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6 ELECTRO-PHYSICS.

Soft iron, when adulterated with sulphur, phosphorus, arsenic, o1
charcoal, or if it is even twisted or bent, may exhibit a slight degree
of coercitive force. Soft iron that is perfectly pure possesses no coer-
citive force whatever.

The law of the distribution of magnetisn. in a bar of iron, and the
law of magnetic'attraction and repulsion were discovered by Coulomb
in 1789.

Shape of Magnets—Magnetic Armatures.—Artificial magnets are
either composed of straight bars, or are bent in the shape of a horse-
shoe. The horseshoe form is used mainly for the sake of conveni-
ence. It enables us to apply both poles simultaneously and uniformly
to the object that is to be magnetized. Very powerful magnets may
be made of a number of thin steel bars placed side by side, their poles
being situated homonymously, that is, lying in the same direction. A
number of bundles of bars of steel arranged in this way is called a
“magnelic magasine, or battery.”

Magnetic armatures are pieces of soft iron that are placed at the ends
of magnets, to keep their magnetic power. This bar, or armature, not
only receives magnetism from the magnet, but acts upon it in return,
and thus helps to preserve its magnetic power. Magnets that are not
provided with an armature gradually lose their attractive power by the
disturbing influence of the magnetism of the earth. The magnetic
power of magnets is apt to be impaired by letting them fall on a hard
surface, or by suddenly striking them with a solid body.

Magnetization.—It is possible to communicate magnetism to bodies
that can retain it in several different ways:

1. By single Touch.—The bar which we wish to magnetize is laid
on a table, and the pole of a magnet is rubbed along its surface from
end to end for a number of times.

2. By double Touch.—The bar that is to be magnétized is placed on
a piece of wood, the ends of which are placed against two strong mag-
nets. Two magnets for rubbing are placed on the bar to be magnet-
ized, making an angle with the bar of from 15° to 20°. A small piece
of wood is placed between the extremities of these two magnets, to
prevent their touching. They are then rubbed along the bar that is to
be magnetized, from the middle towards the end, and back again, and

RN

i e S,

I Sy 5













10 ELECTRO-PHYSICS.

however carefully they may be insulated. Taere are two reasons for
" this :—

First. No insulators are perfect. The best insulators, as glass and
rubber, conduct somewhat.

Secondly. The air is a conductor ; its conductive capacity depends
upon the amount of moisture in it.

In vacwo, also, electrified bodies lose their electricity more rapidly
than in air, on account of the diminution of the pressure on the insulat-
ing surface.

The human body, as will be shown under Electro-physiology, is
charged with electricity, which is conducted away by the air, and not
unlikely by other conductors.

Statical Induction.—An insulated conductor, when charged with either

positive or negative electricity, acts on bodies placed near fo if just as the
magnel acts on soft iron ; it atiracts the opposite

- G and repels the same kind of electricity.  This may
be shown in the following manner : A brass cylin-
der (Fig. 4), rounded at either extremity, is
insulated by means of a-glass rod. Two pith-
balls are suspended by cotton thread from each
end. If an insulated ball charged with positive

Foo. 4 electricity be brought in close proximity to the

brass cylinder, the pith-balls will diverge, show-

ing a disturbance of the electrical equilibrium in the cylinder. So soon

as the charged ball is withdrawn, the pith-balls hang down as before,

showing that the electrical disturbance in the cylinder depended on the
presence of the charged ball, and was merely temporary.

If a small disk of insulated gilt paper be brought in contact with
the end of the cylinder next the charged ball, and then approached
toward an electrometer, the needle will indicate that the disk has re-
ceived — electricity.

If the experiment be tried with the opposite end, + electricity will
be transmitted to the gilt disk.

It is thus seen that 4 electricity of the charged ball causes the near
end of the cylinder to assume a — condition ; while, according to a
universal law, that no — electricity can be excited without an equal
amount of positive electricity, the opposite extremity becomes +. The
phenomenon thus described is called induction, or influence ; and while
in this peculiar electrical condition the cylinder is said to be polar-
ized.

Induction and Conduction compared.—We have seen that a body may
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I4 ELECTRO-PHYSICS.

by the machine depends on the size of the disk, which may be 12, 21,
or 3o inches in diameter. These machines are also called rofation
multipliers, because by their rotary motion they multiply by successive
transmissions the charge of electricity that they communicate.

Electric Spark.—An interesting phenomenon connected with the
electrical machine is the electric sparZ which is drawn from the con-
ductor when the finger is presented to it.

The positive electricity of the conductor decomposes the electricity
of the body, attracting the negative and repelling the positive, and, when
the tension is great enough, these opposite electricities overcome the
resistance of the air and recombine, with a spark and crackling sound.
The spark is accompanied by a prickly sensation. When the spark is
short it is straight ; beyond two or three inches in length it becomes
curved or zigzag, like the lightning in the sky.
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28 ELECTRO-PHYSICS.

duces electricity, and through electricity produces chemical actionm,
magnetism, and light. If we start with magnetism, we find that it
produces electricity, and through electricity heat, chemical action, and
light. If we start with chemical action, we find that it produces heat,
light, and electricity. If we start with electricity, we find that it pro-
duces magnetism, heat, light, chemical action, and motion.

Conversion of Electricity into Heal. The Electric Light.—By the
law of the correlation of forces the electricity generated in a battery
may be converted into heat. This heat may remain in the battery or
be transferred to any part of the circuit. In order to convert the elec-
tricity into heat it must pass throngh some poor conductor that resists
its passage, and thus compels it to appear as heat. With ordinary
thick copper wire there is but little sensible heat in the passage of a
current, because copper wire is a good conductor; but when platinum
wire, which is a poor conductor, is used, it is raised under a strong
current to white-heat. This has been utilized in galvano-cautery.

In the electric light the heat is transferred to carbon points interposed
in the circuit. Particles of carbon become incandescent, and are volatil.
ized and transported from the positive to the negative pole. A metal
or other substance may give an electric light, but carbon, on account of
its friability, gives a better and stronger light than any other substance.
T'he electric light was invented by Sir Humphry Davy in 1813.

Compound Galvanic Circles.—The compound galvanic circle, or gal

vauic battery, is composed of two or more simple galvanic circles. They
are so connected together that the copper of one battery is joined to
the zinc of the next, and so on throughout the series. By combining
together a number of cups, such as are represented in Fig. 12, we form







3o ELECTRO-PHYSICS.

deltas. The quantity of water that flows through all the subdivisions
or deltas would be equal to the quantity that flowed through the main
stream before the divisions took place. If the subdivisions are of dif-
ferent sizes, the deepest and widest will convey
the most water.

When electricity passes through the human
body it encounters tissues that differ considerably
in their conductivity, and hence it subdivides into
an infinite number of derived or partial currents,
the strength of which varies with the nature and
length of the tissues. This point will be further
illustrated in electro-physiology and electro-thera-
peutics,

Description of Galvanic Batteries.—Under this
head may properly be included, first, a description
of the zoltaic pile, which was constructed by Volta
in 1799, and became known in England in 180c0.
The apparatus consists of a number of disks piled
one above the other. The arrangement is in the
following order: A disk of copper is placed on a
frame of wood; a disk of cloth, moistened by
acidulated water, is then placed on the copper,
and then a disk of zinc on the cloth completes
what is called the voltaic couple. A series of
such couples constitutes a voltaic pile—the ter-
minal copper being the positive and the terminal
zinc the negative pole.

This apparatus is inconstant and unreliable, easily corrodes, has
many inconveniences, and is now but little used. Various modifications
of the voltaic pile have been devised, but all of them are too inconstant
for electro-therapeutical purposes, or indeed for any sustained use
whatsoever.

FPolarization in Batteries.—When two metals, as zinc and platinum,
are placed in acidulated water, the platinum plate becomes covered
with a film of hydrogen. This hydrogen is electro-positive, like zine,
and so when the platinum becomes well covered we have electro-posi-
tive zinc opposed to electro-positive hydrogen, and thus the current be-
comes enfeebled, if not destroyed. This polarization in batteries is pre-
vented in two ways:

1st. By keeping the liquids in constant agitation. Blowing into the
liquid with a bellows, or stirring the liquid by any mechanical arranges
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34 ELECTRO-PHYSICS.

much used in telegraphy, It has also been employed in galvano
cautery.

Fic. 6.

Bunsen's Double-cell Nitric Acid Battery.—This battery is very
similar to Grove's. It differs from it only in the substitution of carbon
for platinum. The letter P in Fig. 17 represents a single element, as
it appears when ready for use.

FigG. 7.

F is a vessel of glass containing dilute sulphuric acid. 'Z, a cylinder
of amalgamated zinc. V, a porous vessel partly filled with ordinary
nitric acid ; and C, a bar of carbon or coke. The zinc is first placed
in the vessel F, after which the porous vessel V, into the nitric-acid
solution of which the carbon C has been immersed, is inserted into the
zinc cylinder. The binding-screws m and # are respectively the posi-
tive and negative poles. The elements are arranged in the form of a



















40 ELECTRO-PHYSICS.

ducting wires. As the ocean furnishes the exciting fluid, it needs ne
replenishirg. It was hoped that a battery of this kind might be of
sufficient strength to furnish an electric light for light-houses. This
hope, so far as we know, has not been realized.

Diry Pile.—Dry piles have, instead of liquids, some solid hygrometric
substances, as paper or leather. There are many varieties of dry
piles. Those of Zamboni, which are best known, are composed of
tin or silver and binoxide of manganese. A piece of paper is tinned
or silvered on one side, and the other side is covered with powdered
binoxide of manganese. These sheets are cut into disks, about one
inch in diameter, and arranged so that the tin or silver of each disk is
in contact with the manganese of the next in the series. A Zamboni
pile of zoo couples is very feeble and slow in its action, but it can
charge a Leyden jar, and it is quite permanent.

Instruments for Measuring Electricity.—The instruments for mea-
suring electricity are quite numerous, and some of them are very
delicate. It is necessary here to describe only a sufficient number to
illustrate the principles involved.

The Voltameter.—The voltameter is an instrument devised by Fara-
day to measure the strength of the galvanic current. It is a graduated
tube that receives and accurately measures the quantity of gas that is
generated by the decomposition of water by the current in a given
time.

In Fig. 19 the platinum needles connected with the poles of the bat-
tery are inserted through the cork, at the end of the tube. The gases
that result from the electrolysis rise to the top, as the tube is held up-
right, and repel the water through a hole in the cork.

This is a very trustworthy method of measuring currents and of
comparing batteries. If we wish to ascertain how one battery com-
pares with another in strength, or whether a battery has weakened by
use or long standing, or whether the strength is sufficient for a power-
ful electrolytic operation, the voltameter will give us precisely the infor-
mation we seek.

Galvanomefers.—A galvanometer is an instrument for indicating the
presence and direction of a current, and for measuring its strength.
There are severdl varieties of galvanometers, but all are constructed op



















46 ELECTRO-PHYSICS.

Practically, anode is used as synonymous with positive pole, and
cathode with negative, although, strictly speaking, anode and cathode
refer to the points of the decomposing body, and positive and negative
to the poles of the battery that are in contact with these.

Compound substances that are directly decomposable by the current
are called electrolytes (jhexrpov, and Miw, decompose). To electrolyze
a body is to chemically decompose it by the current. The act of pro-
ducing electrolysis is called electrolyzation.

The elements of an electrolyte are termed dons, (elaw, participle of
the verb e, to go). Those ions that appear at the anode are termed
anions, those which appear at the cathode are termed cafions. For-
merly anions were termed electro-negative, and cations the electro-posi-
tive elements of the compound. Water, for example, is an electrolyte
that evolves two ions—oxygen and hydrogen ; oxygen goes to the
anode and is the anion; hydrogen goes to the cathode and is the
cation.

No substance can be an electrolyte which is not a conductor ; but .
in the readiness with which they are decomposed substances widely
vary. Every electrolyte must contain more or less of water. Pure
water, though an electrolyte, is yet decomposed only with great diffi-
culty ; but by adding to it a little sulphuric acid, or certain salts, it very
easily undergoes electrolysis. It is furthermore believed that no fluid
can be a conductor without also being an electrolyte ; that is, more or
less electro-chemical decomposition must take place when the galvame
current passes throughany fluid. Substances that are found to be ready
electrolytes are chloride of sodium, muriatic acid, and iodide of potas-
sium.

Laws of Electrolysis.—Although electrolysis, like all other phe-
nomena connected with atomic changes, is but imperfectly understood,
yet some of the general laws of its operation have been already well
ascertained.

Among the more important of these laws the following may be enu-
merated :

1. Definite Electro-chemical Aclion.—It has been found that when
several substances are simultaneously decomposed by the current, the
elements that are evolved are definite in quantity and are electro-
chemical equivalents of each other. This law, which was discovered by
Faraday, may be thus illustrated. Let the current be sent successively
through a series of cells filled with oxide of lead, chloride of lead, and
chloride of silver. The different substances would combine in the fol-
lowing proportions :

























54 ELECTRO-PHYSICS.

Direction of the Induced Current.—If a current of electricity is passed

through any conductor, it will in-

A n_  duce acurrent in the opposife direc-

tion in a second conductor situated

= =+ parallel to the first. Let A B, Fig.

RS 25, be a wire connected at either

extremity with the poles of a gal-

vanic battery, and M N a second wire parallel and near to the first.

As soon as the circuit is formed and a current passes from + to —, a

secondary current is induced in the second wire, but in an opposite
direction.

This current is, however, but for an instant. As soon as the circuil
is broken, an instantaneous current, with its direction reversed, is again
established in the second wire.

Different Orders of Induced Currents—Induced or secondary cui-
rents have themselves the power of producing induced currents in other
adjacent circuits. Currents thus induced from secondary induced
currents are called tertiary induced currents. These tertiary induced
currents have also the power of producing induced currents in an ad-
jacent circuit, and so for a long series.

Currents produced in this way are in opposite directions alternately,
and their strength diminishes the higher they ascend.

As a secondary current flows in a direction opposite to that of the
battery current, so the ferfiary flows in a direction opposite to the
secondary. This law holds good throughout the whole series,—the
strength of the current diminishing as the distance from the battery
increases.

The manifestation of electrical action in the secondary coil, upon
closing and breaking the circuit, is called the electric throb, while the
passive condition of the wire while under induction has been described
by Faraday as electro-tonic.

If the primary coil be movable, so that it can be brought in closer
proximity to the secondary coil while the current is passing, an inverse
current is produced at the moment of its approach, the same as when
the circuit is closed. If now the primary coil be withdrawn, a direct
current is produced, the same as when the circuit is broken. As long
as the primary coil remains in one position, all evidence of electricity
in the secondary wire disappears. If, however, while in this position,
the strength of the primary current be increased or diminished, mo-
mentary currents are established in the secondary coil; the inverse
following the increase, and the direct current following the decrease in













58 ELECTRO-PHYSICS.

iron wires.* The inner coil is connected with the poles of a battery,
and there is some arrangement for breaking the current. The inner
coil is composed of tolerably coarse wire, and is comparatively short.
The current that runs through it is called the pgrimary, or sometimes
the inducing, current. The outer coil is in no way connected with
the inner coil, but receives by induction a current from the current of
the inner coil as it is alternately broken and closed. The oufer
coil is composed of fine wire, and it is very much longer than the
inner coil.

The finer and longer the wire, the greater the tension of the current.
The current that comes through the outer coil is called the secondary
current, in distinction from that which comes from the inner coil, which
is called the primary. In both coils the copper is insulated with silk
covering.

Ruhmborfi's Coil—The most powerful of all coils, and the one best
adapted for philosophical experiments, is that of Ruhmkorff, of Paris.
It is about 14 inches in length. The inner coil is of copper, is about
2 mm. in diameter, and 4 or 5 yards long. It is coiled on a cylinder
of card-board, and is enclosed in an insulating cylinder of glass or
rubber.

FiG. =8,

The wire of the outer coil is of copper, from } to  mm. in diameter,
and from #hirty fo sixty miles in length. The distinctive features of
this coil are these :

1st. It is coiled in sections so as to avoid the induction of the outer
coil on itself, which is liable to take place when it is very long and the
tension is high, however thorough the insulation.

* In the machine of Kidder, to be described under Electro-Therapeutics, the helix
is composed of three or more coils of wire, not distinct, but connected,
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62 ELECTRO-PHYSICS.

sufficient rapidity, a confinuous current is produced which has all the
properties of the galvanic current. Magneto-electric currents are,
therefore, extensively used in electrolytic experiments and in electro-
plating. It is possible that some of these may be utilized in electro-
therapeutics.

Currents induced by Magnetism in Conducting-plates : Magnetism
of Kotation.—In 1824—5 Arago discovered that when a copper disk re-
volved with great rapidity under a needle resting on a disk above the
disk, the needle deflected in the direction of the motion of the disk.
After a time, if the movement be sufficiently rapid, the needle refuses
to remain fixed, and turns around after the disk. The explanation of
this phenomenon was given by Faraday in 1831. He showed that it
arose from the reaction of the currents induced in the plate by the mag-
net. The magnetism of rotation is only one of the many phenomena
connected with induction.  All these phenomena—induction by currents
of magnetism and by rotation—are explained by the theory of Ampére
before cited. They are at once in harmony with that theory and con-
firmatory of it.

History of Induction.—The discovery that electric currents of mag-
netism can induce currents in neighboring circuits was made by Faraday
in 1830. His researches on the subject were published in the Philo-
sophical Transactions in 1831 and 1832.

This discovery of Faraday, like that of Oersted, was the result, not
of accident, but of long and laborious experimentation. As early as
1825 Faraday had sought to make a wire, through which the galvanic
current was passing, induce a current in a neighboring wire, just as a
conductor charged with Franklinic electricity would have done. Not
until 1831 did he find out that the current must be broken or closed,
or approached or withdrawn, before it could induce a current in a
neighboring wire.

In 1832 Prof. Henry, then of New Jersey, now of the Smithsonian
Institute, Washington, observed phenomena which, in 1834, Faraday
showed were due to the extra current. In 1837 Bachhoffner and
Sturgeon showed that a bundle of wire was better in an induction appa-
ratus than a rod of soft iron.

In 1841 Prof. Henry studied the inductive action of currents on
currents. In 1850 or 1851 Ruhmkorff constructed the induction.coil,
and in 1853 Fizeau greatly increased its power by adding to it a con-
denser. The discovery that discharges of the Leyden jar made a
primary spiral induce a current in a secondary spiral, and that currents

of the third, fourth, and fifth order can be thus produced, and of suffi-
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CTOTE. ot ey e i R s M R 100
BUngeI, covvnianmans i e insnsnis s st 98
IR, el s e R L T e 56
Smee (when not in action). . .....ccevsvsansns 57

U {when maction): .. qcisisesai it 25
Wollaston (copper and zing). .....cocvvennas 46
Marié Davy (sulphate of mercury and graphite)., 76
Chloxide-of BIIVET - . i oisinssins i s it 62
Chlonide of lead. ... oo oiiivnss sum e s b 30

These estimates are the mean of a very large number of observa-
tions by Latimer Clark, taken on a sine galvanometer. The electro-
motive force is somewhat modified by various undetermined causes.

Tension, or FPolential.—Tension is that quality of electricily by which
it overcomes resistance.  This definition is practical rather than strictly
scientific, and can only be understood by explanation.

Tension is a resul of the electro-motive force, and is dependent on it,
and by mistake the two are often confounded. The sum and the diffe-
rences of electro-motive force are always equal to the sum and diffe-
rences of tension, but they are differently distributed in the circuit.
By mathematicians the term pofential, suggested by Green, is preferred
to tension, The term is a re/ative one, and no body or part of a body
can be said to have an absolute tension or potential. The potential of
a body is really the difference between its potential and that of the
earth, which is assumed to be zero. Electricity flows from a body or
part of a body at a higher potential, to a body or part of a body at a
lower potential, and the work which it does measures its amount.
Differences of potential may be compared to differences of level for
water. As water tends to flow from a higher level to a lower level un-
til all is of a uniform height, so electricity tends to flow from a higher
to a lower potential until the potential of all parts of the conductor is
the same, and ceases to flow. An instance of extreme tension is found
in lightning, where it is caused by the differences in the electro-motive
forces between two clouds, or between the clouds and the earth.

The tension of the frictional machine is very great, for the reason
that it is not at all influenced by the resistance of the circuit, which
in the galvanic battery i1s very great. 1If the current of the galvanic
battery encountered no resistance in the circuit, or was not affected by
resistance, its tension would be enormous.

The term infensity has long been used as synonymous with tension ;
but, strictly speaking, intensity is derived from the French infensité,
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ments are united to all the electro-negative elements so as to make one
large element. The airangement in series, or a “ tension arrangement,”
15 used for all ordinary galvanization and electrolyzation. The multiple
arc, or ¢ quantity arrangement,” is used in galvano-cautery. The phrases
“joined for tension,” or * intensity,” and *joined for quantity,” are
relics of old and exploded theories of electricity. For convenience'
sake they are still used ; but those who understand Ohm's law need
not be deceived by them.

Resistance —Resistance is that gquality of a conductor that impedes
the passage of a circuil,

There are two kinds of resistance in any circuit :

1st. That of the battery itself (/afernal Resistance).

2d. That of the connecting wires (circuit outside of the batfery), the
galvanometer, the human body, or other substance introduced into the
circuit (Laxternal Resistance).

How Resistance is Modified.—Resistance is modified in three ways:

1st. By the nature of the substance, whether liquid or solid, or by its
special chemical composition.

2zd. By the form of the substance, whether long or short, of small or
large diameter.

3d. By the temperature.

It is proved by experiment that the resistances of wires of the same
material and of the same thickness are directly proportioned to their
length, and inversely proportioned to the squares of their diameters.

A wire one mile in length gives twice the resistance of a wire half a
mile long, and four times the resistance of a wire one-fourth of a mile
long. On the other hand, wires of the same metal, but of diameters
which stand to each other in the relation 1, 2, 3, offer a resistance which
stand to each other as 1, {, }. In other words, the longer the wire the
greafer the resistance, the thicker the wire the /ess the resistance. The
same law, but less exactly, applies to liquids, and for this reason Jarge
elements give less resistance than small elements. The relative specific
resistances of a number of metals at a temperature of 54° F. are as
follows :

IR, o s wealn o ey I |y P S A - 2 .« 7.5
Ol e i s i g Dead e e tis Hhains 11
Ziﬂc...,.,.-,...,., ........ ::_’,.-?I Hﬂ:iﬂum*-iirvlvrtiiii IL.3

Mercury {at §7°).....000004.. 50O.7.

The converse of resistance is condustion. _
The following table of the relative conductibility of metals at 32° F
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All Resistance relative—No substances absolutely resist the passage
of electricity ; even resin, glass, and sulphur, the worst conductors, do
conduct a slight current, as can be proved by a very delicate galvano-
meter.

No perfect Conductor.—Even the best conductors, as copper and
silver and gold, are imperfectly so ; they all resist the current more or
less.

This can be shown with the galvanometer, which, when brought di-
rectly into the circuit, shows a deflection of the needle. When short
wires of copper or silver are interposed the deflection is lessened.

If we now comprehend the terms electro-motive force and resistance,
we shall have no difficulty in comprehending the term quantity, for,
according to Ohm's law, the quantity varies directly as the electro-mo-
tive force and inversely as the resistance.

The quantity of electricity is the amount which passes through the
cireuil in any given time.,

This depends, according to Ohm's law, on two factors—#he electro-
motive force and the resistance. 'The quantity varies directly as the
electro-motive force; and if there were no resistance, quantity would
be precisely the same as electro-motive force. But the guantily varies
inversely as the resistance, and therefore, to find out what the yuantity
of any current is, we diwvide the electro-motive foree by the resistance,
The fraction thus formed is the quantity or the strength of the current,
as we commonly call it. There are, as we have seen, two kinds of
resistance, that in the battery and that in the circuit outside of the bat-
tery ; both of these must be taken into account in estimating the relation
of the different kinds of batteries, and in selecting batteries for special
kinds of work. Let E be the electro-motive force, R the resistance
of the circuit outside of the battery, r the resistance in the battery;

E g
then ——= Q, the quantity or strength of the current—the number of
+

farads or measures of electricity that flow through the circuit in a given
time. The correctness of this mathematical conclusion may be demon-
strated on a galvanometer that has only a short resisting wire ; one cell
will deflect the needle nearly as much as one hundred cells. Again,
when any number of cells are joined together with great external resist
ance, such as is offered by a long, fine wire, or by the whole human body,
for example, the quantity of electricity that jflows through the circuit
will increase with the increase in the number of cells,

There is no inconsistency between these phenomena. It is indeed a
part of and a conclusion from Ohm's law. Everything depends on the
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quantity of electricity, that flow through a circuit. It follows from al!
this, of course, that if the electro-motive force be very greatly in-
creased, the resistance being the same, the quantity must be increased ;
but if the resistance be increased in proportion to the increase of the
electro-motive force, the quantity will not be any greater.

Absolute Quantity and Actual Quantity.—It also follows that the
absolute quantity of any battery—the amount that it is capable of
generating—may be very much greater tham the ac/wal/ quantity that
it sends through a circuit. Everything depends upon the resistance,
whether it be small or great.

Relationl of Quantity to Electro-therapeutics.—It is important to know
how to ascertain the guantify of electricity, for nearly all of the lead-
ing actions of electricity depend on quantity. It is quantity that
deflects the needle of the galvanometer, and quite accurately mea-
sures the current that passes through the wires that surround the
needle. It is quantity that decomposes chemical substances, as water,
salts, the human body, etc. Hence, electrolytic operations largely
depend on the quantity of electricity that flows through the tissues
acted on. It is quantity that accomplishes much of the therapeutical
effect of the different forms of electrization—although tension alone,
with very small quantity, may, as in the case of frictional or frank-
linic electricity, be capable of therapeutical effects. Franklinic elec-
tricity, however, relieves and cures disease by changing the electrical
condition of the patient, by giving a positive or a negative charge,
more than by the passage of the current through the body, and the
consequent electro-tonic and chemical changes. Ordinary faradic or
galvanic electricity, on the other hand, does not, as many suppose,
charge the patient with electricity, and does not, by its direcf action,
leave any more electricity in the body than it finds there. If they
increase or diminish the natural electricity of the body, it is indirectly
through the effect of quantity of electricity passing through the tissues
and improving nutrition.

Under this head come these important practical conclusions :

First. If any large number of cells every way similar are joined in
@ SHORT CIRCUIT by large connecting wires, and without any other ex-
ternal resistance, there will be no more guanitity of electricity flowing
than if a small number of similar cells were so joined.

Although each additional cell increases the electro-motive force, yet
it also increases the resistance, as we have already seen, and this in-
crease of resistance will counterbalance the increase of electro-motive
force, so that the quantity of electricity that flows through the circuit
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By a law previously explained, the resistance varies inversely as thi
square of the section. For convenience sake, we will suppose the re.
sistance of the large cell to be {4 that of the small ones—that is 2—
and Ohm’s law will give us the following fraction :

100 X Io = foco (electro-motive force)  100e
10,000 (external resistance) 1o ® 2 = 200 Ioaoo

)
b Lo

—a fraction that is, it is true, a little larger than 4, but not enough to
be worth considering.

The same truth may be shown by a galvanometer that has a long
resistance-coil.  If the fluid be raised just a little, so that elements are
just immersed and the poles are connected with such a galvanometer,
a certain deflection of the needles will take place, according to the
number of cells; if now we raise the fluid still higher, so that all the
elements are immersed, and four or five times as much surface is
brought into action in each cell, the needles will not be much more
deflected, but will remain at nearly the same point where it was when
the elements were first immersed. This is an experiment that we
have made repeatedly.

For the galvanometer substitute the human body from the hand to
the legs, and we can understand the great fact that large cells do not
send more guantity of eleciricity through the body than small cells of
similar character.

From all these demonstrations we see that it is with electricity as
with money—the absofufe quantity that any man may give may be a
very small fraction of the acfwal quantity that he can be made to give.
A millionaire has a far greater quantity of money than one who has
only a thousand dollars, but the one may not give a dollar any easier
than the other. Under great pressure the millionaire may give a
thousand times more than the poor man, just as a battery of large cells
may, before small resistance, send a very much larger quantity of elec-
tricity than a similar battery of small cells; but when there is great
resistance it may send very little, if any, more.

In electro-therapeutics, as in telegraphy, electro-metallurgy, and
other uses, large cells have this advantage, that #hey last longer and
do not regquire so frequent cleaning and filling.

Although they cannot in a given time send through the human body,
or long lines of wires, any more quantity of electricity than small cells,
yet their reserve quantity is much greater, and in proportion to their
size fhey will hold out longer and keep up a more uniform current.
The poor man may give five dollars as easily as the millionaire, but

-
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for galvano-cautery operations are constructed on this principle. The
reason for this is not so well understood ; Ohm's law gives us the ex-
planation.

Platinum-wire, though it resists the current very powerfully as com-
pared with silver or copper wire, yet offers a very small resistance as
compared with water or the human body, or very long wire of any kind.
Hence, in the galvano-cautery instruments, the exfernal resistance is
small, being not very much greater than the internal resistance of the
batteries, perhaps not so great. Now, before a large external resist-
ance-—the human body, or very long coils of wires—the surface of the
elements is used to the best advantage when cut up into small cells ;
before a small resistance, the surface of the elements is used at the
best advantage when cut up into a few large cells, or, if the external
resistance be very slight indeed, a single large cell will be better; for
we have previously shown that, in a short circuit, one cell gives as
much quantity of electricity as one hundred, or, indeed, any number of
cells.

Let us suppose 1oo small cells ; let each cell have an electro-motive
force of 1o volts and a resistance of 20 ohms. Let there be enclosed
in a circuit the human body, or a very long coil of fine wire, that gives
a resistance of 10,000 ohms. Then, according to Ohm's law, we have
the following fraction :

oo ¥ To = 1000 clectro-motive force
10,000 external resistance 1ee x g0 = 200 iniernal resistance

which represents the quantity of electricity that flows through the
circuit. Suppose now one c¢e// of the same character, but very much
larger, sends a current in a short circuit—through a sher¢ platinum-
wire, such as is used in the galvano-cautery for cauterizing surfaces.
Suppose the external resistance of this short circuit be g ohms. The
electro-motive force of the large cell is no more than that of the small
cell ; the internal resistance of the battery is very much less, for, as we
have seen, the resistance diminishes as the surface increases. For
convenience sake, we will suppose the internal resistance of the large
to be ¢4 that of the small cell—that is, 1. Now, dividing the electro-
motive force by the resistance, according to Ohm's law we have this
result :
10 eleciro-motive fores o

9
¢ external resistance + I internal resistance 10

the quantity of electricity that flows through the circuit, or twelve times
as much as with 100 small cells.
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of electricity constant at a fixed point, and then inserting platinum
wires of different lengths into the bottle.

From all this it follows that batteries for galvano-cautery should
have large surfaces and a small number of cells, and that they should
be arranged so that the surfice may be used as one or two cells, or
cut up into four or six, according as short or long wires are to be
heated.

Fifthly. It follows that the dose of an electrical application cannot
be accurately described by stating the number of cells and the length of
the sitting. :

This conclusion is an important one, and for want of a knowledge of
it electro-therapeutists continually blunder.

Supposing now that we are treating a patient locally or centrally by
the galvanic current, and we desire to transfer the patient to another
physician. We inform the physician to whom the transfer is made, that
we are treating the patient with ten cells for ten minutes, and we desire
that he should continue to give the same dose. In the light of Ohm's
law, let us see what such instructions are really worth. The quantity
of electricity that passes through the patient in a minute is equivalent
to the electro-motive force divided by the resistance ; multiply the quo-
tient thus obtained by ten, and we have the dose of electricity that the
patient receives in ten minutes. If, now, all the factors that determine
the electro-motive force and the external and internal resistance were
constant and were accurately known, and if they were the same for all
batteries and all modes of application, then the dose thus ordered
would be a mathematical one, and could be mathematically followed.
No forms of error are so erroneous or so illusory as those that approach
us under cover of facts and fizures. In our very attempt to be accurate
we stumble into gross inaccuracy. Had we left the whole matter to the
judgment of the physician, with some general suggestions as to the sus-

ceptibility of the patient, we should have come far nearer the truth, as

will be apparent by the following considerations.

The electro-motive force varies in different batteries. and in the same
battery at different times. Grove's battery, for example, has four times
the electro-motive force of Smee's battery in action, and twice the elec-
tro-motive force of zinc and copper, or Daniell's battery. Then, again,
the electro-motive force will, in some batteries, as Smee's or Walker's,
fall off during an application ; and in 4ll batteries, however constructed,
the electro-motive force varies at different times, from causes not yet
determined.

But the electro-motive force is constancy itself in comparison with

i — e e

!







52 ELECTRO-PHYSICS.

wet sponge is lightly pressed it conducts but little, and its conductivity
increases with the pressure. Firm pressure moistens the skin more
thoroughly, and thus increases its conductivity, and at the same time it
brings into coaptation all parts of the sponge, so that it becomes well
saturated.

sth. The position and extent of the body included between the elec-
trodes. This factor is a most important one, and it has been unac-
countably overlooked in all discussions on this subject. The difference
in the conductivity of the bones and soft tissues is all the difference
between twenty and one, and in all parts the conductivity is modified
by age, by temperament, and by disease. The resistance of the whole
body, from one hand to the other through the shoulders, is about seven
or eight times the resistance of the Atlantic cable, and the resistance of
the whole length of the body, from the head and shoulders to the feet.
is probably greater than that. But the resistance of any limited portion
of the body, as the head, or spine, or cervical sympathetic and pneu-
mogastric, or individual muscles or nerves, must be only a fractional
part of the resistance of the whole body. Other conditions being the
same, the nearer the electrodes are to each other the less the resistance,
This may be illustrated by an experiment that we have frequently tried.
If one electrode be put in the vagina and the other in the rectum, a cur-
rent of but two or four cells may be painfully felt; but if one of the
electrodes is placed externally on the back or hypogastrium, a current
of a dozen or more cells may be scarcely perceived. The same experi-
ment may be tried on the back ; placing one pole on the nape of the
neck and the other at the lower end of the spine, a current that is just
perceptible at first, as the electrodes approach each other becomes
positively unbearable.

6th. The length of the application. When the galvanic current is
first applied to the body by wet sponges, but little sensation is experi-
enced on the skin ; but in the course of a few seconds a burning pain is
felt, that increases with the length of the application, This is explained
in part by the chemical changes that take place, and in part by the fact
that as the skin becomes more and more moistened by the pressure of
the wet sponge, and the skin under the electrode becomes more and
more congested, the resistance is diminished. Consequently, toward
the close of even a very short application, more electricity passes, all
other conditions being the same, than at the beginning. On this
account it frequently becomes necessary to reduce the number of cells
during the sitting, especially when the electrodes are kept all the time
on one spot. Thus it becomes clear that any attempt to prescribe the
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Those who aspire to mastership in electro-therapeutics will not be con
tent with the mere attempt to relieve symptoms ; they will seek to study
those most complex and subtle diseases for the treatment of which elec-
tricty is indicated ; they will resort to this force for diagnostic as well as
therapeutic aid ; they will strive to know not only how to use it, but, what
is more difficult, how not to use it. He only can reap the full and rich
harvest of electro-therapeutical science and art who sows beside all
waters ; he must become more or less proficient in neurology, in electro-
physics, and in electro-physiology. He who has a knowledge of the
laws of animal electricity, and the actions and reactions of franklinic,
galvanic, and faradic electricity on the brain, spinal cord, and sympa-
thetic ; on the nerves of motion and of common and special sense ; on
voluntary and inveluntary muscles; on the skin, and on all the various
passages and organs of the body in health, and also of the electro-con.
ductivity of the body, will find the paths of electro-diagnosis and of elec-
tro-therapeutics illumined at every step by such knowledge, and will, in
the end, make more correct interpretations of disease than he who
merely holds electrodes on patients without any higher aim ; and more
than that, he will be introduced into a field of thought and experiment—
a field surpassingly nch and fruitful, and lying in close relation to all
departments of physiology, of pathology, and of biology, where he can
study science for its own sake, without regard to its immediate practical
value.

In the above remarks we do not wish to be understood as subscrib-
ing to the notion, quite popular among some, that electro-therapeutics
must be based on electro-physiology ; very far from it : the two sciences
are closely related and are of reciprocal assistance, but one is not built
up on the other. Neither are exact sciences, and may never become
such. Pathology, though it is but  the shady side of physiology,” yet
so complicates therapeutics that electro-physiology cannot become a
reliable basis for electro-therapeutics. The two sciences are pursued
mainly by different methods : electro-physiology is a science of experi-
ment ; electro-therapeutics is a science of experience.

Electro-plysiology largely Studied by Experiments on the Living Hu-
man Subject.—An advantage of great import to electro-physiology, and
one that especially commends it to the electro-therapeutist, is that it is
largely based on experiments made on the living human subject. True
enough, thousands of frogs have given up their lives in the electro-physi-
ological laboratory, and dogs and cats, rabbits and guinea-pigs, rats, and
monkeys even, have been subjected to electric tests while living, in health
and uninjured, while dying, and when dead; but some of the most







0o ELECTRO-FHYSIOLOGY.,

is possessed only by a small number of fishes, the best known of which
are the forpedo or electric ray, the gymnotus or electric eel, and the
electric shad.

This development of electricity does not take place in all parts of
the fish, but is confined to a peculiar expansion of the nervous system,
called the electrical organ. The nerves constituting the electrical or-
gans of the torpedo and gymnotus are of great size. Those of the for-
mer consist of three principal trunks, and arise from the cerebro-spinal
system ; while the nerves composing the electrical organs of the latter
are derived from the spinal cord alone. As stated above, the phenom-
ena produced by these fishes are similar to those which are obtained
from electricity that is artificially generated.

If electric fishes are touched with the hand, a shock is perceived, while
if glass, resin, or any other non-conducter is intervened, no effect is
produced. !

Sparks may be drawn from them in the same way that they are drawn
from other bodies that are artificially charged with electricity. The
current obtained from them will magnetize steel needles, decompose
water, and if the needle of a galvanometer be brought into the circuit it
will immediately suffer deflection, so that the direction of the current
may be readily determined.

The electric force of the fish is much weakened after it has exerted
its power a number of times in quick succession, and it requires rest
and nourishment to enable it to recover its normal vigor.

History of the Discovery of Electricity in the Body of Man and other
Animals.—We have already seen (Electro-Physics, p. 48) that Galvani
discovered in 1786 that muscular contraction follows the contact of the
nerves and muscles of a frog with a heterogeneous metallic arc. From
this observation, and from subsequent study of the subject, Galvani was
inclined to believe and to declare that in the tissues of animals there
exists a special independent electricity, which he called animal elec-
tricity. Although Galvani's conclusions were, as we now know, not en-
tirely logical, yet he stumbled on an important discovery that was des-
tined to be demonstrated and confirmed by other and later observers.

There is such a force as animal electricity, but the experiments of
Galvani are explained by contact of dissimilar substances and by the
chemical action of the fluids of the body on the metals, and not by the
electricity of the body.

Velia's Researches have already been given in Electro-Physics (p. 50).

Humboldl's Researches.—In 1799 Humboldt published a work contain.
ing the result of many and curious experiments, the object of which was
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substances—in a small fibril as well as in a large muscle—in the skin,
spleen, testicles, kidneys, liver, lungs, and tendons; but not in fasciz,
sheaths of nerves, and sinews,

7th. That animal electricity is capable of decomposing iodide of
potassium, and of deflecting the needle of the galvanometer, (Mat-

teucci.)
8th. In the muscles and nerves electricity is in the condition of a

closed cireuil.

gth. That contraction of muscle is accompanied by an electric dis-
charge resembling that of a torpedo. (Matteucci.)

It was the perusal of the essay of Matteucci that inspired Du Bois-
Reymond to undertake those magnificent researches that have given
him a name and a fame in the realm of electrology.

He devised special apparatuses for his researches, and handled them
with great skill and patience.

Even if many of the conclusions presented are erroneous, they are
none the less interesting suggestions, and have prepared the way for
those who are now earnestly seeking to discredit his experiments and
disprove his statements,

The above conclusions of Du Bois-Reymond were derived from ex-
periments on the nerves of frogs, but electricity is not confined to the
lower forms of life, either dead or dying.

Electricity in the Living Man.—In the living man it is believed
that cutaneous currents are found. The hand is negative to the elbow,
and the palm of the hand is negative to the back. The foot is negative
to the chest, and the sole of the foot is negative to the back. The elbow
is slightly positive to the chest, and the hand is sometimes negative to
the foot, and sometimes the reverse.

These cutaneous currents are quite strong and uniform. They are
to be distinguished from the thermo-electric currents that are observed
when two symmetrical parts are heated.

A finger at the temperature of 32° is positive to one at go% and a
finger at Go® is feebly positive to one at 80° and strongly positive to
one at 180°. The cutaneous currents are also to be distinguished from
currents that arise from dissimilar immersion, dissimilar sweating and
shielding of the body.

Currents of electricity have been found in the urethra and bladder
of the rabbit, the intestines, the spleen, the testicles, the tendons, and
the oviduct of the frog, and the iris of birds.

All these currents resemble the ordinary muscular currents, in that
the outer and inner surfaces have opposite electricities.

e
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elongates, and when the charge is discharged it contracts. It is believed
that the muscle behaves in precisely this manner. If nerves are not
affected in the same way, it is because their fibres are not sufficiently
elastic.

4. That the blood keeps up the natural charge of electricity in nerve
and muscle.

The acceptance of this view explains many interesting facts in
pathology. It explains the fact that diseases that are accompanied by
a deficiency in the nerve-currents, as neuralgia, spinal irritation, hysteria,
tetanus, epilepsy, usually manifest themselves by morbid activity, by
increased and unnatural movements of muscles and nerves.

Active inflammations, when there is increase of blood, are not usually
accompanied by excessive muscular or nervous action.

Apparatus for Studying Animal Electricity.—In a practical work of
this kind it is not necessary nor proper to enter into elaborate detail
of all the experimental premises by which Matteucci, Du Bois-Rey-
mond, Pfliiger, and others have made their discoveries. A very brief
description of the apparatus of Du Bois-Reymond may possibly be of
interest. :

He employed a very delicate galvanometer, the distinctive fea-
tures of which were, firss, the astatic needles were constructed and
arranged with great care ; and, secondly, the wire around them was very
long, and of from 4,000 to 24,000 convolutions. A multiplier of this -
sort will indicate the presence of exceedingly feeble currents. The
wires of the multiplier are connected with carefully cleaned and pre-
pared flat new plates dipped in vessels of zinc, containing sulphate of
zinc to prevent polarization. Two cushions, as they are called,
made of layers of blotting-paper soaked in a solution of sulphate of
zing, are laid in the edge of each vessel, with their ends in the liquid.
The whole is enclosed in a moist chamber. In order to protect any
tissue, it is placed in connection with the two cushions in various posi-
tions ; then, if there be any current, the deflection is seen in the needle
of the multiplier.

When two symmetrical parts of the longitudinal or transverse section
of a nerve are applied to the cushions, no deflection is seen ; when two
dissymmetrical parts of the longitudinal section are placed on the
cushions, the needle deflects 6° or 7°. When the longitudinal section
of the nerve on one side touches one cushion, and the transverse sec-
tion touches the other side, the needle deflects 15° to 30°.

Instead of the galvanometer multiplier we may use the rheoscopie

frog, which may give some results ; but it has the disadvantage that it
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Placing the artificial muscle thus prepared in the position where the
natural muscle is placed in Du Bois-Reymond's experiments, he found
that each liquid cawsed a deflection of the needle of the galvanomeler.

There is no question, in the opinion of Prof. Trowbridge, that the
currents that caused these deflections of the needle arose from the
actions of the fluids in the tubes on the saline solution of the cushion and
the protecting guard. This view is confirmed by the fact that when
the artificial muscles were, filled with disfilled water, there was no de-
flection of the needle observed ; but when undistilled water or the
other fluids mentioned were used, the needle of the galvanometer de-
flected so far as in some cases to throw the spot of light off the scale.*®
Prof. Trowbridge exercised the same precautions as are found necessary
by electro-physiologists in obtaining the so-called muscular currents.
He argues that the behavior of the artificial muscle must be similar to
that of a natural muscle placed on the cushions ; and he states further,
that when we use the natural muscle, containing fresh and chemically
active blood, separated by its sheath from the clay guards of the cushions,
an electrical action must take place between the fluids of the muscle and
Phe saline solutions in the connecting apparatus, whick action cannot
well be distinguished from the so-called muscular current.t

In order to avoid every possible source of error in these experi-
ments, Prof. Trowbridge not only tried distilled water in the artificial
muscles, instead of undistilled water and the different solutions, but also
tried the mere contact of the bladder membrane-partition without any
fluid, and in neither case was any current produced. He employed a
vessel shaped like the letter U, opened at the bend, and covered at the
ends by a membrane. Into the two limbs of the tube he injected
fluids of different kinds. When the vessel was filled with a fluid that
was homogeneous, and the ends of the tube brought in contact with
the cushions, the needle of the galvanometer was deflected. When the
points of contact were reversed, the direction of the needle was re-
versed. That mere contact of the tube with the cushions did not cause
the deflection of the needle, was shown by the fact that when no fluids
were in the tube there was no deflection. That the direction of the
current was Zhrough the U-shaped tube, and not from its extremities to
the galvanometer and back, was proved by the fact that when the
section of one of the limbs of the U-shaped tube was constricted, the

* Thomson's reflecting galvanometer and new quadrant-electrometer were used in
these experiments.

1+ On the Electro-motive Action of Liquids separated by Membranes, American
Fournal of Science and Aris, vol, iii., May, 1872.
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large variety of individuals of different ages and by different methods of
application. One of the electrodes is placed in the mastoid fossa, and
the other over the seventh cervical vertebra, or at the top of the clavicle.
Both directions of the current are used. We used in these experiments
a zinc carbon, or the Smee's battery, of from 5 to 3o cells, from 1 to 5
Oor 1o minutes.

The general results of our researches may be thus summed up :

1. A slight feeling of drowsiness. This sometimes began to be per-
ceptible shortly after the electrodes were applied, increased up to a

_certain point, and continued for some little time after the séance was
over. In many cases it is not observed until the lapse of five or ten
minutes after the séance. The feeling, which was by no means con-
stant, was usually so slight that it might not have been observed, had
we not in our experiments kept closely on the watch for every sensa-
tion experienced during or just after the application.

Some individuals are amazingly susceptible to this soporific effect of
galvanization of the neck. A young lady whom we were treating for
facial acne by central galvanization, was frequently put right to sleep
within one minute after the application began. Her eyes would close
and her head would droop and nod ; and when the electrodes were
removed she would awake but slowly, and with a vacant look and
drowsy feeling, such as we all experience when we are suddenly roused
from a nap. This effect followed any sort of application around the
neck with either pole and in any direction,

On the accepted theory that a state of cerebral anemia predisposes
to sleep, we should reason, @ priori, that electrization of the sympa-
thetic ought to induce a feeling of drowsiness, since on some individ-
uals it unquestionably diminishes the current of blood in the brain, and
experimentally we have found that it does thus induce a slight and
temporary disposition to sleep, although this result is probably far less
marked than it would be if, without injury to the living subject, the
application could be made directly to the ganglia, and this effect is by
no means uniform, but varies with the strength of the currents and
with the temperament of the individual.

2. A feeling of warmth through the system with sensible perspiration.
This was not a constant symptom, though it was oftentimes very
decided. To produce sensible perspiration usually requires a strong
current and a long application. The extent to which this was felt was
manifestly dependent on the strength of the current and the length of
the application. It was usually felt but a short time after the séance
wis completed.” We have observed this effect more frequently and
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5. The contraction which takes place is sometimes followed, a few
minutes after the close of the séance, by dilatation which is greater thar
normal.

6. The dilatation which takes place is sometimes followed by con
traction after the close of the séance.

In some of the experiments no effect on the retina could be detected.
Impressible and nervous temperaments seem to exhibit changes in the
vascular condition of the retina much more readily than cold and phleg
matic temperaments.

The question now arises, Whether these changes in the retinal circu
lation were due to the effect of the current on the sympathetic or on
the pneumogastric, or did they take place through the spinal cord or
by reflex action ?

This question is answered by comparing the results of these experi-
ments with the result of experiments made by Duchenne and Prof.
Léigeois, of Paris. These gentlemen laid bare the cervical sympathetic
in a rabbit, and electrized it with both currents in the same manner
that we electrized the necks of the individuals on whom we experimented.
The results on the circulation in the rabbit's ear were in every distinc-
tive feature identical with the results on the retina when the galvanic
current was passed through the neck of the living human subject.

The other effects of galvanizing the region of the cervical sympathetic
—disposition to sleep, sweating, increased circulation in the extremities,
etc.—seem to confirm these physiological observations.

These experiments have been partially confirmed by Onimus, who
has shown that the circulation of the retina may be influenced by
galvanization of the cervical sympathetic. He observed hyperaemia,
but this, as we have shown, is not a constant effect.

Experiments with the Sphygmograph—We have made experiments
with the sphygmograph, with the assistance of Dr. L. De Forest Wood-

For assistance in the study of sphygmography we are under obligations
to Dr. Roger S. Tracy. A few samples of the observations are repre:
sented in the cuts.

No. a —After five minutes galvanization of the sympathetic,
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Mo. g.—Five minutes after close of séance of general faradization.

From these experiments we derive the following conclusions :

1. Both currents—faradic and galvanic—when applied in such a
way as to traverse the region of the neck in which the pneumogastric
and cervical ganglia of the sympathetic are situated, markedly affect
the pulse,

2. The effect is chiefly shown in abruptness of the systole, and in
abruptness of the diastole, and in shortening of the interval between
the cardiac impulse and the arterial impulse. In general it may be
said that the force of the pulse is increased. Its rapidity may be
either increased or diminished, according to the length of the appli-
cation and the strength of the current, and analogy would lead us
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thoroughly agree with Brenner and Erb that these reactions of the audi.
tory nerve are obtained by the direct action of the current on the nerve,
and not by refex action through the trigeminus. This view is proved
by the general fact of the conductibility of the tissues of the brain (see
chapter on that subject), by the fact that even when the trigeminus is
paralyzed the reaction may yet occur,* and by the fact that when the
electrode is placed in a condition favorable for the entrance of the
current into the ear, the reaction is more decided than when the elec-
trode is placed in a condition favorable for the excitement of the trige-
minus, but unfavorable for the direct entrance of the current, as has
been conclusively shown by Erbt and by ourselves.] We have removed
the pole from the fragus fo the malar bone and the cheek, both of which
toints are highly favorable for the excitation of the trigeminus, and
have found that with removal the reaction diminished or disappeared.

In order to obtain that normal formula, the following conditions are
necessary :—

1. Convenient galvanic apparatus.

A very powerful galvanic battery is not needed. The range of ele-
ments to which the auditory nerve sensibly reacts is between 2 to 3o. In
some cases quite strong currents are necessary. The galvanic batteries
and electrodes described in this work are adapted for these investiga-
tions. There should be a current reverser ; and a rheostat, though not
exactly indispensable, is yet very convenient.

2. A right method of application, and practice in using il.

On the whole, the best method of application to produce these reac-
tions is the exfernal arrangement, in which one pole is firmly pressed
on the tragus (the ear external auditory canal having been previously
filled with warm salt water), while the other is held in or fastened on
the hand on the opposite side. Any convenient electrodes may be
used for these purposes. So long as the pole whose specific effect we
desire to produce is on the right place in the ear or on the tragus, the
position of the other electrode is not absolutely essential, provided it
is somewhere on the opposite side, so as to allow the current to pass
through the auditory nerve. It is difficult or impossible to get the
reaction while the pole is on the mastoid process of the same side. It

* Vide Moos' case, above quoted in Archiv Ophth. und Otol, wol. i, Ne. 2, p.
482,
+ Archiv Ophth. und Otol., vol. i, No. 1., p. 261 et seq.

t For a detailed discussion of this subject, see Brenner's work, Band i., 1 Abth,
P- 94, et seq,













138 ELECTRO-PHYSIOLOGY,

2. The differential polar effects of the galvanic carrent on the ear
waich are very easy of demonstration, cannot be explained by any
theory of muscular contraction. X

3- Some of the reactions are produced by the sfeady action of the
galvanic current, without any interruption, and with a strength not suffi-
cient to produce muscular contraction ; while it is true that certain
reactions in some cases require strong and interrupted currents, it is not
true of all of them.

4. A reaction of the auditory nerve similar to some forms of tinnitus
can be obtained in some sensitive cases, notonly by galvanization of
the ear, but of the other parts of the head, and even the trunk.

We have had a patient who complained every time we galvanized
the spine that buzzing, hissing sounds were excited in his ear. Simi-
lar sounds are produced by galvanization of the ear. The effect in
this case was probably reflex.

All these considerations convince us that the variety of sounds pro-
duced by galvanization of the ear is due to the excitation of the au-
ditory nerve, and that this excitation may be both direct and reflex.
We are fully aware, however, that for the present this fact has a greater
interest for the electro-physiologist than for the electro-therapeutist.

Qifactory Nerve.—We have observed in frequent experimenting on
ourselves that the negative pole of a strong galvanic current applied to
the Schneiderian membrane caused, in certain sensitive localities, an odor
much resembling sulphuretted hydrogen, The odor observed in the neigh-
borhood of docks will perhaps suggest the peculiar character of this re-
action more than any formal description. This reaction is obtained only
when a powerful current is used. It is obtained at the opening of the
circuit, while the circuit is closed and for some little time after the circuit
is opened. We have found that this peculiar reaction varies much with
the individual, and with the same individual at different times. A sen-
sitive, or even an ulcerated condition of the mucous membrane would
seem to form it. Although we are frequently treating cases of rhinitis
(nasal catarrh) by internal galvanization with metallic electrodes, yet our
patients never speak of this peculiar odor. The mucous membrane
of the nasal passages is very sensitive, and in ordinary therapeutical
applications only gentle currents will be borne, whereas this reaction of
the olfactory nerves demands powerful and painful currents.

The differential reaction of the positive and the negative pole of the
ascending and descending currents that were long ago claimed by Rit-
ter, we have not been able to confirm. The phenomenon of sneezing, or
a disposition to sneeze, of which Ritter spoke, is due, not to any reac:
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ways by which the muscles can be made to contract under electricity :
(1) by acting on the motor nerves, and (z) by acting on the muscles
themselves. There is, however, this interesting and important differ-
ence in the effect of electrizing the motor nerves and the muscles, that
when the former are electrized all the muscles supplied by them con-
tract, and when the muscles are electrized, only that muscle to which
the electrodes are applied, or that part of the muscle between the
electrodes, will contract. When direct applications to the muscle are
made, the best contractions are produced by putting one electrode at
each end. The muscular contractions produced by directly fara-
dizing the muscle are due to the excitation of the muscle, and also of
the intra-muscular nerve-fibres. The most powerful muscular contrac-
tions are produced by placing one electrode on the muscle, and the
other at the point where the motor nerve that supplies it is most super-
ficial.

Differential Action of Positive and Negative Pole in Producing Con-
tractions.—Not only is there a difference in the degree in the opening
and closing contractions of the faradic current, but there is also a dif-
ference in the action of the poles in producing contractions. When the
interruptions are rapid, as in the majority of machines, the muscle does
not have time to go through all the process of lengthening and shorten-
ing with each movement of the current to and fro, and consequently
it is kept in the state of tonic contraction above described. If, now,
one pole be placed on some indifferent point, while the other pole
is placed over the nerve to be acted on, it will be found that the nega-
tive pole produces stronger contractions than the positive.

This experiment is easily made, and it is not difficult to demonstrate on
one's self that this stronger action of the negative pole in producing mus-
cular contraction is entirely independent of the direction of the current
—is, in short, a polar effect. We have already seen that on sensory
‘nerves the negative pole is more powerfully felt than the positive,

Simple Fluctuation in Strength of Current sufficient to Produce Con-
traction.—In order to produce muscular contractions, it is not necessary
that the current should be opened or closed. A moderafe variation in the
strength of the current—such as is obtained by adding one or more
cells, or by uniting another and independent current in the circuit, or
by taking off some portion of the current from the circuit—will cause
muscular contractions. The contractions produced in this way are,
however, less vigorous than those produced in closing and opening the
circuit. It is to be observed, also, that the vigor of the contractions is
proportioned to the suddenness of the closing or opening the circnit
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162 ELECTRO-PHYSIOLOGY.

Experiment 3.—On stomach, with galvanic current, sixteen cells.
In region of positive pole the circular fibres are much contracted, and
the same disintegrating effects of negative pole were observed.

Experiment 4—Faradic current on large intestine. Contraction of
muscular fibres was observed, and thought to be greater at positive
pole.

Lxperiment 5.—Faradic current on spleen. The smooth surface of
that organ was soon corrugated, tending to show that the tissues were
contracting under its influence.

Experiment 6.—Galvanic current on spleen. Generation of hydro-
gen at negative pole, also congested appearance, and after removing
needle very dark spot at negative pole.

Experiment 7.—Faradic current on bladder. The bladder was par-
tially filled with urine, and when the current was applied there was
great and immediate contraction of muscular fibres and expulsion of
urine.

Experiment 8.—On left kidney, faradic current. Muscle con-
tracted, and seemed to be permanently so, at least during observation.

Right kidney, galvanic current. Same effect at negative pole, dark
congested spot ; but during passage of current the bladder, which had
been much contracted by faradic current, seemed to fill up.

Experiment 9.—On liver. No action. The rabbit seemed to show
remarkable vitality, and it was necessary to renew ether very frequently.
It was determined then that the electricity seemed to prolong life, even
after it had been so taxed by anatomical mutilation.

The conclusions from a large variety of experiments, of which the
above 1s a fair 1llustration, are these :

1. Both currents—faradic and galvanic—cause an unstriped muscle
to contract in accordance with the law of its physiological action. It
remains contracted, and after the breaking of the current gradually
returns to its normal condition.

2. The time when the contraction begins, and the vigor with which
it continues, and the rapidity with which it returns to its normal condi-
tion, after the breaking of the current, varies with the organ acted on,
with the strength of the current, and with the condition of the animal
acted on, whether living, dying, recently or long dead.

3. The positive pole has a more powerful contracting influence on
unstriped muscles than the negative. The differential action of the
poles is seenin both currents, but is more decided with the galvanic.
This fact we were, we believe, the first to discover. This fact of the
more potent action of the positive pole on unstriped muscle is of con-
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40,000 units (see p. 66)—that is, about eight times the resistance of the
Atlantic cable ; of the tendon, 38,000 units; and of the muscle, 12,000
units. ¥

Bones and Skin poor Conductors.—It should never be forgotten that
the epidermis, in a 4ry state, is a poor conductor. In practice this
resistance of the epidermis is overcome by thoroughly moistening it.
The hair and nails are also poor conductors. In making applications to
the top of the head it is necessary to thoroughly moisten the hair. The
bones contain less water than the soft parts, and are consequently poorer
. conductors. Soft parts which are thus enclosed in a bony covering are
less powerfully affected than soft parts which are not so enclosed.

The Current tends fo take the shortest Way between the Electrodes.—
The electric current always takes the shortest and most direct course
from one pole to the other, provided the media intervening between the
electrodes is of a uniform conductibility. When, therefore, the positive
electrode is applied to one part of the body, and the negative to the
other, the current would diffuse itself uniformly between the poles,
provided the structures of the body between them were uniform. But,
as has been seen, the different parts of the body vary widely in regard
to their conductibility,—those which contain a large quantity of saline
solutions being good conductors, and, vice versd, those which contain
a small quantity being poor conductors,—the difference of conductibility
between muscle and bone being nearly twenty to one.

The current does not affect all parts alike. The extent to which any
part is directly reached, when the current is applied over the surface,
will depend both on its structure and its situation.

Soft parts, which contain a large amount of water, like the brain,
spinal cord, and abdominal viscera, are good conductors, and unless
their situation is unfavorable, they are directly and powerfully affected
by the current, when applied to the surface by means of moist conduct-

ors. On the other hand, bone, which contains a much less percentage

of water than the muscles and soft parts, is comparatively a poor con-
ductor. Accordingly, soft parts which are partially or entirely enclosed
by bone are much less readily affected by external applications than
would be the case if they were exposed.

Another legitimate inference from the accepted theories of the nature
of electricity, and from what we know of the relative conductivity of
the different tissues of the body is, that when electrodes are placed on
the surface of the body the current moves between them in a kind of

* Dynamics of Nerve and Muscle, p. 19.
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Electrolysis of the Agueons and Vitreous Humors of the Eye.—When
platinum needles connected with a galvanic current are inserted into
the aqueous and vitreous humors of the eye of a dead or dying rabbit,
rapid electrolysis takes place at both poles, with evolution of gases in
albuminous envelopes. A cloud resembling cataract is speedily formed
over the pupil, and in a few moments, if the current be of medium
strength, the covering of the eye will be ruptured, with a violent escape
of albumen-enveloped gases. This process, which Dr. Beard has fre-
quently studied in the eyes of rabbits and dogs, is similar to that which
takes place in the electrolysis of hydrocele and of certain cystic tumors.

Electrolysis of Beef.—It is possible to gain a measurably correct idea
of what changes take place during and after electrolysis of the living
body, in health or disease, by studying the phenomena that appear
during electrolysis of dead tissue. If a piece of beefsteak, for example,
be subjected to the action of the galvanic current by needles connected
with the positive and negative poles, a process somewhat resembling
frying can be distinctly seen and heard and felt; more specifically,
bubbles of hydrogen appear at the negative pole, and a kind of hissing
sound is heard, even when the ear is at some little distance, and a posi-
tive sensation of heat is felt when the finger is pressed over the part
that is being electrolyzed. Under the microscope this process can be
more closely studied. Chemical examination shows that oxygen, acids,
and albumen go to the positive pole, while hydrogen, alkalies, and
coloring matter go to the negative, and the action at the negative pole
is much greater than at the positive. Under this process the beef be-
comes gradually dried and changed in color, owing to the disappearance
of the watery constituents and the other electrolytic action; and, in
proportion as the beef grows drier and the fibres begin to lose their ad-
herence and fall apart, the electrolytic process becomes less and less
active, because there is less fluid on which to act.

For some hours after the needles are removed, the process of drying
and disintegration and decoloration goes on, until the portion that lies
between and near the poles shrivels, contracts, and crumbles, until it
resembles the burnt corners of a piece of roast beef.

Electrolysis of Fruits and Vegelables.—We have experimented on a
variety of fruits and vegetables—as oranges, lemons, apples, pears,
peaches, potatoes, turnips, etc. The effects of the electrolytic action,
as they appear to the eye and the ear, though consistent with the great
general laws of electrolysis of inorganic substances, yet are more or less
modified by the varieties of structure. When a sound apple is electro-
lyzed, the part around the negative needle changes in color and looks
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e

Faradic Machine, with a tip arrangement (Kidder),















300 AFPPARATUS FOR ELECTRO-THERAPEUTICS.

to when the current fails to accomplish our purpose, even when the
metallic tube is entirely or nearly withdrawn,
3- When the current passes through the body of the operator, the

A

E Fis. 46,
Faradic Machine, without the box (Galvano-Faradic Manufacturing Co.).

current may be modified by increasing or diminishing the pressure of
the hand on the sponge connected with the positive pole, (See Gen-
eral Faradization.)













304 APPARATUS FOR ELECTRO-THERAPEUTICS,

portable, and about as heavy, when charged, as a medium-sized valise,
well packed.

The eight-cell combination is no heavier than a common faradic
machine, and when well charged gives a current of sufficient strength
for many applications to the eye and head.

Twenty-four zinc-carbon battery (Galvano-Faradic Mfg. Co.).

The above is called the Bartlett galvanic battery (Fig. 49). It is a
very convenient apparatus. It has connected with it a hydrostat, which
quite successfully prevents the spilling of the solution during transpor-
tation. The accessories, such as current selectors, commutator, rheo-
tome, etc., are all attached to the battery. The bottom of the box is
a movable tray, in which the glass or hard-rubber cells are placed.
This movable tray is controlled by two hinged rods, which are fastened
to it, and these by two lifting-rings at the end of the rubber table.
These rings, being screwed tightly down, hold the cells firmly against
the hydrostat, or, being loosened, allow the hydrostat to be removed
from the front of the centre of the box. They also serve as handles to
lift the tray of cells.
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Eighteen-cell zinc-carbon battery (Kidder).







308 APPAKATUS FOR ELECTRO-THERAPEUTICS,

of potassium, the brown color of the iodine appears at the PosSITIVE
POLE,

- . Lmﬂ I:!r,m.i

Sixteen cell 'hauery complete. Fic. 52 Ceils out of case.
Chloride of silver battery,

The cell in the above battery is very small, being one and one-quar-
ter inches square by five and one-half deep. It contains a strip of zine
and a strip of silver, the latter being covered with about 8 dwt. of fused
chloride of silver. The solution is water and sal ammoniac, in the pro-
portion of a pint of the former to 84 dwt. of the latter. .
. The Cabinet Battery*—A little more than a year ago it was sugg
gested to the Galvano-Faradic Manufacturing Company the possi-
bility of arranging a combination of sixty or more Siemens-Halske '
elements of moderate size, in such a way that all the cells and all the
connections and appliances should be contained in a small mm’a;_ﬁlgf;:
desk or burean. The suggestion was made in the belief that all the
supposed or real advantages of the combinations of large cells that
are usually placed in cellars or basements, and connected by wires with

* Some changes have been made in the form of this battery since the last edition,
but the general principles of its construction remain the same,
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Fic. 55
Galvano-faradic machine, with rheostatic coil, ete. (Reynders & Co.).
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Fiz. 57, ;-
Brenner's Apparatus, including Stopper Rheostat, Galvanoscope, Faradic Coil, ete.
(Galvano-Faradic Manufacturing Co.), This apparatus may be connected with
any desired number of large cells in the cellar, ;

Kheostates.—The general object and principle of the rheostat has
been already described (Electro-Physics, p. 42). It remains here to
speak of those forms that are best adapted for electro-therapeutics

Fic. 58,
Galvanometer used by the Authors, (Chester & Co.)

A form of rheostat, very well known to electro-physiologists and
electro-therapeutists, is that of Siemens, and introduced into electro-
therapeutics by Brenner in his researches on the ear. The unit of
Siemens is a column of mercury, one metre long, with a transverse sec-
tion of one square millimetre at 32° F. The rheostat may contain
1,110 or 2,700 units, The metallic blocks or pieces on the top are
attached to insulated coils of wire, which in their length correspond to
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good indeed, would appear to be inferior in convenience to the Ameri
can Cabinet battery, previously described.

FiG. 8z,
Mayer & Meltzer's Portable Galvano-Faradic Apparatus,

The idea of combining both currents in a single apparatus seems to
have occurred almost simultaneously to the electrologists and mecha-
nicians of Europe and America. The practical advantages of any
combination that has yet been offered are not, for portable use at least,
so great as was expected. The galvanic current which they give is apt
to be too feeble for all occasions, and the size of the apparatus is
much larger than is needed for the faradic current alone. h

This apparatus of Meyer & Meltzer is provided with a galvanoscope,
current-selecter and current-reverser. It is so arranged that the first
or the last portion of the cells may be used at pleasure, thus avoiding
the disproportionate use of the first portion. Zinc-carbon cells are
used, and they are raised and depressed as in the American zine
carbon batteries.








































































354 GENERAL FARADIZATION.

Furthermore, the sympathetic or ganglionic system runs close by the
spine, near to the carotid artery, and may be reached and affected elec-
trically by pressing firmly with the fingers, by the anterior border of
the sterno-cleido-mastoid muscle, at those points where the pressure of
the carotid is most readily felt.

F1c. 93.

GENERAL GALVANO-FARADIZATION. —Application to the spine by a sponge holder,
A double electrode is used, one part of which is connected with the galvanic and

the other with the faradic apparatus. The copper plate is also connected with
both currents. Galvano-faradization we do not now employ, but the eut illus.

trates perfectly one of the steps in general faradization.

If the sponge be pressed firmly on the cilio-spinal centre, over the
| wxth and the seventh cervical vertebra, and moved slightly on either
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486 RHEUMATISM AND GOUT.

was directed along the spine from the sixth cervical vertebra to the solar plexus. This
method of treatment, which was continued for two months, gradually lessened the
tendency to swelling and irritation of the joints, and enabled the patient to resume his
business.

When the treatment was discontinued, he had not entirely recovered, but during
the summer he improved still further and through the following winter and spring
was so little annoyed by his old enemy as at no time to be compelled to intermit his
duties of writing, even for a day.

Myalgia (Muscular Rhewmatisn).—This name is commonly applied
to neuralgic or rheumatic pain of the muscles on movement, caused usu-
ally by exposure to cold or dampness. It may be distinguished from
ordinary neuralgia—firss, by the fact that the pain occurs chiefly on
movement and not on rest; and, secondly, by the fact that the sore-
ness is diffused through or over the muscles, and not seated or fixed
in certain nerve tracts. It receives different names according to its lo-
cality. In the back it is called fwmbage ; in the thoracic muscles,
pleurodynia ; in the neck it simulates torticollis or wry-neck so closely
as oftentimes to be confounded with that affection (see Torticollis).

Treatment.—Local faradization with a mild current, either stable or
labile, usually relieves such cases in a short time. Stable galvanization
also with a mild current may be at once effective. Severe applications
may increase the pain in this affection. The fact that the patient is
not at once relieved, or is worse after the first application, should not
discourage us, since the final result may be satisfactory. Of the large
number of cases that we have treated, nearly all have been relieved by
one, two, or more applications. A single application, with a mi/d cur-
rent, prolonged for one or more hours, may sometimes entirely dissipate
an attack of myalgia.

It is in myalgia that the belts, chains, bands, disks, etc., worn on the
body, have obtained the best results. A convenient arrangement for
making prolonged or continuous local applications of very mild galvanic
currents is the electric disk of Dr. Garratt.

Fic. 103,
Oblong Button Disle,

These are made of alloy—magnesium and zinc—for the negative, and
silver for the positive pole. The surface of the body forms a moist con.
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546 DISEASES OF CHILDREN.

he himself declares that the symptoms were aggravated if the number
of elements were much increased. For hemi-chorea Benedikt recom.
mends galvanization of the head. We prefer for all cases of chorea
general faradization, occasionally varied by central galvanization, with
very mild currents, and believe that this method of treatment faithfully
used will do all that can be done for this disease through electricity.

Frognosis.—In regard to the prognosis of chorea under electrical
treatment there has been considerable skepticism, even among those
who are friendly to electro-therapeutics. This skepticism has been due
to the fact that the majority of cases of chorea recover spontaneously
in time, and because their improvement under electricity is, in some
cases, quite slow.

Aside from the well-known fact that many cases recover spontaneously
in the course of a few weeks or months, direct and positive results of
treatment can be appreciated in this disease more uniformly than in any
other spastic condition. Cases of failure after protracted treatment by
electricity are exceptional. The worst cases, when recent, sometimes
seem to yield better than those which are comparatively mild.

Partial chorea, affecting the eyelid, the muscles of the neck, or a sin-
gle limb, or group of muscles, is more obstinate than a much worse
form of general chorea. The explanation of this inconsistency is that
patients affected with partial chorea are apt to delay weeks, months,
and years before taking treatment. Recent cases we have found to
yield almost uniformly. All long-standing choreic cases need to be
treated perseveringly—from one to several months being usually neces-
sary to complete a cure. In some cases no apparent improvement
takes place at the outset of electrical treatment, and the friends of the
patient become discouraged ; but if the treatment be continued, a per-
manent cure may be obtained. Symptomatic chorea—dependent on
cerebral or cerebellar disease—offers an unfavorable prognosis.

General chorea, with inability of the patient to walk, feed kimself, or distinctly
speak—Recovery under central galvanisation, after the failure of general fara-
dization and medication.

Casg CXXX.—Master 5., a little boy about ten years old, came to us through
Dr. J. ©. Farrington.

The patient had for some time suffered from general chorea of a decided character,
but during the last few weeks it had so increased in severity that he was unable to
walk, or even feed himself. All his extremities as well as the face were in constant
motion ; his utterance was indistinet, and in weight he had decreased very much.
There was no hereditary tendency of this character in the family, and the only cause
to which the symptoms could plausibly be attributed was a fall from a horse, which
severely jarred him, some weeks before the disease manifested itself,
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to utter distinctly words and sentences. The choreic symptoms were so much dimin.
ished that the boy could readily sit quiet and alone, and during an application was
able to command the movements of his body and feet. Improvement continued dur-
ing the administration of a few more applications, when the child was taken to the
sea-shore, where in two weeks he quite recovered. After having enjoyed excellent
health for a year and a half, the boy suffered from a second attack. He was imme-
diately subjected to the influence of electrization, and recovered even more rapidly
than before,

Marasmus and General Debilitly. —In the treatment of marasmus and
general debility of children, Dr. B:ard has recently made a series of
experiments at the Sheltering Arms Institution in Brooklyn, which is
under the medical charge of Drs. Jerome Walker and Frank Rockwell.
In addition to this hospital experience, Dr. Rockwell has, in private
practice more especially, had very many opportunities of testing the
efficacy of the various forms of electricity in the diseases under consid-
eration. In these investigations a number of marasmic cases and of
cases of debility of various kinds, some of a most serious character, were
treated by general faradization, and with most pleasing results. The
remarkable improvement in nutrition that the young of animals may
derive from general faradization has already been described (see chapter
on Nutrition, in Electro-Physiology).

Two important facts were brought out and confirmed in these exper-
iments :—

1. That very young children—under one year—could bear as large
doses of general faradization as adults.

2. That the recognized tonic effects of general faradization—improve-
ment in sleep, appetite, and in rapidity and vigor of growth—are appre-
ciated by infants even more rapidly than by adults.

Cases that were fast failing were restored, and in one or two instances
life was apparently saved by the treatment.

Marasmus in a child aged four—Recovery under general faradization after failure
of the accepied metheds of Ireatment.

Case CXXXVIIL.—F. C.,a little boy aged 4, had been prostrated for some time with
diarrhceal symptoms with fever. These symptoms became modified under treatment ;
but the child continued excessively weak, with no appetite, with paroxysms of fever-
ishness, sleeplessness, profuse night-sweats, and progressive emaciation. No form of
medication seemed of much service ; and as the condition of the patient had assumed
a chronic character and clearly pointed to disease of the mesenteric glands, electricity
was advised by both Drs. H. H. Gregory, the attending, and the late Geo. T. Elliot,
the consulting physician.

We submitted the little patient to general faradization carefully but thoroughly
applied. In one respect its effects were immediately and decidedly evidenced.










INFANTILE PARALYSIS, 5E3

We present the cuts of Duchenne, with condensed explanations.

Normal fibre, ——First degree. ———

Fic. 118, Fic. 119, Fig. 1zo.

Fig. 118 *“ represents the normal Abres, with the transverse stria,"
Fige. 119, 120—**The transverse strize are less distinet; they are (requenily
broken ; the longitudinal filires are more and more marked.®

Second depree,

FiG. 121, FiG. 122,

Fig. 121.—* The muscular fascia is composed entirely of longitudinal fibres, the
transverse striee having completely disappeared."’

" By the side of the muscular fibre adipose tissue is observed, composed of cells
that are either (2) round or longitudinal ; there are little drops () of fat deposited in
the muscular fikre.”

Fig. 122.—** The muscular fibres have still preserved their contractility, ad are
andulating."



554 DISEASES OF CHILDREN.

Third degree.

i

F1G. 123. FiG. 124.

Figs 123, 124.—* The longitudinal fibres have become less distinct. Tae mole-
rules of fat are more and more abundant—again cover the figure almost entirely,”

Fourth degree.

FiG. 13g. Fig. 126, Fig, 137.

Fig. 125.—* The longitudinal fibres have disappeared. We see only fatty
molecules very close together and little distinct, especially towards the axis of the
fascia ™

Fis, 126.— The fat becomes more abundant and difficult ; the muscular fascia is
more transparent.”

Fig. 127.—*¢ Distinet molecules of fat are no longer perceptible ; the fascia is com-

posed of a shapeless mass.
¢ Each degree of fatty transformation corresponds to a degree of decoloration of

muscular fibre,"
Electro-Diagnosis.—In infantile paralysis there is diminution or utter

loss of electro-muscular contractility. In patients so young the con-
dition of the electro-muscular sensibility cannot of course be ascertained.
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588 DISEASES OF THE EVE.

The positive pole was applied to the face and the negative to the
supra-orbital foramen.

Prosis,—This affection, which consists in paralysis of the elevator of
the upper lid, is to be treated like spasm of the lid, but with a stronger
current.

Plosis following herpes—Rapid recovery under palvenizalion,

Case CLXIV.—A lady patient was referred to uws, who had suffered long and
severely from herpes of the head and face. This was followed by acute neuralgic
pains that were most persistent and resisted all attempts at alleviation,

The galvanic current was here applied, and so successfully as in a short time to dis-
sipate in good measure the neuralgia. The eyelid of the right side, however, was
left drooping, a condition which had been present some weeks. Three applica-
tions of the faradic current to the affected part, of a strength as great as could be well
borne, were repeated on several occasions and readily resulted in a complete restoration
of the lost muscular power.

Mydriasis and Myosis.—In these conditions the electric treatment
is sometimes of value, although in many cases they depend on some cex-
tral difficulty that in its very nature is incurable.

The #reafment consists in local galvanization and galvanization of the
sympathetic.

Neuro-retinitis,—On the theory that neuro-retinitis may depend on
some morbid condition of the sympathetic, which in its turn may be
connected with various cerebral affections,® it has been treated by gal-
vanization of the sympathetic, and of the brain.

Indeed, from our experiments in galvanization of the sympathetic
(see p. 125), it would appear that in neuro-retinitis, and, indeed, in all
affections where we wish to affect the vascular condition of the retina,
galvanization of the sympathetic would very properly be indicated in
connection with other remedies directed to the disease. The subject is
certainly worthy of investigation.

Strabismus.—In strabismus, dependent on merely transitory causes,
faradization or galvanization may be of service ; but the results yet
reported are not of great importance. \

That temporary relief of strabismus may be derived from faradization
we demonstrated in several instances. The method of application is
the same as that for paralysis of the muscles.

From among many failures in the treatment of strabismus that we
find recorded in our case books, we briefly note the two following
as illustrative of the benefit that occasionally accrues through electri
zation.

* Benedikt, op. cit., pp. 252, 253, 254.
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598 DISEASES OF THE EAR.

formly as @ priori reasons would lead us to expect. The capriciousness
and uncertainty of the results in such cases are partly to be explained by
the fact that #innitus aurium is a symptom of such diverse and sometimes
undiscoverable pathological conditions. Local galvanization by the
external method, or galvanization of the sympathetic, sometimes avail
for the temporary relief of this affection, and in some cases a more or
less permanent cure is obtained.

Galvanization of the cervical sympathetic affects the ear just as it
affects the retina, through modification of the circulation in the brain.
Dr. Rumbold, of St. Louis, reports two cases of tinnitus aurium, in
which local galvanization was of great service.* '

With reference to the therapeutical value of the galvanic current,
especially in the treatment of diseases of the ear, Brenner t and Ha-
gen} substantially agree to the following propositions :

1. The galvanic current is indicated not only for those cases where
no morbid changes can be diagnosticated, but also in all cases, however
complicated, in which the abnormal reaction to the current shows that
the nerve participates in the disease.

2, The galvanic treatment may aid in the absorption of morbid
deposits.

From our survey of the literature of the subject, and from our own
comparative observations, we are justified in these two conclusions :

Firsi. The galvanic current is on the whole of greater service, and is
of greater promise in the electro-therapeutics of the ear than the faradic.

Second. The results obtained in the electric examinations are not uni-
form or always reliable guides to the special method of treatment that
it is best to adopt.

Reasoning & priori, it would be inferred that the reaction of Ajyper-
@sthesia would call for treatment by the anode, and the reaction of for-
por (anmsthesia) for treatment by the cathode ; but experience shows
that there is no uniformity to this law.

Moos, § in the remarkable case to be hereafter cited, found that
the cathode at one time exercised a temporarily beneficial influence on
the subjective symptoms, which usually disappeared only under the
anode, _

Erb || also, in case of “simple hyperasthesia of the right auditory

* Archives of Electrology and Neurology, May, 1874.

{ Op. cit,, Band i, p. 262,

t Praktische Beitrige zur Ohrenheilkunde, Leipzig, 1866, p. 20.
& Archives Ophthal. and Otol., vol i, No. 2, p. 488,

| Archives Ophthal. and Otol., vol. i., No. 1, p. 28



















604 MIDWIFERY.

to his account the placenta is expelled immediately after the feetus, and
although it was evident that the child felt the current, not the sllghteﬂ.
injury has ever been inflicted.* Dunng the last two or three years
there has been a revival of interest in the use of faradization mmld-
wifery. Quite a number of observers in different countries have
reported good results. '
Dr. A. Murray, of this city, informs us that he has treated mgh
two cases of inerfia ufery, in second stage of labor, by external fara u’;‘
zation, and always with good results.
He states that it acts much more speedily than ergot. His method
is to place one pole on the sacrum and the other over the abdomen.
The applications are continued for from eight to ten minutes.
Post-Partum Hemorrhage.—Faradization has also been used v
good effect in post-partumn hemorrhage. It rapidly produces contrac-
tion of the uterus, and thus may save the life of a patient.
It is to be applied the same way as before delivery. ’
Some obstetricians always have a faradic apparatus on hand, in case
of parturition.
Liscases of the Mammary Gland—Deficient Lacteal Sarrmm.-ﬂ
Secretion of milk may be increased by electrization. Two methods
of faradization have been proposed, one by means of moist electrodes
on the gland, the other by dry electrodes, with a view to excite the se-
cretion of the gland by reflex action. |
Successful cases have been reported by Aubert and Becquerel$
Aubert cured one of his cases by dry, the other by moist electrod
In the first case the patient had no milk three weeks after parturiti
After a delay of seven months the treatment was applied. The th
application brought on a milk-fever ; after the fifth, milk appeared. iﬁ
the other case the mother was attacked by pneumonia 114 months
after confinement. As a consequence the lacteal secretion ceased.
Four faradizations with moist electrodes filled the breasts. :
In Becquerel's case recovery was obtained by three applications.
Similar results have been obtained by other observers.
Dr. Skinner, of Liverpool (quoted by Althaus), reports a case of a
lady who, while nursing her fifth child, suffered complete suppression of
the lacteal secretion, which the Doctor attributed to the tincture of iron
she was taking. He applied the current (probably the faradic, which,
on account of its greater mechanical effects, would be more mdlmtﬂd
in such cases) to the left breast. The patient felt a rush of milk to the
breast, and in a few hours a full supply appeared.

* Journal de Médecine, t Quoted by Meyer, op. cit., pp. 451 and 452.
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611c MIDWIFERY.

tion, and it should be remembered that the electrolysis of organic sub-
stances starts a process that continues long after the current ceases to
flow, The physiological effects of electricity are those which take
place by virtue of the vital properties of the body, and, unlike the other
effects, are only observed in living substances. Physiological effects
are manifested on the circulation, on secretion and excretion, but only
as absorption is effected does it interest us here, and it is quite evi-
dent that the absorptive powers of the secondary current are quite
limited. ' !

In any case of tubal pregnancy, and especially in those advanced
conditions where the tube is greatly distended, and there is danger of
spontaneous rupture, the possibility of hastening this catastrophe in
the attempt to destroy the life of the feetus should never be lost sight
of. The tubes themselves are but slightly supplied with muscular fibre,
and the danger would more especially arise from the powerful com-
pression that is liable to be exerted by the abdominal muscles, and the
effort should be so to diffuse the current proceeding from the external
pole as to produce the least mechanical effect possible. In regard
the diagnosis of extra-uterine pregnancy, it must be confessed that it
is not always an easy matter, and in the cases just related the questic
may arise as to its accuracy. The eminence of the gentlemen asso
ated in the cases should perhaps be a sufficiently strong argument
the correctness of the diagnosis, but conclusive evidence lies also
the effects of the treatment itself. The results of the electrolysis
well known, but in no other form of tumor, cystic or otherwise, is
possible for the galvanic current, used as described, to produce similar]
prompt and effective results. In regard to the effects of electricity o
normal pregnancy, suggested by the case of double pregnancy that we
‘have related, a word may be said. It is a mistake to suppose that
abortions are readily produced by electricity, Without the elech‘élﬁ?
is introduced directly into the uterus, which would of course be suffi-
cient without the passage of any current, the strongest treatment that
it is prudent to give may prove insufficient. Of this we have had Em':-
dence in several justifiable attempts to bring on a miscarriage, In the
case just alluded to the current was strong, applied by shocks, and -':
close proximity to the uterus, affecting it not only reflexly, but in some
measure directly, yet the normal pregnancy was in noways disturbed ;
and, so far as concerns general applications for the production of con-
stitutional tonic effects, we have in many instances administered them
with impunity through the whole course of gestation, and with the most








































































634 SEQUEL/E OF ACUTE DISEASES.

has been exhausted or disordered by the excessive use of stimulants
and narcotics, by debilitating diseases, and especially by overlabor or
excitement of the brain, are most liable to be thus affected.

Injuries thus produced may be manifested by every variety of ner-
vous disorder—spinal irritation, insownia, neurasthenia, neuralgia, epi-
lepsy, nervous dyspepsia, hysteria, paralysis, and, not unlikely, positive
insanity.

The majority of such cases never know the exciting cause of their
symptoms until, perhaps, it is indicated to them by the physician who
inquires into them. In a number of cases that have been under our
care for the above symptoms the solar heat was a prominent if not a
"principal cause.

The symptoms may appear and reappear for months and years after
the original attack, There is little doubt that there are through society
thousands of such cases of various grades, many of whom have never
suspected the nature of their malady.  The solar origin of the symp-
toms which we have mentioned may be suspected not only when, as is
very frequently the case, they can be traced to some definite exposure,
but also when they are observed to be peculiar to the summer, remit-
ting wholly or partially in winter, or to be especially aggravated by
exposure to the sun, and to be experienced only during the daytime.

Our best results with electricity have been obtained in these cases

by a combination of the two methods of electrization, general faradiza-

tion and central galvanization, varied in some cases by galvanization
of the pneumogastric and cervical sympathetic. Excepting those cases
which, by some peculiarity of temperament, or as a peculiar result of
the disease, cannot bear electricity, the electrical treatment works ad-
mirably, whether used alone or in connection with internal medication.
Arsenic we give in the form of granules, J; of a grain each, before
meals. We use also zinc in the form of oxide or phosphide, and fat
in the form of cod-liver oil emulsion.

Partial paralysis—Physical and mental depression—The sequele of sunstroke—
Kapid recovery under general favadization and central galvanization,

CasE CLXXXVIL—Mr. W, aged 55, consultedrus in the autumn of 1872, The
patient was connected with one of the prominent firms for the manufacturing of safes
in this city ; and while in a western city, endeavoring to negotiate certain sales, he
was suddenly overtaken with faintness, profound vertigo, and almost complete uncon-
sciousness. This attack occurred on an oppressive July day, some four months prior
to his visit tous, and ever since he had been in an exceedingly nervous, excitable con-
dition. Any considerable exercise in walking was invariably followed by unusual
fatigue, and he was not only incapacitated from engaging in any business enterprise,
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666 ELECTROLYSIS—ITS NATURE AND GENERAL METHODS.

Flexible Copper Wire for Connecting the Needles in Electrolytic
Operations.—These needles are attached to connecting wires by fine
flexible copper wire. Wire of this kind, it may be remarked, is a most
convenient and almost necessary adjunct to an electrolytic case, and to
the operating-room of the electro-therapeutist. It is useful for many

|
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FiG. 140. Beard’s hugnﬁ;ﬁing Needles for
Needles for Electrolysis, with Rock- Electrolysis of the Base.
well's Needle- Holders, (Tiemann and Galvano-Faradic Mfg. Co.)

purposes of connection, and when thumb-screws are out of order or
broken off it very well supplies their place.

Dr. Murray, of this city, has employed needles insulated at both
ends, leaving an uninsulated portion in the middle. He uses these
ncedles in the treatment of hydrocele and cystic tumors. They are

























674 GALVANO-CAUTERY.

cells. The batteries employed in electrolysis or in ordinary galvaniza
tion are not available for galvano-cautery—auice versa, galvano-cautery
batteries are of but little use in electrolytic operations or in ordinary
galvanization. The explanation is to be found in the chapter op
Obm's Law (see Electro-Physics, pp. 77-95).

There has been great practical difficulty in obtaining galvano-cautery
batteries that would be at once sufficiently powerful and conveniently
portable. The original battery of Middeldorpff was extremely heavy
and in every way inconvenient, though, like all combinations of Grove's
cells, it was very powerful.

During the past decade, and notably during the past five years, the
progress in the direction of portability and convenience of galvano-

Fig. 144.

Byrne's Multiple Element Battery (Shepard & Dudley).

cautery batteries has been rapid and decided. In this department no
one has labored harder or more successfully than Dr. John Byrne, of
Brooklyn, N. Y. After long and tedious experimenting, he has com-
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676 GALVANO-CAUTERY.

hour. The elements are made to move on small wheels horizontally,
in their relation to the fluid in the cells, This is a great improvement
on the old method of blowing with an air-bulb for the purpose of pro-
ducing agitation of the fluid, and consequent increase of current
strength, and seems to us to more thoroughly displace the battery
fluid than any other method. For very prolonged operations this little
battery i3 hardly sufficient, and should be replaced by the larger form,
consisting of four cells.

Byrnes Multiple Element Galvano-Cautery Baltery.—Byrne's com-
bination of zinc-carbon elements is the most compact and portable bat-
tery for galvano-cautery purposes yet constructed, and for its size has
greater heating power than any other.  This battery, in its latest modi-
fication, consists of zinc-carbon cells, in a case six inches long, nine
inches high, and five inches wide. The plates of each cell are split up
into a number of smaller plates, all of which are contained in one jar
of fluid, and are connected at the top. By this arrangement more sur-
face both of the zinc and of the carbon is exposed to the fluid than
when the plates are not so subdivided. Besides this arrangement gives

Frc. 147.

Zine-Carhon Galvano-Cautery Battery (Galvano-Faradic Mig. Co.).







GALVANO-CAUTERY.

Fis. 149 Fic. 150, Fig. 151.

BurNERS AND CUTTING-LOOPS FOR (GALVANO-CAUTERY (Bruxs),

Fiz. 149.—Handle for Burner, with knob and spring for interrupting
ur connecting the current,

Fi, 150.—Handle and Cutting-loop. Figs. 152-157.

Fi:, 151.—Handle for Cutting-loop where only one hand is at liberty ; the other
hand may be employed in holding some other instrument, as the laryn-
geal or aural mirror,

Fic, 152.—Burners of various shapes,

Fig. 153 — Burner for Ial}'l’l.‘l

Fic. 15.; —Cutting- Ir.H:lp for 1 m'].rn::

i i i i SHEPARD & DUDLEY. N..

FiG. 158, Fic. 15p.  Fic. 160, Fig. 161. FiG. 162. Fig. 163. Fio. 164





























































































































































230 MISCELLANEOUS SURGICAL DISEASES.

Whether the galvanic or faradic current is to be preferred for local
applications can only be determined by the results of trial. Our cus-
tom is to begin with the faradic current, and to use it so long as benefit
results, and then to change to the galvanic. It should be borne in
mind that the greater chemical effects of the galvanic current are in
these cases frequently more than counterbalanced by the powerful
mechanical action of the faradic. Stable increasing currents are to be
preferred.

This is one of the conditions in which localized galvano-faradization
(see p. 266) may be tried. The electrical treatment of eflusions of
the joints is much aided by using the hands as an electrode, with ger
tle but firm manipulation. There is no question that under the influ
ence of “rubbing” have been wrought many important cures in these
affections.

Electrolysis has been successfully employed in effusions. It may be
resorted to 1n all obstinate cases.

Synowitis of the knee, complicated with hemiplegia— Recovery under fmﬁ&aﬁm. .

CASE CCXXIIL—Mr, Geo, L., aged 35, stated that about the st of July, 1866, lu?"
was sunstruck ; and between the 20th of the same month and the 15th of August, he
suffered from three strokes of hemiplegia, resulting finally in total bliidness. His
sight gradually returned, but by degrees his shoulders became lame and stiff, so tha
he could with difficulty use them. This state of things continued until about the mid-
dle of September, when both knees and ankles commenced to enlarge. In Huwubl'rz_‘
when the patient applied to us for treatment, we found him suffering from severe sub-
acute synovitis Both knees were enormously swollen, the fluid having accumulate
to such an extent that the patella projected forward more than aninch, Four applica-
tions of the faradic current were given, one every day, but with no marked effect, ex-
cept that the lameness of the shoulders and ankles was much relieved.

He then left the city and was absent one week. On his return the imn
was found to be very great. The accumulation of fluid in the knees had almost
disappeared, and the swelling was reduced in proportion. At first, the strongest cur-
rent from Kidder’s apparatus made no impression, when applied down the spine. The
legs were but little sensitive to the electric stream, and the feet and toes, which are
generally very readily affected, were remarkably torpid. The applications were con-
tinued on Dec. 3d, 4th, 5th, 7th, and gth, effectually removing this want of sensation,
and completely dissipating the remaining swelling and tenderness of the knees.

Hydrocele—Electro-puncture was first tried for hydrocele by Sdmate}
in 1830. _
The method is to introduce the needle into the tumor at opposite
sides, and so deep that the points nearly appruac]l each other. The
needles are then attached to from three to six elements of a galvam&
battery. The application should be made for five or ten minutes. One,































































































































































