pointer of the ammeter does not indicate
the desired amperage. It has been shown that the latter can
be varied by altering either the voltage or the resistance. If
using a voltaic battery, the cell-selector was able to change the
E. M. F. by altering
the number of cells in
circuit ;  but it was
shown that, when finer
gradations were
desired, it required the
insertion of an  ex-
ternal resistance.
Metallie wires, carbon,
water, or other sub-
stances are used for
this purpose, and in-
struments  of which
they constitute a part
are called rheostats.

When these rheo-
stats are used in con-

I"[I““'__‘ nection with ecircuits
o . carrying heavy cur-
et rents, it 1= customary
to make the resistance
of metallic wires either of German silver or iron ; but where it
is necessary to regulate small currents only, as in electrothera-
peutics, then carbon or water, or a combination of the two, are
mostly used,

Fic. 21.
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26. Wire Rheostat.—The principle generally utilized in
these rheostats is shown diagrammatically by means of Fig. 21.
Here a wire coil d made of German silver is laid out in the
shape of a cirele; and in this form is fastened to some suitable
base. The battery B is connected to the terminals d, and d, by
means of the conductors a,, a,, external resistance £, and con-
ductor a,. The lever ¢ pivoted on the stud b is broadened at
its peripheral end ¢, and carries there a handle ¢, by means of
which the lever may be moved over the resistance-coil on either
side of the stop e. It will be seen that if the lever is pushed
against the left side of said stop the circuit is broken. By
moving the lever in a clockwise direction, it will come in con-
tact with the coil d, and the current will then flow through the
whole length of the latter before it reaches the lever and can
pass through this to the stud b and terminal d,. If the motion
of the lever is continued, the length of the resisting path will be
decreased, and therefore also the resistance, until, when the
stud e 15 reached, the whole resistance 15 eut out and the whole
voltage of the battery utilized in sending a current through the
external resistance . Of course, the lever will be moved in
either direction until a resistance is found sufficient to reduce
the current to the desired strength.

27. Carbon Rheostat.—Most of the rheostats are simply
variations of this form, in which the resistance-coil is replaced
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by a resisting path made either of carbon or mixtures of carbon
with some other material. In Fig. 22 is a rheostat made of
slate, in which the parts corresponding to those in Fig. 21 are
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designated h}' the same letters, The upper surface of the T'i“!-f f,
made of slate. 15 rubbed with an HI'i]iIIHI‘j.' soft |H'I|1'5|. The
carbon deposited in this manner serves as a path for a current
of fairly high resistance, and the length of this ]lill}l 15 varied
||_'..' Eul:lf;ing the lever ¢ with the copper brush Cqs at various
distances from the stop e.  This layer of graphite needs to be
renewed at intervals by being rubbed over again with a peneil ;
in the same way the total resistance of the path can be decreased
by depositing a thicker layver of graphite on the same, There
are also other forms of carbon rheostats more or less resembling

the one deseribed.

8. Carbon Pressure RRheostat.—A rheostat, based on
a somewhat different principle, consists of a column of carbon
powder, through the whole length of which the current is com-
pelled to How. Its resistance is varied by subjecting the
column to more or less [Pressure | all inerease of Pressure |:1'i]1;_'.-
the earbon |L:II'Iil']1'r- i closer contact and decreases thie

rosistancoe,

24, Bailey*s Rheostat.—A combination of carbon and
water 18 used in the
rheostat shown 1in
Fig. 23. A4 is a glass
vessel, partly  filled
with water, . d two
triangular pieces of
carbon supported by
two rods f, f, whicl
carry binding-posts
d,, d_ at one extremity
and pinions ¢, ¢, at
the other. Both of the
latter engage with a

WOTIT 1-1--n'i+|ra11 with
a milled head ¢, At

Fic. 4.

the Iulil!'.t of each earbon is a Eponge s which constantly l]_i]r':&
into the water. and thus makes the :'L»-‘i]u_r of the cireuit more
;1':11111;1]. The conductors Gy Oy communiecate with the carbons,
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and 1*_‘3' 'i,l.ll'IliIJ;:_r the head ¢ the carbons are made to i_lil} nmore or
less deeply into the water, thereby simultancously inecreasing
the sectional area and decreasing the length of the water-
column situated between the two carbons.

30. Fluid Rheostat.—Another fluid rheostat is illustrated
in Fig. 24, 4 is a glass cylinder
filled with a liquid of a certain
specific resistance, depending on the
voltage of the circuit. The cylinder
is inserted in the base b and pro-
vided with a cap ¢. Through the
base projeets the rod o, which ter-
minates in the ball d ; at its other
extremity it has a binding-post g,.
The current enters through the lat-
ter, and leaves the terminal o, to
continue its passage through the
liquid column until it meets the
other terminal ¢, when it flows
through the rod e into the cap ¢ and
out through the bhinding-post g,.
The resistance is increased by turn-
ing the milled head f in a direction
that will compel the threaded rod e
to rise and thus increase the distance
between the terminals o, and ¢,. A rheostat of this form may
be used in combination with an influence-machine, and control
a current with more than 20,000 volts pressure.

FiG. 24.

INFLUENCE OF RESISTANCE ON E.M.F. AND CURRENT.

1. After the functions of the voltmeter, ammeter, and
rheostat have been studied separately, it remains yet to be seen
how these instruments work in conjunction with each other.
The eftect which the rheostat has on the various parts of a
circuit is a subject that is not clearly understood by beginners,
and therefore requires some explanation, particularly as the
rheostat plays such an important part in electrotherapeutics.
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The question to he answered is this: Does the rheostat affect
the current-strength only, or does it also affect the pressure at
the battery terminals?

If this question were to be answered off-hand, it would seem,
as a matter of course, that any resistance the rheostat might
insert in the circuit would merely inerease the total resistance
of the latter, and therefore diminish the current-strength. A
closer study of the condition will show that this answer is not
guite correct, but that an increase of the resistance does in fact
increase the available E. M. F. at the battery terminals. Of
course, this does not mean that it increases the total E. M. I,
generated by the battery ; on the contrary, this E. M. F.
remains practically constant, so long as we deal with voltaic
hatteries and not with {]}'!]:H]]H:-'- or other generators.

32, Some practical examples, illustrated by means of

Figs. 25, 26, 27, 28, and 29 will make the reasons for this
|+l'rf1‘t‘l]_‘|.' clear.
Let the battery B in Fig. 25, consist of 10 cells, each of an

V)

R=50hms

ST

FiG. 25.

E. M. F. of 1.2 volts and an internal resistance of .5 ohm. The
total E. M. F. of all the cells in series will therefore be 10 < 1.2
— 12 volts, and the total internal resistance 10 » .5 = 5 ohms.

In the same figure, R 1s an external resistance of 5 ohms,
and Rh. a rheostat, which, by means of the conductors i,
and a,, connects, respectively, with the battery and the resist-
ance R ; the conductor a, returns the current from the latter
to the battery. A voltmeter and a milliammeter complete the
arrangement.
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It is the purpose, by means of this combination, to send a
current from the battery B through the external resistance R,
which latter may, for instance, be the resistance existing
between two electrodes applied to the human body for some
local treatment. The number of amperes that will flow through
this external resistance is to be controlled by means of the
rheostat.

33. When no resistance is inserted by the rheostat, and the
only resistances in circuit are those of the battery and the human
body, the conditions will be those represented in Fig. 26, Here
we find the whole circunit of Fig, 25 extended along a horizontal
line a /i, representing zero potential, and the parts marked off in
the same order as in the former figure. It is supposed that the
point & connects directly with the point @, and that the various

h
r d
10 /| Fower erpended in Battery=7.2 Watts.
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divisions marked with the letters a,, Rh., a,, ete. correspond to
the parts marked with similar letters in Fig. 25, It is also
supposed that the conductors «,, a,, and «a, are of such ample
cross-sectional areas that the drop of potential taking place in
them may be left out of consideration.

Beginning, then, with Fig. 26, we find, as the only resistances
in circuit are the 5 ohms of the battery and the 5 ohms
external resistance, that the strength of the current will be

B
=% — b

fizure the line @ b indicates a rise of potential of 12 volts, which

= 1.2 amperes. At the left end of the
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would take place if the battery were devoid of internal resist-
ance.  But a eurrent of 1.2 amperes having to pass through its
resistance of 5 ohms, the current suffers a loss in potential of
< R = 5x12 = 6 volts. The potential difference at the
terminals of the battery will therefore be 12 —6 = 6 volts
only, as represented by the line a ¢, and this is the pressure thal
will have to carry the current through the rest of the circuit.
No resistance being inserted by the rheostat, and the resistances
of the conduetors «, and «, being left out of consideration, the
potential of the current will remain unaltered while passing
through them, and the lines cd, de, and ¢f, representing the
potential of these parts, will be lines parallel with the zero-
line afh. At j the current enters the external resistance R of
o ohms, and here suffers o loss of pressure amounting to
CxR = 125 = 6 volts. This means that the wholc
avallable pressure of the battery has been consumed in the
resistance £, and that the current now, through the conductor a,,
again enters the battery at zero potential,

S34. It has been shown in Art. 134, Direct Currents,
tnat a battery gives a maximum power to an external
circuit, when the resistance of said cireuit is the same as that
of the battery.  As this corresponds with the conditions found
in Fig. 26, we shall expect to here find a maximum power spent
in the resistance K.  The power expended on the various parts
of the circuit is found by multiplying the loss of potential that
the current sutfers in passing through them by the strength of
the current in mmperes.  The total power developed by the
battery is £ X (' = 12 X 1.2 = 14.4 watts. That part of the
total power which is spent in the battery itself we find by
multiplying the drop of potential in it by the current, or
6« 1.2 = 7.2 watts. The external resistance R being equal to
that of the battery, the drop will be the same, and therefore,
also, the power consumed. We see, then, that, of the total
power of 14.4 watts, 7.2 watts have been spent, respectively, in
the battery and in the external ecircuit.

If the battery had been short-circuited, the total power
developed would have been greater, but of course none of it
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would have heen available outside of the battery. The eurrent

(' that would cireulate through the latter, in this instance,
would have a strength uf; - ]3 — 2.4 amperes, and there-
fore a power of E < (' - 2.4 = 28.8 watts.

35. In Fig. 27 the conditions are altered, for, by means of
the rheostat, a resistance of 5 ohms has been inserted, making

a total of 5+5+5 = 15 ohms. The current-strength will
E 12 i : o

now he T — .8 ampere, which is 33 per cent. less than
1 b )

that of the circuit shown in Fig. 26.
The strength of the current having decreased, it follows as a
consequence that the loss of potential in the various parts of
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the cirenit must also decrease, as these losses are products
of eurrent and resistance.
When we now calculate the loss of potential in the battery,

it is found to be ' X B = .8 X 5 = 4 volts, or 2 volts less
than in Fig. 26 ; consequently the available E. M. F. at the
terminals of the battery, or 12 —4 = 8 volts, must be larger

than that previously at our disposal. Following the distribu-
tion of these 8 volts over the remainder of the cirenit, we find,
as before, that the current, while flowing through the conductor
¢d, suffers no loss of potential, but that, on passing through
the 5 ohms resistance of the rheostat, the pressure at once falls
from S to 4 volts, which pressure remains throughout the
conductor ef ; after leaving the latter the current again suffers a
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loss of 4 volts, caused by the 5 ohms resistance of the external
resistance K.

Comparing the two examples, illustrated by means of
Figs. 26 and 27, it is seen that the insertion of the rheostat
resistance of 5 ohms has the effect of raising the available
I£. M. F. at the battery terminals from 6 to 8 volts, but that
notwithstanding this increase the current-strength decreased
from 1.2 amperes to .S ampere.  If the resistance and E. M. F.
had increased in the same proportion, the current-strength
would have remained the same; in this instance the exterior
resistance is increased by 100 per cent. and the terminal
5. M. F. by 33 per cent. only ; the latter, therefore, did not keep

b
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step with the former, with the result that the current decreased.
Had the terminal E. M. F. remained the same as before, the
current would have been .6 ampere only ; but, being increased
by 33 per cent., the amperage rose from .6 to .8 ampere,

We come, then, to the conclusion that increasing the resist-
ance in the external circuit of a battery does not decrease the
current in the same proportion, because the available E. M. F,
increases simultaneously, though not in the same ratio.

306, In Fig. 28 the resistance of the rheostat is increased to
E ]z

10 ohms and the current has now decreased = = .B
i i i = el 1o P 20

ampere, while the drop of potential in the battery is 3 volts

only, and therefore the available E. M. F. = 12 — 3 — 9 yolts.
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The other losses in the circuit can easily be seen by the data
given in the figure.

3%, As a final example of the influence exerted by the
rheostat, we will consider the circuit illustrated by means of
Fig. 29. Here the rheostat has increased its resistance to
50 ohms, making a total resistance for the whole cirenit of
40 ohms. The current has now fallen to 2 o e .3

R 40
ampere, At the same time the loss of potential suffered in the

battery has decreased to 1.5 volts, which leaves an available
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pressure at the terminals of 12 1.5 = 10.5 volts. In the

rheostat the loss is now 9 volts, while in the permanent resist-
ance R it is 1.5 volts only. This last example brings out more
clearly another feature, that an increase of the resistance in the
cireuit external to the battery will bring the available pressure
at the terminals nearer to the total E. M. F. of the batterv, and
at the same time the current will decrease in strength. Finally,
the resistance will be so great that the current practically stops
altogether ; the circuit is then in the same condition as when
open, and the pressure at the battery terminals will be identical
with the total E. M. F.

3S. Data relating to the power spent in the external circuit
are given in each figure. It is at once seen that the power has
reavhf'{:l its maximum value when the conditions are as shown
by Fig. 26, that is, when the external resistance is equal to that
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of the battery. An increase or decrease of the resistance in the
external cirenit will have the same result—that of decreasing
the available power. Simultaneously with the decrease of the
current the number of watts spent outside of the battery will
also decrease until, in Fig. 29, the power spent has the value

of 3.15 watts only.

39. The condition that must prevail if maximum power is
to be given an external circuit may also be expressed in another
way, by saying that, if a voltmeter, connected with a battery as
in Fig. 25, indicates a pressure of one-half of the total E. M. F.
of the battery, maximum work is being done in the external
cirenit.  This of course does not mean that the resistance, out-
side of the battery, may be increased by means of a rheostat
until the desired value of the terminal pressure is reached. It
is true that in this case also maximum power is given to the
cirenit, but the resistance R receives only a small fraction of it,
the greater part being uselessly wasted in the rheostat, where
the electrical energy is changed into mechanical energy in the
form of heat. Tt is therefore clear that, if a device external to
the hattery is to receive a maximum power from the battery,
this deviee itself must constitute the external resistance,

DYNAMOS, MOTORS, AND TRANS-
FORMERS.

DY NAMOSs.

FUNDAMENTAL PRINCIPLES.

40, Conversion of Mechanical Into Eleetrical
Energy.—In the voltaic cell we have seen a source of electro-
motive force, in which chemical energy was changed into
electrical energy. Under certain conditions this source was
found satisfactory, but where the supply was to be continuous
and the output in watts large, it would, in addition to being
inconvenient, also be very expensive. Under these conditions
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the advantage lies with a source of electromotive foree in which
mechanical energy is changed into eleetrical encrgy.

In Magnetism and Electromagnetism, when treating of electro-
magnetic induction, we observed that a wire moving across a
magnetic field, or vice versa, had an 15, M. F. ereated in it.  This
was taken advantage of in the induction-coil by changing a low
I£. M. F. into a high one, and was also utilized in the magneto-
electric generator for the production of an E. M. F.  The latter
machine properly belongs in the class where mechanical energy
ig chanzed into electrical ; but, as the power consumed is so
small, and its field of usefulness limited mostly to that of the
induction-coil, it was treated in conjunction with the latter.

Fig. 33, Magnetism and |
Electromagnetism, showed |
the effect of moving a con-
ductor across a maghetic
field. It would naturally
sugeest  the idea that a
machine built on that prin-
ciple could be advanta-

geonsly used for generating
an E. M. F. on a larger
scale by adding more con-
ductors and moving them
at high speed. Since it is,
of course, impossible to con-
stantly supply new con-
ductors, provision must be
made for returning the con-
ductors to theiroriginal posi-
tions, and let them repeat “~—>—
their motion through the
magnetic ficld without interfering with the action of the machine.
These conditions are complied with, if the conductors are
arranged along the curved surface of a cylinder or radially
along the sides of a disk, and if either of these are set in rota-
tion in a magnetic field. We will consider the eylindrical form

FIG. 30.

only, as shown in Fig. 30.
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Here we have a conductor aefb bent along the surface of a
cylinder, shown in dotted lines, and rotating with it in the
direction shown by the arrows. The ends of the conductor are
joined to the segments ¢ and d. N and S are the poles of the
magnet, and, as N is the north pole, the lines of force will pass
in the directions indicated by the arrows on the dotted lines,
From the rule given in Art. 54, Magnetism and Electromagnet-
wsm, we find that the direction of the E. M. F. induced in the
lower part f of the conductor is as indicated by the arrow, and
we also find that the induced E. M. F. in the upper part of the
conductor ¢ acts in the opposite direction. The result is that
the two electromotive forces act in the same direction, so far as
the conduector is concerned ; that, therefore, the total E. M. F.
will be a sum of two; and that there is a tendency to start a
current in the direction of this E. M. F. If, now, a conductor ¢
is held, as indieated, against the segments ¢, d, a current will
flow through the conductor as indicated.

41. Coil and Commutator.—A\ step further, to increase
the action of the machine, would be to wind the conduector
several times around the eylinder, each convolution adding to
the E. M. F.; it constitutes then what is called a eoil. Tt is also
evident that it would be a waste of space to let the rest of the
cylinder lay idle ; that, in fact, it would be natural to provide
the whole cireumference with conduetors, and that each would
be connected with segments similar to ¢, d, but that the latter
would have to be made correspondingly narrower, so as to allow
space for the rest.  These segments would all be insulated
from one another, and form a eylinder called a commutator,
g0 named because it commutes currents running in opposite
directions into currents running in the same direction, and
under certain conditions combines these currents into one
uniform current.

Instead of making contact with the commutator by means of
a conductor g, it is customary to provide two hroad plates,
either of carbon or of laminated copper, called brushes, and let
the terminals of the machine be connected with the supports of
these brushes,
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42. The machine which we so far have described, has one
great drawback ; there is only one conductor at a time in com-
munication with the brushes. Any electromotive forces that
may be generated in the other conductors are useless; they
cannot start currents, because their segments are insulated from
one another, like ¢, d, and, therefore, their eircuits open.  Even
could currents flow, they would be unable to reach the brushes,
and would simply waste their energy in their respective circuits.
To eliminate this great fault, all the conductors or coils are
connected with one another, constituting one large coil.

43. Armature.—As vet, no mention has been made of
the cylinder (' indicated by dotted lines, It could be made
of any material, simply acting as a support for the conductors,
but it is always made of laminated iron. It is made of iron
because iron is a good magnetic conductor, and thus, practically,
is a continuation of the magnetic pole-pieces N and S ; and it iz
laminated in order to avoid the starting of Foucault’s current,
already mentioned in Art. T2, Wagnetism and Electromagnetism.
This combination of the conductors and an iron cylinder or
drum is called an armature.

It is not necessary that the conductors shall be supported hy
a cylinder ; they may also be wound around a ring, as shown
in Fig. 31, and then constitute a ring armature, while the former
is called a drum armature.  The iron ring or drum 1= the core.

44, Ring Armature.—In Fig. 31 we see all the coils
a,, a,, ete. connected with one another, constituting one coil; we
also see the connectors ¢,, ¢,, etc. connecting the junction of the
coils with the commutator segments s, 5., ete. N and S are the
pole-pieces ; .V being the north pole, the lines of force will pass
from right to left. The armature-core is marked b, and is
rotating in the direction indicated by the arrow.

From what has been previously said on the subject, we
should easily find that the directions of the induced E. M. F.
in the various coils are as indicated by the arrows.  We notice
now a peculiarity which, at first glance, would seem to make
the whole machine inoperative, that the directions of the
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electromotive forces on one side of the dotted line &« are acting
in opposition to those on the other side. But, after some con-
sideration, we find that the two halves of the armature are, in
reality, joined in parallel, and that whatever currents are flow-
ing in either half, combine at the connector ¢,, pass through the
latter into the segment s, and from there through the positive
brush d into the conductor f After passing through the
external resistance R, the current returns through the con-
ductor g, into the negative brush ¢, then through the segment s,

Fre. £1.

and connector ¢, when it divides, one half of the current
tlowing through the coil a, and the other half through the
coil a.. From either of these coils the currents continue their
upward flow ; but it must be remembered that in the next
moment the coils o, and o, will pass the line zx, called the
neutral line, and that then the current will flow through them
in opposite directions.  In fact, in each coil the direction of the
current flowing through it will be reversed twice for each
revolution of the armature.
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45. It was stated in Art. 56, Magnetisme and Electromag-
netism, that the E. M. F produced in a conductor inereased
in proportion to the dengity of the field and the speed of
the conductor in a direction at right angles to the lines of
torce. Neither of these factors is constant in regard to the
armature of Fig. 31. The coils a,, «,, a,, and a_ are passing
through a denser field than the coils «,, a,, a., and «a_; the
E. M. F. of the former coils will therefore be higher than that
of the latter. An additional detriment is that the last-named
coils no longer travel in a direction at right angles to the lines of
force, but more or less parallel to them, and that, therefore,
when approaching the neutral line, smaller and smaller electro-
motive forces will be produced in them.

46. Armature Compared With Cells in Parallel
series.—How these electromotive forces of varving heights and
directions combine so as to produce one current is shown by
means of Fig. 32. We
have here 10 cells,
arranged in two par-
allel series of 5 cells.
There are, therefore, 5
cells on either side of
the neutral line & «, the
electromotive forces of
the cells at the left
running in opposition
to those of the cells
at the right. The effect
is that two currents
of electricity will flow,
one on either side of x
the neutral line, and
that they will meet ate,, where they unite into one current of
double the amperage ; it will then How through the segment s
into the positive brush d and the conductor f, through the

external resistance R. From here it will again return through
the conductor g to the negative brush e, pass through the
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segment s, when it will divide again into two separate currents
flowing through the cells on either side of the line rx to the
connector ¢,.

If the current, instead of dividing into two branches, had to
pass through all of the 10 cells, the loss in voltage would he
10 volts, if we suppose that the internal resistance of a cell is
.1 ohm and the eurrent-strength 10 amperes.  In the arrange-
ment indicated in Fig. 82, the total resistance of the battery
would be (see Art. 128, Direct Currents):

r oo B 9 Rl .29 uil'll'l..
Iz &

and the loss in voltage,

I O 5y 10 X .20 = 2.5 volts,

-

which is one-quarter of the **drop ™ with all the cells in series.

[t was shown that some of the coils in Fig. 81 developed a
higher . M. F. than others. This has been indicated in
[Fig. 52 by increasing the size of the cells corresponding in
position to those of the coils, when having their maximum
I5. M. F.: but this must not be understood to mean that an
increase of the size of a cell increases its E.M.F. In this
instance it must simply be taken as a graphical representation
of the relative electromotive forces in the various cells.

47%. The diagram in Fig. 32 shows very clearly the result of
connecting all the coils in series and connecting all the junetions
with the commutator-segments. We see that each cell adds
its K. M. F. to that of the preceding ecells ; the same is done by
the coils in Fig. 31. It is also evident from Fig. 32 that the
connections between the segments and the coils have no
influence on the flow of current, and no function to perform,
except in that instance when the segments pass under the brush.
The segments s,, &, 5, and s, though joined to the connectors
£,y £y, €te., cannot transmit any current in the positions there
indicated, because, for the moment, they are insulated from
the rest of the eircuit ; all the connectors and segments, except
those marked ¢, ¢, and s, &, might therefore be removed
without affecting the operation of the dynamo or cells, so far as
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the position indicated is concerned. Of course, when the
armature revolves, all the connectors and segments subsequently
come in action.

48. Action of a Dynamo.—We are now able to study
an assembled view of a dynamo and understand its action in
general. In Fig. 33 a dynamo

15 shown in a diagrammatical m

view. A is the armature, ¢ the :
e R T 3

commutator, d and ¢ the brushes, R | ]
.-._:"""'—--. ‘--—'_“'_--

and A the shaft that supports and *F——7 o

Irives the : The shaft mF——-o =3’

drives the d]']:l'li:ltlll'f_. he shatt gl=-_---3 =

is supported in bearings, not A

gshown in the drawing, at both of
its ends. N and S are the pole-
pieces, which receive their mag-
netisimn from the electromagnets
E, E,, k, 1 being the coils and 4, j
the cores of the electromagnets,
The upper ends of the cores are connected by an iron hlock m
called a yoke.

The current leaves the positive brush J and passes directly
into the coil I, then from this into the other coil [ and through
the conductor f into the external circuit R From here it
returns through the conductor g and the negative brush e to the

Fic. 33.

commutator ¢ and the armature A. The electromagnets or
field-magnets as they arve usually called, are therefore magnetized
by the dynamo itself, and the latter is therefore =aid to be self-
excited. If the exciting current of the field-magnets is supplied
from some outside source, it is separately ercited.

CLASSES OF DY NAMOS.

49, series and shunt Dynamos,—When the whole
current from the armature goes through the field-magnet coils,
and they, so to speak, are connected in series, the dynamo is a
series dynamo (see Fig. 33). If the field-magnet coils and the
external circuit are connected in parallel, and therefore only
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part of the whole current goes through the field-magnet coils,
which, in that case, usually are of high resistance, then it is a
shunt dynamo (=ee Fig. 34). Here the current divides into two
— parts, the smaller passing
directly into the field-magnet

= g coils F, ', while the balance
=) — . 2 ;
——— ——— goes Into the external cireuit.
] ]
F e 1'___._.-. F.t
50. Compound Dyna-

mo,—When the coils are
partly in series and partly in
shunt, we have a compound-
wound dynamo, as shown in

Fig. 35.

51. Difference Between
series and Shunt Dyna-
~mos,—These variations in combining the coils with the
armature are for the purpose of regulation, and are determined
by the use for which the dynamo is intended. When, as in
Fig. 33, the whole current goes through the field-magnet coilg,
the flow through the latter will be affected by any variation
of resistance in the external
circuit K. An increase of
resistance will diminish the

Fia. 8.

i =Y g 3 * 3 S " | Et:-__
amperage of said coils and -.l.]b'ﬂl —3 {:"?E'
the strength of the magnetic &——3 =N
il L P ————p
field. In Fig. 34 the conditions — [ ¢
are different. Increasing the

external resistance causes an |-
increased flow through the
coils F, F, and therefore
strengthens the magnetic field.
The E. M. F. of the armature
will then increase, and it will Fia

be able to send the same

current through an increased resistance, if this remains within
certain limits. Fig. 35 is a combination of both, and a dynamo
of this character is able to regulate itself within wide limits.

g
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D2. Alternators.—The dynamos so far considered deliver
a continuous current, because the commutator rectifies the
various currents in such a manner that they run in the same
direction. The dynamo, then, in reality provides an alfernating
current. If we therefore excite the field-magnet coils from
some exterior source, remove the commutator and replace it by
two simple contact-rings with brushes, we would, if the arma-
ture is properly wound, receive an alternating current from the
brushes. The machine would then no longer be a dynamo, but
an alternator,

MOTORS.

53. General Principles.—In Art. 54, Magnetism and
Electromagnetism, was described the effects produced in a con-
ductor when moving in a magnetic field, and Fig. 33 illustrated
this in a diagrammatic form. If the conditions there represented
be reversed and a current sent through the conductor while it is
situated in a magnetic field, what would be the result? The
conductor would move, but in a direction opposite to that which
would produce an E. M. F. acting in the same direction as that
of the current now flowing. For instance, if, in Fig, 36, the con-
ductor were moving across the field in the direction indicated by
the arrow, an E. M. F. would e

be created that would tend B ‘;‘:-::l
to send a current down :,:fjf:’,l?:_:‘:*..,‘_:}:J;f::;“j
through the paper. If, on Bt ;:'J_-':i:;:x;:ﬁ‘:\]
the other hand, it is intended o ’;'f_.'__:.-‘i';'.f'-f;.;«;x{,‘x il
to move the conductor In [ "?"‘ N
- 5 a P --I|I lr.- 1 "'.‘ b
the same direction by means = ]
of a current, sent through it e T
from some external source, S TR
then the current has to be T ——

sent through it in an upward

direction. The illustration will show the reasons for this. It
is observed that the lines of force, encircling the conductor,
and which are produced by the upward passing current, on
one side travel in the same direction as the lines of force
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belonging to the pole-pieces N, S ; a repulsion will therefore take
place, for reasons already given in Art. 10, Magnetism and
Electromagnetism.  On the other side, the lines of force travel
in opposite directions and an attraction will be effected. Both
of these forces tend to move the conductor in the direction
indicated by the arrow. This reaction between an active con-
ductor and a magnetic field is the principle upon which an
electric motor is based.

[t is therefore possible to change any dynamo into an elec-
tric motor by supplying it with a current through the brushes,
and, conversely, it is also possible to change any electric motor
into a dynamo by supplying it with mechanical energy through
the shaft.

o4. Counter-Electromotive Force.—As soon as a
motor-armature begins to rotate, it tends to act as it belonging
to a dyvnamo, and begins to create an E. M. F. in opposition to
that which sends a current through the brushes. This
E.M. F. is called a counter E. M. F., and it is clear that
the E. M. F. applied to the terminals must be equal to the
counter E. M. F. plus the fall of potential in the armature.

29. Uses of Dynamos and Motors.—Dynamos are not
used as frequently in electrotherapeutics as voltaic batteries,
the latter being more convenient when only small units of
electric energy are required. Sometimes, when larger volumes
of current are needed, and electrie eireuits used for city lighting
are at hand, these circuits may be utilized for operating an
electric motor, while the latter again may furnish the necessary
power for running a small dynamo. The high voltage of the
lighting mains, which usually is either 110 or 220 volts pres-
sure, may in this manner be changed into a voltage sufliciently
low to be used in connection with an electrie cautery.

56G. As there are dynamos that produce continuous, and
others that produce alternating, electromotive forces, so there are
motors capable of using either of these electromotive forees,
though, as a rule, a motor built for one of these varieties of
E. M. F. is unable to be run by the other. It is also to be
noticed that a motor is designed for a special speed and
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E. M. F., and, when these conditions are fulfilled, it is showing
its highest efficiency. If compelled to run at other speeds or
with higher or lower electromotive forces than those for which it
was intended, it is likely to run at a certain disadvantage, and he
unable to utilize as much of the power supplied as it otherwise
would. A motor may also be operated by means of a storage
or a primary battery, and in any of these cases its speed is regu-
lated by means of a suitable rheostat.

57. Sinusoidal Alternator.—A peculiar form of alter-
nator is the sinusvidal alternator, constructed by A. E. Kennelly ;

Fic. 87.

it is intended to furnish sinusoidal alternating currents, and is
shown in Fig. 37. Here A, A4 are spools with two separate
coils, an inner one with eight layers of fine wire and an outer
one with two layers of coarse wire.

The inner coils are all connected in series and constitute the
secondary coil, while the outer coils are connected in another
series and form the primary coil of the machine. The primary
coils are connected with the binding-posts P, P, from which
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they receive a continuous current. The posts S, S receive the
sinusoidal current furnished by the secondary coils, and deliver
it from there by means of conducting-wires to the desired
points. B is the armature, which is provided with a pulley,
by means of which it may be operated by a small motor.
C, €' are teeth projecting from the armature. Both the field-
frame, cores, and armature are made up of laminated iron.

If, now, the primary coils have a current circulating through
them, they will magnetize the cores of the spools A, A. The
magnetic lines of force thus produced remain stationary in
the cores as long as the armature is stationary, but, as soon
as the latter begins to rotate, the lines of force will shiit
from one side of the spools to the other, and will cut the
wires in the secondary coils first from one and then from
the other side. It is eclear, from what has already been said
about induction, that an alternating E. M. F. must be produced
in the secondary coils, and that, by giving suitable proportions
to the projections on the armature surface, the resulting-cur-
rent-waves may be made sinusoidal. At the speed of 4,800
revolutions per minute, the machine will deliver a current
having 1,920 alternations per second.

TRANSFORMERS.

58. Construction.—We have already studied another
source of alternating electromotive forces—the induction-coil ;
in that case the primary coil was operated by means of a
primary battery. There is yet another source of a similar
nature that should be mentioned, and that is the apparatus
called a transformer. After what has previously been gaid about
the induction-coil, the transformers should require very little
additional explanation. The difference between the two is
mainly in the operation of the primary coil ; while the latter,
in the induction-coil, is acted on by a pulsating and intermit-
tent E. M. F., caused by the spring-contact ; the primary coil
of the transformer is furnished directly with an alternating
E. M. F. from an electric-lighting station. A transformer
needs, therefore, no moving parts whatever, and there is this
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additional distinetion between them : whereas the induction-
coil is provided only with an interior core of iron, and the
magnetic flux, therefore, has to return through the air, the
transformer, on the other hand, is provided also with an
external casing of laminated iron, thus permitting the magnetic
flux to flow entirely through iron, or nearly so.

59. A view of one form of a transformer is given in Fig. 38,
(!'is the iron core, which,
as shown, entirely en-
closes the coils. It will
be seen that there are
four coils represented.
Of these, P, P, form the
primary, the two coils
being connected in series,
a8 indicated by con-
ductor n. The terminals
of the primary are shown
at tand ¢,. S, S, are two
secondary coils, which,
being exactly alike, may be connected either in series or in
parallel, as desired, the terminals of the secondary a,b,c, d
being brought out separately for this purpose.

6(0. Use of Transformers.—While the main purpose of
the induction-coil was to change a rather large current of low
E. M. F. into a small current of high E. M. F., the transformer
will not only do this, but will also change a current of high into
one of low E. M. F. Transformers of the first kind are called
step-up transformers, and when reducing the E. M. F., step-down
transformers. The ratio of the secondary E. M. I. to the impressed
E. M. F. is very nearly the same as the ratio of the number of
turns in the coils. This ratio is called the ratio of transformation.

For ordinary applications, such as for lighting, step-down
transformers are used, the usual ratio of transformation being
10 : 1, so that, with a 1,000-volt primary, the secondary E. M. F.
is 100 volts.

The sizes of the primary and the secondary coils, shown in
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Fig. 38, are very nearly equal, although the number of turns
of the one is perhaps ten times that of the other. The size of
the wire used in the secondary coil of this step-down trans-
former, however, must be so much larger in diameter than
that of the primary that the volume of the two coils will be

nearly the same,

61. The possibility, by means of transformers, of increasing
or reducing the IZ. M. F. of a current, is of great advantage when
it is desired to send electric energy to distances far away. It
has been shown previously that an electric current will lose part
of its E. M. F. in passing through a conductor. This loss
amounts to a certain fraction of the total power furnished to the
circnit, and may be expressed in watts. The amount in watts
15 found by multiplying the loss in E. M. F. by the current-
strength ; therefore, loss inwatts, W= E X Cor, W = % R

C, because E = C X R; W is, then, O X R.

We see from this that the loss is proportional to the product
of €' squared and R. It is therefore seen at once that it is of
advantage to make " as small as possible, and this can only
be done by increasing the E. M. F., as the product of ¢ and E
must remain the same, if the same power is to be furnished
to the circuit,

It is therefore obvious that the higher the E. M. F., the
smaller is the loss in the circuit for the same amount of power
transmitted.  If this is so, it would appear as a matter of course
that the E. M. F. of the current should be raised to a very high
value, but there are certain reasons why this is not so simple as
it appears at first glance. For one thing, there is a certain
pressure, bevond which it is not advisable to expose the
alternator itself, and which it also would he dangerous to give
to a current that has to enter private dwellings. It is here that
the transformer is of advantage, and that it may be utilized in
the following manner: An alternator in the electrie-lighting
station is delivering a current of suitable pressure to a step-up
transformer in which the pressure of the current is inereased
and its amperage reduced. This current of high voltage is now
sent through a well-insulated conductor to any desired point,
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where it again enters a transformer, now a step-down trans-
former. In the latter, the amperage is again increased and its
pressure reduced to a voltage low enough to enter a house
without exposing the occupants to any unnecessary risks.

62. Transformers are also made especially for therapeutic
purposes, so made that they can be connected with the lighting
circuits of the building, and be able to furnish a strong current
for cauteryv-work. They resemble an induetion-coil somewhat,
but are in reality step-down transformers, in which the current
from the lighting circuit enters the primary coil and induces a
low E. M. F. in a secondary coil made up of thick wire. The
latter will then deliver a current of from 5 to 30 amperes,
depending on the position of the secondary coil, whether
situated near the end of the primary coil or at the middle.

63. Adapters.—A somewhat similar apparatus has also
been made for the utilization of continuous currents. Its
purpose is to make the installation of primary batteries super-
fluous, and to utilize the current from the lighting cireuit for
all the various therapeutic treatments. Instruments of this
class are called adapters. As the pressure in the lighting
circuits is either 110 or 220 volts, the adapter requires a
rheostat to reduce the current to a voltage devoid of any danger
to the patient, and various arrangements have been made so
as to make it impossible for the operator to make a mistake
and send a current through the patient that would either
cause a direct injury, or indirectly so by submitting him to a
nervous shock.

The adapter is usually provided with a milliammeter and an
induction-coil operated in the ordinary way, by means of a
continuous current and a vibrator. The rheostat is so arranged
that the current, in passing in and out of the latter, has to pass
through an incandescent lamp of 110 volts. There are, there-
fore, always two lamps in series with the rheostat, with a
combined resistance of about 835 ohmns, and the result is that,
even with the whole resistance of the rheostat thrown off, the
current would not exceed .3 ampere on a 100-volt circuit.
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ELECTROMOTIVE FORCE AND DIFFER-
ENCE OF POTENTIAL.

POTENTIAL,.

64. When the volt and eleetric pressure were explained in
Art. 4, Direct Currents, the terms electromotive force, potential,
difference of potential, and pressure were given as identical and
synonymous. This statement is not strictly correct; but it
would have been useless at that point to have attempted a
closer definition of these terms. It is after the student has
considered the action of voltaic batteries that he is first able to
fully understand the distinction between electromotive force
and difference of potential, which we now will attempt to
make clear.

65. Potential Energy and Potential.—If a weight is
lifted above the ground to a height of, say, 10 feet, a certain
amount of work is done and the weight is in position to do
some work in return, either by driving a clock or some other
apparatus.  The weight in its new position has had imparted
to 1t what is termed potential energy—that is, ‘‘ability to do
work.”  The weight may already in its original position have
been in possession of some potential energy, but by being raised
to its present position its potential energy has been increased.
In the following- explanations we will, in place of the term
““ potential energy,”” simply use the word potential.

66. Thus, the water in a tank resting on the ground is in
possession of a certain potential. By lifting the tank to the
fourth floor of a house, neither the tank nor the water in it has
undergone any change, but the potential of the water has been
increased. Thus, by connecting it with a tube to a motor in
the cellar, it will be able to perform a quantity of work that it
previously was unable to do.

67. Difference of Potential.—If two tanks 4 and B,
Fig. 39, are placed on the ground and filled with water to the
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same level, there will be the same pressure per square inch at
the bottom of either tank ; and, if connection is made between
them by means of the tube €, there will be no tendency of the
water to flow into either of the tanks. But if the tank A4 is
raised above the tank B
there will be an excess
of pressure on one side,
and the water will flow
mto B, We see, then,
that it is necessary to
establish a difference of pressure before a current of water will
flow, as has been shown already in Art. 4, Direct Currents.
The tank A, being lifted to a greater height than B, is of a
higher potential than B, and is, therefore, able to do more work
than B. We come, then, to the conclusion that it is in reality
the difference of potential between the two tanks that is the cause
of the current of water flowing into B. This foree, which tends
to move the water through the tube when a difference of potential
is established, we will eall the watermotive force.

6S. If now, the tanks occupy a position relative to each
other as indicated in Fig. 40, there is a difference of potential
between them. We will say that this amounts to 3 pounds per
square inch, and that the tanks are situated at a certain distance
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above the sea-level as shown in the figure. It is evident that
no matter how high above or how deep below the sea-level
these tanks may be placed, the difference of potential will
remain the same, but that the potential of either will be
increased by raising them above other tanks that may be
situated in their vicinity. For instance, the tanks D and E
Fig. 40, may have the same difference of potential as A and B,
yet it is clear that a connection between B and D wili eause
water to flow into D) from B, instead of into the latter.

69. Zero-Level.—Evidently, then, the position of the
tanks relative to other tanks must be considered, and some
fixed point or line selected, in order that the distance above or
below this line can be defined,  For this purpose the sea-level
has been selected, and by considering it to be a zero-line, it is
possible to give the potential of either of these tanks relative to
the sea-level.

T0. If the tanks A and B are provided with two tubes «
and b extended down to the sea-level, there will be a certain
pressure at the base of either tube.  Let, for instance, the level
of the water in the tank 4 be 41.5 feet above the sea-level, and
that in B 34.5 feet ; then the pressure at the lower end of the
tube a will be 18 pounds per square inch, and that of 4 15
pounds.  The difference of potential is still 3 pounds, but the
potential of the water in the tanks 4 and B will be higher than
that in D and E.

T1. Positive and Negative Potential.—Should the
tanks A and B be placed below sea-level, their difference of
potential would still remain the same, but in the latter case
water would flow through the tubes a and 4 into the tanks, In
this case the water may be said to possess negative potential ;
it would, then, be of a positive potential if situated above
sea-level.

We see from this that it is not necessary, when a difference of
potential exists between two quantities of water, that the lower
potential shall be megative; they may, in fact, both be negative
or both positive.
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T2. Fig 41 gives an illustration of two gquantities of water,
of which one, A, is of positive, and the other, B, of negative,
potential. The sum of the two potential differences, in refer-
ence to the sea-level (here the zero-line) gives the total potential
difference. Thus, if that of 4 is 5 pounds and that of B 3

pounds, the potential difference between A and B is 8 pounds.

T3. Electrie Potential.—When we apply these principles
to electric potentials we arrive at the same results. Beginning
again with Fig. 39, let us take a parallel case in electricity. If

two conducting bodies are provided with quantities of electricity
of the same potential or pressure, and they are brought into
communication by means of a conductor, no current will flow.

ELECTROMOTIVE FORCE.

T4. 1If the potential is increased on one of the bodies, a
difference of potential will be established and a current will flow
from the body of higher to that of lower potential, as was
shown in Fig. 40. The force that moves the electricity from
one body to another, when a difference of potential is estab-
lished, is called electromotive force. The magnitude of the
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E. M. F. depends, in this instance, on the difference of potential
between the two bodies, and is expressed in volts. We will
assume that this electric pressure amounts to 3 volts.

75. Zero Potential.—It is again evident that this pres-
sure gives no idea of the potential on either of the two bodies ;
that, in fact, both may be possessed of a very high or a very
low potential ; or, that one of the bodies may be in an entirely
neutral condition and possess no potential whatever. We come,
therefore, to the same conclusion that we reached regarding the
water-tanks, that it is necessary to select some arbitrary potential
level to measure from. For this purpose the earth has been
selected, it being assumed that its potential is zero. The earth
is in reality of a negative potential, but this does not affect its
function as a standard potential level, any more than the
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arbitrarily selected zero-point of a thermometer affects compari-
sons of temperatures,

Having a body of zero potential, so situated that it is
accessible everywhere, it is now possible to compare the
potential of any electrically-charged body with that of the
earth, by means of suitable instruments, such as electrometers,
galvanometers, voltmeters, etc. In either case, the potential
difference between the charged body and the earth is found ;
but, as the earth is supposed to be at zero potential, the
difference of potential will in reality show the electric potential
of said body.
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76. Electric Difference of Potential.—In Fig. 42 the
four bodies 4, B, C, D are supposed to have various potential
differences (abbreviated to P. D. ) relative to one another or to
the earth, as indicated by the figures given. We see that the
P. D. between A and B is 3 volts and between € and D 15 volts.
Though the P. D. hetween the latter two bodies is greater, the
P. D. between B and ('is such that electricity would flow from
B to C'; in fact, we find between the latter bodies a P. D. as
high as 82 volts.

77. Positive and Negative Potential.—The potentials
indicated in Fig. 42 are all positive, because above zero, and there-

FiG. 43.

fore electricity will flow from them to earth. If their potentials
are such that electricity will flow from earth to them, their
potentials must be of values below that of the earth, and they
are said to be of negative potentials.

7S. It is often supposed that one of the bodies must be of
a negative potential, in order to have a potential difference. We
see in Fig. 42 that this is not necessary ; that, in fact, both may



56 ISSENTIAL APPARATUS §4

be positive or both negative and still have a P. D. The P. D,
that exists when one body is of a positive and the other of a
negative potential is seen in Fig. 43. Here the body A of Fig. 42
has retained its potential of 100 volts, while B has received a
negative potential of 97 volts. The result is that the P. D.
between them has inereased to 197 volts, instead of to 3 volts.
[f compared with the body €, of 100 volts negative potential,
the P. D. between the two would be 3 volts ; that is, electricity
wonld fow from B to "

79. Potential no Indication of Quantity.—It should
here be added that, when speaking of a potential difference
between two tanks of water at different levels, or two charges of
electricity of different pressures, we know nothing about the
quantity of water in either tank, or the amount of electricity on
either hody. The difference of potential gives no indication of
quantity—simply of pressure. The P. D. between the Atlantic
Ocean and a small bucket of water is not affected by the size of
the former. Neither does the enormous size of the earth as
compared with that of an electroscope affect the indications of
the latter,

S0,  Fall of Potential.—In our considerations of batteries
and the flow of the current in an external circuit, we found
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between any two points in the latter a certain potential differ-
ence. This latter may be termed the fall of potential hetween
these points, and is identical with the E. M. F. required to send
the current from one of the points to the other, For instance,
in Fig. 44 we have part of a cireuit A B, in which the potential
at a isab = 50 volts and at ¢, cd = 40 volts. The P. D. is
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therefore 10 volts, and represents the loss of potential by the
current in passing from a to ¢, or the E. M. F. required to send
the current from a to e.

S1. Distinction Between E. M. F. and P. D.—The
terms E. M. F. and P. D. are in this instance virtually identical.
Potential difference is in reality the amount of pressure or
E. M. F. expended on that part of a circuit situated between any
two points external to the source of the E. M. F. To say that the
potential difference between any two points in an external cireunit
is the cause of the E. M. F. there expended, is not correct. The
potential difference is, on the contrary, caused by the E. M. F.
lost between the two points, and is proportional to this loss.

2. To speak of the potential difference of a battery on short
eireuit, or of a battery inclusive of an external cirenit, meaning
thereby the total E. M. F. of the battery, is entirely incorrect
and very misleading. The fact is that nowhere in the circuit
can two points be found where the difference of potential equals
the . M. F. of the battery. Indeed, it will be proved that a
current can flow without an existing difference of potential, but
never without an I£. M. F.

Take, for instance, a battery of 6 cells, each cell of 1.1 volts
E. M. F. and .1 ohm internal resistance. The total E. M. F. of
the battery, if placed in series, is 6 ¢ 1.1 = 6.6 volts, and the
total resistance is 6 ¥ .1 = .6 ohm. The current that this
battery will deliver, if placed on short circuit, is, as found by
':? : ﬁf — 11 amperes. The E. M. F. lost
in the battery is E = r' X € = .6 (ohm) X 11 (amperes) =
6.6 volts ; that is, the whole E. M. F. of the battery is lost in
sending the current through it. What is now the potential
difference between its terminals? Evidently there is none;
they are both at the same potential.

Let, now, an external resistance of 5 ohms be added to the
battery. We have, then,

E 6. 6 6.6

=t a5~ 54

Ohm’s law, €' =

= 1.18 amperes.
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The volts lost in the battery are » X € = .6 X 1.18 =
.708 volt ; therefore, the available E. M. F. 5.89 volts. The

highest difference of potential it is possible to find in the
circuit is therefore 5.8 volts, which is considerably lower than
6.6 volts, the E. M. F. of the battery. The use of the term
‘“difference of potential ' must consequently be limited to that
part of the circuit which is external to the source of the E. M. F.

S3. There is one more reason for this limitation. It is
always stated that in a ecircuit the current flows from the
point of higher to that of lower potential. It is elear that this

G Volis
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Fia. 45,
rule cannot be applied to the flow of an electric eurrent through
the source of its E. M. F., such as a battery of galvanic cells, or
the armature of a dvnamo, as here the eurrent flows from the
point of lowest to to that of highest potential.

S4. If an electric current did not lose any of its E. M. F. in
passing through the source of the latter, and if, further, the
current, in passing through this source, did not flow from a
lower towards a higher potential, the conditions existing in an
electric circuit might be somewhat like those indicated in
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Fig. 45 (a). Here we have at b the source of the E. M. F.,
a sudden rise of electric potential from zero to, say, 12 volts, as
shown by means of the curve b, b,b,0,6. From here the
current, in passing along the conductor €' in the direction of
the arrow, gradually suffers a loss of potential, as indicated
by the heights of the ordinates at the points b, b,, 5., until
finally at & the potential falls to zero.

We will select two points « and b, very close together, and
find their potential difference by passing from b to a in an
opposite direction to that of the current, as shown by the arrows
in Fig. 45 (a). Being very close together, their P. D. will be so
small that it is negligible. If we now pass from « around the
whole circuit to 4, their P. D. will be equal to the total E. M. F.
of the circuit. The same would be the case if any other two
points in the circuit were chosen ; the sum of the potential
differences would equal the total P. D. 1In this instance the
terms difference of potential and electromotive force would be inter-
changeable throughout the cirenit ; but the conditions are such
as are not to be found in reality.

S5. Cells on Short Cirenit.—Let us now see what the
conditions in the circuit, as far as the battery is concerned,
really are, taking again as an example the case of a battery on
short cireuit. It is customary to say that the I£ M. I'. of the
whole battery is equal to that of one cell multiplied by the
number of cells. In Fig. 45 (b) there are two cells placed in
series, each of, say, 3 volts E. M. . and .5 ohm internal resist-
ance ; multiplying the 3 volts by 2, the number of cells, we
have 6 volts as the total E. M. F. of the battery. We would
now expect to find somewhere in the circuit a pressure of 6
volts, corresponding to this total pressure, but a closer investi-
gation will reveal the fact that it does not exist, though as a
matter of convenience we use this pressure in our caleulations.
The upper part of the figure will show the reasons for this,
Here we have a diagram in which the line T 7, represents zero
pressure, and the ordinates the pressure at the corresponding
points in the cells below. DBeginning with the terminal 7},
which connects with the zine z in cell J, we see that the current
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in leaving the zine immediately receives the whole E. M. F. of
the cell, viz., 3 volts, as shown by the line aa,. While the
current is passing through the cell, it spends its pressure in
heat, and arrives, therefore, at the zinc of cell [ at zero potential,
indicated by line a,a,. This procedure is now repeated in cell /1,
and the action of this cell is shown by lines a,a, and a,a, ; the
current arrives, then, at terminal 7, again at zero potential, and
passes through the short conductor T, T, which is supposed to
connect the two terminals, and back to the first cell.  Notwith-
standing the fact that our calculation tells us the total I£. M. F.
18 6 volts, we fail to find such pressure at any place m the
eircuit ; in fact, the diagram shows that at no point does the
E. M. F rise above that of ane cell.  Of course, a summing-up
of the volts lost in each cell, multiplied by the number of cells,
will give us the total E. M. F. as calculated.

S6, Cells Combined With External Resistance,
In Fig. 45 (¢) the same cells are used in connection with an
external resistance £ of 1 ohm. The total E. M, F. is still the
same, 6 volts, but the current-strength is reduced to 3 amperes.
[t has already been shown how to caleulate the loss in a cell,
and it will therefore be suflicient to simply say that in this
instance the loss of pressure 1s current < resistance = 3 < .5

1.5 volts per cell. Following the path of the current in
Fig. 45 (¢) we again find that its pressure, at the zine of cell /,
rises to 3 volts ; but, as now only one-half of the current is flow-
ing, the loss in the cell is only one-half of the total, or 1.5 volts,
The current then arrives at the zine in cell I7 with this pressure,
and has another 3 volts added, making the total pressure at
this point 4.5 volts. Again, 1.5 volts are lost in cell [/, and
the current finally arrives at the terminal 7, with a pressure of
4.5— 1.5 = 3 volts. These volts are lost in passing through
the resistance R, so that at terminal 7] the current is again at
zero potential.  The variations of pressure are shown diagram-
matically by the lines aa,, a,a,, a, T, in the figure, and the
dotted line aa,a, indicates the average increase in E. M. F.
Again, we fail to find a total E. M. F. of 6 volts, though in this
instance the maximum pressure is 3 + 1.5 = 4.5 volts, and
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therefore higher than in the first instance.  We come, then, to
the conclusion that an increase in the external resistance will
bring the pressure in the cells higher and higher, until when
the resistance has reached its maximum—that is, when the
circuit is open—the E. M. F. also has reached its full value.
In the present instance this would amount to 6 volts.

ST. After having seen the changes that take place in the
E. M. F. of a current, while passing through the source of =aid
E. M. F., we are now able to represent the circuit shown in
Fig. 45 (d) as it in reality would be if 4 cells, each of 3 volts
. M. F. and .5 ohm resistance, were placed in series. They
would have the total E. M. IF. of 12 volts shown in Fig. 45 («).

Beginning at point a, we have a repetition of the phenomenon
illustrated by means of Fig. 45 (&) and (¢) ; that is, the E. M. T,
suddenly rises, then falls again, while passing through each cell,
until when point §, is reached we have a pressure of 9 instead
of 12 volts. The maximum pressure would in this instance be
found at a., where it is 6 + 1.5 = 7.5 volts, while the average
rise in pressure is indicated by the dotted line a a,a, a b,.

[t will not now require much of an explanation to show that
nowhere in this circuit can a P D. of 12 volts be found, and
the ﬁgun- clearly shows the limitations of the term difference of
potential.

THE HYDRO-ELECTRIC BATII

RESISTANCE OF THE BATH.

8S. Resistance of Water.—When a patient is placed in
an electric bath for the purpose of having an electric current
sent through his body, it is important to so arrange matters
that as great a part of the current as possible will pass through
the hody, instead of uselessly wasting its energy by traversing
the water. It is also of value to know how much of the electric
current flows through the patient’s body, as a whole, and how
much through its various parts, and also to see how the position
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of the body in the bath affects the current distribution between
the body and the water.

This subject seems, in general, to be little understood, and it
will therefore be the aim, by means of various diagrams, to make
it more comprehensible.  We will first consider the bath alone,
without any foreign body in it. Let A, in Fig. 46, be a tank
made of glass plates of the dimensions given in the drawing

and filled with water to the height of 3 feet. The current
passes through the bath from the anode a to the cathode b, as
indicated by the arrows.  So far we have nothing but a simple
fluid conductor, and, from what has already been said in
Arts. 11,12, and 13, Direct Currents, it should be easy to find
the resistance of the bath. Assuming that the resistance of
the water is 10 ohms per cubic foot, we find the total resistance
in the following manner: The sectional area of the water is
3 ft. < 3 ft. = 9 square feet.

Let r gpecific resistance per cubic foot ;
. required resistance ;

1 square foot ;

a, = sectional area of the bath.

-

]
-
[

Then, since the resistance varies inversely as the sectional

dared, s fl
S e e or r, =
1 - i 13 i ﬂ,
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In the present instance, r, = 10, @, =— 1, and a, = 9 ; there-
fore,
10 % 1 0
= ohms,
This means that a column of water having a sectional area of
9 square feet and a length of 1 foot has a resistance of 12 ohms.
In the figure, this column is indicated by the letters e defyh i .
The resistance of a given conductor increases as the length of
the conductor increases ; it follows, therefore, that the resistance
of the whole bath is found by multiplying the resistance of
1 foot, as found above, by the total number of feet. Calling
the whole length L, we find the total resistance
10 10 - =
=g X = g X9 = 3.5 ohms.
The total resistance of all the water may, therefore, be found
by the following formula :

r

i (i

As a,in this fermula stands for 1 square foot, and therefore
does not affect the equation, it can be omitted. The formula
will then read
b S f

a.

e —

This formula will be used throughout this Paper in this form,
and may be expressed in words as follows : The total resistance
of the fluid in a bath is found by multiplying the specific resistance of
the fluid per cubic foot by the length of the bath in feet, and dividing
the product by the cross-sectional area of the bath in square feet.

ExamrLe.—A water-tank 4 feet high, 3 feet wide, and 6 feet long is
filled with water to a height of 3 feet. The resistance of the water is
15 ohms per cubic foot ; what is the resistance of the water in a longi-
tudinal direction?

SoLvtion.— r©, = 15 ohms, a, = 3 ft. X 3 ft. = 9 square feet, and

: vy
I — 6 feet. Therefore, using formula r, L . we have
i
15 6 ATh]
e e ey 10 ohms. Ans
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Exasmrre.—Find the resistance of the water in the last example, if
one-half has been removed.

SoLuTioN.— 1y, = 15 ohms, a, L 4.5 square leet, and
L i feet. Therefore, -
15 % 6
rs = 20 ohms.  Ans.
- 4.0

EFFECT OF INSERTION OF A SOLID BODY.
89, solid Body of Known Dimensions.—Let us now
introduce a solid substance into the water and study the effect
it may have on the total resistance. In Fig. 47, B is a block
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Fiag. 47.

made of a material similar in resistance to that of the human
body. The dimensions of the tank remain as before, and as
indicated in the figure. The block B is 5 feet long, 3 feet high,
and 1 foot wide ; its resistance is 5 ohms per cubie foot. The
anode a and cathode & are supposed to be wide enough to send
the current simultaneously through both the block and the
water on either side of the former, the resistance of the water to
he 10 ohms per cubic foot.

The resistance of the block and the water is now found in a
manner similar to that shown in the previous example. Let us

first consider the block. From the formula
T, > T
a.
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we find its resistance to he

i i 3
r, = ——— — 8.33 ohms.
: 3
In the same manner, the resistance of the water is
110 8 50 .
r, = = =~ — — = 8.33 ohms.
: 3+ 3 §

The sectional area of the water is taken as 6 square feet,
because the block, being 1 foot wide only, a space 1 foot wide
remains on each side, which, multiplied by the height of 3 feet,
gives an area of 6 square feet.

90, The current in amperes that would flow through the
water in the tank illustrated in Fig. 46 is found by a simple
application of Ohm’s law as follows : The E. M. F. is supposed
to be 7 volts and the resistance was found to be 5.5 ohms ; then,

= :::, - .;.] — 1.272 amperes.

The conditions, as shown in Fig. 47, are somewhat different,
as we have here three conductors in parallel, and the eurrent
from the anode a will therefore divide into three parts, one
Howing through the block and the others through the water on
either side. The latter two branches may he combined as one,
and was so considered in the calenlations. The two branches
of water may be considered as one, because we may imagine
the block to stand against one of the walls with all the water on
one side. In that case the total cross-sectional avea of the
water will be double that of either of the branches, and will
have only half the resistance of either,

In order to make a distinction between the resistance of the
block and of the water, that of the former will be designated by
I, while that of the water remains ¢, as before. The joint
resistance of the two may be found by means of the formula for
derived circuits given in Art. 113, Direct Currents. Let R
stand for the joint resistance, then
R B.00 X 8,35 69. 39

,

= == = - — 65 o T
— R.+r, 8331833 17.66 4.165 ohms

-hl
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[tilizing the same voltage as before, the amperage now would be

E 7
R 4.165
91. We will now proceed a step further and find the joint
resistance of a block, standing isolated, as in Fig. 48, and sur-
rounded by water. The dimensions of the tank remain as
before, while the block is now only 3 feet long, 3 feet high, and
1 foot wide. Considering the resistance of the water in sections,
we have first the column edefghij. Leaving the resistance of

= 1.65 amperes.

=+

e

e

T 7

=

Fic. 4%

the water at 10 ohms per cubic foot, we find the resistance of
the said column
r, X L 10 = 1

 —— —_—
2 % 9

= 1.11 ohms.

There 1s a similar column at the other end of the block ; the
resistance of both in series will be 2 < 1.11 = 2.2% ohms.

Next we come to the column cdopllmn on one side of the
block. Its resistance is

10 3% 3
r, = — = 10 ohms.
3
As there is a similar column on the other side with the same
resistance, their joint resistance will be 1,2 — 5 ohms.

5*;,-’;_3

= 5 ohms.

The resistance of the block B is R, —
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This block, in conjunction with the water on each side, forms
two parallel branches ; their joint resistance is therefore again
found by means of the formula for joint resistances, that is,

— — 2.5 ohms.

Fiasr e

R,Xr, 5x5 95
5

We now have the total resistance of the whole tank, inclusive
of the block, as follows :

(hms.

(a) The column cdefghij SR Al
(h) Joint resistance of block B and water, each side 2.50
(¢) Another column, gimilar to that of (a) il
Total resistance R SR N i

Again, using an E. M. F. of 7 volts, the current-strength
would be
2 i 1.453 amperes
- _— — - tnly] 1peres,
R 47 1

Comparing the currents flowing in the tanks, illustrated by
means of Figs. 46, 47, and 48, we find them to be, respectively,
1.272, 1.68, and 1.483 amperes. As was expected, the total
resistance of the water in Fig. 46 was lowered by inserting the
block of lower specific resistance, as shown in Fig. 47. Fig. 48
may be considered a combination of the two.

Referring again to Fig. 48, it is obvious that the conditions
would be unaltered if the block were laid flat on the bottom of
the tank ; the sectional area and the length of the path offered
the current would be the same as before. It would in that
position more nearly compare with the lower extremities of a

person sitting in the bath.

992. The conditions, however, would be entirely different if
the block were placed upright, in the position shown in Fig. 49.
Retaining the same dimensions of the tank and block as before,
we see that the block will occupy the whole width of the tank.
The resistance of the water in either end of the tank 1s found in
the same manner as before,

r, X L 10 X .g 20)

o - — — = 229 plims.
"2 (¢ 9 9

-
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This resistance, added to that of the water at the other end,
makes the total resistance of the water 4.44 ohms. The resist-
ance of block B is

- 1 5 b
e = 5~ = g§-= -9b ohm.

Therefore, the resistance of the whole i1s 4.44 + .55 = 4.99
ohms.

We see that, while the resistance of the block in Fig. 48 was
5.0 ohms, in the position shown by Fig. 49 it 1s only .55 ohm ;
but the resistance of the water is g0 much higher in proportion

that the total resistances in the two examples are very nearly
the same. The current-strength in the arrangement shown in
Fig. 49, if we still retain the pressure of 7 volts, is

E 7

el — 1.42 amperes,
] :

while the current in the case illustrated in Fig. 48 was 1.483
amperes.

93. But (and here comes the important question) how
much of the current does the block receive while placed in
either of the two positions? As the block, in these examples,
is supposed to represent the whole or part of the human body,
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it is necessary to fully understand how the position of the block
affects the amount of current it will receive.

In Fig. 49 the amperage was 1.42 and the block evidently
receives the whole of the current, as it is the only path
the current can take in passing from one end of the tank to
the other.

Let us now see how much current the block receives if placed
as in Fig. 48, There the block had a resistance of 5 ohms, and
the water on either side a joint resistance of 5 ohms; the current
will therefore divide into two equal parts and the block will
receive one-half of the total, or =00 — 742 ampere.

If these results are placed together in a tabular form, we shall
be able to compare them more easily.

| Total Resist- | Resistance Resistance Totnl Carrent Carrent

. ance of Hlock| of Water of Block Through Through
Bath. | and Water. Alone, Alone. Bath Block.
Ohms, ‘ Cihms, Chms. Amperes, Amperes,

Fig. 48 R S D 5.00 1.483 742

Fig. 49 4. 9% 4.44 .03 1.42 1.42

L=]

94, We see from this that the number of amperes passing
through the bath is not an dindication of the current-strength
through the block, as the total amperage in the first instance is
greater than that in the second, and, notwithstanding this, it
receives only one-half the current . given to the block in
the latter instance.

95. Current Distribution in a Block.—It has, so far,
been shown that the position of the block determines the current-
strength that flows through it as a whole. We will next see
how some parts of a block can receive a stronger current than
others. This part of the subject bears more directly on the
actual conditions prevailing when a patient is sitting in an elec-
tric bath. At first glance it would seem probable that every
part of the human body submerged in the bath would be per-
vaded by the same number of amperes, independently of how
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the body might be situated, whether placed horizontally or ver-
tically. But a closer consideration of the subject will show that
this is not the case ; that the parts placed vertically will receive
a heavier current than if placed horizontally, and also the sec-
tional area of the various parts will determine how large a frac-
tion of the whole current they will receive,

In Fig. 50 we have a block consisting of a vertical part B and
a horizontal part €. The dimensions of the tank and the block

A
# 1 u_-'_nurmmT e

P

R

Fia. 50.

are indicated in the figure. Proceeding in the same manner as
already shown—that is, by dividing the figure in smaller parts
and considering each separately—we find that the resistance of
B is 1.66 ohms, of €, 15 ohms, and of the entire contents of the
tank, 3.56 ohms. Taking a pressure of 7 volts, the total
current-strength will be,

E 7

= T — 1.81 ampere,

which will be apportioned as follows :

Vertical part B will receive . . .  .481 ampere.
Horizontal part € will receive . . . 266 ampere.
Water on either side will receive . . 1.066 amperes.

Total . e T amperes.
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This table informs us that the current-strength through the
vertical part B is heavier than that through part €. Is the cur-
rent-strength per square foof also greater? Considering the cur-
rent per square foot of sectional area, we arrive at a different

451 .
result ; then, B has 5 = .16 ampere per square foot, while
.26 , .
C has - 1:.[_‘_. — .266 ampere. This so-called density of the

current will be explained further on.

96. To complete this part of the subject, there is yet to be
considered the instance where the block is leaning towards

L1

TR

Ll

3 Ji-

either the anode or the cathode. In Fig. 51, the block B is
shown as leaning towards the former. In order to show the
difference caused by this inclination, the block is first placed in
a vertical position, as indicated by dotted lines, and the total
resistance of the hath, and that of the block alone, found.  The
total resistance of the block and the bath together is 5.11 ohms;
of the block, .833 ohm ; and of the water adjoining the block on
each side, 3.33 ohms. Fig. 52 is a sectional elevation of
Fig. 51, taken along the line xx, and shows the position of the
block relative to the water on each side. The joint resistance of
the two columns of water ¢, ¢ was shown above to be 5.33 ohms,
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i ——

The current passing through the bath will now distribute itself
inversely as the resistance of the block and the water at that
—— place.  To find these subdivisions of
i the current, we will first have to deter-
j mine the total current-strength. If we
— | TTTTTTTTTTT | assume the pressure to be 7 volts, then

Onm's formula makes

E it o
———————————— = 0= 5 =3 ‘1 ;= 1.37 amperes,

]
- ——
]
|
|

That part of the current which passes

n
= through the block may be called ¢, and
== o is found from the following proportion :
: j | o0 808 i (18T —e) e,
ot |t P
| which gives ¢, the value of 1.095 mmn-
= peres, and therefore the current through
FiG. 52 .
. the water is
1.37 — ¢, 1.7 — 1.095 L2700 ampere,

Next, the block £ is turned upside down, so as to rest with
its inclined base on the bottom of the tank, as /3 in Fig. 51.
If the inclination of the block with the base is at an :mgIE of
45°, as here shown, the length of the base will now he 1.414
feet, instead of 1 foot, as before.  As the current travels from
a 1o bhoat will have to traverse the block in a direction parallel
with the base, therefore through a distance of 1.414 feet. It
will therefore seem that in this position the block would receive
a smaller eurrent ; but the results, as formulated in the follow-
ing table, show that the effect is different :

Resistance nnd Current, Block in Upright | Block Inclined at

Fosition, an Angle of 459,
Total resistance of water and block .11 ohms 4,928 ohins
Resistance of block . et e S53 ohm 1.178 ahins
Re=i=stance of water at side of block 3.33 ohms | 4.713 ohms
Total enrrent at a pressare of 7 volts 137 amperes | 1.42 amperes
Current through water at side of block | 275 ampere .284 ampere

Current through block . . . . 1095 amperes | 1,136 amperes
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We notice that the resistance of the block indeed does
increase by being tilted, but, as the block in this position
displaces a greater amount of water than it did before, it
follows, if we assume that the water is kept at the same level,
that there is now less water in the tank than before. From
the fact that the water had double the resistance of the
block, it follows, also, that, if we replace a certain part
of the water with a corresponding part of the block, the
total resistance must decrease. This we find to be so;
the total resistance has gone from 5.11 down to 4.928 ohms,
and the total current has accordingly increased from 1.37 to
1.42 amperes,

The block, in either case, receives the same percentage of
the total current. If, therefore, after tilting the block, the
pressure is reduced to 6.75 volts, we find the conditions entirely
unchanged.

97. DBody of Unknown Dimensions.—So far we have
dealt with known quantities ; that is, we have dealt with blocks
the specific resistance and dimengions of which were known ;
with columns of water of another specific resistance also known,
and have attempted to find their joint resistances. We have
also seen the various effects caused by altering the positions
and dimensions of the blocks so far as these effects related to
the total resistance and current-distribution in the bath. We
are now prepared to go further, and find the resistance of bodies
whose dimensions and specific resistances are unknown. These
problems lead up to the conditions that actually prevail when
the human body is submerged in a bath. We have to determine
the dimensions and specific resistance of this body, in order to
know how the electric current really distributes itself in the
bath—that is, how much goes through the body and how much
through the water.

98. In Fig. 53 there is shown a tank 4, with the dimensions
there indicated, which is filled to a height of 2 feet with water.
The specific resistance of the water is, as before, 10 ohms per
cubiec foot. Letting r, again stand for the unknown resistance
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of the water, we find its value by means of the formula already

uszed, viz.,

e €
ry = —
!-I'.H,

where r, — specific resistance ;
a, = sectional area ;
L. = the length.
Then,
r. % I, 10 X o Al .
. = -1 = : = — = 8.33 chms.

il ﬁ ﬁ‘

A

Now let a block B be placed in the tank, when the water
rises to a height of 3 feet. The dimensions and specific resist-

I

|
i ”|'u||n| |||

ance of this block are unknown, and it is required to find its
resistance in ohms.

The method to pursue in this case is the same as the method
by which the joint resistance of two conductors was found.
In Art. 118, Direct Currents, it was stated that, if two con-
ductors @ and b were placed in parallel, their joint resistance R
could be found by the following formula :

a X b

Ri= S



84 ESSENTIAL APPARATUS. 75

If R is known, and either of the other factors is unknown,
they can be found by means of the same formula after properly
transposing it, as follows :

(a+b0)R = axb;
aR+0R = aXxXb;
bR = axXb—akR:
bR = a(b—R);

t— R = a R
— ] = S
Z bR " a—R
It r, — resistance of the water alone ;

B
I

, =— resistance of the block ;
joint resistance of both ;

o
|

the formula will assume the following form :

_h Xk
=2t p

If both r, and R, are known, then their joint resistance is

found as follows :
p — nXE

Vg1 Hzp

The resistance of the water alone was already found to be
8.83 ohms, and the block has been inserted in the water for the
purpose of finding the joint resistance of water and block. The
conditions will now be as indicated in Fig. 55, where there is a
column of water 4 and a block B, both placed in parallel ; a
current is sent from the conductor a through both and into the
conductor b.

By actual test the joint resistance was found to be 4.165
ohms. It is now desired to find the resistance R, of the block.
From the formula

, Ty 2 I
n — P

we find
p _ 5.33X 4165 _ 3469

e 83 ohne
BI—dies  Eigs o0
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That this answer is correct can be proved directly by taking
the dimensions, as given in the drawing, and calculating the
resistance of the block after the manner already shown.
Taking the formula

Ty X T
pE— -
|
i,
we have as hefore
= = o
L) 2D
r = — — = 8§.33 ohms.
X 3 5

99, It is important to have it clearly understood how the
resistance of the block B was found, and why it is thus found,
as this problem has been considered from a different point of
view, and ecaleulations made, which place the resistance of the
immersed body far too high.

It will be remembered that, in order to find the resistance of
B in Fig. 54, the joint resistance of the block and water was

— —gfi— —

Fi1G. 5.

found, and also the resistance of the water alone. Before the
insertion of the block, the water was at a height of 2 feet ; after
the block was inserted, the water rose to a height of 3 feet. It
must be borne in mind that at no time was any water added
or removed ; the conditions remained entirely unaltered during
both tests,

100. The other and incorrect method of finding the resist-
ance of the block is as follows: At first the conditions are
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exactly as represented in Figs. 53 and 54 : that is, the tank A
is filled to a height of 2 feet with water, then the block is inserted,
and the water, of course, again rises to a height of 3 feet. The
joint resistance of the water and block is now found, and is, as
before, 4.165 ohms. The block is again removed and the level
of the water falls back again to 2 feet. Instead of now measur-
ing the resistance of thiz quantity of water, the joint resistance
of which, with that of the block, was just found, it was thought
that the proper conditions would not prevail unless the water
was brought up again to the level that it occupied while the
block was inserted. Enough water was therefore poured in to
bring the water from the height of 2 feet up to that of 3 feet.
Evidently the conditions have now heen altered, and when
the resistance of this increased quantity of water is found it will

.= 8.3F Ohms. A,

a
Joint Res.
= 4.165

O s,

B,=Unknown, B.

FiG. 55.

no longer be the resistance of the water placed in parallel with
the block, but something else. Fig. 56 will show the condi-
tions now existing, as compared with those previously shown
in Fig. 55. The only factor remaining the same is the quantity
of water marked A, whose resistance was found to be 8.33 ohms.
The joint resistance of the additional water €' and the quantity
A 1s 5.55 ohms, and it is now desired to find the resistance of
the block.

We proceed, then, as shown in the previous instance, and use
the formula

B=o g
T
r. is now 5.55 ohms and R — 4.165 ohms, as before. The
formula will therefore read :
pe— : E? e lﬁ.j — 16.65 ohms.
: 2.55 — 4.165
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Here, then, we have an answer that makes the resistance twice
that previously found. It is clear that this must be the result,
for the following reasons : When the joint resistance of the
2 feet of water and the block was found, 1t was observed that
each of them contributed a certain portion toward the total
resistance, and thus, by finding the resistance of one, that of the
other could be found. But instead of taking the water as it
was, some more water was added to it, thereby decreasing its
resistance ; in fact, the latter fell from 8,53 down to 5.55 ohms.
It must now be evident that, when the resistance of the block is
deducted from the total resistance, the block has a greater
resistance placed to its credit than it deserves, =o that, instead
of having a resistance of 8.33 ohms, it 15 now credited with an
increased resistance of 16,65 ohmes.

Fig. 56 is the same as Fig. 55, except for the additional quan-
tity of water marked € In Fig. 55 the joint resistance of A

Joaint Res.of A & B=4.165 Olimas

—_— =833 Ohms. A, =
— b
- a4
e Additional Water. . =
Joint Res.of A & C=35.55 Ohms.
Fla. 56,

and B was found, and then that of 4. By means of these
factors that of B was found. In Fig. 56 the joint resistance of
A and B was first found, and then the joint resistance of 4 and
C, instead of A alone, and from these joint resistances that of B
was supposed to be found. What, in reality, was done was to
find the joint resistance of A and €, and then to find some other
body, which, if placed in parallel with A and C, would give a
total resistance of 4.165 ohms.
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o
15

101. To still further show the difference between these two
methods of measuring the resistance of the submerged body, we
will take an actual case in which a patient was placed in a bath
tub of the dimensions given in Fig. 57. The tub was first filled
to a height of 17 inches with water and then the body was

Cathode=74.5 sq.in,

Fig. 57.

placed in it. Of course, the level of the water was now higher,
but the water was allowed to drain off until the former level of
17 inches was again restored. Now the joint resistance of body
and water was measured and found to be 77.5 ohms.  After
removing the body, the water-level sank below the 17 inches it
first occupied, but no water was added, and the resistance, when
measured, was found to be 103.8 ohms. DBy means of the
formula previously used, viz.,
T s R
= r.— R’

we find the resistance of the body

) 103.8 % 7
S T

it

P

¥

— 306 ohms.

"
5

- 1

£

This was the method followed out and illustrated by means
of Fig. 55.

Caleulating the resistance of the body according to the method
shown in Art. 98, we have the following : To begin with, the
water was at a height of 17 inches, as before, and after inserting
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the body the level was again reduced to 17 inches, when the
joint resistance was measured and found to be 77.5 ohms.
Instead of measuring the resistance of the water remaining
when the body was removed, a new quantity of water was added,
until the height was again 17 inches. The resistance of the
water was now found to be 91 ohms, which value was inserted
in the formula instead of 103.8, and the formula then appears

as follows : 01 v = =
R 0 Ul 552 ohms
2 91 — ¥7.5
This resistance 1s 522 — 306 216 ohms larger than the one

previously found.
In these tests the temperature of the water was 98° F., and
the current 89 milliamperes.

102, Other experiments have shown that a lowering of the
water-level causes an increase in the total resistance of the bath,
as was to be expected. While the length of the resisting
medium remains the same, the sectional area is constantly
decreasing, causing an increase in resistance. If the current of
89 milliamperes is to be maintained, it will require a constantly
increasing voltage,

The following table will clearly show the relations between
height of water, resistance, and voltage :

Joint Kesistance

Vater EM.F. | ofBedyaod | 2,amae 0f | Reslganee of
Inches. Yolts. Al Ohms, Ohms.
17 G.9 070 105.8 a06
15 7.8 B7.G 115.4 a4
13 5.9 10K).0 1257 4iil
11 10.2 114.6G 140.4 G223

CURRENT-DENSITY IN THE HUMAN BODY.

103. Influence of Depth of Water.—It will be of
importance to ascertain what proportion of the total current
passes through the body, and how the height of the water
influences the current-distribution. Looking at the first line
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of the last table, we find the resistance of the water to he 103.8,
and that of the body 306, ohms. That proportion of the total
current of 89 milliamperes which either of them is able to
transmit, will therefore be inversely proportional to their resist-
ances, and may be found by means of the following proportion :

103.8 : 306 :: z: (89 —2x);

in which r stands for the current going through the body, and
(89 — x) for the remainder, which passes through the water.
We find the current through the body to be 22.54 milliamperes,
and that through the water, 66.46 milliamperes. The body
will therefore conduet 25.3 per cent. of the total current, while
the remainder, or 74.7 per cent., is uselessly passing through
the water.

If the height of the water is reduced, the body is receiving
still less current, as will be seen from the table below.

Height Proportion of Froportion of

of Totnl Current Passing Total Current Lost in
Water. Through Body. the Water,
Inches, Per Cent. Per Cent.

g 5.9 e

15 24.04 7o,

15 217 Th.3

11 18.4 8.6

104. Current-Density in Body.—In glancing at this
table, and seeing that, with the water at a height of 17 inches,
the body receives a current 25.3 per cent. of the total, it must
not for a moment be supposed that the whole body is traversed
by a uniform current of this proportion. On the contrary, it
si‘m]':ly means that the average current amounts to this much ;
at some points it will be stronger, at others weaker. The reason
for this was plainly shown in describing Fig. 50: but the
deductions there made may here be applied to the special
case of the human body. Let, for instance, a person, while
sitting upright in the bath, occupy with the trunk of his hody
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one-half of the total width of the tub at that point. With a
current-strength of 89 milliamperes the trunk should, under the
circumstances, be traversed by a current of 44.5 milliamperes, if
body and water were of the same specific resistance ; but it was
shown that the body had only } the resistance of the water ;
the water will therefore get § only of the total current, and thus
the body receives a current of 59 milliamperes, amounting to
66.3 per cent., instead of the 22.5 milliamperes it was supposed
to receive.

Again, take the body at its lower extremities, for instance
near the ankles ; here the sectional area of the latter, relative to
that of the water at that point, may be {5 onlyv. The ankles
should therefore, by reason of their higher conductivity, receive
2. or 4 per cent., of the total current, which in this instance
would amount to 3.56 milliamperes only.

105. It is clear, then, that, even after the total current-
strength has been determined, the amount of current that
various parts of the body may receive is still dependent on
other conditions. It shows, in fact, that it is possible with a
current of moderate strength to give some parts of the body a
current of greater strength. This explains why, in some cases,
certain parts of the skin are reddened out of all proportion to
the amount of current they are supposed to receive. It shows
that the eurrent density at some points is far beyond the average
density.

106. Density.—By current density is meant the current-
strength per unit of cross-sectional area of a conductor. In the
present case, the square foot may be taken as the unit of area.
We see, then, that the density must vary directly with the current-
strength, and inversely with the area of the transverse section.
That is, if the total strength of the current is constant, an
increase in sectional area of the conductor will decrease the
density of the current per unit area.

If D stands for density of current, € for current-strength, and

I"-_I

A for the sectional area, then D = 1
oo
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As an example, let us take the block in Fig. 50. The total
current-strength was here found to be 1.813 amperes ; of this B
received .481 ampere, (), .266 ampere, and the water on the side
of the block, 1.066 amperes. The current-density in either of

: C
these parts is found by the formula D — .l ; therefore, the value
. .481 266
of D for the part Bis* - — .160 ampere, for ' it is ";‘h
(2
1.066

= .266 ampere, and for the water 178 ampere.

6
107. While speaking of density, it may here be of interest
to mention a peculiar variety of the electric bath. It was
shown that 75 per cent. of the current is lost by passing outside
the body. To avoid this, it has been suggested to place a
diaphragm across the bath and let the human body project
through the former. The current will then, at the point where
the diaphragm is situated, pass wholly through the body,
becaunse it 1s unable to pass through the diaphragm. That the
latter will increase the total resistance of the bath is one thing ;
but another and more serious consequence is that the current at
this particular section is concentrated to a very high degree—
in other words, is of great density, perhaps dangerously =o.

CONSTRUCTION OF THE BATIIL.

108. Material of Bath-Tub.—It is important that the
tub itself is not a conductor of electricity, otherwise the whole
current would circulate around the water without entering the
latter at all. Even a metal bath-tub covered with an insulating
coating is to be avoided, as sooner or later some parts of the
coating will wear or break off, and then the current will be able
to make a short circuit through the metal wall. Oak or
porcelain are the most suitable materials for its manufacture,
the latter being the more cleanly of the two.

109, Importance of Insulation.—Insulation is an
important point that needs careful attention—particularly, if
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the current from the lighting circuits is to be utilized. It is
therefore evident that the water in the tub must not be directly
connected with the waste- or water-pipe, as either of these
communicates with the ground ; the current would, if the anode
be near the waste-pipe, go mostly into the ground, and a small
portion only into the bath. In case the current is supplied
from some lighting mains, the patient might be subject to most
dangerous short circuits.  Therefore the necessity of having the
tub entirely disconnected both from the waste-pipe and from
the water-supply pipes.

110, Dimensions of the Bath-Tub.—In Fig. 57 the
more important dimensions of a bath have already been ghown,
and Fig. 58 gives, by means of a sectional elevation, some
further details needed for a clear understanding of its construe-
tion. The latter figure is a sectional elevation of a wooden

Fic. 58,

tub partly filled with water. . is the tub itself, and B a back
rest to prevent a direct contact with the anode a ; the cathode
b is unprotected. The stopper is marked d and is inserted in
the upper part of the short outlet-tube ¢ ; consequently, there is
no direct conr.ection with the sewer-pipe g. The pipe ¢ con-
ducts the water into a shallow basin f, from which it flows into
the pipe g. To give room and access to the basin f and also to
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give free cireulation of air under the tub, the latter is supported
by legs ¢, e.  Around the supply-pipe & is built some kind of a
euard ¢, to prevent a direct contact with the tube & on the part
of the patient ; otherwise, he might, under certain conditions,
be exposed to a short circuit.

MONOPOLATY AND DIPOLAR BATIIS.

111. Dipolar Bath.—A bath may be monopolar, dipolar,
or multipolar. So far, the baths considered have been of the
dipolar order, and to this class the multipolar baths may also be
said to belong, as a multiplication of poles simply means a sub-
dividing of the anode and cathode.

112. Monopolar Bath.—By monopolar bath is not meant
a bath with one active pole only, but rather a bath that contains
only one electrode submerged in the water while the other is
exterior to same. The bath-water is therefore of one polarity,
either positive or negative, and may be considered as an elec-
trode that completely envelops the body and thus provides a
very large surface contact.

1153. Difference Between Monopolar and Dipolar
Baths.—There is quite a difference between a monopolar and a
dipolar bath. A current is passing through the latter, of which
the body receives a certain portion, depending on its position
and size, some parts receiving more than others ; how much, as
has been shown, is not always easy to tell.

In the monopolar bath, the conditions are entirely changed.
Here the exterior electrode, for instance, the anode, is placed in
contact with the body at any desirable point, and at this point
the current is compelled to enter—here only, and what is more,
the whole current. There is, then, no longer any uncertainty of
where the current acts and in what strength. In leaving the
body again, the current is diffused over a very large area; in
fact, over the whole submerged part of the body.

The monopolar bath may therefore localize the action of the
current to one particular spot, if desirable ; while the dipolar
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bath gives a general distribution of electricity through the whole
body. The exterior pole, in a monopolar bath, may consist of a
metal rod, covered with wash-leather and placed across the widest
part of the bath. This rod is connected, by a well-insulated
wire, to one of the terminals of the electric source, and, when the
patient grasps the rod in his hands, the enrrent will pass through
his arms and trunk to the water.

114. Paddle Electrode.—If it is desirable to localize the
action of the current to one particular spot, a so-called ““ paddle”
electrode is used. This consists of a metal electrode whose
dimensions are about 5 in. » 7 in., and which is provided with
a long handle of insulating material. The operator can, by
means of this “* paddle ™ electrode, concentrate the action of the
current on any desirable part of the body, either by holding the
electrode stationary against the part in question, or hy imparting
to the electrode a circulating motion, if it is desirable to affect a
larger area.

115. Other Electrodes.—In the multipolar bath there
15, besides the electrodes at head and foot of the bath, also a
“lumbar’’ electrode, usually 6in. ¥ 10in. By means of these
three electrodes, varions combinations may be made. For
instance, the lumbar may work in conjunction with the
““head,” or, as is usually called, the ** cervical,”’ electrode, and
the **foot’” electrode.  Or, the cervical may be placed opposite
the lumbar electrode and both be acting as *“lateral »’ electrodes.
If the foot terminal is removed and the lateral electrodes are of
opposite polarity, the current will travel across the bath only,
and act on the special organs situated in its path.

A further variation may be made by covering the ¢ lumbar”’
electrode with a light wooden framework and utilizing it as a
“*gluteal ”” electrode. By letting the patient sit on this and
use it in conjunction with the cervical and foot terminals, or
with the latter alone, a further localization of the current may
be accomplished,

It should be remembered that the quantity of current which
the body will receive, also depends on its proximity to the
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electrodes, so that this provides a further means for giving a
local as well as a general application of the electric current.

116, Stationary and Movable Electrodes.—The vari-
ous electrodes used in a multipolar bath may be either sta-
tionary or movable. In the former instance, the walls of the
bath are usually perforated and the insulated wires passed
through these openings. The conducting wires all lead to a
common switchboard, where, by means of plugs, any electrode
may be thrown in or out of action. This arrangement of
stationary electrodes has certain advantages from the fact that
the electrodes are always ready for action and need no additional
handling. At the same time, there are certain drawbacks
inherent in the system. For one thing, the arrangement is
less flexible than with movable electrodes, unless their number
is increased ; then again, the perforation of the sides of the
bath leads sooner or later to a leakage. But the greatest dis-
advantage results from the numerous electrodes constantly
situated in the bath, some of which at times are idle and, as
such, cause complications that it is difficult to avoid. A special
instance will make this clearer.

117. Suppose that in Fig. 50 two lateral electrodes are
placed parallel with and opposite to the block B, and that the
resistance of the block and water at this point is 20 ohms.
The lateral electrodes are supposed to be out of action ; but we
find on closer examination that they, in reality, are interfering
with the intended action of the current. It the joint resistance
of the two lateral electrodes is .5 ohm, it is clear that the
current will follow the paths of least resistance, and pass
through them, instead of through the water and the block. In
other words, the electrodes serve to short-circuit the water and
block at this point, preventing either of them from receiving
the current intended for them.

For these reasons it is preferable to have removable electrodes
and to have these supported by means of stout, well-insulated
wires, which pass over the edge of the bath instead of through
the walls.
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The electrodes are made of bright metal, covered, if neces-
sary, with a light lattice-formed frame of wood, which can be
removed when the electrodes need cleaning. Their dimensions
may be as follows ; cervical electrode, 11 in. > 11} in.; lumbar
electrode, 6 in. > 10 in.; and the foot electrode, 8% in. % 14§ in.

ELECTRIC CTURRENT= UsSsED AND THEIR REGULATION.

118. Direct and Alternating Currents.—The electric
current in nearly all its varieties is used for hydro-electrical
purposes.  We have first the ordinary direct current, as
furnished by a voltaic battery or by the lighting stations ; then
the pulsatory current, as determined by a dynamo with few coils.
The alternating currents of an induction-coil, of a sinusoidal
alternator, or of a transformer fed from some lighting circuit
are employed. It will be unnecessary to here again make a
distinction hetween these various forms of electric currents, as
this has been fully done in the part headed, ‘* Constant and
Variable Electromotive Forees. ™

119, If the direct current is to be supplied by means
of voltaie cells, it is of importance that the latter are of good
size, so as to be of sufficient capacity and to be able to run for
long periods without removal. How to select the proper number
of cells and connect them has already been fully explained.
As for the regulation of the current, this may be accomplished
either by means of a rheostat, so made as not to heat, or by
means of a double-handed cell-selector. The latter is perhaps
the preferable of the two, as it is not liable to overheat itself ;
this may happen to the rheostat, if not so made that it is able
to control a current of a strength up to 300 milliamperes. The
rheostat, or cell-selector, should of ecourse be so constructed
that the current ean be entirely shut off.

120, Measuring Instruments.—A further requirement
is a milliammeter that will register the current up to 300 milliam-
peres.  Sometimes a voltmeter is also useful for measuring the
voltage of the battery or for testing separate cells. As a rule,
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the milliammeter is so made that, by the addition of a suitable
resistance, it may be changed into a voltmeter.

121. Current From Lighting Circuits.—When the
direct current is taken from the lighting circuit, the bath
must, as has already been said, be well insulated. In addition
to disconnecting the bath from the waste- and supply-pipes,
it should be placed, either on vuleanized-rubber blocks or on
glass insulators of the mushroom variety, which may be filled
with some heavy oil

122, cCurrent From Induction-Coils,—When the cur-
rent from an induction-coil is used, the baths should have an
interrupter with a smooth action, and the speed of the spring
should be variable between wide limits, say between 1,000 and
4,000 interruptions per minute. An induetion-coil that con-
sists of a primary coil only has lately been used for the electrie
bath. It depends for its action on the self-induction alone, and
belongs, therefore, strictly in the class of a direct-interrupted
current, as the eunrrent does not change direction. Its self-
induction is very high; the make-current is therefore very
weak, while the break-current predominates to such an extent
that it is really the only active one. Its regulation is accom-
plished by subdividing the coil and throwing part of it out of
action, if the eurrent-strength is to be reduced.

123. Current From Alternators.—The alternating
current from the lighting circuits has been used quite exten-
sively in operating transformers intended for the supply of a
sinusoidal current. When alternating currents are so utilized,
it is still more important to provide safety appliances for the
prevention of accidents.  Each of the primary conductors should
therefore have an efficient magnetic cut-out. Even then it is a
question whether it is not more advantageous to simply use
the supply-current for operating a motor, and let the latter
furnish the driving power for a sinusocidal alternator. It would
give opportunity for not only more closely regulating the volt-
age and the frequency, but also for varying the wave form of
the E. M. F., thus making the action either smooth or abrupt.
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UNITSSs.
FUNDAMENTAL UNITS.

124, The units used in electricity and magnetism have
partly been explained at various places in the Papers of this
Course, but it is advisable to repeat the definitions already
civen and to add others not yet included, for the sake of easy
reference, and in order to show more clearly the relation and
derivation of the various units.

The units are divided into the following subdivisions : funda-
mental units, derived units, electrostatic units, magnetic units,
electromagnetic units, and practical units.

The absolute and practical units are based upon the three
fundamental units of length, time, and mass, which are defined
as fnl]n“’ﬁ .

125. Unit of Length.—The centimeter, or the unit of
length, represents yogsossoos Of the distance from the pole to the
equator on the surface of the earth, and is equal to .3937 inch,
or 1inch equals 2.54 centimeters, nearly. A square centimeter
15 the area contained in a square, each of whose sides is
1 centimeter in length ; 1 square centimeter equals (155 gquare
inch, or 1 square inch equals 6.45 square centimeters, nearly.
A cubic centimeter is the volume contained in a cube, each of
whose edges is 1 centimeter in length ; 1 cubic centimeter
equals .06102 cubic inch, or 1 cubic inch equals 16.387 cubic
centimeters.

126. Unit of Mass.—The gram, or the unit of mass, or
.-!ammn'ry, of matter, represents the quﬂntit}' of matter contained
in a cubic centimeter of pure water at the temperature of its
maximum density, which is 4° C., or 39.2° F., and is equal in
weight to 15.432 grains.

127. Unit of Time.—The second, or the unit of time, rep-
resents gz 1g7 of a mean solar day. -

128. Absolute, or C.G.S., Units.—The system of
units derived from these are named the absolute, or C. 7. 8.,
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syvstem, to distinguish it from other svstems hased on other
fundamental units.

129, Derived Units.—From these fundamental units
the following secondary units are derived :

The unit of wvelocity, or the rate at which a body changes its
relative position, is determined by dividing the distance in
centimeters through which a body travels by the time in sec-
onds required to travel that distance. The unit of velocity is,
therefore, 1 centimeter per second.

The dyne, or the unit of furee, is that force which, by acting
upon a mass of 1 gram for 1 second, can give to it a velocity of
1 centimeter per second.

The erg, or the unit of work, is the amount of work performed
when a force of 1 dyne is overcome through a distance of
1 centimeter. It has already been stated that the practical unit
of work in electrical measurements was the joule; 1 joule is
equal to 10,000,000 ergs.

The wnit of power, or the rate of cxpending enerqy, is 1 erg per
second.  Consequently, as the watt is equal to 7 joule per second,
it must also equal 10,000,000 ergs per second.

130. Electrostatic Units.—The following units have
no special names :

The unit quantity is a quantity of electricity which is able to
repel another similar and equal quantity with a force of 1 dyne
at a distance in air of 1 centimeter.

The unit potential is that potential which requires the
expenditure of 1 erg of work to bring a unit quantity of elec-
tricity from zero potential to that potential.

The unit electromotive force, or difference of potential, exists
between two points if a unit quantity of electricity will do
1 erg of work in passing from one point to the other.

The unit current is one which conveys a unit guantity of elec-
tricity through a conductor in 1 second.

The unit of ecapacity is possessed by a conductor if a charge
of 1 unit of electricity brings it up to unit potential.

The unit resistance of a conductor is that which requires unit
electromotive force to send a unit current through it.
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131. Magnetic Units.—The unit magnetic pole 1s one of
such strength that it, at a distance of 1 centimeter in air, repels
a similar pole with a force of 1 dyne.

The magnetic potential at a point, due to a magnet, is the work
required to remove a unit magnetic pole from that point, against
the magnetic attraction, to an infinite distance. This work is
measured in ergs.

The unit difference of magnetie potential exists -between two
points when it requires the expenditure of 1 erg of work to
bring a (north or south) unit magnetic pole from one point to
the other against the magnetic forces.

The strength of a magnetic field is measured by the force it
exerts upon a unit magnetic pole ; therefore, the unit dntensity
of a magnetic field is that which acts on a unit pole with a force
of 1 dyne.

132, Electromagnetic Units,—The unit strength of cur-
rent is one which in a wire of 1 centimeter length, bent so as to
form an arc of a circle of 1 centimeter radius, exerts a force of
1 dyne on a unit magnetic pole placed at the center,

The unit quantity of electricity is the quantity which a unit
current conveys in 1 second.

The unit electromative ﬁu't‘{", 0or {f{ﬂ‘ﬂ’?‘fjufﬁ f.:f pn!entiﬁ!’, is that
which must be maintained between two points on a conductor,
in order that unit current may do 1 erg of work in 1 second.

The unit resistance of a conductor is that which permits a
unit current to flow through it, when unit electromotive force is
maintained between its ends.

The unit capacity of a condenser is that which a unit quan-
tity of electricity will raise to unit potential.

PRACTICAL UNITS,

133. Index Figures.—Some of the absolute, or C. G. 8.,
units would be either too large or too small for practical use.
The following units, ealled practical electric units, have therefore
been selected so as to be of a magnitude convenient for ordinary
use. They are decimal multiples of the absolute units ; but, as
it would require numerous figures to express the value of the
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practical units in absolute units, a system of writing has been
adopted in which, by means of index figures, these large figures
can be reduced to a number of few figures.

The index may either be positive or negative, and signifies in
the first case the number of tens by which the figure is to he
multiplied, and in the latter case the number of tens by which it is
to be divided. Forinstance, 3 > 10° = 3 < 10 ¥ 10 = 3 x 100
= 300; 2 X 10° = 210X 10 X 10 = 2,000; 4 < 10¢
4,000,000. 3 x 10~* = 0 8 — 3. = .03: 410

4 4 [y T 5" 2]
1010 < 10 — 10w — 0045 2X10™° = —% = 1o5iowe
= .000002; } x 10° would be } < 1,000 = 200, while } < 10~*
would equal ¥ X 57 = 35 = -005.

134, Unit of Current.—The absolute electromagnetic unit
of current is too large for ordinary purposes, and the practical
unit of current has therefore heen reduced to one-tenth part of
the former unit, and is then called 7 ampere. An ampere is
thus 107" of an absolute (electromagnetic) unit of current-
strength.

A current of electricity, when passing through water, decom-
poses it into its two elements, Aydrogen and oxygen. The
quantity of water decomposed 1s proportional to the strength of
the current flowing, and alzo to the time during which it flows.
Consequently, a unit strength of current can be conveniently
adopted by agreeing that it 1s that strength of current which
will decompose a certain quantity of water in a certain time,
and agreeing upon the quantity of water and the time,

By universal agreement, 1 ampere 1s that strength of current
which will decompose .00009324 gram, or .0014388 grain, of
water in 1 second. It will also in 1 hour deposit 4.024 grams,
or 60.52 grains, of silver in a silver cell, which is at the rate of
001118 gram, or .01681 grain, of silver per second. This is
almost exactly 7 grain of silver per minufe.

135. TUnit of Electromotive Force.—The absolute elee-
tromagnetic unit of electromotive force is so small that it would
take 100,000,000 of these units to express the E. M. F. of a single
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Daniell’s cell.  When it comes to high E. M. F., the number
would be enormous, and it has therefore been decided to take
100,000,000 ( 10°) absolute units, and of these make a new unit,
called 7 voll.

[t was stated in Art. 37, Magnetism and Electromagnetism, that
if a conductor, in passing through a magnetic field, cuts lines of
force at the rate of 1 line of force per second, 1 absolute unit of
potential was generated. It follows, therefore, that to generate
1 volt the conductor must cut across 100,000,000 (10°) magnetic
lines of force per second. The E. M. F. of a Daniell’s cell is
about 1.1 volts.

136, Unit of Resistance.—The practical unit of resist-
ance is 1,000,000,000 times as great as the absolute electromag-
netic unit.  The units of the volt and ampere determine the
magnitude of this unit, as, according to Ohm’s law,

1 unit of electromotive force

1 unit of resistance = : )
1 unit of current

but, as the practical unit of E. M. F. is 100,000,000 absolute
units, and the practical unit of current is {%; of the absolute unit,

it follows that 1 practical unit of resistance = ]ﬂll,iijﬂﬂ,f_]iﬂ
]
1,000,000,000 ( 10") absolute electromagnetic units of resist-
ance.

137. This practical unit of resistance has been named
1 ohm. The true ohm is the resistance offered by a column of
mercury 106.3 centimeters high and 1 square millimeter in
sectional area at the freezing-point of water, or 0° C.

The legal ohm is the unit of resistance generally employed in
technical measurements, although it is probably .3 per cent.
smaller than the true ohm. One legal ohm is the resistance
offered by a column of mercury 106 centimeters high and
1 square millimeter of sectional area at freezing-point of water,
0°C. The dimensions of the column, expressed in inches, are
as follows: 41.7323 inches high and .00155 square inch of
sectional area.

The resistance of 100 yards of ordinary iron telegraph-wire is
about 1 ohm.
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138, Unit of Quantity.—The practical unit of guan-
tity is the cowlomb; it is 75 (107") of the absolute unit of
quantity of the electromagnetic system. It can deposit .001118
eram of silver,

39, Unit of Capacity.—The farad is the practical unit
of capacity and is tgss055555 (107°) of the absolute electro-
magnetic unit of capacity.

140, Unit of Power.—The waft, or volt-ampere, is the
practical unit of power. It is obtained by multiplying together
volts and amperes. One watt equals 1 joule per second, there-
fore . 7374 foot-pounds per second, or ";.';;] = T}lii of a horse-
power. 1,000 watts equals 1 kilowatt.

141. One watt-second is 1 watt expended for 1 second. One
watt-hour is the energy expended by 1 watt for 1 hour, or
2,654.4 foet-pounds,

One Lilowatt-hour is the quantity of energy supplied in 1 hour
by a current of such voltage that the product of volts, amperes,
and hours comes to 1,000 ; for instance, a current of 5 amperes
at 20 volts for 10 hours, or a current of 100 amperes at 10 volts
for 1 hour.

142, Even these units are sometimes either too large or
too small, and prefixes of mega, micro, and milli are then used.
They facilitate the caleulations and measurements of exceed-
ingly large or small quantities.

Mega means ‘‘ one million ™ ; nicro, ** one-millionth part’’;
and milli *‘ one-thousandth part.”

For instance, 1 microhin is equal to ysgises of an ohm.
Therefore, to express the resistance in microhms, multiply the
resistance in ohms by 1,000,000 ; and, conversely, to express
the resistance in ohms, divide the resistance in microhms
by 1,000,000.

The megolm is a unit of resistance which is equal to 1,000,000
ohms, and is used chiefly to measure the resistance of bad con-
ductors and insulators.

The microfarad is typiges of a farad ; a milliampere is the
thousandth part of 1 ampere.
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143, Ratio of the Electrostatic to the Electromag-
netic Units,—The dimensions adopted for similar units in
these two systems are not the same. It would go beyond the
limits of this Paper to explain why this is so, and it must
therefore suffice to simply call attention to the fact and point
out how great the differences are.

The following table shows the ratio between the practical, the
electrostatic (C. G. 8. ), and the electromagnetic (C. G.S.) units ;

Electromagnetic Electrostatic
Characteristic. I'rmactical Unitz, (U, G. 5, ) (C.G. 5,)
Units, Units,
Current-strength l ampere 101 3 10
CQuantity 0 1 coulomb 10! 3= 10
Potential . : 1 volt 107 § > 102
Resistance . . . . . . 1 ohm 10 1 % 10-1
Capacity . K, T 1 farad 10-* g ¢ 101

The ratio between the electromagnetic and the electrostatic
units is therefore as follows :

ELectroMacxETIC ((C. (G, 8.) Evecrrosraric (C. G, 8,)
Uxirs, Units.

1 unit of current-strength g > 10" units.

1 unit of quantity = 3 ¥ 10" units.

1 unit of polential = % % 107" units.

1 unit of resistance = 1 % 107 units.

1 unit of capacity = 9 % 10 units.

We see from the first table that the practical unit, ampere, is
15 of the electromagnetic (C. G. 8. ) unit of current-strength, and
that the practical unit, volt, is equal to 100,000,000 electro-
magnetic (C.G.S.) units of potential. The practical unit,
ohm, equals 1,000,000,000 electromagnetic (C.G.S.) units of
resistance.

From the last table it is seen that the electromagnetic unit of
quantity is 50,000,000,000 times greater than the corresponding
electrostatic unit, while on the other hand the electrostatic unit
of potential is 30,000,000,000 times greater than the electro-
magnetic unit of potential.
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(1) What can you say in regard to the statement often
made that electricity is a mystery?

(2) How do we recognize the presence of electricity ?

(3) How does our knowledge of electrical phenomena com-
pare with our knowledge of the phenomena of gravitation ?

(4) Are the laws upon which the science of electricity is
hased exact?

(5) Is it possible to make a study of electricity without
knowing the nature of electricity ?

(6) Whyisthe expression “‘producing’” electricity incorrect?

(7)  What do you understand by electricity ?

(58) Define electrification.

(9)  Why must work be performed to electrify a substance ?

(10) What is the ether?

(11) Does ether possess inertia ?

(12) What do you understand by inertia ?

(13) What is the function of ether?

(14) Is the existence of ether a mere supposition ?

(15) How do you prove its existence ?

(16) Is ether present in a vacuum? How is this proved?

(17) Where is the ether?

(18) How did the word current come to be applied to
electricity and magnetism ?

(19) Does electricity flow ?

(20) If it does not flow, why is the term current used ?
21
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(21) What causes water to flow from one place to another ?

(22) What causes the electric current to flow from one
point in the electric circuit to another point in the same cireuit ?

(23)  Define electromotive force.  What are the other terms
often used instead of electromotive force ?

(24) Is it correct to speak of producing an electromotive
force?

(25) Is the presence of an electromotive force suflicient to
obtain an electric current 7

(26) What is a volt?

(27) What does E. M. F. stand for?

(25)  How many volts are required to overcome the affinity
of oxygen for hydrogen ?

(29)  Define (a) the coulomb ; (4) the ampere,

(30) State, in the form of an equation, the relation between
the coulomb, ampere, and time in seconds.

(31) Is a coulombmeter of any service in electrothern-
peutics 7

(52) Has a coulomb any reference to time ?

(33)  What other words are used as synonyms for ampere?

(34) Explain the difference hetween current-tension and
current-intensity.

(35)  Explain briefly why a loss of pressure oceurs when a
current is flowing through a conductor.

(36)  What do you understand by electrical resistance ?

(37) What is (a) the ohm? (#) the microhm ?

(38) How does the resistance of a metallic conductor vary
with the temperature of the conductor ?

(39) Upon what does the resistance of a conductor depend ?

(40)  What are the dimensions and temperature of a column
of mercury, the resistance of which is 1 ohm, adopted as the
unit of resistance by the Eleetrical Congress ?
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(41) If a copper conductor 100 feet in length and .2 square
inch in cross-sectional area has a resistance of 5,000 microhms,
what will be the resistance in ohms of the same conduector when
its length is 1 mile?

(42) What will be the resistance in ohms of 100 feet of a
copper conduector, the area of whose eross-section iz .1 square
nch?

(43) State Ohm’s law.

(44) A difference of potential of 110 volts exists between
the terminals of a conductor whose resistance is 20 ohms ; find
the current flowing through the cireuit.

(45) A current of 10 amperes 1s Howing through a circuit
whose resistance is 12 ohms ; what voltage 1s required ?

(46) A circuit has an available pressure of 220 volts ; what
is its resistance if a current of 40 amperes can tlow through it ?

(47) (a) What is the mechanical unit of work? (&6) What
is the electrical unit of work? (¢) What is the relation
between them ?

(48) Define the joule.

(49) State the relation (a) between the joule and the watt ;
(h) between the coulomb and the ampere.

(50) State {_‘]{_‘:_I.]']:.-' what you understand h}' these four
terms, i. e., joule, watt, coulomb, and ampere.

(51) Find the amount of work performed, in foot-pounds,
when a current of 25 amperes flows for 2 hours, under a pres-
sure of 100 volts.

(52) State clearly the difference between the terms power
and work.

(53) Find the horsepower developed in the example of
question 1.

(54) Enumerate the sources of E. M. F.

(55) Which of these are the most nuportant?
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(56) What oceurs when two dissimilar metals, as zine and
copper, are immersed in a vessel containing acidulated water?

(57) What takes place when the exposed ends of the
elements are connected by a wire of conducting material ?

(58) Define (a) voltaic cell ; (&) voltaic couple ; (¢) voltaic
element.

(59) What is an electrolyte?

(60) Are zine, carbon, and copper, electrolytes ?

(61) When the electrolyte undergoes decomposition what
are the decomposed parts called ?

(62) Into at least how many parts must every electrolyte
he {ll:"d'ﬂ"]["}b’-l‘ll?

(63) What do vou understand by the word terminal ?

(64) What do you understand (a) by the generating-plate?
() by the 1.‘t|]|a-f_'ti'||;_r-|ﬂﬂlf:'?

(65) In any voltaic combination, which 1s the generating-
plate ?
(66) Define (a) anode; (b) cathode.

(67) What chemical actions take place in the voltaic cell in
which the electrolyte is dilute sulfuric acid, the generating-
and collecting-plates zine and copper?

(65) What is meant by local action?
(69) What are the impurities in commereial zine?

(70) Why do not manufacturers use pure zinc in the
construction of batteries?

(71) How 1is local action prevented ?
(72) How would you amalgamate a piece of zinc?

(73) What salt is usually added to the red-acid electrolyte
to make the amalgamation more enduring ?

(74) Explain what is meant by polarization and depolariza-
tion as applied to the voltaic cell.
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(79) What is a depolarizer?

(76) What chemical substances are generally used in medi-
cal batteries to prevent polarization ?

(77) Name the various methods employed for preventing
polarization in the cell.

(75) Why does the accumulation of hydrogen on the col-
lecting-plate transform the colleeting-plate into a generating-
plate ?

(79) i(a) For what purposes are primary batteries chiefly
used? (4) What limits their use on a large scale ?

(80) Enumerate the various classes of voltaic cells.

(51) Does a simple voltaic cell produce a constant current ?

(52) To whom belongs the credit of constructing a voltaic
cell eapable of producing a constant current ?

(83) (a) Describe fully the Grenet cell. (4) Explain how
depolarization is accomplished in that cell,

(84) Why 1s the surface of the carbon element of the
Grenet cell larger than the surface of the zine element ?

(85) (a) Describe a plunge-battery. (5) What is its chief
advantage ?

(86) Upon what principle does depolarization depend ?

(87) (a) Why is nitric acid a good depolarizing liquid ?
(b) What objection is there to its use?

(S88) How many kinds of depolarizers are there?

(89) Does the electrolyte of the cell act as a depolarizer ?
(90) Describe the Daniell cell ; what is its E. M. F.?
(91) Describe (a) the Grove cell ; (5) the gravity cell.

(92) Give a full description of the Leclanché cell ; state
fully the function of the manganie dioxid used in this cell.

(93) What cell is used more than all others taken collec-
tively in medical practice, and why ?
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(94) Deseribe the Edison-Lalande cell.

(95) What do you understand by dry cells?

(96) Have such cells an electrolyte ?

(97) Describe the general construction of a dry cell.

(98) Has the ideal dry cell yet been manufactured ?

(99) What are the advantages claimed for dry cells?

(100  What kind of eells should be used for eautery-work ?
Why ?

(101) What is the ideal cell for cautery-work ?

(102) State approximately the resistance of the external
circuit of the cautery-battery.

(103)  What, then, should be the internal resistance, in
order to give maximum current-strength ?

(104) Into what two general classes may accumulators be
divided ? -

(105) Deseribe the construction of the original lead aceummu-
lator as made by Planté, explaining how the surface of the lead
plates is increased.

(106) State the advantages of the process invented by Faure
over that of Planté in the preparation of accumulator-plates.

(107) Describe briefly the several steps in the preparation
of the accumulator-plates by the Faure process.

(108)  What effect occurs if accumulators are discharged
below 1.9 volts ?

(109) How does this effect influence the utility of the
accumulator?

(110) What determines the voltage and amperage of the
eurrent of an accumulator?

(111) What effect does the rate of discharge have (a) on
the output of an accumulator? (b) on the life of the plates?

(112) What are the advantages of a rheostat in the circuit
while doing cautery-work ?
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(113) How are accumulators charged ?

(114) Describe the process of charging the storage-battery
[rom a direet commereial cireuit.

(115) Describe and illustrate the method of charging the
storage-battery from a primary battery,

(116} How should the wires of a direct commercial current
be connected to the binding-posts of the storage-battery ?

(117) Is the current from the storage-battery more or less
than the current used in charging it ?

(118) State the percentage of the charging-current which a
storage-bhattery yields.

(119) What precaution is necessary in connecting the poles
of an accumulator?

(120) Describe briefly the method pursued in making the
plates of the chlorid accumulator.

(121) How are they finally treated to form the positive and
negative plates of an accumulator?

(122) What are the advantages of these plates over the
paste types of plates?

(123) What are bimetallic accumulators ?

(124) Deseribe the copper-zine accumulator.

(125) Explain the advantages of accumulators for medieal
purposes where large currents are required.

(126) Define (a) counter E. M. F.; (&) ohmic resistance.

-

(127) How would you modify Ohm’s law, €' — i if vou

were going to apply it to a circuit containing a counter E. M. F.,
in addition to the ohmic resistance ?

(128) Show by a numerical illustration that in charging an
accumulator, if the applied E. M. F. be changed by a small
amount, the current will be altered in a much greater degree
comparatively.
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(129) What should be done to keep the current at its
proper value ?

(130) What is the specific gravity of the electrolyte of an
accumulator in working order?

(131) What is a hydrometer?

(132) What is a voltmeter ?

(133) In selecting batteries for medical purposes, what
should be the u|1j1'|'1.-a in view ?

(134) What can you say with respect to the care of

batteries 7

(1535)  What are the advantages of making one battery gerve

a8 many purposes as possible ?
(136)  Are oxids good or bad conductors ?

(137)  Why should binding-posts, connections, ete. be kept
thoroughly elean and polished ?

(133)  Why is the upper part of the Leclanché eell coated
with paraffin wax?

(159)  After reading Art. 92, do you think the Leclanché
cell requires much attention ?

(140)  Why does an acid electrolyte eanse trouble ?

(141)  What material is preferable to use for polishing con-
tact surfaces and connections ?

(142) How do you recognize when the bichromate cell is
exhausted ?

(143) If the bichromate cells are used daily, how long are
they supposed to last ?

(144) Describe the process of renewing the fluids of the
bichromate battery.

(145) When a battery has been used, why should the

electrodes be placed away in a careful manner?

(146) Should any particular attention be paid to the insula-
tion of the rheophores? Why?
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(147) How can you determine which is the positive and
which is the negative pole of the battery ?

(145) State, in your own words, what you understand by
the term cireuit.

(149) (a) When is a circuit said to be closed? (4) When
is it said to he open ?

(150) What is a grounded circuit ?

(151) Define (a) external cirenit ; (b) internal eircuit.

(152) How do you connect cells in parallel ?

(153) How do vou connect cells in series ?

(154) What do you understand by series-parallel and paral-
lel-series connection ?

(155) Make an illustration showing 20 cells connected in
parallel series, each series group containing 5 cells.

(156) Connect the above cells in series parallel, having
4 cells in each parallel group.

(157) Show by an illustration the analogy between the
change of pressure in a horizontal pipe through which water is
flowing and the change of E. M. F. in a conductor through
which an electric current is flowing.

(158) Can an electric current flow through a circuit with-
out a loss of pressure?

(159) (a) What do you understand by available E. M. F.?
(b) What do you understand by impressed E. M. F.?

(160) A battery of cells having an E.M.F. of 10 volts on
open circuit, is connected with an external circuit having a
resistance of 15 ohms. Show graphically the variations in
E. M. F. and in the resistance along the cireuit, internal resist-
ance of the battery not being considered.

(161) Does the current-strength change in any part of the
circuit ?

(162) Does the voltage change?
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(163) If the voltage changes, why?
(164) What determines the current of any battery?
(165) What does the fall of potential really represent?

(166) A battery of 6 cells is sending a current through an
external cireunit consisting of three different resistances, viz.,
.2 ohm, .06 ohm, and .3 ohm. If the E. M. F. of each cell is
2 wvolts and the resistance 1 ohm, what will be the volume
flowing through the circuit? Show graphically the variation

of the E. M. F in the circuit.

(167) A current of a certain volume is sent from a main
line into 4 branches, all of which leave the main line at a
common point and reenter it at a common point. The resist-
ances of the 4 branches are 1, 3, 4, and 7 ohms, respectively.
[f the drop of potential between the point where the branches
leave the main and that at which they reenter it is 80
volts, what will be the current flowing through each branch?

(168) What do you understand by the term shunt ?
(169) State the law of the divided ecireuit.

(170) Three conductors, a, b, and ¢, have resistances of 3, 4,
and 6 ohms, respectively. If they are connected in parallel,
what will be their joint resistance ?

(171) What is the relation between resistance and con-
ductivity ?

(172) The individual resistances of the three branches, a,
b, and ¢, of a derived circuit, are 2, 3, and 5 ohms, respectively ;
the sum of the currents flowing through them is 15.5 amperes.
Find (a) the current flowing through each branch; (5) the
E. M. F. between the two points where the branches divide and
where they unite; (¢) the combined resistance of the three
branches.

(173) How may the current-volume of a voltaic cell be
increased ?

(174) If the individual resistances of two conductors are
equal, what is their joint resistance when connected in parallel ?
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(175) When the individual resistances of two conductors
in parallel are unequal, how do you determine their joint
resistance ?

(176) How do you find the joint resistance of three or
more conductors in parallel ?

(177) How do you find the individual current in any
branch of a derived ecireuit?

(178) Upon what does the E. M. F. of a cell depend ?

(179) A battery of 40 cells connected in series has a total
E. M. F. of 60 volts and a total internal resistance of 40 ohms.
Show graphically the variation of E. M, F, and the resistance
along the circunit and through the battery, and the current
flowing through the ecirenit, if the resistance of the external
circuit is 210 ohms,

(180) How do you find the drop of potential in the exter-
nal and internal cireuit ?

(181) With a battery of 50 cells, what arrangement would
be used to get (a) the maximum E. M. F.?  (4) the maximum
current? The E. M. F. of each cell is 2 volts and its internal
resistance 6 ohms.

(182) It is required to send a maximum current through
an external resistance of 50 ohms by means of 400 cells, each
cell having an internal resistance of .5 ohm. How should the
cells be arranged ?

(183) It is desired to gend a current of 16 amperes through
an external resistance of 22 ohms. («) How many cells having
an E. M. F. of 2 volts and an internal resistance of .5 ohm
would be required? () How would the cells be arranged ?

(184) Two hundred cells, each having an E. M. F. of 2 volts
and a resistance of .5 ohm, are arranged so as to send a maximum
current through an external resistance of 25 ohms. Required
(a) the total power absorbed in the circuit; (b) the power
absorbed in the external circuit.
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(185) Show that when the external resistance is equal to
the battery resistance, the power absorbed by the external cir-
cuit is one-fourth of the power which the battery develops on
short eireuit.

(186) Define (a) direct E. M. F.; (b) alternating E. M. F.;
(¢) pulsating E. M. F.; (d) continnous E. M. F.; (e¢) inter-
mittent 1. M. I°.  Give an example of each variety of these
electromotive forces,

(187)  What do yvou understand by (@) symmetrical E. M. F.?
(b) dissyvmmetrical 15, M. F. ?

(158)  Explain clearly what you understand by the terms
sinusoidal or sine curve.

(189) How many alternations are there in a cyele?
(190)  Give a graphie illustration of a eyele,
(191)  What do you understand by a period ?

(192)  Define by an illustration what you understand by
frequency.,

(193) 1f a period is .01 of a second, what is its frequency ?

(194)  When is an E. M. F. positive and when negative ?
(193) When does an E. M. F. become alternating ?

(196) What are the two gualities of an E. M. I ?

(197)  How many alternations are there in 100 cycles?

(198)  Upon what does the number of cycles in a frequency
depend ?
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MAGNETISM AND ELECTROMAGNETISM.

(1) Define magnetism and electromagnetism.

(2) (a) How many kinds of magnets are there? (6) How
many kinds of electromagnets are there ?

(3) What effects are produced on a conductor through
which an electric current is flowing?

(4) In how many ways may magnetismn be produced?

(5) Is magnetism an inherent property of iron, steel, nickel,
and cobalt ?

(6) What do you know about the nature of magnetism ?

(7) What do you know about the laws of magnetic action ?

(8) State the law of magnetic attraction and repulsion,

(9) How are the ends of a magnetic needle designated ?

(10) Show, by means of an illustration, how a freely-
suspended magnetic needle will behave when brought near
a magnet.

(11) Show, by an illustration, the direction of the lines of
force around a bar magnet.

(12) What simple method is there for showing the direction
of the magnetic lines about a magnet ?

(13) Define (a) lines of magnetic force; (b) magnetic
field : (¢) magnetic flux.

(14) How many kinds of magnetic circuits are there ?

(15) Upon what two quantities does the strength of every

magnetic circuit depend?

£
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(16) (a) What is the unit of magnetomotive force?
(b) What is the unit of reluctance? (¢) What is the unit
of magnetic flux? (d) Give an equation showing the relation
between these units, and state to what other equation between
electrical units it is analogous,

(17) What do vou understand by reluctance?
(18) What do the lines of magnetic force show?
(19) Do the lines of magnetic force actually exist?

(20) What is the medium through which magnetic force is
supposed to act ?

(21) How may the direction of the lines of force at any
wint in a magnetic field be determined ?
| =

(22) By which pole are the lines of magnetic force supposed
to enter a magnet, and from which pole do they leave it ?

(23) (a) What will take place between lines of force ema-
nating from two south poles that face each other? (h) What
will take place between lines of force emanating from two north
poles facing each other?

(24) State the law upon which this phenomenon depends.
(25) What is meant by terrestrial magnetism ?

(26) (a) Where 1s the magnetic north pole of the earth?
(h) Where ig the magnetic south pole?

(27) What important difference is there between a charge
of electricity on a conductor and the magnetism of a magnet?

(28) (a) What is the shape of a molecule? () How does
it compare with the earth in form and magnetic quality ?

(29) When a piece of steel or iron is magnetized, what
rearrangement takes place in the relative positions of the
molecules ?

(80) What 1s meant by induced magnetism ?
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(31) Show, by means of a sketch, what you understand
by consequent poles.

(32) Show how you would magnetize a bar of steel or iron

by means of a permanent magnet.

(33) Suppose a long bar magnet is broken into several short
pieces. Show how it is that each short piece will be an inde-
pendent magnet by itself, having a north and a south pole.

(34) A bar of soft iron is to be made into a magnet by
means of the earth’s magnetic field. What different methods
can be used to temporarily break up the combinations of the
molecules in the iron so that they may respond to the compara-
tively weak terrestrial magnetism and arrange themselves in the
direction of the earth’s magnetic field ?

(35) What is meant by the length of a magnetic circuit ?

(36) If two opposing magnetic fields are brought together,
how will the lines of force arrange themselves ?

(37) In what way does reluctance differ from resistance ?

(38) How do the dimensions of a magnetic circuit affect the
reluctance ?

(39) How may magnetic eireuits be elassified ?

(40) What is meant by the **amount’’ of magnetism in a
magnetic circuit ?

(41) What is meant by magnetic density ?

(42) Do wires coiled up and conveying an electric current
constitute a magnet?

(43) A bar of iron 3 inches wide and 5 inches broad has

600,000 lines of force flowing through it in the direction of its
length. What is its magnetic density per square inch ?

(44) A cylindrical bar magnet whose diameter is 1 inch has
22 562 lines of force passing through it. Find its magnetic
density per square inch.
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(45) A magnetic pole with a cross-sectional area of .5 square
centimeter has 20 lines of force emanating from it.  What will
be the force in dynes acting upon this pole if placed at a point
in a magnetic field where the density is 5,000 lines per square
centimeter ?

(46) Suppose an electrie conductor is placed below a freely-
suspended magnetic needle and parallel to it. What will
happen when a current of electricity is sent through the con-
duetor?

(47) (a) How can the existence of a magnetic field around
a conductor conveying an electric current be proved? (4) How
will starting and stopping the current affect the magnetie field
around the conduetor?

(48) Give a rule for determining the relative directions of
an electric eurrent in a conductor, and the lines of force
around it.

(49 What will be the action between the fields of two
parallel conductors, the currents of the conductors flowing in
uppu:-'ilt‘ directions ?

(o) Deseribe a solenoid.

(51) What is the difference between a solenoid and a
magnet ?
(52) Can everything be imitated by a coiled wire convey-

ing a current that can be done by a permanent magnet ?

(53) Can everything be imitated by a permanent magnet
that can be done by a coiled wire conveying a current? If
not, why?

(54) Are magnetism and electricity inseparable ?

(55) What is necessary to make the energy of a magnetic
field do work?

(56) Give the rule for determining the relative directions of
the current and the lines of force in a solenoid.
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(57) Define permeability.

(58) Upon what does the magnetic flux through a solenoid
depend ?

(59) Why is the magnetic flux inereased when an iron or
steel core 1s inserted in a solenoid ?

(60) Why must the wire of a solenoid be insulated ?

(61) Why should the coils on a horseshoe magnet he wound
in opposite directions ?

(62) Make a sketch of a simple form of an electromagnet.

(63) Why is a horseshoe magnet more efficient than a
straight bar magnet of the same length ?

(64) Deseribe the iron-clad electromagnet.
(65) If a magnet is introduced into or withdrawn from a

golenoid with a galvanometer in circuit, what will take place?

(66) (a) Give Fleming's rule for determining the direction
of the induced E. M. F. in a conductor cutting across a mag-
netic field. (5) State Ampere’s rule for determining the same.

(67) Under what conditions will a current flow through a
conduetor that is moving in a magnetic field ?

(68) Upon what does the magnitude of the E. M. F.in a
conductor eutting lines of force depend ?

(697 Define the absolute unit of E. M. F. What is the
relation between this unit and the volt?

(70) Give an equation hetween volts, the lines of force cut
by a conductor, and the time in seconds that it takes to cut
across these lines of force.

(71) Enumerate the various means of inducing an E. M. F.

(72) What do you understand by magneto-electric indue-
tion ?
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(73) What is the difference between magneto-electric and
electromagnetie induetion ?

(74) Explain the phenomenon of induction.

(75) Explain the action of a magneto-electric generator.

(76) Which is the primary and which is the secondary coil
of an induetion-apparatus ?

(77) Discuss the behavior of the magnetic field of a solen-
oid as the cireuit is H}lt'lll‘{] and closed.

(78) What are eddy, or Foucault, currents, and how are
they produced ?

(79) What effect have they upon metal in which they
circulate ?

(80) How may Fouecanlt currents be prevented ?

(81) Explain, in your own words, the operation of the

primary coil shown in Fig. 49.

(82)  Explain the manner in which the formation of a spark
is prevented by means of a condenser when the current of the
primary coil is broken.

(83 If the secondary of the induetion-coil is on open eir-
cuit, how will it be affected by the ““make’ and ““break’ of
the primary circuit ?

(84) Under what conditions will the primary current he
employed for medical purposes ?

(83) How is the resistance of the external cireunit reduced
when the primary or extra eurrent is used percutaneously ?

(86) Is it true that more current enters the primary coil
than goes out of it? Explain.

(S7)  Enumerate the various methods of varying the E. M. F.
at the electrodes of the induction-coil.

(88) What is the shield? For what purpose is it used in
the induction-coil ?
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(89) In the Dubois-Raymond type of induction-coil, how is
the K. M. F. at the electrodes varied ?

(90) (a) What are the methods generally employed at
present of varying the E. M. F. at the electrodes of an induetion-
coil? (b) Which method do you consider preferable ?

(91) Why is it that, when switch W, Fig. 62, is in contact
with S,, no current from coil S, is sent through the external
circuit ?

(92) What is the object of the rheostat R in Fig. 627?

(93) In the actual induction-coil, what is the relative posi-
tion of the coil shown in Fig. 63 ?

(94) Why is it not possible to increase the E. M. F. of an
induction-coil indefinitely by increasing the frequency of the
and *‘ break '’ of the circuit?

23
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(95) How iz the current affected as the frequency of vibra-
tion is increased ?

(96) What would be the effect on a patient if the vibrator
was gubject to irregularities in its movements ?

(97) How may the Geissler tube be used to determine
whether the I. M. F. of the coil is sufficiently high to produce
the physiological effects of high-tension currents ?

(95) How may the vibrator be tested for irregularities in
its movements ?

(99) What is the difference between the effective E. M. F,
and the maximum E. M. F. of an alternating current ?

(100) How may the effective current-strength of an alter-
nating current be measured ?

(101) Is a galvanometer applicable for measuring the vol-
ume of faradic currents ?  Give reasons for your answer.

(102) Is a graduated resistance in the secondary cirenit of a
faradic apparatus capable of measuring the current-volume ?
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(103) Of what service in electrotherapeutics is a graduated
rheostat in the secondary eircuit?

(104) What is the advantage of having a separate actuating
force for a vibrator?

(105) Several sewing needles are hung in a bunch by
threads through their eves.  How will they behave when hung
over the pole of a strong magnet ?

(106) In what direction do the lines of force run in a plane
in which there iz a single magnetic pole?

(107) Could you test your answer experimentally ?

(108) Define (a) intensity of a magnetic field ; (6) intensity
of magnetization.

(109) A conducter is moving in a magnetic field. (a)
Under what condition will an E. M. F. be induced in the con-
ductor? (4) When will an IE. M. F. not be induced in the
conductor ?

(110) What do you understand by the so-called extra
current of the primary circuit?

(111) Explain why this extra current is so much stronger
than the make-current.

(112) Having an induction-apparatus in your office, how

would you proceed to determine the advantages of the break or
extra eurrent over the make-current ?
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ELECTROSTATICS.

(1) Define static electricity.

(2) What has given rise to the idea that there are two kinds
of electricity ?

(3) What is the difference in the distribution of a charge of
electricity on an insulated conductor and that on a glass rod ?

(4) Explain the meaning of * positively electrified”’ and
‘“negatively electrified ’” as applied to a body having a static
charge.

(5) How is the interaction of two electrically-charged bodies
analogous to the interaction of two magnets?

(6) When is a body said to be charged ?

(7) Explain the difference between conductors and insu-
lators.

(8) Give three examples of (@) good conductors ; (#) semi-
conductors ; (¢) non-conductors, or insulators,

(9) State two of the most important laws of electricity.
(10) On what does the character of a charge depend ?
(11) What do you understand by the electric series?
(12) In how many ways do charges on bodies differ?

(13) If a glass rod is rubbed with cat’s fur, what is the
nature of the charge on the rod?

(14) If a glass rod is rubbed with a piece of silk, what is
the nature of the charge on the rod?

L
&k



Lo

ELECTROSTATICS. §3

(15) What are the conditions requisite to produce electri-
fication when two bodies are rubbed together?

(16) How may the presence of an electric charge on a body
be detected ?

(17) What is the funetion of the electric pendulum ?

(18) State the law of the interaction of two charged bodies
placed near each other.

(19)  How may the charge on a body be measured ?

(20) Deseribe (a) the gold-leaf electroscope; (h) the
quadrant-electroscope ; and (¢) the torsion-balance.

(21) Define electrostatic unit of quantity of electricity.
(22) What is meant by an induced charge?

(23) Explain the meaning of the terms * free charge’’ and
“hound charge.”’

(24) How is the induced charge on a body affected by the
distance of that body from the inducing body ?

(25) State the law of inverse squares.
(26) By means of what instrument is this law proved ?
(27) What other unit of quantity can you mention ?

(25)  What do you consider the most important phenomenon
of static electricity ?

(29) Deline electrostatic field.

(30) How can you explain why a neutral pith-ball is
attracted by a rubbed glass rod?

(31) What will happen if two unequal charges unite, pro-
vided the charged bodies are of equal size and of the same
shape?

(32) Define inductive capacity.

(33) What distinguishes dielectrics from insulators?
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(34) Is it unimportant what substance resides between two
charged bodies ?

(35) What substance offers the most resistance to induction ?
(36) May a good insulator be a poor dielectric ?

(57)  Are all dielectrics insulators ?

(38) What conditions govern the potential of a charge ?

(39) Deseribe the electrophorus, and explain how it can he
made to charge a Leyden jar.

(40) Upon what part of the body does the static charge
reside ?

(41) Describe a proof-plane and its use.

(42) BState the exception to the law that static charges
reside only on the external surfaces of bodies.

(43) Does electricity in motion flow both along the surface
and through the body of a conductor ?

(44) What limits the law that electricity resides only on the
surfaces of bodies ?

(45) Is a static charge distributed uniformly over the
surfaces of conducting bodies ?

(46) What do experiments show in regard to the amount
of electricity on the edges, corners, and flatter parts of bodies?

(47) (a) Will a charged sphere not exposed to the induc-
tive influence of any surrounding bodies have its charge evenly
distributed all over its surface? (b) Will the density of the
charge be uniform ?

(48) (a) Where is the maximum density of two similarly-
charged spheres placed in contact with each other? (b) Where
is the minimum density ?

(49) What effect has a decrease in the radii of curvature of
charged spheres?
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(50) What will be the effect when the radii of charged
spheres decrease to a point?

(51) What are necessary when it is desired to secure a
rapid discharge of electrical charges?

(52) Define electrostatic capacity of a conductor.
(53) What is the unit of electrostatic capacity ?
(54) What is a microfarad?

(55) The potential of a conductor is 30 volts when it has a
charge of 150 coulombs.  What is its capacity in microfarads?

(56) On what does the coulomb residing on a charged
gphere depend ?

(57) How is electrostatic capacity measured ?

(58) What is necessary to know before an idea can be had
of the quantity of electricity on a given conductor?

(59) What is a farad equal to?

(60) State, in the form of an equation, the relation between
farads, coulombs, and volts,

(61) Explain the construction of a condenser.
(62) Of what two parts does a condenser essentially consist?

(63) Is the capacity of a conductor inereased or decreased
by being placed near a conductor electrified with the opposite
kind of charge?

(64) Upon what does the capacity of a condenser depend ?
(65) Describe the Leyden jar, and explain its action.
(66) Where is the charge of the Leyden jar located ?

(67) To whom belongs the credit of locating the charge in
the Leyden jar?

(68) Why does the dielectric of the Leyden jar sometimes
break ?
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(69) What is meant by ** residual charge’’ ?
(70) Describe the construction of a battery of Leyden jars.
(71) Can an isolated charge exist?

(72) What is the objection to the electrophorus as an
induetion-apparatus ?

(73) Into what two classes may static machines be divided ?
(74) How many kinds of friction-machines are there?

(75) - Are friction-machines used in electrotherapeutics at
the present day?

(76) Which type of static machine is now most generally
used by physicians?

(77) What purpose does the Wimshurst machine serve?

(78)  What improvement did Toepler make on the Holtz
machine ?

(79) Describe clearly the Holtz machine and its mode of
action.

(80) What voltage is required to produce an electric breeze ?

(81) What is the potential difference required to send a
spark between two metal balls separated by an air-gap of 1inch?

(82) How do you estimate the maximum potential of a
static machine ?

(83) What is the maximum potential of a static machine
when the spark-gap is & inch?
(84) When you connect the prime conductors of a static

machine with a piece of copper wire, what is the effect?

(85) What is the nature of a spark produced by a statie
discharge ?

(86) What three methods are there by which a discharge
can ocecur?



| (=]

ELECTROSTATICS. §$3

(87) What is the nature of the discharge from the Leyden
jar?

(88) Explain the manner of producing static induced
currents.

(89) How does an electrified body differ from a non-electri-
fied body ?

(90) Why do we regard the electric charges produced on
two bodies that are rubbed together to be of opposite kinds ?

(91) What is the difference between the discharge of the
static machine, the discharge of the Levden jar, and the dis-
charge of a lightning stroke ?

(92) (a) What is the objection to the ordinary form of
Leyden jar? (b)) How may this be overcome ?

(93)  What are the field-plates of the Holtz machine, and
for what are they used ?

(94) What i1s the action of the small brushes on the wire
arms of the Wimshurst machine ?

(95) Explain, in your own words, the principle of Thomson’s
replenisher,

(96) To what extent does self-induction in the cireunit
affect static discharges ?

(97) How do you explain the fact that the collectors of an
induction-machine become charged from the carriers, while they
appear to be delivering charges to the carriers from the points
of the combs?

(98) What is the chief reason for the inefliciency of
evlinder- and plate-machines as compared with the induction-
machine ?

(¥99)  Describe the means of inductively changing the poten-
tial of an insulated body from positive to negative.

(100) How do you account for the accumulation in the
prime conductor of a cylinder friction-machine ?
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ESSENTIAL APPARATUS.

(1) (a) What are cell-selectors? (b) Why are they used ?

(2) Explain the difference between single-handed and
double-handed selectors, and state where each kind is used.

(3) What is the disadvantage of the single-handed selector ?

(4) How is this disadvantage overcome ?

(5) Explain how the selectors can be used as current-
regulators.

(6) Which do you consider preferable as a current-regu-
lator—a good rheostat or a good cell-selector ?

(7) What is a switchboard ?

(8) Deseribe the mercury switchboard, and state its advan-
tages over the single-handed selectors,

(9) How do cell-selectors compare with rheostats as cur-
rent-regulators ?

(109 What precaution should be observed in using cell-
selectors ?

(11) What is the function (a) of the ammeter? (b) of the
voltmeter ?

(12) Upon what principle is the operation of the modern
ammeter and voltmeter based ?

(13) What is meant by a dead-beat instrument ?

(14) Describe the practical advantage of the dead-beat

instrument. A
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(15) How are Weston voltmeters and ammeters made
dead-beat ?

(16) Suppose vou were going to place a1 Weston ammeter
in a circuit through which a current of unknown strength is
flowing,. Would vou connect your ammeter so as to give read-
ings on the high scale (0 to 500 milliamperes) or on the low
geale (0 to 10 milliamperes) 7 Give your reasons.

(17) How do the coils of ammeters differ from those of
voltmeters with respect to their resistance ?
(18)  What effect on the circuit does short-circuiting a volt-

meter have?

(19) Suppose a current is flowing through a circuit eon-
taining an ammeter and a voltmeter. What would be the
effect of disconnecting the ammeter?  What would be the effect
of disconnecting the voltmeter ?

(20) What are rheostats, and for what purpose are they
used ?

(21)  What are the substances generally used for rheostats ?

(22) Show, by a numerical example, the effect of a rheostat
on the eireuit.

(23) Rheostats of German-silver wire are now generally
used in electrotherapeutic work. Can you give any reason for
this ?

(24) Make a rough sketch of Fig 25, and indicate by
arrows the direction of the eurrent in the voltmeter-cirenit.

(25) Explain how increasing the distance between ¢, and
d,, Fig. 24, increases the resistance of the circuit.

(26) What E. M. F. does the voltmeter in Fig. 17 indicate?

(27) Does the ammeter, Fig. 17, measure the current flowing
through the battery ?

(28) What E. M. F. does the voltmeter in Fig. 19 indicate ?
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(29) Does the ammeter in Fig. 19 indicate the total current
flowing through the battery ?

(50) In Fig. 30, ¢ and f move in the same magnetic field.
How can you account for the fact that the induced E. M. F.
along ¢ is in the opposite direction to that of f?

(31) Deseribe the commutator, and state its function.

(32) What is the function of the brushes on a dynamo-
electric machine?

(33) What is the armature and what the core of the dynamo-
electric machine?

(34) Why is the core of a dynamo-electric machine nearly
always made of laminated iron ?

(35) Explain the difference between a ring armature and a
drum armature.

(36) Draw the core b and the poles N and S, Fig. 31.
Show, on your sketch, by drawing several lines of force, the
path of the magnetic field between the two poles. Indicate, also,
by arrows, the direction of the lines of force.

(37) What is the difference between a self-excited and a
separately-excited dynamo?

(38) What is (a) a shunt dynamo? (b) a series dynamo?
(¢) a compound dynamo? (d) Illustrate these dynamos by
rough sketches.

(39) What difference is there in mechanical construction
between a dynamo and a motor?

(40) What is the object, aimed at in designing Kennelly's
alternator ?

(41) (a) What is a transformer? (&) In what respect
does it differ from the medical induction-coil ?

(42) Define (a) a step-up transformer; (b) a step-down
transformer.
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(43) (a) What is ratio of transformation? (4) Upon what
does it depend ?

(44) Where are transformers utilized in therapeutic work ?
(45) What is the object of adapters?

(46) What E. M. F. is induced in a conductor when it
crosses the line » r, Fig. 517

(47) Give a clear and lucid explanation of the difference
hetween electromotive force and difference of potential,

(48) What is the arbitrary zero of electrie potential ?

(49) What is the difference of potential between two bodies,
the potentials of which are 50 volts and —20 volts, respectively?

(50) If the current-strengths of two conductors are the
same, and both are of the same specific resistance, how can the
current-density be much greater in one of them ?

(51) If a person is placed in an ordinary dipolar bath, and
a current sent through the latter, is the current-density through
all parts the same?

(52) Why is not the resistance of the bath, shown in
Fig. 49, changed, if the block B is laid flat on the bottom of the
tank ?

(53) A tank 5 feet long, 4 feet wide, and 4 feet high, is
filled with water to the height of 3 feet. Submerged in the
water is a block 2 feet long, 2 feet high, and 1 foot wide, placed
with its long side lengthwise. The resistance per cubic foot is
10 ohms for the water and 5 ohms for the block. TFind (a) the
resistance of the block alone ; (h) of the water alone; and (¢)
their joint resistance.

(54) A tank 6 feet long, 4 feet wide, and 5 feet high, has a
block placed lengthwise in it, as in Fig. 47. The block is prac-
tically of the same length as the tank, and is 4 feet high and
1.5 feet wide. If, now, water is run into the tank to a height
of 4 feet, find (a) the resistance of the body alone; (b) the
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resistance of the water; (¢) the joint resistance of both. The
resistance of the water and block is, respectively, 10 and 5 ohms
per cubie foot.

(59) What is the main difference between a monopolar and
a dipolar bath ?

(56) If the current through a certain body is 600 milli-
amperes, and the eross-sectional area is 4 square feet, what is
the current-density per square foot ?

(97) (a) How does the lowering of the water-level in a
bath affect the joint resistance of body and water? (b) Does
this reduced water-level affect the resistance of the body,
and how ?

(58) Suppose a tank is filled to a height of 4 feet with
water, and the resistance of the latter is measured; then a
block is submerged in the water, raising the height of the latter
to 5 feet. The water is then drained off, reducing the depth of
the water to the original 4 feet. The joint resistance of block
and water is now ascertained, and from these data the resistance
of the block is calculated. State whether this method is correct
or not, and why.

(59) A block submerged in a tank has a joint resistance
with the surrounding water of 5.5 ohms. If the resistance of
the water alone is 10 ohms, what is the resistance of the block ?

(60) (a) If a block, as shown in Fig. 51, is standing first
upright and then tilted, what effect will this have on the total
current-strength through the bath? () Does this new position
affect the relation between the current through the block and
that which flows through the adjoining water? (¢) Has the
current-density in the block been changed ?

(61) What is meant by current-density ?

(62) (a) Is the total current passing through a bath an
indication of the current received hy a body submerged in the
water? (&) Does a body submerged in a bath change the total
resistance of the latter by being changed from a lengthwise to a
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crosswise position, if the length of the body is greater than its
other dimensions? (¢) Does this change affect the current-
strength through the block itself; if so, how?

(63) (a) Find the current-strength through the bath in
question 53, if the pressure is 10 volts. (&) What is the cur-
rent-strength through the block ?

(64) If the resistance of the water in the bath is 8 ohms
and that of the body submerged in the same is 6 ohms, find
(a) the total current passing through the bath ; (b) the cur-
rent-strength through the water alone ; (¢) the current through
the body alone, if the pressure is 8 volts,

(63) (a) A tank 6 feet long, 4 feet wide, and 5 feet high, is
filled with water to a height of 4 feet ; what is the resistance of
the hath, when using the cervical and foot electrodes? (b) If
the water-level has been lowered to a height of 3 feet, what
i= the resistance? The resistance per cubic foot is supposed to
be 10 ohms.

(66) Does a decrease of the water contained in a bath cause
the body inserted in the same to receive a larger portion of the
total current ?

(67) After a patient was placed in a bath, the joint resist-
ance of body and water was found to be 82.5 ohms. When
the resistance of the water alone was measured, it amounted to
105.5 ohms ; find the resistance of the body.

(68) If, in question 59, the water in the tank was 4 feet
deep, while the joint resistance of block and water was ascer-
tained, and if, after the block was removed for the purpose of
finding the resistance of the water alone, the water-level fell to
3 feet, should any water be added to bring the water up to its
former level? Give reasons for the answer.
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