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PREFACE TO THE FIFTH EDITION.

A FIFTH EDITION of this treatise is called for, but I find it necessary
to add comparatively little. The few pages, however, that have been
inserted in Chapter VII. (division of Electro-Therapeutics), on the
“ Induction Coil: Its Varieties, and the Differential Indications for
their Use,” are important and worthy of careful consideration.

While none of the facts in physics there presented can be said to be
new, yet there has been no general appreciation of them, and but little
knowledge that such facts existed, even among those who have been
endeavoring, in a blind sort of way, to utilize them. As to the few state-
ments that are made along the line of therapeutics, the most that I
can say of them is that they are the result of much experience and
of very many carefully recorded observations. If presented with any
measure of clearness, they should be of service to those who are in-
terested in, but have given little thought to, the matter. These addi-
tions, together with a brief discussion of the subject of chronic pelvic
cellulitis in its relation to electricity, and a description of the method
for the permanent removal of superfluous hairs, comprise most that is
important ; and a new edition is again offered to the profession in
the belief that, aside from that considerable portion original with the
authors and peculiar to this work, it also comprehends all else of
real value pertaining to the subject.

A. D. ROCKWELL.

46 EAST THIRTY-FIRST STREET, NEW YORK.



PREFACE TO THE FOURTH EDITION.

IT is with much satisfaction that Dr. Rockwell offers to the profession
a fourth revised edition of this work. \hen, with the late Dr. George
M. Beard, he first sent it forth upon its mission, a pioneer in a neg-
lected and perhaps despised department of medicine, it was, both on
the part of authors and publishers, with some misgivings as to its suc-
cess. While the measure of its merits as a guide in the department of
which it treats may fall far below the generous reception accorded to
it, both at home and abroad, the fact that each successive edition has
been exhausted more rapidly than its predecessor, notwithstanding the
widening literature of the subject, affords ample encouragement for
further revision,

The chapter on Franklinic Electricity has been entirely rewritten.
This was rendered necessary by the many improvements in apparatus
and appliances, and its great value as an adjunct or supplement to
dynamic electricity. But perhaps the most important of the new mat-
ter that has been introduced relates to the experience of the author in
the treatment of Extra-Uterine Pregnancy.

Formerly, as is well known, these cases resulted either in immediate
death, through rupture of the distended tube, or in protracted suffering,
with frequently a fatal ending, through the efforts of nature to rid itself
of the feetal mass. The only other alternative was the knife, with its
attendant dangers. By the method described, however, and used with
such complete success in every instance, this abnormality of pregnancy
need not in the future be regarded as such a dreaded complication as
it has been in the past.

Extra-Uterine Pregnancy is doubtless more frequent than is generally
supposed, and because of the difficulty of an early diagnosis, death fre-
quently occurs without any previous knowledge of the existing condi-
tion of affairs, It behooves, therefore, every practitioner to be on the
alert for this condition in its earlier stages, when this method of treat-
ment is so efficacious.



PREFACE TO THE THIRD EDITION. -

INn issuing a third edition of this work I have endeavored to make
such additions as seemed necessary, and at the same time avoid an
increase in size. This has been accomplished by condensing wherever
possible, and omitting portions here and there which have served their
purpose and are no longer of value. Two new chapters on the Sequele
of Acute Diseases and on Exophthalmic Goitre, respectively, have been
inserted, while several pages in the discussion of Electro-diagnosis have
been omiitted, and the space occupied by later and more exact infor-
mation. The chapter on Diseases of Women has been revised, and
the clinical additions will be found interesting and suggestive, while in
the discussion of Midwifery the complication of Extra-Uterine Preg-
nancy is fully considered.

These, together with many other changes and brief additions
throughout the work, have, it is believed, materially enbanced its
practical value,

‘The position of electricity in the front rank of sedatives and tonics,
and the pre-eminent value of the methods of general faradization and
central galvanization, as means of obtaining the full measure of these
effects (claims in regard to which the authors of this work once stood
alone), have now been so long confirmed by expert observation in this
country and Germany that extensive demonstration of these propo-
sitions by cases is less needed than formerly.

In regard to the theory of Dr. Thomas W. Poole, of Lindsay,
Canada, that electricity is essentially a paralyzing agent, and that its
sedative and tonic effects are due to its paralyzing power, this may be
said : That, granting for a moment the full claim, it yet remains, that
practically, we do obtain from the use of electricity sedative and tonic
effects similar to those which we obtain from a vast number of other
remedial agencies. Allowing that these effects are resultants of a
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paralyzing influence it is none the less justifiable, on scientific and
practical grounds, to use the terms sedative and tonic.

The final rationale of no work or remedial force of any kind is com-
pletely known to science, and, for practical uses, it is not necessary
that it should be ; we, perhaps, know as much of the rationale of elec-
tricity as of any agent that we use for the cure of disease.

The more thoroughly one studies electro-therapeutics in all its re-
lations, medical and surgical, the clearer it becomes that the real
scientific basis for the use of electricity in medicine and surgery is

- found in electro-physics more than in electro-physiology ; and for that
reason it did not seem wise to very much abbreviate the portion of
this work allotted to that department. The rationale of general fara-
dization and central galvanization, for example, can only be under-
stood by those who have grasped the elementary principles of electro-
physics, the laws of resistance and conductibility, and, above all, the
law of Ohm, to which we have assigned a special chapter. Those who
have been once well grounded in these laws of electro-physics find that
the various special problems that arise, whether of a theoretical or
practical character, very quickly resolve themselves.

Now that electricity has become popular in medicine, there is, in
some quarters, a temptation to overdo the application, not only in
strength but in length and frequency ; to treat all cases alike by rou-
tine, mechanical applications, regardless either of the disease or the
idiosyncrasies of the patient ; hence, in cases not a few, come results
either negatively or temporarily injurious, with disappointment on all
sides.

The dosage of electricity is a special study of the greatest practical
importance ; the difference in result between a very gentle and short
application and a very strong and protracted one being, in some cases,
all the difference between agreeable success and painful failure.

There are persons who must be treated not only mildly but at long
intervals, and there are persons with, perhaps, the same maladies that
can bear with advantage powerful and frequent applications ; to dis-
tinguish between these classes and the various gradations that lie be-
tween the extremes of tolerance and of susceptibility is the first duty,
and, oftentimes, the hardest study of him who makes much use of
electricity in medicine. :
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this source flow at least ha'f the blunders, discouragements, and ill
success that novices in this branch so painfully experience. The undu
latory theory of the electrical force that is adopted in this edition is, so
far as can now be seen, consistent and harmonious, and it explains
better than any other theory the varied and complex phenomena of
electro-physiology and electro-therapeutics.

The chemistry of the batteries, it will be seen, is explained in full
detail, and in accordance with recent chemical facts and nomenclature.

Ta Ohm’s Law, at once so important and so difficult, a separate and
special chapter has been assigned ; and no effort has been spared to
make it clear in all its practical relations to all trained minds who will
give it close and careful attention.

In the preparation of the section on Electro-physics we have been
favored with the advice and suggestions of a number of our most dis-
tinguished physicists and mathematicians ; and especially are we indebt-
ed to Prof. Henry T. Eddy, of Cincinnati, who has interested himself in
the attempt here made to put the most recent theories and facts ot
electro-physics in a shape at once clear, compact, and trustworthy.

The need of a section of this kind has been most urgent, for the
treatises on the physics of electricity that have been most accessible
are either far behind the time or have been expressed so blindly
as to be of little value to electro-therapeutists. Even the best of the
more recent writers on the physics of electricity, as Fleming Jenkins,
and Latimer Clarke, have not adapted their works to the wants of those
who use electricity in therapeutics.

Electro-physiology is largely rewritten and considerably enlarged.
It includes a large number of our own experiments, mostly made dur.
ing the past three years, as well as a compact résumé of all the more
recent studies in this branch by European and American observers.
The general relation of electro-physiology to electro-therapeutics has
been brought into prominence at every point.

The method of central galvanization that we have systematized and
introduced to the profession since the publication of the first edition is
here described and illustrated in full detail. The great practical
advantages of this method of galvanization over localized galvanization
of the nerve-centres—and ‘n many cases over general faradization—are
already well understood by many of our leading electro-therapeutists.

There are now introduced into science, six methods of using electri-
city for the treatment of disease : localized faradization and localized
galvanization, general faradization, central galvanization, and, in electro
surgery, electrolysis and galvano-cautery.
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its purely diagnostic and therapeutic relations ; for all such this edi
tion is designed to be a work of exhaustive reference. Those, how
ever, whose aims are lower will here find the purely practical and
clinical department clearly presented by a large variety of illustrations of
the various methods of application, and by details of more than twc
hundred cases, including every type of medical and surgical disease, for
which electricity by any method of application has been used with any
encouraging results.

To those who, since the first edition of this work was out of press,
have grown weary in waiting for the long-promised appearance of the
second edition, we may express the hope that they will find in the
present treatise sufficient evidences of original experience and rescarch
to fully account for, if not to justify the annoying delay.
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In the selection and detailed description of apparatus, both the tastes
of the specialist and the imperative needs of the general practitioner
have been constantly borne in mind ; and while nearly all the most im.
proved forms of machines for both currents bave received notice,
minute description and illustration have been reserved only for those
that experience has shown unite in the highest degree the qualities of
convenience and compactiess, with accessibility and uniformity of ac-
tion. When we began our experiments in this department, there was
in this country no satisfactory apparatus either for the faradic or the
galvanic current, and for this reason our early observations were made
under exceeding disadvantages.

The difficulty has for a number of years been partly met by the
electro-magnetic apparatus of Kidder, which, for all the essential qual-
ities required, is as yet unsurpassed. We early became convinced that
scientific electro-therapeutics required also a galvanic apparatus which
should be at least more compact and more portable than those which
had been usually employed, and that to be forced to depend on appa-
ratus of foreign construction would both retard the progress and prac
tically prohibit the popularization of electro-therapeutics. Amid many
discouragements which only those who have pursued similar investiga-
tions can well appreciate, we have striven to overcome this serious evil
and to prepare a galvanic apparatus which should be both simple and
enduring, and which could be used at the bedside as well as in the
hospital or consulting-room. Through the skill and intelligence of the
mechanician above-mentioned, we are now able to present an appa-
ratus for the galvanic current which, if not on the one hand so com-
pact, or on the other so elaborate as others to which we have called
attention, is yet, in the wide variety of size and shape of which it is
capable, in the simplicity of its construction, and the ease of its man-
agement, perhaps even better fitted to supply the general want.

Electro-surgery, though a young and as yet but little developed
branch of electro-therapeutics, is yet of such intrinsic importance and
interest, and so fruitful in promise for the future, that it has been
deemed worthy of separate and special consideration.

In the preparation of the detailed and statistical reports of cases, we
have sought to give a picture that shall be so accurate, and so true ta
experience, that it may be unfailingly recognized by all those who pur-
sue a similar line of experiment. The somewhat deserved reproach
against electro-therapeutists, that they publish only their most fortunate
results, we have endeavored to avert by giving prominence to failures
as well as to successes; by noting relapses as well as permanent re
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3. That the best method of bringing the whole system under the
direct influence of the current is by general electrization as here de-
scribed ; and that by the use of this method the success of electro-
therapeutics is materially enhanced, and its sphere very greatly widened,
so as to include a variety of frequent and distressing constitutional
morbid conditions, for which merely localized electrization is but im-
perfectly indicated. .

4 That, in determining the influence of the electrical applications
ou conditions of disease the last appeal must be made, not to physics
nor t. physiology, nor to pathology, nor to any @ priori reasoning what-
ever, but solely and alone to clinical experience.

To those who adhere to the lang-accepted theory that electricity is
merely a means for local stimulation, and, as such, chiefly indicated in
the severe or incurable conditions of paralysis or chronic rheumatism,
or who hope to reduce electro-therapeutics to an exact science on the
basis of a complete physiology and pathology, the above propositions
must seem bath radical and erroneous, and especially so if they have
studied the action of electricity on the body merely by localized appli-
cations.

Therefore with all the greater interest and pleasure have we ob-
served that, during the last few years, there has been in electro-thera-
peutical literature a manifest and increasing tendency to abandon the
narrow doctrines of merely local stimulation, to accept the fact which
experience everywhere confirms, that in electricity we have an unsur-
passed means of improving the general nutrition in the immense va-
riety of chronic morbid conditions where such results are chiefly indi-
cated ; and we express the confident hope that the abundant and varied
evidence with which in the present work we have been enabled to for-
tify these propositions, increased and enriched as it may be by the ex-
perience of the future, and harmonizing as it surely must with the gen-
eral progress of science, will materially aid in bringing nearer the day
of their universal acceptance.

Although this work is not intended to be in any sense a complete
guide to the study of chronic diseases of the nervous system, yet some
general remarks on the nature, causation, and the diagnosis of the
principal of these diseases have been deemed both appropriate and
necessary, for the twofold reason that such knowledge is necessary for
an intelligent appreciation of the directions for the treatment, and also
because very many of the diseases here mentioned—such as nervous
dyspepsia, spinal irritation, neurasthenia, hypochondriasis, insomnia,
locomotor ataxy, muscular atrophy, spinal and infantile paralysis, a:
well as some of the varieties of neuralgia—have not received in any ane
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2 ELECTRO-PHYSICS.

and practical bearings of electro-physical principles on electro-phys.
iology and electro-therapeutics are of course not considered. _

To this should be added the consideration that any science, however
well acquired, if it be not kept before the mind by teaching or writing,
or by practical application, soon fades from the memory, or becomes a
mass of half-truths and uncertainties. We are therefore justified in
assuming that not one in a hundred of those who will consult this book
as a guide in electro-thcrapeutics will be so thoroughly and accurately
informed on the principles of electro-physics as not to need, on this
subject, some compact treatise which shall serve as a guide and reminder
of the leading facts and principles of the science. To supply this need
is the object of this division of our treatise.

NATURE AND DEFINITION OF ELECTRICITY,

Electricity is now regarded as a FORCE correlated to the other greal
Jorces of nature—heat, light, etc.—and, like them, is simply a mode of
motion,—a form of vibration.

Although the precise nature of these vibrations have not yet been
mathematically demonstrated, as in the case of light and heat, yet the
theory that the phenomena of electricity are the result of vibrations has
much in its favor, and it is by no means impossible that in the future the
nature of these vibrations will be well understood. A

In the present treatise, as in all works on physics, various terms, as
“current,” “flows,” “runs,” etc., that took their origin when the fluid
theory prevailed, are retained for the sake of convenience of description.
With this understanding there is no objection to their use.

Electricity is manifested in three general forms: Magnetism; Stati-
cal or Frictional or Franklinic Electricity ; and Galvanism, or Voltaic
or Dynamical Electricity.

MAGNETISM.

Magnetism.—In order to understand electricity in general it is neces-
sary to understand magnetism, which is one of its manifestations.
Magnetism, defined by its phenomena, is the power whkick certain bodies
possess of attracting iron. The bodies which are observed to have this
power are called magnets, and are divided into two classes—nafural and
artificial. Natural magnets consist of iron ore or loadstone. Load-
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that the attractive power is increased as we bring it towards either end.
If any substance be placed between the ball and the magnet, the at.
traction is just as marked, unless the interposed substance itself con-
tains iron. Nearly all substances that are not themselves magnetic
are capable of transmitting the magnetic influence.

Another feature of magnetic polarity is, that like poles repel, and
unlike poles attract, each other. If one magnetic tar be suspended
freely in the air, and another be brought near to it, it will be found
that the north pole of one is attracted by the south pole of the other,
and vice versd—in short, that the like poles repel, while the unlike
attract,

FiG. s.

Magnetism of Broken Magncts.—If a bar that has been magnetized
be broken in the middle, each half will have two poles and a neutral
point in the centre. If one of these halves is broken in the middle,
each half will be found to have two poles and a neutral line. If one
of these parts in turn be broken, each half will again be found to be a
complete magnet, with two poles and a neutral line, and so on as long
as we can carry the division.

Coulomb's Theory of Magnetism.—A theory of magnetism ad-
vanced by Coulomb is, that magnetic substances consist of particles,
each one of which is a magnet. These particles have their poles turned
in different directions, so as to neutralize each other.

Magnetization brings these particles round so that tkey lie in the same
direction. This theory brings magnetism very close to statical electri.
city, and would naturally be adopted by those who believe all mag
netic phenamena result from electricity in magne‘ic bodies.
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Soft iron, when adulterated with sulphur, phosphorus, arsenic, ot
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
“magnetic 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.

FiG. 3.

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 magnetized 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 magoetized, from the middle towards the end, and back again, and






CHAPTER 1L
FRICTIONAL, OR STATICAL, OR FRANKLINIC ELECTRICITY.

WHEN glass is rubbed with silk it acquires the power of affracting
any light substance, such as a pith-ball. By a short contact this prop-
erty is also communicated to the pith-ball, and it then r¢pels the glass
instead of being attracted.

These phenomena are explained by the existence of a force which is
termed Electricify. That which exists in the glass is called vstreous, ot
positive, or 4 electricity. If a piece of sealing-wax be rubbed with
flannel it will a#/ract the pith-ball, which is repelled by the glass. This
phenomenon is due to the existence of resinous, or negative, or — elec-
tricity in the sealing-wax.

The name electricity is derived from the Greek word #lexrpoi, mean-
ing amber, because, as the story goes, Thales of Miletus, one of the
seven sages of Greece, first discovered the manifestations of this myste-
rious force by rubbing a piece of amber with a dry cloth.

The science of electricity dates from 1600, when Dr. Gilbert, of Col-
chester, physician to Queen Elizabeth, published a work on magnetism,
entitled Zractatus de Magnete. He first used the word electricity. He
showed that not only amber, but other bodies, as sulphur, wax, etc.,
develop electricity. He first used the term poles in magnetism, and
announced the first theory of terrestrial magnetism. Not only sealing-
wax and glass, but all bodies contain more or less of electricity that may
be thus developed by some kind of friction.

Conductors and Non-conductors.—All bodies are electrically divided
into three classes: Conductors, semi-conductors, and non-conductors.
Under the first class—conductors—are included water and all saline
solutions, the metals, the earths and stones, the structures of plants and
animals, etc., etc. Under the second class—semi-conductors—are in-
cluded ether, alcohol, dry wood, marble, paper, straw, etc., at 32° F.
Under the third class—non-conductors, or insulators—are included glass,
sealing-wax, porcelain, resins, sulphur, wax, dry metallic oxides, fatty
oils, etc., at — 13° F.; phosphorus, india-rubber, gutta-percha, col
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however carefully they may be insulated. Taere are two reasons fo
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 vacuo, 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 electricily, acts on bodies placed near o it just as the
magnet acts on soft iron ; it altracts the opposite

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
FiG. 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 hase seen that a body may

3/
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found that the electricity had changed sides, and lay w4olly on the
outside.
. Density.—The quantity of clectricity on a given surface at any momens
is called electric density, or thickness.

The shape of a body has an influence in the distribution of electricity
- over it.

In an ellipsoid, for example, the density is greatest at the small end
and least at the middle space.

Fia. 6.

On an insulated cylinder, with the two hemispheres at the ends, the
density of the electricity is greatest at the ends. On a circular disk,
the density is greatest at the edges. ZVe fendency is for electricity to
accumulate at points. On a sphere the density is uniform ; the further
removed a body is from a sphere the more irregular the distribution.

In all pointed rods the electricity accumulates at the pointed ex-
tremities ; hence lightning-rods are made to terminate at sharp points.
In electro-physiology and electro-therapeutics it is found that small,
pointed electrodes cause much more pain, the strength of the current
being the same, than large, broad electrodes. Hence, except in those
cases where it is desired to confine the action of the’current to a very
limited surface, electrodes of pretty good surface are desirable.

Electsic Mackhines.—This term is exceedingly vague. It is applied
to any and all forms of electrical apparatus. The first electric machine
was made in 1672, by Otto von Guericke, of Magdeburg.* It consisted
of a globe of sulphur, turned on its axis by one hand and pressed against

* Fxperimenta Nova, . Magdeburgica.
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If a body charged with either kind of electricity is brought in contact
with the knob, the goid leaves diverge.

Thomson's Quadrant Electrometer.—A far superior instrument for
all delicate researches is the guadrant electrometer of Sir William
Thomson. This instrument is quite complex, and only in a general
way shall we attempt to describe it. A delicate aluminum needle,
two inches long, is hung by two cocoon threads in a glass jar, which is
one-sixth filled with sulphuric acid. From the needle a delicate thread
of platinum drops into the acid. The needle is thus free to swing hori-
zontally a little distance, or until the torsion of one of the threads by
which it is hung forces it back to its original position. Above the
needle a very delicate mirror is suspended. When the aluminum needle
is charged with electricity, which is conducted through the sulphuric
acid and carried up the platinum wire, the needle is repelled or at-
tracted according as the electricity is positive or negative. Behind a
screen, at some little distance, is placed a lamp, the light of which
reaches the needle through a slit in the screen. On the screenis a
scale ; a very slight movement of the needle is reflected by the mirror
above it on the scale. An exceedingly slight displacement of the needle

Fi1G. 10,

will cause a very large displacement of the image reflected on the
scale. Thus this instrument is of great value in very delicate researches.
Leyden Jar.—The Leyden jar is made of glass, with a coating of tin-
foil pasted carefully inside and out, extending to within a few inches of
,the mouth. Through a varnished wooden cover a wire, having a knob
at top, is passed, and extends to the inside coating. Now, when either
positive or negative electricity is communicated to the knob at the
top, it is immediately diffused over the whole inside coating ; and by its
inductive influence the outside coating takes on the opposite kind.
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Experiments like these were also made by Franklin across the Schuyl
kill.

Fora long time Franklinic electricity was the only form used in electro
therapeutics. At present it is but little used except in certain hos
pitals and public institutions. Its value as a therapeutic agent is,
however, unquestioned, and now that some of the inconveniences
attending its use have been removed by Holtz's machine, it is just that
it should have a fair and careful trial at the hands of modern electro-
therapeutists.
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the equilibrium of that point is disturbed, and the d.sturbance is propa
gated from molecule to molecule, through matter, or ether, or Loth.
Heat by conduction and mass-motion are of matter only. Heat by
radiation and light are of the ether only. Electricity is now regarded
as a movement of the ether, and of the body in which it circulates.
Chemical action is a rearrangement of atoms. After this action the
sum of the activities of the molecules of the resulting product is dif
ferent from that which its factors previously had. This difference is
force, and appears sometimes as light, and under certain conditions as
electricity, but it is rarely or never confined to one mode of manifes-
ation. Zhe condition for the generation of electricity by chemical action
appears 1o be that this action takes place at the surface of a conductor
through which a current (so called) can circulate. Since the current is
made of motion of the molecules of the conductor through which it
passes, and of the ether, the nature of the conductor must modify the
current itself. It is known that the current through a telegraph-wire
soo miles long meets the greater part of its resistance in the first 100
miles. The current is modified by the material and length and size of
the wire.

The differential physiological effects of induction-coils of different
lengths and fineness may thus be in part explained. These differential
effects will be spoken of in the electro-therapeutical portion of this
work.

The Chemistry of the Batiery not yet Exact.—Chemistry can never
be an exact science until temperature, specific heat, and matter are all
considered, and justly estimated in all reactions. This has not yet been
accomplished.

We are unable to state a priori what must be the electro-motive force
of the different batteries in use, since that, as we have seen, depends
on data hereafter to be determined. Frequently, however;, we are able
to state which of two reactions must evolve the greater force, and so,
under like circumstances, the stronger electric current. This is done by
inspection of the electro-chemical series of elements. That series, how-
ever, must vary with the temperature, so that it is no sure guide.

Office of the Water in the Battery.—The water used in all common
batteries serves as a solvent of the salt formed in the reaction. When
the water used becomes saturated by this salt the current stops, and it
declines in power as the solution approaches saturation. .

‘Office of the Metals in the Battery.—Of the two metals in any
battery one only enters into the reaction. Zinc has generally filled that
place in all the best-known batteries, because it is nearer the negative
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who understand the principle on which these batteries are constructed
will not find it difficult to understand any new modification of them that
may arise.

Here let us interpose the remark, that the time and energy that are
devoted to the study of the chemistry of batteries will not be wasted
time—will indeed be spent most wisely—for half the annoyances of
young and old electro-therapeutists comes from the difficulty of keeping
their batteries in order. This difficulty will be diminished one-half and
more when we really understand the mechanism of batteries and the
laws that govern their action.

Simple Galvanic Circles.—In the formation of a simple galvanic
circle there are usually metals and a liquid.

Fig. 11 constitutes such a circle.

Let C and Z represent respectively plates
of copper and zinc introduced into dilute
acid, and connected by a wire. An electri-
cal disturbance takes place over all the
surface of the zinc covered by the liquid.
Positive electricity is generated at the zinc
element, and flows through the liquid to the
copper, and thus a constant current is es
) tablished over the wires, as shown by the

FiG. 11. arrows.

So far as the galvanic action is concerned,
it matters not whether the plates touch each other or are connected by
wires, as in the figure. A current is formed, whether contact is made
between the plates either above or below the liquid. In every instance,
however, a circui? must be formed, around which the electricity may flow.

The eclectricity may traverse the circuit either in a single current or
in a number of partial currents, into which it may divide itself when
the plates are brought in contact along their whole surfaces. When
the plates, or the wires which connect them, are in contact, the circuit
is said to be c/osed ; when they are separated, it is said to be éroken, or
open. The electricity is generated wholly by the chemical action of
the acid upon the zinc, and, other things being equal, the quantity of
electricity set in motion will be proportional to the extent of zinc sur-
face exposed to the acid.

The terms Electro-positive and Electro-negative.—Both in simple
and rompound circles the electricity always moves 7z the liquid of the
battery from the zinc to the copper; and ou? of the liquid, from the
copper to the zinc. This should be remembered, since the zinc is
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Similarly, also, the solution in the battery and the metals themselves,
like the connecting wire, are + at one end and — at the other. The
circuit throughout consists of 4 following — and — following 4-. It
appears to be electrically the same throughout.

Electrical Relations of the Elements.—In the galvanic cell, by the
decomposition of the water, oxygen arises at the positive pole and
hydrogen at the negative.

The metals assume opposite electricities, the zinc being positive and
the copper negative.

Since electricities that attract each other are opposite to each other,
the substances that are liberated at the positive pole are called electro-
negative. and the substances liberated at the negative pole are called
electro-positive. Thus, in the decomposition of the battery, oxygen
which is liberated at the zinc is electro-negative, while hydrogen which
is liberated at the copper or platinum is electro-positive.

The elements have been arranged as to their electro-chemical re-
lations when associated in pairs in the galvanic cell. According to
recent chemistry, atoms are arranged in two classes, according to their
combining power. Positive atoms are those which are attracted to the
negative electrode in electrolysis, and whose hydrates are bases.
Negative atoms are those that are attracted to the positive pole in
electrolysis, and whose hydrates are acids. The electro-chemical series
are presented below :

Electro-Chemical Series.

Negative end —. Silicon. Zinc.
Oxygen. Hydrogen. Manganese.
Sulphur. Gold. Lanthanum.
Nitrogen. Osmium. Didymium.
Fluorine. Iridium. Cerium.
Chlorine. Platinum. Thorium.
Bromine. Rhodium. Zirconium.
Iodine. Ruthenium. Aluminum.
Selenium. Palladium. Erbium.
Phosphorus. Mercury. Yttrium.
Arsenic. Silver. Glucinum.
Chromium. Copper. Magnesium.
Vanadium. Uranium. Calcium.

Molybdenum.

Bismuth.

Strontium,
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2z of Te umicteC o, nroil conzected with the electro-negative
elzmane

At it przsezt Tme 1T improved batteries are constructed with ama}
gixmzatel Zinc

Koz 20 3ms’srwsle Zins.—To amalzamate zine, first immerse it in a
znioz ¢f &lzte sziplaric acid of almost any strength, so as to clean
the surfzce; 223 &p I iz mercwoy, or pour mercury over it, and rub
i cm witt a brush or spozge or cloth.  The mercury will spread very
r3; i¥ over ite suriace of the zing aand give it a bright, mercury-like
appeirance.

Tre 2t of amalzamating zinc is of great practical importance to the

leciro-therareuist, sirce rearly all the batteries in common use have
Zzc for one of the meikls  Amalzamated znc was first used for gal-
varic basteries by Kemp. in 1826.

Crhemicail Acticn tie Orizin of the Current.—When the electrically
opposite metzls—zinc and platinum, for example—are dipped in acidu-
lated water azd united at their ends, either directly or by a wire, the
zinc has so strong an attraction for the oxygen of the water that it unites
with it and forms the oxide of zinc. This oxide of zinc combines with
the sulphuric acil and forms sulphate of zinc. The hydrogen of the
water escapes in the form of gas at the platinum. Zhe result of this
chemical action is a current of clectricity. The zinc (the electro-
regative element) dissolves, and the quantity of electricity generated
is proportioned exac:'y to the quantity of zinc dissolved.

It had been supposed by Volta and his followers that simple contact
of the metais was all that was necessary to excite the current; but
Faraday showed, by two very beautiful experiments, that mere contact
was not sufficient—that there must be chemical action in the cell in
order to obtain a current. It is possible that all chemical actions are
attended with the generation of electricity ; but only under certain con-
ditions, or when the amount is considerable, are we able to detect it.

In what way does Chemical Action generate the Current ?—In science
it often happens that the simplest and easiest questions are the hardest
to answer. Just how the current is excited by chemical action we do
not fully know. We know that when the different metals touch each
other, the positive electricity will go to one metal and the negative to
the other. This disturbance, however, is only momentary, and equili-
brium is at once restored, and no current continues.

Now we may regard the atoms of oxygen and hydrogen that make
up a molecule of water as charged with opposite electricities, like two
different metals, When zinc and platinum are dipped in water, the
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duces €ectricity, and through electricity produces chemical action,
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 Heat. 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 through 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.
The electric light was invented by Sir Humphry Davy in 1813.

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

FiG. 12.

vawdc 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 fors
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collected in glass tubes, oxygen in one and hydrogen in the other, and
in each tube is fastened a platinum electrode. The tubes are inverted
over sulphuric acid. When the electrodes are connected with a gal-
vanometer a current is indicated, the direction of which is from oxygen
to hydrogen.

There are two general varieties of batteries, double and single cell.

Double-cell Constant Batteries—The current produced by elements
with a single liquid becomes rapidly enfeebled, because of the polariza.
tion. This polarization is prevented in the double-cell batteries
of Daniell, Grove, and Bunsen, by placing the electro-negative ele-
ment in a liquid that is acted upon chemically
by the deposited hydrogen. Currents from
these two-cell batteries are called constant,
because they do not weaken so rapidly as
currents from single-cell batteries, and the
metals can be allowed to stand all the time
in the solution.

The term constant is now applied to the
galvanic current, however generated, as
distinguished from the induced or faradic
current.

Daniell's Battery.—Fig. 15 represents a
single cell. V is a glass or porcelain vessel
nearly filled with a saturated solution of
sulphate of copper. C is a cylinderof cop-
per, open at both ends and perforated by a number of holes. G,
which is also perforated by holes, is an annular shelf at the upper por-
tion of the zinc cylinder, upon which crystals of sulphate of copper may
be placed to supply the waste in the cell caused by the electrical action.
P is a thin porous vessel of unglazed earthenware, containing the
amalgamated cylinder of zinc Z, and a solution either of common salt
or dilute sulphuric acid. The elements are connected in series by
strips of copper, p and »n, which are fixed to the copper and zinc by
means of binding-screws. When the circuit in the battery just de-
scribed is closed, an atom of zinc replaces and liberates from the nitric
acid two atoms of hydrogen, thus producing sulphate of zinc. The
fiberated hydrogen replaces one atom of copper in the sulphate of
copper, which by electrolytic action is deposited on the copper element,
or sometimes on the porous cup. Polarization is the resistance to the
passage of the current produced by a deposit (such as hydrogen) on

FiG. 15.












36 ELECTRO-PHYSICS.

hot the fluid saturates the carbons and removes the amalgam from the
zing, and thus injures very seriously the working power of the battery.®
The proportions of sulphuric acid and bichromate of potash above given
may be varied more or less as may be desired. Mathematical accu-
racy is not required. If, however, the solution is excessively strong,
if the proportion of bichromate of potash and sulphuric acid is too
great, say two or three times what is here given, the battery will wear
away very rapidly and a greenish-black deposit will be found in the
bottom of the cells. This deposit, which sometimes forms very hard,
and is difficult to remove without breaking the glasses, is the chrome-
alum, and is a result of the decomposition of the salts and acids that
takes place while the battery is in action. Like the Smee battery, the
zinc-carbon battery will need to be occasionally amalgamated, but, un.
like the Smee battery, it does not require any mercury in each cell, and
the presence of mercury will give rise to local action. We speak thus
particularly of the simple zinc-carbon battery, because it is one very
widely used in electro-therapeutics, and it is important that its manage-
ment should be well understood. The galvanic batteries of Stohrer, of
the Galvano-faradic Manufacturing Company, and of Kidder, are mostly
of single-cell zinc-carbon elements. The zinc-carbon battery, like
Smee’'s, to be hereafter described, is not constant. If the metals are kept
long immersed in the solution, the power rapidly goes down. It is
necessary, therefore, to keep the metals ouf of the solution, except when
the battery is in use. In this respect the battery differs very much from
the batteries of Grove, Bunsen, and Lechanché, where the metals are
never removed from the solution except to be cleaned and repaired.

Smee's Battery.—This battery, invented in 1840, is very economical,
convenient, and easy to manage, and on that account has been con-
siderably employed in electro-magnetic apparatus. It consists of a
plate of corrugated platinum, or silver covered with finely-divided plati-
num, between the two plates of zinc, in a solution of sulphuric acid and
water (one part to ten or twelve).

The order of the parts in Smee’s Sulphuric Acid Battery is as follows :

1st, zinc; 2d, sulphuric acid ; 3d, platinum.

Reaction.
Zn + H, SO, = Zn SO, + H,

* It is well known that when sulphuric acid and water are mixed, the solution be-
.omes very hot. The explanation of this is, that in mixing, the atoms of the water are
attracted to the atoms of the sulphuric acid ; in other words, wor# is done. The vol-
ume is diminished 8 per cent., and the heat that appears is a result of the work thus
performed.
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saturated, then the ammonia escapes through the opening in the
cover.
The chemical formula is as follows :

Zn + (C1 NH,), + (Mn O,), = Zn C|, + H, O + (NH,), -+ Mn, O,

Leclanché’s battery was first arranged for electro-therapeutics by
Gaiffé, an instrument-maker of Paris. It has been modified by Tripier,
the well-known French electro-therapeutist, by Keyser and Schmidt,
of Berlin, and a portable form has been devised by Beetz, of Munich.
Leclanché’s battery has one great advantage and some disadvantages.
Its advantage lies in its power of endurance. If not overworked it
will stand for months and years, and yet retain sufficient power to be
quite useful in electro-therapeutics. This is not true of any other
battery ; even Daniell's, the most constant of all, and as variously
modified, requires replenishing or cleaning every few months, else it
goes down to nothing.

Its disadvantages are these :

1st. It rapidly polarises, and so generates a secondary current that
weakens the main current. This polarization only takes place when
the battery is in action; if therefore, the battery is but little used, or
only occasionally, this disadvantage does not appear.

2d. The free ammonia that escapes after the water becomes satu-
rated is annoying.

On account of these disadvantages, Leclanché’s battery has not been
as popular among telegraphers as was at one time expected it would be.
Among European electro-therapeutists, however, it is considerably used.
It is sometimes employed in electro-magnetic or induction machines.

Cullan's Iron-sinc Battery.—In this battery the positive plate is
zinc in dilute sulphuric acid; the negative plate is i7oz in strong
nitric acid. The great practical difticulty with this battery is, that
under certain conditions it may suddenly and rapidly evolve nitrous
fumes. This complaint has been made even by those who have adopted
this form of battery in electro-surgical practice. The common explana-
tion that the phenomena displayed by this battery are due to the pas-
sivity of iron, is not in accordance with the more recent doctrines of
physics. This fact is a serious objection to the use of these batteries
in electro-therapeutics. They have been employed, however, for the
purpose of galvano-cautery.

Wollaston's Zinc-copper Battery—This form of battery, dewsed by
Wollaston in 1801, is now pretty well displaced by modern improve
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ducting wires. As the ocean furnishes the exciting fluid, it needs nc
replenishirg. It was hoped that a battery of this kind might be of
suflicient strength to furnish an electric light for light-houses. This
hope, so far as we know, has not been realized.

Dry 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 ie
in contact with the manganese of the next in the series. A Zamboni
pile of 200 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-
maiion we seek.

Galvanometers.—A galvanometer is an instrument for indicating the
presence and direction of a current, and for measuring its strength.
There are several varieties of galvanometers, but all are constructed oo
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rent, is reflected through a lens on a graduated scalz placed at a little
distance in front of it. A lamp is placed behind the screen, which
contains a slit, through which the light passes to the mirror, from
which it is reflected back on the graduated scale. When the magnet
is deflected by the passage of a current through the coil, the image
moves to the right or left along the scale, the angle made by the re-
flected image being twice the angle through which the mirror and
magnet are deflected. A wery small deflection of the magnet pro-
duces a very great displacement of the reflected image on the screen, and
thus a very slight current can be detected.

This instrument, as that of Wiedmann, of Germany, is much used
in delicate electro-physiological researches.

Rheostates : Instruments for Measuring Resistance.—The rheostat,
an instrument invented by Wheatstone, was originally designed to
ascertain the relative amount of resistance of different conductors. In
electro-therapeutics it is employed to interpose resistanées in the circuit,
etc., so as to delicately modify the strength of the current within small
fractions of the strength of an element.

In electro-physiological investigations, as also in certain branches of
electro-therapeutics—particularly in applications to the ear—rheostates
have been used. The form employed by Brenner and others, and also
the water-rheostat, will be described in electro-therapeutics.

Early History of Galvanism.—In the year 1786, while Galvani, Pro-
fessor at Bologna, was experimenting with an old-fashioned electrical
machine that lay near a dish of frogs that had been prepared, it is
stated, for his sick wife, he noticed that the frogs jumped whenever a
spark was drawn from the conductor of the machine. On observing
this, it occurred to him that perhaps he had found a means of detect-
ing atmospheric electricity more delicate than he had previously em-
ployed. In order to test this, Galvani took the dish of frogs, and, with
his neighbor Camillo, went out on the terrace of his house.* It was
a clear evening in the early part of September, and no marked elec-
tric phenomena were apparent in the air. Fixing an iron hook in the
spine of each frog, he suspended it from the iron railing.

Behold spontancous movements appeared in the frogs, various in
their character and guite frequent !

That moment was the birth of the science of Galvanism. At once
there flashed on the mind of Galvani the query, What causes these con-

* At No. g6, in Strado S. Felice, Bologua, the house where Galvani lived, with
terrace and railings, is still shown to travellers,
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Volta, Professor of Physics in Pavia, Italy, who had already been long
distinguished as an electrical experimenter, and who, in the knowledge
of this special branch, was far superior to Galvani.

At first Volta accepted Galvani's theory of animal clectricity, but
subsequent research caused him to doubt its truth. He observed that
it was only by means of Aeferogencous metals that muscular contractions
could inwariably be produced, and hence he denied the existence of
animal electricity, explainirg the phenomenon of muscular contractions
through the influence of the artificial electricity excited by a heteroge-
neous metallic combination.*

Galvani then not only demonstrated that contractions could readily
be caused by exactly homogeneous metals, but that the phenomenon
was produced by the simple contact of nerve and muscle. His manner
of experimenting was as follows : The leg of a frog, denuded of its skin,
had its sciatic nerves cut at their exit from the vertebral column. The
nerves thus denuded were taken gently up by some non-conductor and
made to touch one of the muscles, when the leg would immediately
become convulsed. Volta endeavored to prove that the concussion
caused by the contact of nerve and muscle was the cause of the electric
current thus produced ; but Galvani conclusively demonstrated that such
could not be the case, by placing a non-conductor between the two tis-
sues, when no action could be excited in the leg. He went further,
and at last succeeded in producing muscular contractions when only the
nerves of non-prepared legs were brought in contact.

The discovery of the Voltaic pile, which excited great interest in
men of science, seemed to decide the battle for Volta, and all the
efforts of Galvani to convince philosophers of the existence of animal
electricity were in vain. Galvani’s first observations on frogs dates back
as far is 1780. He first published his researches in 1791. '

Volta did not undertake the investigation of the subject until 1792,
the year following the publication of the researches of Galvani. Ard
yet Volta has almost equal claim to be the founder of the science of
galvanism ; for while Galvani discovered the new manifestation of
electricity, he failed to comprehend its true value, while Volta, by the
discovery of the pile which bears his name, demonstrated what Galvani
would never believe, but which Prof. Fabroni, of Florence, had in 1792
suggested, that chemical action was the source of the electricity in Gal-
vani's experiments.

* The theory that the experiment of Galvani could be exglained by chemical actioa .
was first suggested by Prof. Fabroni, of Florence, in 1792.
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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 clectrolytes (fjAexrpov, and Mw, decompose). To electrolyse
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 #ons, (eldv, participle of
the verb €/uy, to go). Those sons that appear at the anode are termed
gnions, those which appear at the cathode are termed cations. 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 galvanic
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 Action.—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 :
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Mr. Crosse was subjected to absurd and outrageous abuse, as though
he were infringing on the prerogatives of the Creator. Mr. Weekes, of
Sandwich, in Kent, subsequently repeated the experiments of Crosse by
passing electrical currents through silicate of potash in glass receivers
over mercury. All possible care was taken to keep out foreign matter.
After a constant action of a year, insects appeared, entirely similar to
those obtained by Mr. Crosse. The metallic deposits in electro-metal-
lizing are the secondary results of the electro-chemical decomposition.
Water is electrolyzed, hydrogen is disengaged at the cathode, and oxy-
gen at the anode; but the hydrogen reacts on the metallic solution,
combines with its oxygen, and frees the metal. The oxygen also com-
bines with an element at the anode. In the section on Electro-Surgery
it will be found that the secondary decomposition is utilized in the selec
tion of the material used for needles in galvano-puncture.

3. The Differential Action of the Poles.—Different elements go to the
anode and the cathode, according to the nature of the substance de-
composed and the material of which the electrode is made.

Platinum-wire makes the best electrode for electrolytic experiments
on various substances, because platinum is not acted on. Copper and
silver wire may be used, but the secondary action which they cause
greatly complicates the experiment.

To distinguish the precise character of the changes that take place in
the electrolysis of many substances is frequently difficult, and sometimes
impossible. It is difficult to decide whether any of the elements of the
electrolyte, besides water, undergo decomposition; and whether the
changes are of a primary or secondary character.

Among the substances that are most readily decomposed by the elec-
tric current are the following :

Jodide of Potassium.—This decomposes under a very feeble current,
the iodide and oxygen going to the positive and the hydrogen and al-
kali to the negative. Thus the decomposition of iodide of potassium
by electricity affords a very good means of distinguishing the poles.
The brown color of the iodine always appears at the positive pole. The
whole solution soon presents the color of iodine.

Chloride of Sodium.—A solution of common salt decomposes quite
readily, chlorine appearing at the positive and hydrogen and oxide of
sodium at the negative pole. If the positive needle is platinum, the
odor of chlorine is at once detected ; if it is of copper, the chlorine
unites with the copper, making the solution turbid.

Acetate of Lead.—This salt in solution decomposes with comparative
slowness by secondary action, peroxide of lead appearing at the posi
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The oxygen is then given off at the positive pole, while the liberated
hydrogen unites itself with the next atom of oxygen of the molecule
4, while the original atom of hy-
drogen is expelled.

This atom of hydrogen unites
with the oxygen of the molecule

: = ¢, drives out the hydrogen with
FiG. 2a. which that atom had been pre-
viously combined, and so on through the whole series of molecules
until the negative pole is reached” Here the hydrogen has no more
oxygen to combine with, so it is liberated as gas.

The electrolysis of all other electrolytes is similarly explained. This
simple and ingenious theory was devised by Grotthiiss.

Decomposed Elements appear only at the Electrodes.—In electrolysis
the elements decomposed appear only at the electrodes ; the interme-
diate region presents no change, although, of course, it must be trav-
ersed by the decompositions that occur.  This is illustrated by the
following experiment of Davy: Three vessels are connected by a cot-
ton wick thoroughly moistened. In one vessel is placed an alkaline salt,
and in the other two, water. The liquid of all three vessels is colored
with syrup of violets. When the galvanic current is made to pass through
the vessels. the liquid at the negative pole becomes green, and the
liquid at the positive becomes red, demonstrating that the acid goes to
the positive and the alkaline base to the negative pole. The fluid in
the middle vessel suffered no change of color, although it must have
been traversed by the acid in the solution.

Electrolysis compared with the Reactions in the Batteries.—It will be
observed that the chemical action that takes place in the fluids of any
battery is similar to electrolysis. The two are, indeed, facts of pre-
cisely the same nature. The action in the battery is accompanied by
an electric current ; the action in electrolysis occurs as a result of the
passage of a current.

In the section on Electro-Surgery it will be shown that all these phy-
sical laws of electrolysis have a direct and necessary bearing on the use
of electrolysis in surgery.
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Before a magnetic body is magnetized these molecalar currents, o1
rings of electricity, by their mutual attraction neutralize each other,
so that their combined action on any other substance is nothing.

When a body is magnetized, these molecular currents assume a paral.
lel direction. The more complete the magnetization, the more nearly
parallel they become. When they are completely parallel, the limit of
magnetization is reached. Ampére further supposes that all these mo-
lecular currents are equivalent to a single current circulating round the
magnet. Still further, and in consonance with his theory, Ampére sup-
posed that terrestrial magnetic effects were due to magnetic currents
that circulate round the earth from east to west, perpendicular to tne
magnetic meridian.  The resultant of these currents is a single cur-
rent going from east to west. These currents, which are supposed
to be due to the action of the sun, deflect magnetic needles, magne-
tize iron, etc.

The Electric Current acts as a Magnet : Solenoids.—In confirma-
tion of Ampére’s theory of magnetism, it is found that when a helix, or
spirals of covered wire, coated in such a way that one of the wires passes
through the axis (solenoid, as it is called), is suspended into cups of
mercury, and traversed by a current, it will act like a magnetic needle
and point from north to south. Ampére gave the following rule by
which tbe directions of the needle under the current can be under-
stood : Let the observer imagine himself placed in the wire, so that a
current enters at his feet and leaves at his head, while his face is turned
toward the needle; the pole will always be deflected forward the lefi
of the observer. ,

Helix.—In a helix of a copper wire through which a current circu-
lates, eack convolution of the spiral may be regarded as one of the little
magnets of Ampere’s theory. The ends of the spiral, when the current
passes through it, act on a magnetic needle like the poles of a magnet.
Ampére's theory explains two important magnetic phenomena.

1st. Why like poles repel and unlike attract.

Two north poles of a magnet side by side have opposite cur-
rents and repel each other. Similarly with two south poles. Buta
north and south have currents in the same direction and attract each
other.

2d. Why a magnetic needle places itself north and south. A
magnet can come to rest only when the current below it, nearest the
earth, is parallel to the earth-current. The magnetic needle turns to
the north to allow the currents below it to become parallel to the earth's’
current,






54 ELECTRO-PHYSICS.

Direction of the Induced Current.—If a current of electricity is passed
through any conductor, it will in-
duce a current in the opposite direc-

- 2= .
tion in a second conductor situated
- =< parallel to the first. Let A B, Fig.

Fic. ss. 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 circuit
is broken, an instantaneous current, with its direction reversed, is again
established in the second wire.

Different Orders of Induced Currents.—Induced or secondary cur-
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 Zertiary flows in a direction opposite tb 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. 1f 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 iacrease, and the direct current following the decrease in
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in strength, or is brought near to an adjacent circuit, induces an inverse
momentary current in that circuit. A current that opens or diminishes
in strength, or is removed from an adjacent circuit, induces a direct
momentary current in that circuit. It will be seen, therefore, that in-
duction takes place only when there is some change in the condition o}
the inducing current. It must be closed or opened, increased or dimin-
ished in strength, brought near to or removed from the adjacent circuit.

In the ordinary electro-magnetic machines these changes are made
by a rkeotome, or current-interrupter, and the strength of the current
is modified by withdrawing or removing a metallic cylinder enclosing
the coils, or by withdrawing or removing the core of iron needles.

Induction of a Current on Iltself : Extra Current.—The extra cur-
rent is that which is induced by the current in each coil, or winding of
the primary coil on the other adjacent windings.

The windings act inductively on each other both at the opening and
closing of the circuit. Thus we have a direct and an inverse extra cur-
rent. The direct extra current gives shocks and sparks, decomposes
water, magnetizes steel, and melts platinum-wire. The electro-motive
force of the extra current bears a uniform relation to the intensity of
the primary or inducing current. When the secondary coil is closed,
the extra current does not appear in the primary coil, but by what is
called reaction it is formed in the secondary coil itself, and becomes
an ordinary induced current.

It is called the extra current only so long as it remains in the pri-
mary coil ; it so remains only when the secondary coil is open.

Rheotome, or Current-interrupter.—Among

. the different contrivances for producing these
changes in the primary current that are neces-
sary for induction, the most convenient is the
Rheotome, or Current-interrupter.

This, when placed in the circuit of the pri-
mary coil, alternately closes and opens the cur-
rent, and thus causes induced currents in the
secondary coil.

Fig. 27 represents a current-interrupter.

Into the iron covering A are fastened the
ends of the iron wires of the core within the

FiG. 27. coi}.
The hammer H is attached to a spring D,
which is in the primary circuit; p is a projection tipped with plati-
num, because that metal does not corrode; g, connected with the
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The largest induction coil of which we have any knowledge is that of
Apps, in London. It is nine feet ten inches long, and its diameter is
two feet. The soft-iron core is five feet long, four inches in diameter,
and weighs 125 pounds. The length of the primary coil is 3,770 yards,
while that of the secondary coil is ore hundred and fifty miles. This
battery is excited by 48 large Bunsen cells. It gives a flash twenty-
nine inches long that will perforate five inches of solid plate-glass. At
the Stevens Institute of Technology, Hoboken, there is also an induc-
tion coil of great power.

Properties of Induced Currenis.—Induced currents have in different
degrees all the properties of the ordinary galvanic current. They pro-
duce chemical, thermic, luminous, and physiological effects. They
deflect the magnetic needle, magnetize steel, and are capable of them-
selves exciting induced currents. There is a difference, however, be-
tween the effects of the direct induced and inverse induced. The
direct gives a powerful shock, the inverse a mild shock.

The direct magnetizes to the point of saturation, the inverse does
not magnetize.

In their action on the galvanometer they are about equal In quan-
tity, the direct and inverse induced currents are about the same; but
the tension of the direct induced is greater than that of the inverse
induced. :

Comparative Chemical Effects of the Galvanic and Induced Currents.
—That the chemical character of currents of induction is distinctive from
the galvanic is proved by the following experiment : When the platinum
poles connected with an induced current are placed in water, water is
decomposed and oxygen produces oxidation of platinum, which is re-
duced to metallic platinum by the recombination of the hydrogen with
the oxygen. This process takes place at both poles, so that both
become covered with a powder of platinum.

If a solution of iodide of potassium and starch is brought into the
circuit, the dlue color appears at both poles. When the galvanic cur-
rent is used, the blue color appears only at the positive pole. When
the induced current is sent through water it decomposes it, just as the
galvanic current does the oxygen and hydrogen, both appearing at
botk poles; but they recombine, and thus the water does not appear
to be decomposed at all.

It is of the first importance to the electro-therapeutist to understand
electro-magnetism, for it is the form of electricity most used in electro-
therapeutics.

Magneto-electricity.—Magneto-electric induction is the mduction of
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sufficient rapidity, a continuous 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 Rotation.—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 Qersted, 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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definite lengths of wires of a definite thickness; but wire is rarely pure,
and the different specimens widely vary.

In 1864 the British Association, acting on the suggestion of Weber,
decided that electrical resistance could be expressed as an absolute ve-
locity, without any reference to the substance that conducts. This unit,
which expresses a velocity of 10,000,000 metres in a second, is called a
B. A., or British Association, unit.

Previous to this action of the Association the best known units were
those of Siemen and Varley. Siemen's unit is a column of pure
mercury, one metre long and one square millimetre in sections at o° C.
Varley's unit was one mile of ordinary copper-wire, No. 16, 41y of an
inch in diameter at 60° F. The B. A. unit of the British Association is
embodied in an alloy of platinum and silver. This alloy has the ad-
vantage of German silver, that its conducting power does not change
with long use. .

The unit of electro-motive force is called a zolt. A volt is equal to
about the force of a Daniell cell, or the decimal -9268.

The unit of quantity is a farad. In other words, a farad is the
quantity of electricity which, with a certain electro-motive force, flows
through a certain resistance.

The terminology of electricity in general has been atrociously diffi-
cult and obscure, but nowhere has there been deeper obscurity and
grosser misunderstanding and inconsistency than in the application of
the terms resistance, guantity, tension, and electro-motive force.

Electro-motive Force.— The electro-motive force is the force that urges
Jorward the current.

It is the origin of tension, to be hereafter defined. This force is
modified—

1st. By the nature of the plates of which the element is composed.

2d. By the nature and strength of the acid solution.

3d. By the number of elements in the solution.

Substances that stand at or near the two exfremes of the electro-
positive and electro-negative series, generate a stronger electro-motive
force than substances that stand near each other.

Zinc and platinum or zinc and carbon give more electro-motive
force than zinc and copper, becausc the difference in their oxidability
is greater, and they stand farther apart in the electro-positive and
electro-negative series.

Plates that are imperfect in their structure, or which contain impuri-
ties that generate currents in opposition to the main current, or plates
that are worn ort, or are ercrusted with the products of chemical
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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,”
is 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 fur 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 quality of a conductor that impedes
the passage of a circust.

There are two kinds of resistance in any circuit :

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

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

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

3d. By the temperature.

Itis 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 siameters.

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
greater the resistance, the thicker the wire the Jess the resistance. The
same law, but less exactly, applies to liquids, and for this reason Zarge
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 :

Copper..cciviienseneees I Iron...ieeeeecenncene 7.8

Gold.......oovieveeeeee T4 Lead..ieeeeeeereeeas IX

ZinCeeovevivensvonnsenas 327 Pllinum....ooiiiieee. 153
Mercury (at 57°).cccvecesccss 50.7.

The converse of resistance is conduction.
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 ds-
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
circutt in any given dime.

This depends, according to Ohm's law, on two factors—rthe 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 guantity varies
inversely as the resistance, and therefore, to find out what the quantity
of any current is, we divide the electro-motive force 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
resistancg, 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 . .
then ryele Q, the quantity or strength of the current—the riumber 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,
Jor example, the quantity of clectricity that flows 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 than the acfwal quantity that
it sends through a circuit. Everything depends upon the resistance,
whether it be small or great.

Relation of Quantity to Electro-therapeutics.—It is important to know
how to ascertain the guantity 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 franks
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 direct 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 mere quantity of clectricily 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 the
square of the éection. 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 % 10 = 1000 (electro-motivc force) 3000 _ 10

10,000 (external resistance) 100 X 3 = 200 10200 308

—a fraction that is, it is true, a little larger than {}, 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 nd
send more guantity of electricity through the body than small cells of
similar character.

From all these demonstrations we see that it is with electricity as
with money—the abdsolute quantity that any man may give may be a
very small fraction of the acfual quantity that he can be made to give.
A niillionaire has a far greater quantity of money than one who has
only a thousand dollars, but the one tay 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 they last longer and
do not require 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 *heir
size they 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 100 small cells; let each cell have an electro-motive
force of 10 volts and a resistance of 2o 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 :

300 % 10 = 1000 electro-motive force
10,000 external resistance 100 X 20 = 2000 internal resistance

= l

. ]

which represents the quantity of electricity that flows through the
circuit. Suppose now one ce// of the same character, but very much
larger, sends a current in a short circuit—through a skor¢ platinum-
wire, such as is used in the galvano-cautery for cauterizing surfaces.
Suppose the external resistance of this short circuit be 9 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 g5 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 electro-motive force
¢ external resistance + 1 internal resistance

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 surface 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 Ohn'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 figures. 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 all 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















ELECTRO-PHYSIOLOGY









88 ELECTRO-PHYSIOLOGY.

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 involuntary 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 rich 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 inmediate 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-physiology 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
























96 ELECTRO-PHYSIOLOGY.

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 caused a deflection of the needle of the galvanometer.

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 distilled water, there was no de-
flection of the needle observed ; but when undistilled water or the
other fluids mentioned werc 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 lake place between the fluids of the muscle and
the 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 ¢4rough 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,

t On the Electro-motive Action of Liquiils separated by Membranes. Amserican
Fournal of Science and Arts, vol. iii., May, 1872.
















































CHAPTER 1V,
ACTION OF ELECTRICITY ON THE BRAIN AND SPINAL CORD.

Direct Application.—It has been shown by Fritsch and Hitzig that
in the cerebral convolutions there are centres for the production of
voluntary muscular movements in various parts of the body. These
physiologists took off the upper part of the skull of a dog, and by
means of weak galvanic currents excited the exposed brain, locating
the current, as far as possible, in small portions. They found that
when certain definite portions of the anterior convolutions were excited,
movements were caused in certain groups of muscles on the opposite side
of the body. Continuing their researches, they showed that there are
'definite nerve-centres for the nerves that preside over the muscles of
the neck, the foot, and the face, for the extensor and adductor muscles
of the forearm, and for the flexor and rotator muscles of the arm.

Prof. Ferrier, of King’s College, London, has made similar researches
with the faradic current, and with it has investigated the brains of fish,
frogs, dogs, cats, rabbits, guinea-pigs, and monkeys. He has studied
not only the cerebrum, but the cerebellum, the corpora quadrigemina,
and other portions of the brain. Electrization of the optic thalami
produced no result. Electrization of the corpora striata caused the
limbs to be flexed. Electrization of the anterior tubercles of the corpora
quadrigemina caused dilatation of the pupils and opisthotonus ; while
electrization of the posterior tubercles caused the animal to make al
sorts of noises. Electrization of the cerebellum caused movements of
the eyeballs. Dr. Beard* has carefully studied this subject on the brains
of dogs, rabbits, cats, and pigeons. He used both currents, mild, me-
dium and strong, and studied also the question of diffusion of currents.
His provisional conclusions were, that the surface of the brain was
electrically excitable ; that the theory advanced by Dupuy and other
French observers, that the excitation was due to the diffusion of the cur-
tents to the central ganglia, was not tenable. Dr. Bartholow { had made

® Archives of Electrology and Neurology. May, 1874 1 Ibid
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3. Staggering. This is produced by stronger currents. In impress
ible temperaments very mild currents may produce it.

Movements of the Eyes.— Movements of the eyeballs have also been
observed by Hitzig duriug the second and third stages of dizziness.
When a strong current goes transversely through the head, and its
direction is changed, movements of the eye, resembling nystagmus,
appear. There is a jerk, and then a further movement. If the positive
pole be in the right mastoid, and the negative in the left, both eyes are
jerked toward the left, and kept there, provided the current be suffi-
ciently strong.

There are anatomical reasons for supposing that the brain can be
more easily affected in the mastoid and occipital regions than in the
anterior portion. A large vein connects the transverse sinus with the
posterior auricular veins, and with the posterior meningeal artery into
the skull through the mastoid foramen. In the occipital region a vein
connects the transverse sinus with the vena cervicalis profunda through
the posterior condyloid foramen.*

SPINAL CORD.

Rigid cramps of all the muscles of the trunk and extremities follow
electrization of the spinal cord when an electrode is placed at either
extremity of the cord. Cramps of the same character are also pro-
duced when one electrode is applied to the anterior and the other to
the posterior column, either at their upper or lower extremities.

If the spinal cord be divided at about its centre and the lower half
electrized, only the muscles of the lower or hinder limbs will contract
If the upper half be electrized, only the muscles of the fore limbs wil)
enter into contraction. The results will be the same, whether the cut
extremities are separated or brought in close contact, in which lattex
condition no impediment is offered to the passage of the current-
The above researches of Weber have been confirmed by Dr. Beard =
experiments on dogs and rabbits. The effects are produced by botk>
currents.

Inhibitory Effects.—At the moment of closing and breaking a gal-
vanic current its action upon the cord is manifest by the contraction of
the muscles of the body and limbs ; but during the passage of the cur-

® Quoted from Luschka and Anatomic des Memschen, vol. iii, 2, p. 15¢, by
Althaus. Third edition, p. 139.






CHAPTER V
ACTION OF ELECTRICITY ON THE SYMPATHETIC AND PNEUMOGASTRIC.

IN order to intelligently appreciate the experiments that have been
made to determine the action of electricity on the sympathetic and
pneumogastric, it is necessary to keep constantly before the mind the
following considerations :

1. The action of electricity on the sympathetic and pneumogastric
must be modified by the kind of electricity employed, by the strength
of the current and length of the applications, and by the condition and
temperament of the subject in which the experiment is made.

To say that galvanizing the sympathetic produces such and such
effects is really to give no information whatsoever, for at once the
inquiring soul raises the questions, How strong were the currents used?
How long were the applications? Were men or animals subjected to
the experiment? Were they intact or injured? If animals, what kind,
and were the results the same on several animals of the same kind?

2. These nerves can be affected both by external and internal appli-
cations of electricity.

The fact that external electrization affects these nerves, which has by
some been disputed, is fully apparent from what is known in general
of the electro-conductivity of the body, is confirmed by special experi-
ments, and is demonstrated by observations in physiological and patho-
logical cases. This is true not only of the cervical sympathetic ganglia,
but of all the ganglia of the body. Known facts in regard to the elec-

. tro-conductivity of the body show that none of the ganglia of thes
sympathetic can escape the electric influence when the current is ap—
plied over the surface of the body.

3. The effects of external application through the skin on these nervess
cwnnot be expected to be identical in kind and degree with the effectss
of direct application to the nerves themselves. Although the cervical
ganglia of the sympathetic and the pneumogastric nerve are traversed by
the currents of electricity when the electrodes are placed on the skin in
sucha position that the current in passing fromone to the other finds these
















































132 ELECTRO-PHYSIOLOGY.

There is never any sensation of sound with the closing of the anod:
(An S), exczpt.in pathological conditions.

The polar effect is therefore the leading effect, and the direction of
the current through the auditory nerve appears to have no demonstra.
ble influence.

The use of the rheostat and the changes in the reactions that are
made by interposing the various grades of resistances in the circuit are
represented in the following experiments of Brenner : *

The experiment was performed on a healthy ear that had been cured
a short time before of a catarrh of the middle ear. The number of
elements is in Roman, the number of resistances in Arabdic.

XX r10-80 gave no reaction. XX 260-400 Ka S—Rumbling o

XX 180-250 Ka S—Distant rum-

XX go-120 Ka S—Buzzing of flies cannon.
. very short. Ka D—Same >
KaD — Ka O —
Ka QO — AnS ——
AnS — AnD —
AnD — An O—Rumbling o
An O — wagons.
XX 130-170 Ka S—Stronger buzz- XX 410-550 Ka S—Strikingof me-
ing. tallic plate-
Ka D—Same. Ka D—Same >
KaO — Ka O —
AnS — AnS —
AnD — AnD —
An O An O—Rumbling.

XX 560- Ka S—Sharp ring [i =

bling of wag- asilverta
ons. bell.

Ka D—Same. Ka D—Same >

KaO — Ka O

AnS§ — AnS ——

AnD — AnD

An O—Buzzing of An O—Weaker ==
flies. shorter ==

ing.

Erb ¢ gives the following result of experiments on himself :

* Op. cit., Band i, p. 105.
t Archiv Ophthalmology und Otolog. Vol. i, No, 1, p. 246,
























140 ELECTRO-PHYSIOLOGY.

a taste in the mouth while the current is passing, they usually reply tha= — a}'

the taste is sour or ¢ coppery,” and sometimes they may call it *bitter. — ——

If we ask them whether the taste is “metallic,” they usually reply in th, -SS—-—|E
affirmative.  Our observations on this subject have been very numer— -~ ©
ous, and they have been made with both currents. It is not necessarm—— )
to send the galvanic current through the tongue or through the chord= -
tympani nerve, or through the face even ; for galvanization of the ne

in the anterior and posterior regions, and of the head in almost anygr— )
direction, and of the spine—the lower as well as the upper region—wil_

be felt in the gustatory nerve.

This metallic taste is felt almost as soon as the galvanic current is==
closed, grows stronger while the current runs up to a certain point, and i==—_ssm=$
sometimes felt for several minutes after the electrodes are removed SN
In some temperaments on which we have experimented, the metallicamm—r
taste remains on the tongue for several hours, and even all day, anc—mme—]
longer.

In susceptible temperaments the faradic current produces in a less==s
degree this metallic taste, and that, too, not only when applied to thes e
tongue, but also the head, neck, and spine. In the operations of cenmme=—m -
tral galvanization this reaction of the gustatory nerve becomes of coms—mm-
siderable value in showing us that the current is passing as we wish iSE———E—,
and that the patient is receiving all that is well for him. The gustator——%
reaction thus answers the purpose of a galvanometer, showing that th _ ==
current is passing, and to a certain degree regulating the dose.

There is little doubt that this metallic taste, caused by electrizatior—mms——n,
1s due to a peculiar excitation of the properties of the gustatory nerve===—=
by the stimulus of the current.

The theory that it might be of an electrolytic character, and therefomme=—smc
explained by the products of decomposition at the poles—acid at tt———m¢
positive, and alkalies at the negative—Rosentaal, by a variety of emm== -
periments, has shown to be untenable.








































































































































































ELECTRO-THERAPEUTICS.




















































































GENERAL THERAPEUTICAL ACTION OF ELECTRICITY. 22§

cena tury franklinic electricity and the current of the voltaic pile werc
used for a variety of diseases for which we now use tonics, and often-
tines with some success. But the agent was used mostly empirically,
without any definite idea of its nature or the rationale of its operation.
Partly on account of the inconstancy and uncertainty of the voltaic
pile, and partly on account of the many failures that were necessarily
inevitable with such poor apparatus and desultory experience, partly
also as a reaction from the extravagant hopes and promises of the
earlier experimenters, this system of treatment soon fell into disrepute.

2. ‘T onic effects have been obtained from various methods of em-
ployingz electricity by non-professional men—charlatans and outsiders
—in thhe United States at least, for many years, although very few of
them Inave krown or suspected the nature of the agent they dealt
with, Or of the diseases they have treated.
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260 ABBREVIATIONS USED IN ELECTRN-THERAPEUTICS.

to himself, and, of necessity, makes awkward work. Pretty soon the
metals become corroded, and the current ceases to flow, and the battery
is soon consigned to the closet or garret, where it will do no ham,
and probably as much good as in the hands of the patient.

This picture is not drawn from fancy it is a picture of genuine and
fiequent experience.

Abbreviations used in Electro-Therapeutics.—It is a decided cor
venience and saves much time in recording cases, in giving privalt
instruction, in public lecturing, and in conversation, to describe elec-
trical applications by abbreviations. About a year since we devised
the following abbreviations, which have been used with satisfaction i
giving private instruction and in conversation with our assistants and
others who are familiar with it, and in records of cases from day to day.
We do not adopt it in the present treatise, for the reason that it is o
yet widely known, and might perplex and bewilder the reader:

L. F. Localized faradization.
L.G. ¢« galvanization.
G. F. General faradization.
C. G. Central galvanization.
G. B. Galvanization of the brain.
G.C.S. “ ¢ sympathetic.
G. S. “ ¢  spine,
E. Electrolysis.
G. C. Galvaro-cautery.



































































282 PRINCIPLES OF ELECTRO-DIAGNOSIS,

Two years afterwards she was alive and well, and informed Rosenthal
that she knew nothing about the commencement of the attack of the
trance, and that afterwards she heard people talk about her death, bt
she was powerlcss to help herself.
























































































































322 APPARATUS FOR ELECTRO-THERAPEUTICS.
F1G. 6s.
Our electrodes of various sizes
in graduated series, to be at-
tached to universal handles Hard Rubber Handle
Fi6. 64. (Kidder and Galvano-Faradic and  Electrode, witt
Long Sponge Electrode. Manufacturing Co.). Interrupter (Kidder).
- o—"}
z;-;
r1G. 67. FiG. 68.
Plain Wooden Sponge-holder, Small Sponge Electrode (Kidder)

with Sponge attached (Kidder).

FiG. 69. FiG. 70.
Duchenne’s Electrode. Rockwell’s Brass Ball Electrode fo
General Faradization (Kidder).

A large, soft sponge, loosely folded about this ball, makes the mosi
convenient possible electrode for general faradization,
















































338 LOCALIZED ELECTRIZATION.

minutes, and with from five to twenty-five cells. Several methods may
be tried at a single sitting in cases where the applications are wel
borne. ’

Bearing in mind that in all such attempts to galvanize the cervicd
sympathetic, the pneumogastric and spine must be more or less infle
enced, the general indications for the use of this method of treatient
to which experience would seem to point are these :—

1. Cerebral an®mia and hypersemia. These conditions are associated
with and are a part of a large variety of diseases. Insomnia, hemiplegia.
tic douloureux, many diseases of the eye and ear, as neuro-retinitis, ner-
vous deafness and tinnitus aurium, are all more or less associated with
cerebral an@emia, hyperemia, and all have been treated by galvanization
of the cervical sympathetic, with more or less success.

2. Disorders of the vaso-motor nerves. Under this head may be in-
cluded some cases of deficient circulation, cutaneous hyperasthesia, and
certain discases of the skin.

3. Functional diseases of the digestive and genital apparatus. Gal-
vanization of the sympathetic in these conditions seems to work, partly
at least, by reflex action, and partly, also, by the influence which the
spinal cord and pneumogastric receive during the applications.

It is. scarcely necessary to remark that the exclusive use of galvani-
sation of the cervical sympathetic is indicated only in exceptional cases.
It is to be employed in connection or alternation with general faradiza-
tion and galvanization of the brain, spinal cord, and periphery. A note-
worthy advantage of this method of treatment in those cases for which
it is of service is the comparatively short time required for its employ-
ment.

The objection that galvanization of the cervical sympathetic is a
dangerous procedure will be considered in the chapter on central gal-
vanization.

Galvanization of the Spine.—The spine may be electrized by placing
one electrode at the occiput, and the other at the coccyx. One of the
electrodes may be kept in situ, while the other is slowly passed up and
down the entire length of the cord.  Either pole may be passed up and
down in this way according to the effect desired.

The current may also be localized in any part of the spine that mar
be required, by giving the electrodes the proper position. The appii-
cations may be made with ten cells and upwards, and should not usually
exceed five or ten minutes. The applications should be sensitively
felt, like a gentle mustard plaster, but should not be excessively pain
ful, like a blister.
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CHAPTER XL

DIFFERENTIAL INDICATIONS FOR THE USE OF LOCALIZED AND GRNIMAE
FARADIZATION.

IN order to determine the differential indications for the use off
localized and general faradization we need to consider these fou®
facts :

First, That general faradization directly affects the whole body, while
in localized faradization the direct action of the current is mainly coo—
fined to the part to which the application is made.

Secondly, That general faradization may, by sympathetic or refes
action, indirectly have a special therapeutic influence on some guiseé
part or organ, while localized faradization of any part, but especially
of the sympathetic or cerebro-spinal axis, by sympathetic or refle3
action, may indirectly have a gemeral therapeutic influence on the
whole body.

Thirdly, Faradization, when properly performed, very rarely injucSs
and usually more or less benefits, even those parts which are in con®=
parative or absolute health. ‘This consideration has an important prac-
tical bearing, especially in the use of general faradization, in cases
doubt as to the seat of the disease. (See p. 234.)

Fourthly, In nearly all cases it is important, and in many it is nd S~
pensable, that the applications should be made to the seat of the &S~
ease as well as to the locality of the symptom. Scientific electro-thers=
peutics, therefore, requires the most accurate preliminary diagnossy
above all, it is important to rigidly discriminate between diseases which
are of a constitutional and those which are of a local origin.

From these fundamental considerations we logically derive the ges:
eral law that ‘onstitutional diseases are betler treated by general, asd
local diseases by localized, faradisation.

More specifically, experience demonstrates that of the large variety of
diseases for which applications of electricity are found useful, localized
faradization and galvanization are specially indicated in those cases
where both the seat and the effects of the disease are restricted to cer





















































































































































































































































































































PARALYSIS. 473

peared. Treatment by general faradization was subsequently continued, for the pur.
pose of raising the tone .of the system.

Keflex paralysis of five months’ standing—Approximate recovery under fifteen appli
cations of the faradic current.

Case LXIX.—Miss ——, aged about 30, an inmate of the N. Y. State Woman’s
Ilospital, was afflicted with uterine displacement, and finally was prostrated by a se.
vere attack of cellulitis,

During and after recovery from this illness the patient complained of anzsthesia
and tingling in both feet, together with a decided loss of motor power. These symp-
toms were persistent, and for five months the patient was able to walk but very short
distances and only with great difficulty.

On examination with the faradic current it was found that the electro-muscular con-
tractility was somewhat impaired. Faradization of the lower portion of the back, the
loins and the legs was employed, with the observed effect of at once increasing the con-
tractility of the muscles.

Twelve applications so improved her condition that she succeeded in walking twe

miles without suffering extraordinary fatigue.
















































RHEUMATIC GOUT. 489

troublesome. As nearly all patients afflicted with rheumatic gout are
in a condition of debility, the improvement experienced at first undes
general faradization is such as to lead them to hope for a permanent
eradication of the disease. In this respect they are always disappointed.
The disease may be held at bay, but is never banished. It is doubtful,
indeed, whether the benefit is not entirely due to the tonic effects of the
treatment on the system, and not at all to any special influence over
the rheumatic gout.

Other remedies are so powerless in this affection that electrization
is worthy of a trial for the sake of its general effects. We have treated
a number of cases by general faradization, central galvanization, and
local galvanization of the affected joints, with palliative and tonic effects
of a most decided character. Dr. Althaus has had similar experience.

















































































































































































































































































580 DISEASES OF THE LARYNX.

The evidence was pretty clear that the nerves supplying the larynx were in a con
dition of great hypersesthesia, producing a condition analogous to vaginismus.

In Chicago Dr. Johnson had used electrical treatment, with a view to excite the
action of the cord, without benefit. Stable galvanization was used, mainly with the
view of calming the irritability and reducing the hyperssthesia, but without succes.
In about & month the patient went South for the winter, and we have not seen bes
since that time,

One amongst other interesting points in this case is the clinical proof afforded of the
nervous connection of the vocal cords with the meatus auditorius and membrasa
tympani. The anatomical explanation of the phenomenon recorded here is to be
found in the direcz communication existing between the auricular nerves (first described
by Arnold) and the sensitive fibres which enter so largely into the composition of the
main trunk of the pneumogastrics.

Anasthesia of the Larynx.—This is an affection but rarely observed.
It would be most likely to occur from injury of the pneumogastric
nerves of their laryngeal branches.

It is rational to suppose that anasthesia of the larynx might be suc
cessfully treated by electrization in its various forms, on the same pei»
ciples that this morbid ccndition is treated in other parts of the body.



































































602 DISEASES OF THE EAR.

pole of the galvanic current, though sometimes with the positive pole
The circuit is completed by the hand of the patient holding a sponge
electrode or resting on a stationary electrode. Only very weak cur
rents and very short applications are borne, and it is almost indis
pensable to have some kind of rheostate, so that the current may be
gradually shut on or off.

Under this treatnent the character of the discharge changes, and in
some cases the recovery was certainly more rapid and satisfactory than
it would have been without it.*

¢ Vide Dr. Roosa, Treatise on Diseases of the Ear, p. 377.
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EXTRA-UTERINE PREGNANCY. 611d

happy results. The question may be asked, What becomes of the feetal
mass, after its destruction by the electricity? The probability is that
it first becomes encysted and then gradually absorbed. At all events,
in all of the foregoing cases, the enlargement entirely disappeared
within a comparatively short time, and was not the cause of the
slightest discomfort,








































































SEQUELZE OF SUNSTROKE. 635

but an attempt to read even the morning paper resultel in mental disquietude and
real exhaustion, There was a decided loss of power in both lower extremities, asso-
ciated with a considerable degree of anwesthesia. We submitted him, on several
different occasions, and at intervals of a day, to general faradization, with the effect
of improving greatly his motor power and of dissipating all numbness. After a time
central galvanization was alternated with the above treatment, and in the course of
six weeks the patient had so far improved in his other symptomsas to be fully able to
again engage actively in business,

In the following case the peculiar susceptibility to stimuli caused by
sunstroke was strikingly illustrated :

Case CLXXXVIII.—Mr. W., a gentleman about 3§ years of age, was referred
to us, October 16, 1872, by Dr. A. B. Ball. While ascending a mountain during his
summer vacation, he was overcome by the excessive heat. He was not unconscious,
and after a short rest he resumed his' walk. The thermometer at the time was about

-3

The attack left him with a feeling of sensitiveness in the head, which, instead of
diminishing, had increased until the time that he called upon us. During several
weeks, at intervals of a few days, he had several attacks of loss of motor power.

A prominent feature of his case was his exceeding susceptibility to stimuli. A tea-
spoonful of wine or a whiff of a cigar caused him to feel wretchedly.

We found him on trial similarly sensitive to electricity. Mild faradization or gnl-
vanization caused a heightening of the evil symptoms, and the electrical treatment,
was abandoned. Subsequently the patient was rapidly benefited by a short trip to
the seaside. The first breath of the ocean air seemed to act on him with the force

of a specific,
















































FEVER AND CONVALESCENCE. 651

reduced by general faradization and central galvanization we have
abundantly established by many observations, and the greater tonic
effects of these methods of using electricity are now conceded every-
where.

The introduction of these methods to the treatment of acute and sub-
acute diseases offers a great field for enterprising general practitioners.

Dr. Glax treated thirty cases of typhoid fever by galvanization of
the cervical sympathetic, and succeeded in reducing the temperature
and diminishing the fever.

In convalescence from any acute disease, general faradization and cen-
tral galvanization are a great assistance, and have been considerably
used for that purpose by ourselves and other observers.

Obesity—Obesity has been treated by powerful faradization, with a
view to produce absorption of the adipose tissue, and, it is claimed, with
some success. The applications are directed through the abdomen.

Chronic Alcokolism.—Without attempting to consider the many
symptoms associated with alcoholic poiscning, or attempting to defire
the possible pathological changes that may appear in the membranes
of the brain and spinal cord, we would here simply call attention to a
certain impairment of motor power in the lower extremities. This loss
of power simulates paraplegia, but as a rule is only partial or incom-
plete.

It is, however, sufficiently distinctive to deserve the term of ¢ alco-
holic paralysis,” and is indicative of a condition more rooted and severe
than the familiar general muscular and nervous debility that afflicts the
habitual drinker. While in many cases of alcoholic paraplegia it is
evident that certain pathological peculiarities must exist, such as
chronic meningitis of the cord, on the one hand, and, on the other,
thickening of the membranes of the brain and spinal cord, together
with a wasting of their substance, it is in other cases as certainly evi-
dent that no such structural change is present. On no other supposition
can we account for the rapidly and permanently beneficial effects that
so frequently follow the use of electrization in cases of alcoholic para-
plegia.






ELECTRO-SURGERY.
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REMARKABLE CASE OF EPITHELIOMA. 707

the vazina was not scriously altered. W have all along feared that the disease would
extend to the uterus, but examinations made at different times gave no evidence of
fovolvement of that organ,

The operations were performed with a zinc-carbon battery of eighteen cells,

freshly charged.

The constringing power of the current was observed at both poles, but most de-
cidedly at the positive. After each operation the surface presented a dark and some-
what charred appearance, as though it had been slightly burned. No large artery was
- savered during the operations, hence it was not necessary to use either the ligature
or persulphate of iron. During the winter of 1873 Dr. Byrne twice operated on the
external portion of the growth with the galvano-cautery. The result was a most
matisfactory healing of the external ulcer. This healing was much more permanent
than the healings that followed electrolysis,

We have given the above case in considerable detail, because of its
' great interest to surgeons, and especially because it illustrates most
vividly at once the value and the limitations of electrolysis in malignant
tumors. It illustrates :

1. The power of electrolysis to control hemorrhage. The growth
'was so vascular that it bled quite profusely on the slightest touch, and
yet, under the various and protracted electrolytic treatments to which it
'was.subjected, the amount of blood lost was but a trifle.

2. The fact that the electrolytic treatment does not cause shock, to
extent that similar destruction of tissue by other methods would be
y todo. Twice, when chloroform was employed as an anzsthetic,
pulse acted badly and compelled us to suspend the operation sooner
we desired ; but under etherization the needles were used for half
hour and longer without causing any shock. The stimulus of the
t, with the occasional interruptions that are required, seemed, by
influence on the central nervous system, to act as an antidote to
as it has appeared to do in other cases.

3 Better healing, and later reappearance of the growth than after the
ion by ligature and caustics. When removed by ligature this
sprang up with great rapidity—in the course of a few days;
n before the eyes, as it were, it seemed to enlarge, and to develop
offensive discharge ; and the base never began to heal, even on the
After thorough electrolysis of the base, this growth not only
not show signs of recurrence for several weeks, but an external
of large size entirely healed. With the internal ulcer on the
bly organized mucous tissues of the vagina we were not so successful.
4- The severe imritative fever that sometimes follows electrolysis.
Rler all the operations, the patient was confined to her bed for several
¥s, and was more or less distressed by inflammation and swelling, not
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In the other variety the tumor involves but a limited portion of the
breast ; the skin is not tense, but is soft and yielding, and of the natural
color ; the growth is felt as a nodule beneath the skin, and the pain is
not usually so severe as in the other variety, and the growth is much
slower. This variety is the one that is most disposed to yield to elec-
trical treatment. Not only is the pain relieved, but the tumors grow
softer and smaller. In other cases their advance is arrested by the
treatment, so that they remain stationary for months or years.

Whether what we call, for convenience’ sake, and for clinical reasons,
only two varieties, are really but different stages of one variety ; whether
the latter may sometimes come under the head of abscess, or of the
atrophying cancer described by Billroth—these questions we resign to
the pathologists of the future.

P

Fic. 187.
Scirrhus of the breast treated by ordinary electrolysis. Three needles connected
with negative pole in body of tumor; connection made by a sponge, the positive pole
at the indifferent point on the lupus.

Scirrhus of the left breast in a woman aged forty-five— Complete and instant relief
JSrom excruciating pain, and in the course of four days disappearance of one-kalf
the growth from ome clectrolytic operation—Retrocession of the disease to the
bowels, resulting in death.

Cask CCXIL.—Mrs, ——, aged about 45, an inmate of Bellevue Hospital, was
affected with cancer of the left breast.

The main portion of the scirrhus was the size of an ordinary orange, and extend-
ing into the axilla were a number of cancerous nodules of considerable size,

The surrounding and intervening tissue was as hard and unyielding as the tumor
itself. The process of suppuration was beginning to manifest itself, and for several
weeks the patient had suffered night and day the most excruciating pain through the
diseased parts. The first operation was performed in one of the wards of the hos-
pital, in the presence of Prof. Frank H. Hamilton (who had requested us to operate
by the electrolytic method) and his private class. The patient having been etherized,
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“ Whatever, then, might have been hoped in case the removal had beer
absolutely complete, it was certain that the disease must continue to
develop in this particular case. Anatomically, three inches of the rec.
tum—that is, that portion within the perineum—may be safely removed
by the knife even. In the above case, the spear-pointed electrodes
brought away a large annular mass of scirrhus when the operation was
performed.

“This was followed, a few days later, by the separation of a large
annular slough, and the rectal wall was left soft and free from disease,
except the small, indurated spot that extended above the floor of the
pelvis and could not be safely removed. It is a fair question whether
if the operation had been done earlier, radical improvement might not
have followed.

* A point of practical convenience was seen in the method adopted
to reach the stricture.

«I first completely ruptured the sphincter ani, so as to induce com-
plete relaxation. A piece of two-inch lead pipe, about two inches in
length, with a handle soldered on one side, made an excellent speculum,
which was pushed up to and brought the stricture fully into view.

¢ Through this, it was possible to carry the spear-shaped electrodes
through the stricture with ease and certainty, and move them freely
around the circumference of the bowel.

“This case showed, what I have witnessed in other cases treated by
electrolysis, no primary shock.

“The irritative fever which followed was very marked for some
days, but there was no primary disturbance, either of temperature or
pulse.

“The removal immediately by the electrodes and secondarily by
sloughing of so much tissue necessitated free granulation.

“The repair which followed was unusually rapid. In fact, in this
and in other cases treated in the same way, I have been impressed with
the fact that proliferation is very rapid after electrolysis.

¢ In this case, the granulating surface healed rapidly and completely.
We anticipated, independently of any recurrence of the disease, decided
contraction of the cicatricial tissue.

“ Electrolysis did not save the patient’s life, but it was more efficient
than any plan of treatment I have seen adopted in :hese most distress
ing cases.”
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Extirpation of a mammary cancer by the knife, followed by complete destyuction of
the underlying tissue by electrolysis—Reappearance of the growth.

Casg CCXIV.—Mrs, H., a married lady, aged about forty, came under our observa
tion, through the kindness of Prof, J. L. Cabell, of the University of Virginia. The
patient was suffering from cancer (scirrhus) of the left breast of about the size of an
ordinary orange, and in addition one of the axillary glands was enlarged to the pro-
portions of an ordinary hickory-nut.

She had observed while in India, eighteen years before, a small lump in the breast,
but during all the years of her residence in that climate it remained stationary and
never annoyed her. About eighteen months before we saw her, she left India for Eng-
land, and soon after arriving in that colder and damper atmosphere the lump began
to enlarge. During the process of its growth she has suffered from occasional neural-
gic pains, but of no great severity.

On June 12, 19, and 28, 1873, we operated by the ordinary method of electrolysis,
on occasion introducing three needles. These efforts merely resulted in a softer
condition of the tumor, with possibly some slight diminution in size, and we deter-
mined to extirpate the growth, and to destroy the surrounding tissue by the under-
mining electrolytic process. The patient went to her home, and in October she
returned and submitted to the radical operation. Instead, however, of taking away
the tumor by the process proposed, we secured the services of Dr. A. B. Crosby, who,
on the eighth day, after the patient had been thoroughly etherized by Dr. N. B,
Emerson, quickly removed both the breast and the enlarged gland of the axilla.

We had at hand an’ appliance consisting of some twenty points, projecting from a
metal plate an inch and a half long, by an inch in width.

This contrivance, which we call a harrow electrode, was placed on a portion of the
surface of the wound, and the operation was continued.

The needles penetrated somewhat into the exposed tissues, and the electrolytic pro-
cess, which was at once begun, gave evidence of its usual activity. Hydrogen was
developed in abundance, and the tissues changed in color and consistency, and rapid
snd complete destruction followed to a considerable depth. By this method the whole
of the freely exposed surface was worked over and destroyed, and those portions that
were more or less hidden were treated by two or three ordinary electrolytic needles,
It was necessary to observe some caution in the regulation of the strength of the
current and the position of the poles, for when the current was increased above a cer-
tain point, or, through the position of the poles, affected too directly the pneumo-
gastric nerve, the heart’s action became most markedly lowered both in frequency and
force. On modifying the influence of the current, however, the circulation became
as strong as usual—for 2 moment, indeed, there was an increased vigor in the reaction.
The suppuration, which was quite profuse for a time, was followed by a healthy gra-
nulating surface, and in ten days the patient was sufficiently recovered to return to
Virginia, where the healing process progressed favorably throughout.

Some six months subsequently the growth began to reappear, and will undoubtedly

destroy the patient,

The above history is of interest, simply as an illustration of the
special method of treatment employed. The case was of many years'
standing—for two years the growth had been constantly enlarging, in.
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uf May it was observed that the current did not afford the same relief as formerly
The character of her sufferings had, however, changed. In the place of the sharp,
shooting pains simulating neuralgia, the distress consisted in a constant burning and
itching, which annoyed her more or less until her death some few months subse.
quently. It must be remarked that her later sufferings were not to be compared witk
those which the current so effectually allayed.

Was the change in the character of her pains the result of the galvanization, or is
it probable that, if left to nature, the characteristic neuralgic pains would in the same
way have been replaced by the less distressing symptoms of itching and burning ?

It is impossible to say, but it seems reasonable to attribute the changed action to
the influence of treatment. It is proper to say that, during the course of treatment,
we operated in the presence of Drs. Van Buren and Herrick, by both the galvano-
cautery and electrolysis, with the vain hope of modifying in some degree the profuse
and offensive discharge and checking the rapidity of the ulcerative process. This
case was alone sufficient to teach the necessity of care in the application of electricity,
and to confirm the statement that it is not so much electricity that relieves and cures
as the method of using it. An application too prolonged, or with a current of too
great tension, would not only fail to relieve, but on the contrary decidedly aggravate
the distress. The cathode, applied to the seat of pain, did not relieve as did the
anode.

The pain was for some time vvercome by simple localized galvanization, but dur-
ing the last weeks of treatment the applications were effectual only when the elec
trodes were separated as far as possible.

Adenitis,—Enlarged glands of the neck or groin may be treated by
external faradization with strong currents, interrupted so as to break
up the glands, as recommended by Meyer, or by external galvaniza-
tion, or by electrolysis.

The prognosis is very capricious. In some cases the enlargements
diminish quite rapidly, and entirely disappear ; in other cases they are
as obstinate as scirrhus of the breast. In one case referred to us by
Dr. C. L. Mitchell, an enlarged parotid gland was treated at first by
external faradization and galvanization with the effect of hastening
suppuration. After the tumor was opened the inner portions were
treated through the opening by mild electrolysis, and the tumor speedily

disappeared.



CHAPTER V.
ANEURISMS AND VARI 'OSE VEINS.

In the treatment of aneurism the great end sought is coagulation. A
knowledge of the differential action of the poles in producing coagila
tion is essential to an intelligent use of electricity in treating aneurism.
Coagulation takes place at both poles of the galvanic current; tha
at the positive pole being small, black, and hard ; and that at the nega
tive being larger, softer, and of a yellowish color.

Aneurisms may be treated, with greater or less success, according t
their size and position, the condition of their walls, and general healtt
of the patient, by either of the poles, or by both combined.

The best method for the majority of cases, certainly for aneurisms ol
any considerable size, is to use both poles, and a large number of needle
that are insulated, so that the current will not act on the walls of th
aneurism. In the treatment of aneurism, especially, careful insulation i
needed. The advantage of using both poles is twofold.

First.—A double clot is formed, one at the positive and the other a
the negative pole. Although the negative clot is soft and yielding, still
in combination with the positive clot, it is of decided service in closing
the aneurism ; and, so far as we can ascertain, there is no evidence tha
embolism is ever caused thereby.

Secondly. The resistance is greatly reduced by placing needles con
nected with both poles in the sac, so that the electrolytic action i
very much more effective than when one pole is placed on the surfac
of the body. The blood is the portion of the body that best conduct:
electricity ; and when both poles are inside of the sac, and near to eacl
other, as of course they must be, a mild current will cause vigorou:
electrolysis. On the other hand, if one pole be applied by a we
sponge to some indifferent point on the surface, a strong current i
needed to produce a clot, and a long operation ; and, unless the spong
on the surface is occasionally moved, it would cause great pain ; andi
the patient is under an anzsthetic, a blister may be caused. As thi
negative pole is more painful than the positive, when the positive alon
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is in the aneurism, the negative on the surface may be very uncomfort-
able, even with a feeble current. We are aware that tolerably good re-
sults have been secured in many cases of aneurism, and especially by
the English surgeons, by the positive pole alone ; but we suspect that
better results might have been obtained if both poles had been inserted
into the sac. At all events the use of both poles should be thoroughly
tested.

In the electrolytic treatment of aneurisms, as in so many other elec-
trical applications, it is an advantage to have a rheostate, so as gradually
to let the current on or off without shock.

Statistics of Aneurism treated by Electricity—The published statis.
tics of aneurism treated by electricity are of little or no value, and for
two reasons : 1. They represent experiments made, in a large percent-
age of the cases, by those who are but little familiar with Electro-
Physics, or Electro-Physiology. Quite frequently the poles have been
confounded, so that it is impossible to tell whether the positive or
negative is used, and from many of the accounts, it is impossible to
tell even approximately the strength of current employed.

2. The statistics are derived, in part, at least, from cases that are re
ported too early. The temporary relief that results from the coagulum
formed in the aneurism by the chemical action of the current has been
interpreted as indicating a perfect recovery.

Some of the cases hastily reported as cured probably died soon after,
if not before, the account of their recovery was fully in print.

For these reasons we omit all the statistics that have appeared on
this subject ; preferring the general average opinion, so far as it can be
obtained, of those surgeons and electro-therapeutists who are best qual-
ified to speak on this subject.

Our general conclusion, derived from many experiments on animals,
from actual experience, and from a comparison of the various observa-
tions that have been made on the subject, is that for those varieties of
aneurism—such as the thoracic, abdominal, and so forth—that cannot
well be treated by the old methods, and in some cases for those that are
accessible to other treatment, galvano-puncture, rightly performed, may
be of great service in relieving the accompanying symptoms, in prolong-
ing life, and may now and then achieve a radical cure.

The following case is condensed from the published account of Dr.
Keyes,* in co-operation with whom the operations were made :

¢ New York Medical Journal, December, 1871.
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Aneurism of abdominal avrta treated by galvano-puncture—Relicf of symploms-
Death and post-mortem.

Case CCXVI.—A widow, 42 years of age, had been afflicted for many months with
a ‘‘swelling in her stomach,” that all the surgeons regard as aneurism of the superiot
mesenteric, or of the aorta. The patient was in Charity Hospital. There was pain in the
epigastric region, which was aggravated by movement. The tumor, which was aboat
the size of the fist, was situated to the left of the median line, and extended a little
below the umbilicus. A thrill could be detected at the upper part of the tumor, %t
not at the lower.

The patient was gradually failing.

The only case of treatment of abdominal aneurism by galvano-puncture recorded at
that time was that of an Italian nobleman, a patient of Dr. Felice Dell’ Acquia.® I
this case the patient died directly after the operation from rupture of the aneurismal
sac, caused by violent muscular contractions while under the influence of chloroform.
Three needles, connected with a voltaic pile, were used for forty minutes. Ounlya
small coagulum was formed.

March 3oth, 1871. A hollow steel needle was cautiously introduced, and connected
with the positive pole, while the negative pole was applied externally by means of s
sponge. Only from eight to twelve zinc-carbon cells were used. Drs. Wood, Sayre,
and Mason made digital compression to the aorta below the umbilicus. The needle
adhered and came out with some difficulty, but no blood followed. 7'Ae brust seemed
Sainter than before the operation. No unpleasant result followed except some pain
that was produced by the compression, and exhaustion that was produced by th
etherization.

April 6th.  Operated as before, but with two positive needles, insulated to within
‘8 short d’*3ce of the points. One of the needles was hollow, and was introduced
until the blood flowed through it. From twelve to sixteen freshly charged zinc-carbon
cells were used for twenty-five minutes. The solid needle was more acted on than the
hollow needle, being nearly destroyed at the non-insulated extremity, No compressior
was used. Before the operation two murmurs were heard ; after the operation, bul
one. Patient suffered less than after the other operation. Some irritative fever ap:
pearéd. Evidence of solidification of the tumor.

May 4th. Six positive needles were introduced ; three connected with a zinc-carbon
battery of seventeen cells with larger plates. The current was passed for forty-one
minutes. There was no compression of the aorta.

June 22d. Patient greatly improved; gets up and dresses herself. Tumor quite
hard.

Used two batteries as in previous operation. Eleven needles were used, and tbe
current was passed sixty-five minutes. There was less irritation after this than afte
the other operations, The tumor became harder, but not smaller, and a murmu
could be heard only with great difficulty.

In spite of the improvement in the condition of the tumor the patient grew weake
and weaker, and died of exhaustion, July 18, 1871.

Post-mortem examination by Dr. Drake revealed the surprising fact that the patien!
had ¢krec aneurisms : one of the arteria innominata about twice the size of an Englisl
walnut ; one of the aorta opposite the sixth and seventh dorsal vertebrz, about eleves

¢ Gazzetta Medica Italiana, Lombardia, No. 28, 1870, p. 217.
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inches in circumference ; and the one operated on, which was found to arise from the
anterior wall of the aorta at the origin of the superior mesenteric. This aneurism was
about twelve and a half inches in circumference. Inall three of the aneurisms organized
light-colored clots were found. The one operated on was less solid than the others
There was, indeed, no evidence that the galvano-puncture had produced any perma-
nent clot, It is possible, however, that it caused a temporary clot that was wasted
away by the current of blood. There is no question that the tumor became more
solid after the operation, and that this solidification was attended with diminution of
the nausea and pasn.

Luigi Ciniselli * has written a monograph on aneurisms of the tho-
racic aorta treated by galvano-puncture. He speaks of twenty-three
cases. Of these six recovered, sixteen died, and in one case the result
is not known. Of the six reported as cured, one relapsed in three
months, another in seventeen months, another in four months, but was
again operated on, and after eight months there had been no relapse.
Of the remaining three cases one had not relapsed up to nine and a half
months, another had not relapsed at eight and a half months, and the
last remained well at four and a half months.

Eyre has reported a case of aneurism of the left external iliac artery
by farado-puncture. Symptoms of inflammation appeared, but after
seventeen days the tumor was firmer, and evinced less pulsation. The
faradic current, however, has nothing to commend it for the treatment
of aneurism.

Ciniselli successfully treated an aneurism of the ascending aorta in a patient forty-
six years of age, by a galvano-puncture, Three needles, connected with a voltaic
pile of thirty pairs, were inserted in the third intercostal space where the tumor was
prominent and the pulsation strong. The uperation lasted forty minutes. After the
operation the skin over the tumor wasred. For three weeks the patient kept his bed
and took digitalis. Forty-three days after the operation he left the hospital,

Fifty-eight days after the operation only a slight prominence remained, and no pul-
sations could be seen. Seventy-eight days after the operation the patient resumed
his occupation, which was that of a coachman,

Varicose Veins.—Varicose veins were treated by galvano-puncture
after the manner of aneurisms many years ago.

Bertani and Milani experimented in the treatment of varicose veins
by galvano-puncture as far back as 1847. These observers applied a
bandage or tourniquet to the limb to diminish the blood supply before
operating.

¢ Sugli aneurismi dell’ aorta toracica finora trattati colla elettro-puntura. Miliano,

1870. Quoted in Dr. Keyes's paper on Practical Electro-Therapeutics, N. Y. Medical
Tournal, December, 1871.






CHAPTER VI,
STRICTURES.

Strictures of the Urethra.—Electrolysis for strictures was first used
vy Crussel. The same treatment was subsequently employed by Wille-
brand and Wertheimer.

The method of Willebrand was to introduce to the stricture a metallic
sound, insulated up to the tip, and to connect this with the negative
pole, while the positive was held in the hand of the patient. The ap-
plication was continued for ten or twenty minutes, and the cure was
accomplished in eight or ten days. ]

The subject was afterwards studied, though not with special success,
by Jaksch and Leroy d'Etiolles.

The first important and successful results in the electrolytic treat-
ment of strictures of the urethra were obtained by Mallez and Tripier,
in 1867. *

Their method of treatment was to introduce an insulated sound with
a metallic extremity to the seat of the stricture, connecting it with the
negative pole, while the positive was applied to the inner side of the
thigh by a moistened sponge electrode.

At the commencement of the operation the patient feels a pricking
sensation. This sensation becomes less and less marked. The me-
tallic extremity is then passed along until all parts of the stricture are
affected. After the operation a catheter can be introduced without
difficulty.

The operation lasts about five minutes ; from one to five applications
are necessary. In the majority of the thirty-one cases treated by Mallez
and Tripier, as they claim, one application was sufficient.

The diameter of the urethra seems to increase slightly for a few days
succeeding the operation, and in some cases an eschar was thrown off
in a few days after the operation.

¢ De la Guérison durable des Rétrécissements de I'Uréthre, par la Galvano-Caustique
Chimique, Paris, 1867. The term * cAemical galv tery,” used by these authors,
is synonymous with elactrolysis.
46
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Experiments made in Charity Hospital by Drs. Keyes and Beard,* a:d
the experience of Dr. Rockwell in private practice, do not entirely
confirm the results given by Mallez and Tripier, although substantially
the same method was used. The operation was found to be painfu!
oftentimes, and the results not always satisfactory, as the following record,
which is a fair sample, will show.

CAse CCXVII.—F., aged forty, general health excellent. First gonorrhees at
twenty-second, second at thirty-eighth year of age. Stream became gradually
reduced until Jan. 11, 1871, at which time he had complcte retention for fifteen
hours, relieved by hot baths. The patient entered the hospital, and was :reatel
by dilatation.

February 6th. —Examination detects the following strictures (orifice admity 1
easily) : At orifice, stricture (linear) arresting No. 14 soft bulbous sound. At w
and a half inches, stricture (linear) arresting No. 12. At five inches, stricture, one-third
inch long, arresting No. g. Current from ten cells was passed through second ¢ ric
ture for five minutes. A good deal of pain complained of. Current from ten rell
was passed through lower stricture for ten minutes,

No. 12 bulbous sound passed easily into the bladder after the operation,

March 4th.—No slough has been passed. No. g steel sound is grasped b
strictwe.

March 15th.—(Using my own instrument with steel bulb 154 2)

Stricture at the orifice ; fifteen cells; five minutes ; bulb passed. Structure at tw(
and a half inches; sixteen cells; ten minutes ; bulb passed. Stricture at five inches
sixteen cells; thirteen minutes; bulb passed. A little blood was lost at this opera
tion, and a good deal of pain was felt afterwards. No slough was passed. Th
orifice swelled and became hard and inflamed. Patient refused to follow up th
treatment or to be examined further.

Dr. Robert Newman reports far more satisfactory results in the
treatment of strictures of the urethra.t

The leading and distinctive features of his method are these : 1. The use
of very mild galvanic currents, just perceptible to the patient, and from
three to five minutes in duration. Like other observers he uses the
negative pole. The instrument should be held loosely against the ob-
struction, and no pressure should be used, and no force whatever, 2.
Long intervals, from two to four weeks, between the applications.

Dr. Newman insists on a careful preliminary diagnosis of the nature
and exact seat of the stricture. He operates with bougies provided
with metal bulbs of various sizes. Unless the stricture is too fim
or fibrous he uses a bougie which is three or four times larger than the
stricture.  After he has ascertained by measurement the exact locality

* From article of Dr. Keyes in the N.Y. Medical Journal, December, 1871.
t Archives of Electrology and Neurology, May, 187, p. 18
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of the stricture, he pushes a small india-rubber ring over the bougie, at
such a distance from the end that when the ring reaches the meatus
he will know that the bulb is in contact with the stricture, and then
he is assured that the electricity acts only on the stricture.

Dr. Newman regards a patient as cured when a No. 12 English
sound can be passed without trouble. He claims to have treated in
this way over thirty patients, and that his results have been uniformly
good, and for the reason in part that he has selected his cases. He
does not claim that all strictures can be treated successfully in this
way, but states that some of his cases were bad and complicated.*

Two strictures—Chancroid—Failure of dilatation—Success with electrolysis,

R. A,, hotel-keeper, came under treatment in March, 1872. Had been treated
in the country for stricture by dilatation, with no success Found a chancroid
in the urethra, which was trcated first. The two strictures were found situated at
one and a quarter and four and a half inches from meatus respectively.

Marck 22. Electrolysis was used with a bougie No. 10, with a metal bulb as ne-
gative ; positive electrode in the palm of the hand. Ten cells of the galvanic battery
were used for nine minutes, and the bougie passed slowly through the strictures into
the bladder.

April 14 The operalion was repeated with a bougie No. 12, The patient has
been heard from recently, and has not had a relapse.

One strictive, spermatorrhea, impotence, melancholia.

March, 1872.—R. S., a merchant of Philadelphia, came to my office in an
advanced stage of hypochondriasis, complaining of general malaise, spermatorrhcea,
impotence, small stream of water, pain in the urethra, etc. A steel sound
No. 12 entered the urethra easily, but was arrested at seven inches, Sounds of

* Dr. Newman gives the following bibliography of the subject :

Mallez et Tripier, ‘ Traitement des Rétrécissements Urétraux par la Galvano
Caustique Chimique Négative, Compte Rendu de I’Acad. des Sciences. Bulletin
Thérapeutique, Mai 30. Med. 58.

Mallez et Tripier, ¢ De la Guérison durable des Rétrécissements de I'Uréthre par
la Galvano-Caustique Chimique.”

Althaus, in Goeschen’s ¢ Deutsche Klinik,” No. 34-36, ‘‘ Heilung der Harnréh-
ren-Stricturen durch die Electrolyse.”

Keyes, ‘¢ Electrolytic Treatment of Stricture of the Urethra.” New York Medical
Journal, December, 1871.

Bautisto Campos: *De la Galvano-Caustique Chimique comme moyen du
Traitement des Rétrécissement de 'Uréthre.” Paris, 1871.

Dutrieux, * De la Galvano-Caustique Chimique dansle Traitement des Rétrécisse
ments Organic de 'Uréthre.” Press. Med. Belge, No. 25, 1872.

Mallez et Tripier, London Lancet, October, 1871.

¢ Multiple Strictures of the Urethra treated by Electrolysis,” by T. F. Frank,
M.D., Medical Record, February 2d, 1874, page 62.
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smaller size were all arrested likewise at the sane place. There is no doubt that s
stricture exists, and at last a sound No. 7 passed it with difficulty. The trouble must
exist either at the junction of the membranous and prostatic portion, or in the lat-
ter only. Galvanism was used with ten cells. Bougie No. 10, with the usual metal-
lic end as negative into the urethra, met the same obstruction at seven inches. The
positive pole was a nickel bulb, and grasped firmly with the closed hand. After five
nuautes of electrolytic current, the bougie passed the stricture slowly and slipped intn
the bladder. The withdrawal of the bougie was followed by a thick, gleety dis
charge. It seems that this matter had accumulated behind the stricture, irritated the
prostatic portion and the ducts, and thereby was accessory to creating a spermator.
rheea, On passing water, shreds came along of a thick white mass, which were the
product of electrolysis. The operation has not caused any pain, and the patient
travelled home without unpleasant feeling.

April 16. On examination with a sound No. 10, found the stricture at the exact
place; the sound passed the stricture after persistent and patient efforts.

Then the galvanism was used as before, with a bougie No. 12 as negative, and with
the same result.

May 9. In Philadelphia, a sound No. 12 could be easily passed into the bladder
which proves that the stricture is cured. The patient has been kept under observa
tion for two years, and has been seen only two weeks since. He is perfectly well;
has married since, and is the father of a healthy child.

Case CCXVIIL.—]. A., aged forty. Two attacks of gonorrhcea in 1856 and 1869
Orifice admits 18. Double linear stricture in first half-inch, admitting 13 bulbous
sound. From one and a quarter to six inches from the meatus the whole urethra is
stiff and rigid.

It grasps No. 13 steel sound throughout. At six inches a short stricture exists,
through which No. 11 passes into the bladder.

Feb. 21, 1871. Steel bulb 154 ; six to sixteen cells, gradually increasing. First
stricture passed in one and a quarter minutes,

In half a minute more, lowest stricture was reached. In half a minute lowest stric-
ture was passed. Some blood followed.

March 4. Steel sound No. 15 passed into bladder. No. 16 was grasped and
would not go.  Patient left the hospital.

Case CCXIX.—S. F. P., aged sixty. Gonorrhcea at eighteen, another at twenty.
In 1836 he entered a hospital to be treated for stricture, and was gradually dilated to
12. In 1860 forcible dilatation was practised under chloroform. He neglected to
pass instruments for himself, and had to be treated again in 1864, this time by gra-
dual dilatation. Since then, he passes No. 3 soft bougie ‘“every time he makes
water,” but he does not pass it into the bladder. On examination, I find stricture
commencing at two inches from meatus, and continuing indefinitely as far as could be
ascertained. Only a No. 3 bougie could be passed into the bladder. Urethra feels
" (outside) like a fibrous cord.

March 16. Steel bulb 6; sixteen cells; twenty minutes; no progress; battery
wemed very weak.

Spasmodic Stricture.—This condition may be relieved by the faradic
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current, which by its mechanical action probably has the effect to relax
the parts.

Dr. Chadsey® reports a case of retention of urine, of two days’ standing, in 1844,
caused by hard work and exposure to cold, that he treated successfully by faradization.
The stricture was about two-thirds of the distance from the penis to the bladder. No
kind of catheter could pass. The positive pole of a faradic apparatus was applied
against the stricture for twenty minutes by means of a knitting-needle in a gum elas-
tic catheter. The retention was completely relieved.

Dr. Chadsey states that he has met with partial success in other similar cases,

In this case the result was probably due, in the main, to the mechan-
ical effects of the current, and not to any electrolytic action.

Stricture of the (Esophagus.—This terrible condition might very ap-
propriately be treated by electrolysis. Althaus suggests that the ceso-
phageal electrode should be applied to the seat of the stricture and con-
nected with a negative pole, while the positive is applied to the neck o1
back. From fifteen to thirty cells would probably be required. Dr.
Frank informs us that he treated successfully a case of spasmodic stric-
ture of the cesophagus, by the galvanic current, applied by means of
an cesophageal electrode.

® New York Medical Journal, February, 1869, pp. 574, 575
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pecially in bed-sores. We have known them to fail, however, in very
bad cases, and notably when great debility existed.

Indolent ulcer of the arm ; recovery under local galvanisation.

Case CCXX.—Mary H., aged forty, while moving, May 1, 1871, fell and in-
jured the arm immediately above the external condyle. The pain was excessive and
continued to distress her for several weeks, when a small ulcer made its appearance and
enlarged until it was two inches in diameter.

The patient applied for treatment, July 18. The ulcer was covered with a dark-
colored scab three-fourths of an inch, partly lifted from its resting-place by exuberant
and unbealthy granulations.

The scab was removed, and a wet cloth in connection with the positive pole was
applied to the diseased part, while the negative was placed on an indifferent but ap-
proximate part. The galvanic current was used. She suffered no more pain after the
second séance, and as the applications were repeated the ulcer rapidly healed, until
August 30, when the part was covered by sound, healthy skin.

Syphilitic ulcer ; recovery follows three operations by electrolysis.

Case CCXX1 —Catherine McK., aged forty, suffered three years since from a
number of syphilitic tubercles and ulcers about her hips, thighs, and vulva. They per-
sisted along time and gave her much annoyance, but finally healed, with the exception
of one on the inside of the thigh. It was elevated nearly one-half an inch above the
surrounding surface, was excessively painful, and discharged an offensive secretion. A
needle counected with the positive pole was passed through the base of the elevation,
and a current of moderate tension allowed to pass for a few moments. This applica.
tion dissipated all pain, and after the third séance, given several weeks after the first,
soon healed, and the patient was discharged from the Dispensary.

Anal Fistula of long standing treated by galvanisation with both poles—Relief
of pain.

CASE CCXXII.—A case of fistule, at and near the anus in a shoemaker, was
brought to us by Dr.Russell, of Brooklyn. The patient had a fistula with four open-
ings—one in the rump and the others at the border of the anus. The origin of the
difficulty was local injury. The patient had once been operated on with the knife
without permanent relief. Examination had made it pretty clear that necrosed bone
was the cause of the fistula, and kept up the constant discharge.

We first electrolyzed away with the long cutting needles the painful protuberances
at the orifice, near the anus. The removal of these caused great relief, and enabled
the patient to sit down and to resume hisoccupation. We then placed long, polished
steel conductors into the opening in the rump, connecting them with the negative
or positive pole, using the positive when the hemorrhage was greatest. The con.
ductors were introduced up to the bone. Stronmg currents were borne, and great re-
lief obtained of the pain and uneasiness, but no permanent cure,

Galvano-Ozonization.—This is a term employed by Dr. A. Murray,
ot New York, to designate the combined action of ozone and the gal.
vanic current in the treatment of ulcers. He claims that his experi
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ments show that ozone is generated at the positive pole when the gal
vanic current is applied to an ulcer, and that the ozone thus generated
has a curative effect on the ulcer, and aids the other action of the current.

For this reason he regards the positive pole superior to the nega.
tive in the galvanic treatment of ulcers, fistulse, and so forth.



CHAPTER VIIL

MISCELLANEOUS SURGICAL DISEASES.

Stumps after amputation that are slow to heal have been successfully
treated by electricity, like ordinary ulcers, by Dr. Geo. K. Smith and
by Dr. Snively, of Brooklyn.

Hematocele.—Hzmatocele of the pelvis or pudenda, or of other por-
tions of the body, may be treated electrolytically, like erectile tumors,
and by ordinary faradization.

Gangrene.—Gangrene may be treated electrically in various ways,
but especially by electrolysis and galvano-cautery.

Carbuncles and Furuncles—Dr. Rockwell demonstrated long ago
that faradization was capable of hastening suppuration, and we have
frequently utilized this fact in the treatment, not only of carbuncles
and furuncles, but of various other forms of abscesses. Dr. Sass in-
forms us that a number of years since he used this treatment in two
instances with good effect.

Burns.—Burns in a subacute stage might not unlikely be helped
toward recovery by faradization or galvanization.

Frost-bite (Chilblains ).—In the first edition of this work we stated
that we were not aware that any attempts have been made to treat chil-
blains by electricity, but that it certainly would not be irrational to try
the power of galvanization in this disease. Successful results have been
recently reported by various observers. Chilblains are to be treated like
ulcers.

Synovitis.—In effusions of an acute and very sensitive character,
electricity is usually not indicated, but in the subacute and chronic
forms it is of great efficacy. The treatment should be directed by the
cause and stage of the disease, and by the results of trial in each case.

The treatment of those cases that depend on rheumatism, or hysteria,
should be constitutional as well as local. In some cases general
faradization, with special attention to the affected joint, is sufficient ; in
others the general treatment is sensibly aided by galvanization or fara-
dization of the joint.
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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-faradizatior
(see p. 266) may be tried. The electrical treatment of effusions 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 in all obstinate cases.

Synovitis of the knee, complicated with Remiplegia— Recovery under faradisation.

CASE CCXXIII,—Mr, Geo. L., aged 33, stated that about the 1st of July, 1866, he
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 blindness. His
sight gradually returned, but by degrees his shoulders became lame and stiff, so that
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 November,
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 accumulated
to such an extent that the patellee projected forward more than an inch. 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 improvement
was found to be very great. The accumulation of fluid in the knees had almost entirely
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 Schuster
in 1839.

The method is to introduce the needle into the tumor at opposite
sides, and so deep that the points nearly approach each other. The
needles are then attached to from three to six elements of a galvanic
battery. The application should be made for five or ten minutes. One,
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two, or three applications usually suffice to complete a cute. The
<ame treatment has been successfully employed by many others.

Successful results from the faradic current have been reported by
Burdel, Deletanche, Lehmann, and Thevissen. The galvanic is un-
doubtedly the current to be employed in such cases.

Hydrocele, in short, should be treated electrically like cystic tu-
mors. The great end to be accomplished is not the withdrawing of
the fluid, which can be done with the ordinary trocar, but the stimulation
of the membrane of the sac, so that absorption shall take place and the
fluid not again collect. Many of the failures that have occurred in the
treatment of hydrocele have been due to a misapprehension of this fact.
Dr. Frank has combined the use of galvano-cautery with electrolysisin
the treatment of hydrocele. In some cases there will be a return of
the disease even after electrolysis.

Sprains (strains).—Sprains of joints of all kinds may be treated by
electricity ; faradization and galvanization of the affected part with a
mild, stable, or gently labile current are indicated. We have in this
way treated all stages of sprains—acute, subacute, and chronic—and
almost uniformly, thus far, with beneficial or curative results. We
have not been able to decide which current is preferable.

Sprains in the acute stage, or just passing into the subacute stage,
should be treated by very mild currents and by short applications.

In such cases no electrode is so agreeable as the hand of the opera-
tor gently passed over the painful part.

We have treated a number of cases of sprains of the wrist in patients
who are engaged in manual employments. In such conditions the lo-
calized application of the faradic current alone rapidly brings on the
recovery.

Strains of muscles with rupture of fibres, so far as our limited ob-
servation goes, do not yield to electrical treatment. In the few cases
where we have perseveringly used faradization and galvanization we
have not been able to see that the slow improvement was in any degree
hastened.

Lameness and swelling caused by a sprain—Relieved by local faradization.

CAsSE CCXXIV.—The power of the faradic current to allay irritation and relieve
lameness, in cases of sprains or injuries, was well illustrated in the case of a Mrs. B,
directed to us by Dr. Kissam. Her foot was heavily pressed upon by the rocker of a
chair, and caused such ecchymosis, pain, swelling. and lameness, that for two months
she was unable to walk more than from her house to her carriage, The faradic cur-
rent, applied over and around the foot a number of times, relieved most decidedly the
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stated) was applied for half an hour by two needles. Suppuration fol-
lowed, callas was formed, and entire recovery took place.

Hall also obtained a successful result in a fracture of the thigh
by the same treatment. The operation was repeated daily for two
weeks.

Hahn also reports a successful result from electro-puncture in a case
of fracture of the thigh. He used at first magneto-elect-icity, and sub-
sequently the galvanic current. No improvement followed the use ot
magneto-electricity, while the galvanic current brought on inflammation
in six days. The inflammation thus excited produced a union of the
fracture in ten days.

We treated a case of ununited fracture of femur at the Long Island
College Hospital. Insulated needles were used, and very strong cur-
rents. Inflammation was excited, and some improvement was mani-
fest, but the bones were so far apart that it was found necessary for the
surgeons to operate in the usual manner.

Hernia.—Delaux reports a case of incarcerated femoral hernia in a
woman who refused to submit to an operation. Tumor disappeared
after a few applications. The first application was directed to the her-
nia, and in the other applications one pole was applied to the hernia
and the other in the rectum. Before electrical treatment was tried the
patient was growing worse. Faradization might give tone to the weak-
ened muscles in reducible hernia, and for this purpose we have em-
ployed it in a single instance; of the results we have not been in-
formed.

Morbus Coxarius (Disease of the Hip-joint).—This condition may
be treated electrically, in connection with ordinary mechanical treat-
ment, with a twofold object of hastening the recovery of the lesion
and improving the general condition. The methods of treatment that
would seem to offer most hope are stable faradization or galvanization
of the diseased ioints, five, ten, or fifteen minutes daily, alternating
with general faradization. This treatment might be used in connection
with the ordinary method by extension.

Club-Foot (Talipes).—In club-foot it is not unfrequently a great
advantage to combine faradization or galvanization of the partially
paralyzed muscles with the use of mechanical appliances (see chapter
on Infantile Paralysis).

Warts.—Warts, if they were regarded as of sufficient importance,
might be removed by electrolysis of the base, or by the galvano-cau.
tery.

Dissolution of Calculi in the Bladder.—The &1 ployment of the gal
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1. It is very portable, and in all possible positions can be carried in
the vest pocket, or in the ordinary surgical case.

2. It cannot be deranged.

3- Three senses take part in making the
exploration—the hearing, the touch, and the
sight.

4. It indicates with certainty the presence
of a ball by the movement of the trembler,
an effect which is only produced when the
circuit is closed by a metallic body. Experi-
ence has shown that the contact of organic
tissues, even with a battery of 15 elements
(and probably with even a greater number),
will not put the trembler in vibration.

5. The explorer indicates at the same time
the depth at which the ball is situated, and
in some cases also the flexible sound pre-
serves the form of the canal through which
it passes.

The battery is in a case made of hard rub-
ber. This holds the elements, zinc and car-
bon, which fill only half. The other half is
occupied by the exciting liquid, a solution of
sulphate of mercury. When the case is re-
versed, or in a horizontal position, the liquid
flows on to the element and a current arises ;
when the case is in a vertical position the —
metals are not touched by the liquid, and Fic 188.
there is no current.* Trouve’s Electric Explorer.,

Fe.t

* The first apparatus for the electric exploration of wounds was devised by M.
Favre, of Marseilles, of which the following description was given by Nélaton, in re-
marks to his class at the Adpital des Clinigues: ** Two conducting wires are placed in
a sheath, or the two electrodes may be covered by an isolating substance. These wires
are in communication with a battery of only one couple, and a galvanometer is fastened
on one of the wires. If you introduce the end of these into a wound, the contact of
the soft parts, the bones, or pus, is not sufficient to establish a current, but if the
ends come in contact with a metallic body, the needle of the galvanometer will rise,
this being a proof that the circuit is complete. Only one couple, however, should be
used, 5o as to avoid the decomposition of the fluids in the wound, which would imme-
diately give rise to a current.”—(A4m. Four. Med. Sciences, vol. xlv., 1863, p. 218.)
During the recent Franco-Prussian war an ¢ Electric Bullet-seeker,” that strikes a
iittle bell when metallic connection is made, has been successfully used,
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surface of the lens, so situated as to be covered by the iris unless the
pupil was dilated. Only a small part of the lens behind the bit of metal
was opaque. ‘I'wenty-four bours later the effect of a powerful electro
bar-magnet outside the eye was tried. When the pole of this magnet
had been approached to a distance of four inches from the cornea, the
chip was seen suddenly to spring away from the lens to the
posterior surface of the cornea. On removal of the mag-
net the metal fell to the bottom of the anterior chamber,
and was then extracted through an incision made as for
iridectomy. The lens became afterward opaque through-
out, and was then gradually absorbed.

Gruening's Magnet (Fig. 189) for the removal of parti-
cles of steel or iron from the vitreous chamber is manufac-
tured by John Reynders & Co., New York.

Several magnets are joined into a bundle, thus making a
powerful magnetic magazine, and concentrating the greatest
possible magnetic polarity in the least possible dimensions.
A long and delicate piece of malleable iron is fitted into
one extremity of the bundle of magnets. As shown in’the
cut, the two extremities of a number of magnetized steel
rods placed parallel to and at a little distance from each
other, are fitted into iron caps, one of which is provided
with a delicate point of malleable iron 3 mm. long, 1 mm,
wide, and o.3 mm. thick This point is powerfully mag-
netic, sustaining with ease a weight of fifteen grammes.
Chips of iron weighing from one to ffty centigrammes,
when placed into the vitreous of recently enucleated animal
eyes, are attracted toward the point at a distance of 1 to
5 mm., and withdrawn with the greatest facility. The instru-
ment thus perfected eguals Hirschberg’s electro-magnet in
efficiency, but surpasses it in simplicity of construction,
convenience of form, and lowness of price.

Electro-Chemical Baths —Removal of Poisonous Metals
Sfrom the Body.—In 1855 Vergnés and Poey, of Havana, re-
ported to the French Academy a method of removing poi-
sonous metals from the body by means of the galvanic current. Vergnés,
while practising electroplating in 1852, had brought an obstinate ulcera-
tion on hisliands. He placed his hands in an electric bath, connected
with the positive pole. In fifteen minutes a metallic plate connected
with the negative pole in the bath was covered with gold or silver
" from the ulcer. A few such treatments cured the ulcers.

An electro-chemical bath is taken as follows: An isolated metallic
47

FiG. 189.
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best an imperfect method of preventing the pain of the operation, partly
on account of the mechanical difficulties in the way of its employment,
and partly, also, on account of the popularization of nitrous oxide, i*
has fallen into disuse.

Faradic anzsthesia may be utilized for the relief of the irritation
caused by the application of caustics to the larynx, eye, or uterus.

Dr. A. Tripier,* of Paris, has recently advanced the theory that faradic
anzesthesia is explained by the interference of the different impressions
that are made on the nerve. The impression made by the faradic cur-
rent first reaches the cerebral centre, and neutralizes, or, at least,
diminishes, the impression made at the same time by any other irritat-
ing influence. This theory seems to us sensible and just. Dr. Tripier
further recommends a return to the practice of faradic anwesthesia for
slight operations.

Hydro-Electrization.—Dr. Beard has devised a method of apply-
ing electricity by means of a continuous stream or jet of water flowing
from a metallic tube—or one that has a metallic orifice—connected
with one pole, while the body of the patient is in any convenient way
connected with the other. A jet or stream of water, so long as it is
not broken into spray, will conduct the current from one-eighth of an
inch to one or two inches from the orifice, according to the size of the
stream, to any part where it may be applied. Contractions of muscles,
and all the effects of ordinary localised electrization, may be thus pro-
duced.

This method of clectrization is adopted for those localitics where, on
account of the natural sensitiveness, or from the nature of the discane,
ordinary e'ectrodes, by their mechanical irritation, cause unbearable
pain, or where, for anatomical reasons, they cannot be applied.

For supplying a continuous stream of water we use an ordinary stifl
rubber bag, which is filled with water in the usual way, by firat com
pressing the sides and exhausting the air.  Conncated with thia hag we

use silver tubef of various shapes and sizes, provided with amall thwmb
screws for making the connection with the battery, amd cithey inanlaisad
or non-insulated, according to the special purpone at hanil

The various douches that are used for the «avitiva oo the lonly oy
be utilized for the same purpose, provided the liather tuber i Hded
with spirals of wire, 10 keep up the connection of Fiv cwrs oty w0 1A
tubes are composed of metal and insulutrd,

On this principle, and in order 1o meet the st theapuntieal in
dications for which ordinary electrization is canpebiay e, appli abine ey

® Archives of Eled rology and Newpodougy  May, 1074, |+ by
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phide of carbon, which will detect one part in 1,000,000 par:s of water
by the purple-red color which it produces. Another test is glycerine,
which, mingled with iodine and electrolyzed, gives a dark-blue or black
line. The electrolytic introduction of iodine has been used in gl/and.
ular swellings (as goitre), effusions in the joints, periostitis, and with
asserted success, after simple galvanization has failed. We have ex-
perimented in this direction considerably without arriving at any con-
clusive results.

The difficulty in all therapeutical experiments is that we are using
simultanegusly two remedies, iodine and electricity, both of which are
separately efficacious in producing absorption.

Podalgia.—There are certain obscure painful affections of the feet
that appear to be sometimes of a nervous character—a kind of hyper-
sesthesia—and sometimes appear to depend on actual injury of the
bones or tendons. The former class—of which we have seen several
- cases—are really medical cases, and are to be treated by central and
local galvanization. The latter are surgical cases and aie to be treated
by local applications.






GLOSSARY.

Exglaration of the terms used sn ELECTRO-THERAPRUTICS (Medical and Surgh
cal), includihg also many of the terms of ELECTRO-PHYSICS and ELECTRO-PHYSH
OLOGY.

WITH the progress of the study of Electricity in its relations to Physics, Physi.
ology, Practical Medicine, and Surgery, there has arisen a new and extensive termi.
nology.

The terms used, especially in Electro-Therapeutics and Electro-Physiology, have
been introduced by different observers, in various countries, and in different lan-
guages, and are all necessarily based on an incomplete knowledge of the mysterious
force whose phenomena and manifold relations they aim to describe. It was inevita.
ble that a nomenclature devised under such circumstances should be more or lese
inaccurate and confused. This inaccuracy and confusion have been still further
increased by the carelessness of writers, who have misunderstood and misapplied
these terms, and greatly perverted them from their original meaning, It would be
difficult to find any two authors who entirely agree in their use of terms, even of
those which are most frequent and most important ; and readers who are not thor-
oughly familiar with all branches of the subject in the various languages, and with
the incorrect as well as the correct phraseology, are constantly bewildered.

It is believed, therefore, that a list of the words and phrases employed by writers
on Electricity, which should present their original and derived meanings in their
various combinations, with their correct and incorrect synonyms, would be of service
not only to those who consult this volume, but to all who occupy themselves with
the department of Electro-Therapeutics.

The need for such a list is rendered the more imperative from the fact that many
of the terms it includes cannot be found in the most recent dictionaries.

The terms which we have ourselves introduced, or to which we have given a new
combination or attached a peculiar signification, are designated by a star (®). ‘The
figures refer to the pages in the present work where the terms to which they refer are
explained.
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Corrazr PoLx (see Positive Pole).

fumkeNT CHANGER (sce Current Reverser),

CurrenT, ELecTric. The continuous discharge of electricity that results from che nical action, such,
for example, as takes place in any ordinary galvanic cell.

CURRENT INCREASER.* A contrivance for increasing the strength of the current withowt Sreaking the
civewit. A form of rheostat.

CURRENT OF THE PILE (see Galvanic Current)

Cu TR An arrang for reversing tne current

CURRENT SELECTOR. A contrivance for bringing any desired ber of el into the circuit.
CvuiNDER MAcHINE. A form of hine for g ing ical electricity.

DECLINOMETER. An instrument for ing magnetic declinati The mariner’s compass is a

declinometer.

Density. Compactness. The density of a current, other conditions being the same, is in proportion
to the i} of the el d

DrsceNDING. From the centre toward the periphery.

DiamacneTism. That property of bodies by which they manifest the same magnetic phenomena as
iron

Dirrtectric. A medium through which induction is propagated.

Di1rLEGIC CONTRACTIONS

Di1roLAR ARRANGEMENT

DipPING NrEDILE. A needle for measuring the magnetic dip.

DirecT CURRENT (see Descending current), also used for galoanic current (see Galvanic Current)

Dmxct ELECTRIZATION

Dry (or cutancous) FarapizaTION. Farad

DynamicaL ErecTrICITY

ELecTRIC (electrical). Pertaining to, derived from, or containing electricity.

ErecTrics. Those substances which, when held in the hand and rubbed, become electric.

Eiectric BaTH

ELecTrIC (or metallic) BRUSH. A wirc brush used as electrode.

EvLecTrIC (or galvanic) Disks

Evectric HAND. The hand used as an electrode in electrization.

EvgcTRIC MOXA |

Erectric PoINTS * (see Motor Points).

l-.uwrmcuw. One who studies elecmcny in its physical relauons. as in telegraphy ; oftentimes used
er ly for electro-therap

ELECTRICITY (7AexTpov, amber)

ELecTrIFY. This term is usually applied to the use of statical electricity, and is therefore synonymous
with franklinization. It is used sometimes synonymously vmh elcctrue.

ELecTRIZATION. The act of electrizing. The term includ gal y
zation, or the application of statical electricity.

For the sake of uniformity, and in order to preserve the distinction between the different methods
of application, electrization has in this work usually been preferred to the periphrastic expression
—the use of electricity.

Erectrize. To affect by electricity.

ELECTRO-ANASTHESIA.* The production of local hesia by the application of electricity. The
faradic current is used for this purpose (on faradic anasthesia).

ELECTRO-CHEMICAL. Pertaining to clectrnchemistry.

ELECTRO-CHEMICAL BATH

ErecTrRO-CHEMISTRY. Electricity in its relations to chemistry, of which electrolysis is a branch.

ELECTRODE (7AexTpov and 6365, way). The way by which the positive and negative clectricities
emerge. The positive pole is connected with the megnsive metal of the element, and the negative
pole is connected with the positive metal,

ELrcTro-DiagNosis. The use of electricity as a means. of diagnosticating disease (p. 268), called
also electro-pathology.

EuxcTrRo-DvNAMIcs. The phenomena of electricity in motion. Especially applied to the materia
attractions and repulsions of currents on currents, and currents on magnets.

ErecTrOLOGY.* Electricity in its relations to Physics, Physiology, Pathulogy, and Therapeutics
medical and surgical,
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FLECTROLOGIST.® One who is versed in electricity in its relations to Physics, Physiology, Pathology,
and Thcrapeut ‘That is, El Physics, Electro-Physiology, Electro-Pathology (Electro-Di
agnosis), and Electro-Therapeutics (Electro-Medicine and Electro-Surgery).

ELECTROLYSIS (7Aexrpov and Adw—through Avaus, disengaging). The act or process of decomposing
a compound substance by electricity.

ELECTROLYTE. A substance which is susceptible of electrolysis.

ELECTROLYTIC, Pertaining to el«:ttol)m.

ErectroLyze. To d b by the action of electricity.

EtecTROoLYZATION. The nct of elccuolyung.

ELECTRO-MAGNET. A bar of soft iron which, under the infl of the galvanic current, 5
magnetic.

ELEcTRO-MAGNETISM. The phenomena of magnetism produced by an electric current.

ELecTRO-MEDICINE.  Electricity in its relations to medicine,

ELECTRO-MEDICAL. Pertaining to electro-medicine.

ELEcTRO-MEDICATION.®  The i duction of dici into the body by means of electricit)
(P 740).

ELECTROMETER. An instrument for measuring the charge of a battery.

ELECTRO-MO": IVE FORCE

ELECTRO-MOTOR. The metals that generate an electric current.

ELECTRO-OTIATRICS. The electro-physiology or elecu-o-thmpeuu? of the ear.

ELECTRO-PATHOLOGY (see Electro—D:agnosu)

V1.ECTROPHORUS. A contrivance for collecting electricity by inducti

FLECTROPHORUS MACHINE

ErecTrO-PHvsics.®  Electricity in its physical relations.

EvxcTrO-PHYSIOGNOMY *

ELECTRY-PHYSIOLOGY

ELECY n0-PHYSIOLOGICAL ANATOMY.®

ELECTRO-PHVSI0LOGIST. One who studies electricity in its physiological relations.

l-:ucrxo-Puncrl Re. The application of electricity (galvanic, faradic, or franklinic) by needla

Tuced h h the surf:

ELECTROSCOPE. An instrument for d ing the p of statical electricity.

ELRCTRO-SENSIBILITY.® Sensibility of the body to electricity.

ELecTRO-SURGERY. The use of clectricity, of any form, or by any method of application in swrgh
cal diseases. It includes galvano-surgery.

ELECTRO-SUSCEPTIBILITY.* Susceptible to electricity, including farado-susceptibility and galvano
susceptibility.

ELECTRO-THERAPEUTICAL ANATOMY ¢

ELecTro-THerArkuTICS. The use of electricity of all forms to the treatment of disease. The term
includes both medical and surgical electricity (electro-surgery) ; also gn/vaxo-therapemtics and
gnlvano-surgery.

ELecTRO-THERAPEUTIST. One who studies electricity in its 7Aeragentical relations.  Electro-thera:
peutists are frequently and erroneously called Electricians (see Electrician).

ELECTROTONIC. Pertaining to or derived from clectrotonos.

ErecTRoTONOS. The modification which a nervecurrent undergoes when acted upon by the galvaak
current

ELECTRO-VITAL. Pertaining to animal electricity, which is dependent on vital pr .

ELEMENT (couple, or pair, or cell), GALvANIC or VorLTAalc. Two heterngeneous metals immersed i
acid solution. Thus we have Smece’s, Grove’s, Bunsen's, and Daniell’s Elements, called also 1
battery, although strictly a dattery means a series of elements.

ExTRA CURRENT. The current which isinduced by any coil of wire on the adjacent coils of the sam«
wire

ExTRA-POLAR. Not included in the intra-polar region between the poles

FARADIC (FARADAY) CURRENT. The induced current (p. 51). The term is applied both to the electre
magnetic and magne.o-electric currents, since they were both discovered by Faraday. Calles
also secondary, interrupted, induced, inductive, to and fro, sndirect, electro-magmetic, ank
magneto-electric. In this work the term faradic has been uniformly adkered to.

FARADISM. The phenomena of the faradic current. Sometimes used for_faradszation.

Faxkapizr, To affect by application of the faradic current.

FARADIZATION.  Affacting by application of the faradic current.  According to our highest autborit
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in the orthography of this department of terminology—Mr. William Wheeler—/fsradaisstion, ae
derived from Faraday, would be more consistent with analogy than faradization. The latter mode
of spelling the word has the twofold advantage that it has been long used and is the more simple,
and accordingly we have retained it in this work and in all our recent writings.)

FARADO-CONTRACTILITY. Contractility under the faradic curreat.

FARADO-ELECTROLYVZATION.® The simultaneous use of faradization and electrolyzation.

FARADO-PUNCTURE. Electro-puncture with the faradic curreat, not much used.

FARADO-SUSCEPTIBILITY.® Suwepn'bﬂuy tn the Faradic current.

FrankrLINIiC.  Pertaining to

FranxrLiNisM (FRANKLIN). Tbe phaxomena of suucnl electricity.

FrRANKLINIZATION. The app i

F'micTioNAL ELxcTRICITY. !-.lecmry gmtad by ﬁ-l:uon. It is one form of statical electricity,
which is the wider term, including e Y & d by p or cl : but the terms
are used synonymously.

GALVANIC APPARATUS. Apparatus for generating and furnishing the galvanic current.

GALvaNic BaLT

GALvaNnic CHAIN

GALvANic CircLE. Two metals in a liquid—the galvanic element, pair or cell in action is called alse
a circuit or chkain. A circle may be simgle—one cell or pair; or compennd—several joined to-
gether.

GavLvanic CURRENT. A current d by chemical action and g directly from the cell, pile,
or battery in which it is generated ; distinguished from the faradic current, that i, induced on a
coil of wires ; called also continmous, constant, direct, primary, curresnt of the pile, kttlrym
vent, and voltaic current.

GALvaNic (or Electric) Disks

GALVANIC PAIR (see E'ement).

GALVANIC PESSARIES (intra-uterine)

GALvANIC POULTICES

Garvanism. The science which treats of electricity that arises from chemical action ; called also ved
taic or dynamical electricity or voltaism. Physicists are of late inclined to prefer the terms derived

from Volta; Physiologists and Physicians g lly employ the terms derived from Galvani.
GALvANIZATION  Affecting by application of the galvani
GaLvanize. To affect by application of the galvamic current, err ly applied to all forms of
electrization.

GALVANIST. One who uses galvanism (little used).

GALVANO-CAUSTIC (see Galvano-cautery).

GALVANO-CAUTERISM. The application of the galvano-cautery (see Galvano-cauterization)
GALVANO-CAUTERIZATION. The act of burning or secaring by a non-conducting-wire, heated by the

galvanic curreat.

GALVANO-CAUTERY. Cautenm non by a ruunng wire (usually platinum), heated by the galvanic cur
rent; called also g; org usly

GALVANO-CONTRACTILITY. Contractility under the galvanic current.

GALVANO-FARADIZATION.* The simul? pplication of the galvanic and faradic currents.

GALVANOMETER (or multiplier). An instrument for determining the p! e and direction and
ing the strength of a current. [t is freq ,usedby*'“—‘ ists in order to ascertain
the dose of the galvanic current that they are giving. It is, however. only an approximately cor
rect guide

GALVANO-PUNCTURE. Electro-p with the galvanic current.

GALVANOSCOPR. An instrument for indicating the presence of dynamical electricity without determine
ing its amount.

GALVANO-SURGERY. The application of the ga/vanic current to surgery, a part of electro-surgery.

GALVANO-SUSCEPTIBILITY.* Susceptibility to the galvani .

GALVANO-THERAPEUTICS. The application of the ga/vamic current to therapeutics, a part of el
therapeutics,

GENERAL ELECTRIZATION ®

GENERAL FARADIZATION.* General electrization with the faradic current

GENERAL GALVANIZATION.® General electrization with the g v

He«uix. The coil of wires of the el A

Hyomo-EL&c? 21zATION.® The applmnon of decmty by means of water as an electrode
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[NcrEASING CU T.® An application in which the strength of the current is gradually incresses

without breaking the current, called also sewelling current.
INDIRECT ELECTRIZATION

Inpucep (or Induction, or Inductive) C T. As lly und d, the vhichisindmd
in a coil of wires from her coil th h which the passes. Ci may, b , be
induced in any metallic conductor from Any other metallic conductor that is traversed by the *o
tric t, or from powerful mag or from the magnetic action of the earth.

LlpucING Cunm. The current that gives rise to an induced current.

INDUCTION

INpucTIVE (see Induced Current).

INTENSITY. Strength of currents er ly used for i

INsuLATOR (or Isolator). A bad cond of electricity

INsuLATED. Placed on ducti pports, or d with some ducting sub:

INTERRUPTED CURRENT. Broken, mummwcd The faradic current is necessarily interrupted by the

that g it. The galvani may be cither i or interrup

Ium-roun. Between the poles

Ions. The constituents into which the electrolyte is decomposed

IrriTABILITY. That property of organized sub. that them to resp ‘m imuli

IrmiTABILITY, ELECTRO-MUSCULAR. The property of muscular fibre that causes it to be excited ®
movement by the electric current.  Electro-muscular irritabilitysmay exist without electro-musculs
contractility ; that is, the muscles may quiver or be spasmodically excited by even a mild current,
even when they fail to contract under a very powerful current.

IRRITABILITY, PRIMARY, SECONDARY, AND I'ERTIARY. Degrees of irritability that are observed during
a séance of galvanization

Lasie C T (or application). An application in which one or both of the electrodes is moved o
glided over the surface.

Lavpen Jar. A glass botue partially coated with tinfoil, for condensi ical electrici

LocaL ELECTRIZATION. Application of electricity to some part or organ. as dutmguuhed from ges-
eral electrization, in which the application is made all over the body. Lwalu practically synoay-
mous with Jecalised electrization, although, strictly speak li implies that the direct
action of the current is confined to the part to which the applu:uon is mde. while local do=s not
suggest any such meaning, According to this distinction, electrization may be local without
being necessarily localized. For the sake of uniformity, the term localized has been generally ad-
hered to throughout this work, to distinguish all local applications of electricity (see Localized
Electrization).

LocaLizep ELECTRIZATION (p. 351) (see Local Electrization).

Macuing (Electric or Electrical). Any mechanical contrivance that generates any form of electricity ;
also called electric apparatus, but strictly is more complex than apparatus. Thus, for example,
we have Holtz’s machine for statical electricity ; Kidder's machine for the galvanic and faradic
currents, etc.

MaGnETIsM. The power which certain bodies possess of attracting iron.

MAGNETIZATION. The act of magnetizing.

MacneTo-ELkcTriciTy.  The current induced by a magnet, as in the magneto-electric or rotary appara
tus. Itisoneform of the faradic current, of which thc clccu-o—magneuc is the other

MAGNETOMETER. An instrument for ing

MAGNETS. Substances that have the property of attractmg iron,

MocrecuLes. 7The minute particles ot which bodies are composed

MoTor PoiNTs. Points on the body where the nerves and muscles most readily respond to electnza
tion ; more specific than electric points, which is a general term, and includes all forms of reaction x
the electric current.

MuLTIPLIER.  An instrument for multiplying or increasing a force—as heat or electricity, The term is
applied both to the galvanometer and thermo-multiplier

NEGATIVE MODIFICATION

NEeGATIVE PoLE. Where the current passes out ; called also sinc-pole or cathode. The current s fed
stronger at the negative than at the positive pale.

NEGATIVE VARIATION

NErvE-MuscLE CURRENT

OrENING CoNTRACTIONS. C ions produced at the opening of the circuit.

Ozong
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P, 1sM. That property of Lodies by which they manifest magnetic ph pposite and
corresponding to iron

PrrirusraL ELgcTriZATION.  Electrization of the periphery.

PERIPOLAR ARRANGEMENT

PILE-LIKE ARRANGEMENT

PrATINUM (or Platina) (from Spanish platina, silver). A metal used in electrical researctes.

PLEXUS-NERVE CURRENT

PoLAr. Relating to the poles.

PorariTy or ELscTriciTy.  That property of electricity by which pecuhar ph of the positive aand
negative are exhibited at certain points (p. 27). Polarity of a nerve is that condition of & nerve by
which one part is exhibiting a positively and the other a negatively electric state.

PoLarizasLe. Susceptible of polarization.

PorArizaTioN. The act of giving polarity to a body in batteries

PorAr MxTHOD. The method of application by which the distinctive and differential action of each pole is
obtained, by placing one pole over the part to be afiected and the other in some indifferent point ;
called also umigolar. :

Porarize. To communicate polarity to.

PorArizING. Giving polarity to.

Porarizing Cu T. The that prod the el ic condition.

Porrs. Points where mag is d, or where the electric current passes inor out. The
terms posizive and negative are relative, notabsolute, since their position varies with the relative
position of the clectrodes.

PosiTivk MODIFICATION

PosiTivE PoLE. Where the current enters, called also cogper gole or anode

Primary CURRENT or INDUCING CURRENT. The current that passes through the inner coil of wire in a
helix, and that induces a current on the coil that surrounds it (p. 6a). Used erroneously as synoany-
mous with galvanic or

PROTRACTED APPLICATIONS.® Applications that are made for a very long time. Applications of gal-
wvanic belts, disks, and poultices are protracted.

QuaLity or A C T, as distinguished from quantity and intensity, refers to its smoothness or harsh-
ness, or to the rapidity or slowness of interruption.
QuANTITY

Erectric REAcTION. The phenomena developed by any part of the body under the influence of
electricity.
ReACTION (GALVANIC). (See Electric Reaction.)
ReoPHORR. An Electrode.
ResisTANCR. The opposite of conductivity. That property of bodies that makes them resist or oppose
the passage of the current
Reverse C T (secA ding Current).
RHEOCORD. An instrument for controlling the fluctuations of the curreat.
RuromoToR (see Electromotor).
RHEOTOME (péw Téuvery, tocut). A current breaker
RHEOSTATE
ROTARY MACHINE, Mag lectri hines, in which the induced electricity is g d by turn-
ing a crank.
Szconpary CUrReNT. The faradic current, called also the intervupied, induced, inductive electre-
magnetic, faradic, etc.
SznsiBiLITY, ELECTRO-MUSCULAR.  The peculi bjecti ion which is experienced by the con-
ion of a le under the electri
Suock. A sudden single discharge of electricity, such as is given from a Leyden jar, or apparatus for
statical electricity.
Spark, ELecTRIC. The spark that ds the discharge of electricity on the passage of the
from one conductor to another.
*SPINAL-CorD CURRENT
SPINAL-CORD MuscLE CURRENT
SrINAL-CORD NERVE CURRENT
SrINAL-CorD PLExus CURRENT
SPINAL-CORD RooT CURRENT
StasLe C T (or application). An application in which both electrodes are kept in a thuwed
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ABBREVIATIONS in Electro-therapeutics, 260
Acute discases, 650, 628
Adenitis, 715
Addison’s disease, 637
Adjustable electrode, 321
After-gffects of clectrical treatment, 294
Acne,}oo
Rosacea, s10

Ague, 637 . ..
Aﬂ;ni‘s researches in Animal Electricity, g1
Alopecia, 515
Alcoholism, chronic, 651
Amalgamation of zinc, 2§
Amaurosis, 586
Amblyopia, 586
Amenorrhaea, 529
Prognosts 1n, 534
Cases of, 53 .
Ampere’s theory o? Magnetism, s1
Anxsthesia, 446 .
Tactile sensibility in, 446
Farado sensibility in, 446
Electro-diagnosis, 448
Prognosis. 449
Treatment, 448
Cases of, 449
Anzsthesia, cutaneous, sog
Anasthesia, electro, 110
Anasthesia, hysterical, 450
Anatomy, electro-physiological, 153
Al y, electro-thereapeutical, 283
Anelectrotonos, 101
Anclectrotonos, theory of, 103
Angiomata, 686
Aneurism, 716
Aneurism, statistics of, treated by electricity, 737
Cases of, 718
Angina pectoris, 616
Ani, proiapsus, 570
Animai{e_lectricit /s 821 X
istory of its discovery,
Aldini’s researches, ;‘;y ®
Humboldt's researches, go
Du Bois-Reymond’s researches, 91
Nobili’s rescarches, or
Matteucci's researches, 91
Apparatus for studying, 94
Anosmia, 645
Cases of, 646
pparatus for elec
Antozone, 650
Aphonia, 571
Prognosis, 575
Treatment of, 573
Cases of, 576
Applications of electricity, care in details, a40
Time of day for, 242
Time of, 243

A

peutics, 29t

Applications, Frequency of, 244
Prolonged, 245
Combination of methods, 246

Armatures, magnetic, 6

Artificial magnets, 3

Arthritis nodosa, 488

Artificial respiration, 612

Ascites, 644

Aspermatism, 563

Asphyxia, 612

Asthenopia, s8¢

Asthma, 496

Astraphobiz, 415

Ataxia, locomotor, 474

Atrophy, progressive muscular, 478

) ases of, 479 .

Auditory nerve, galvanization of, 131
Reaction of, 5?2
Normal formula of, 131
Changes of reaction in, 592
Hyperzsthesia of, 592
Anzsthesia of, 593

BACTERIA, action of eiectricity on, 194
Baths, electric, 395
Baths, electro-chemical, 737
Balteries, galvanic, 30
Wollaston's, 38
Daniell's, 32
Grove’s, 33
Bunsen's, 34
Thermo-electric, 6-]; .
Farmer’s thermo-clectric, 64
Cabinet, 309
European, 326
Becker-Muirhead, 328
Marine,
Callan’s iron-zinc, 38
Gas,
Polanzation in, 30
Double-cell constant, 32
Bunsen’s bichromate, 3s
Walker's single-cell, 35
Smee's, 36
Leclanché's, 37
Water, 39
Bed-sores, 726
Belts and chains, 44
Pulvermach
Galvanic, 445
Benign tumors, 686
Bioscopy, electro, 28t
Bladder, discases of, 566
Paralysis of, 568
Dissolution of calculi, 733
Blepharospasm, s86
Blood, action of clectricity on, 164
Branch curreats, 29

S; 445






INDEX.

’F.lectricity.saction of on the nerves of special sense,
12
On motor and sensory nerves, and
voluntary muscles, 141
On involuntary muscles, 158
F.ffects of on nutrition, 176
Mechanical, physical, chemical, and physio-
logical effects of, 176
Effects on secretion and excretion, 185
Absorption, 188
Reflex cffects of, 188
In plants and fruits, 194
Gencral therapeutical action of, 217
Dose of, 236
Cumulative action of, 251
Its use by the lawty, 259
Kishes, 89
Electric machines, 12
Elcctrii‘ light, 28
3aths. 395
I-?l%’-:cts of, 397
General rules for giving, 398
Moxa, 332
Eaplorer or probe, 734
Disks, 445
Electrical endosmosis. 179
Electrization, localized, 331
History of, 207
Rationale of, 221
Instruments for. 331
With moistened eiectrodes. 332
Details of application of, 315

Of plexuses, nerves, and 1

753

Flectro-pathology, 268
Electro-physiology, 87
Electro-physiognomy. 153
Electro-physiological anatomy, 153
Electro-surgery, 655

History of, 655
Electro-therapeutics, history of, 198

Apparatus for, 291

Causes of failure in, 374
Electro-therapeutical anatomy, 283
Electrolysis, definition of, 45

History of, 45

‘Ferminology of, 45

%.’;st of, 66

Cheory of, 49

Its nature and general methods, 661

Needles for, 666

Of living and dead tissue, 180

Of the base, method of operating by, €68

Apparatus for, 663

Conductor for, 664
Electrulyzing the base, 667
Electrophorus, 15
Electrophorus machine, Holtz’s, 13
Electroscope, gold leaf, x
Electrotonos, definition of, g9

Molecular theory of, 99

Of muscle, 103

In the living man, 104

Practical bearing of its laws, 104
Elephantiasis, 514 3
Flements, electrical relations of the, 24
End is, electrical, 179

341
Effects of. 343
In its relations to other forms of tr

Erectile tumors, 686
Epithel:

258

Direct and indirect, 333
Electro-anwsthesia, 110
Electro chemical baths, 737
Electro-bioscopy, 28t
Electro-conductivity of the human body, 168
Electro-diagnosis, 268
Electro-sensibility, 269
Electro-muscular contractility, 148

Sensibility, 148
Electro-dynamical induction, sz
Electro-magnetic helix, 53

Machines, 57
Electro-magnetism, st
Electrodes, 319

Metallic, 323

Unpolarizable, 325

Maistened, clectrization with, 332

Brass ball, 520

Foot plate, 347

Uterine, s31

Intra-uterine, 53t

Rectal, 523

Double uterine, 531

Vaginal, 53

Caﬁxcler, 533

Double vesical, 567

Adjustable, 321

Care of, 326

Polarization of, 31

Universal handle for, 319

Long sponge, 320

Hard rubber handle, 320

Duchenne's, 319

Stationary, 321

Spinal, 323

Current reverser, 324
Electro-maguet in extraction of foreign bodies, 736

Negative, 28
Electro-medication, 740
Flectro-motive force, 66
Electro-muscular sensibility, 148-272
Electro-physics, 1
Electr Th ’s quadrant, 16

’ P! qQ '

P 702
Epilepsy, soo
Cases of, 500
Epileptiform neuralgia, 434
Cases of, 435
Exhaustion, nervous, 4o4
Exophthalmic goitre, 620
Extra current, 56
Extra-uterine pregnancy, 6os
Eye, discases of, 581
Paralysis of the muscles of, 582
Electrization of, 581
Prognosis in paralysis of the muscles of, 582
Asthenopia, 584 .
Amblyopia and amaurosis, 586
Lid, spasm of, 586
Eyelid, cases of spasm of, 587
Eye, opacities of the cornea, 587
tosis, 588
Mydriasis and myosis, 88
Neuro-retinitis, §
Strabismus, 588
Opacities, vitreous humor, s87
Photophobia, 587
Cataract, 589

FAcCIAL neuralgia, 434
Cases of, 435
Facial paralysis, 467
Eaus of, 468
Facial spasm, 497
Treatment of, 497
Farad, 66
Faradic current, effects of, 107
Faradic anzsthesia, 738 .
l"ar?dic and galvanic currents, comparative value
of, 261
Faradization, era of, 207
Galvano. 266
Dry or cutaneous, 333
Faradization, general, 347
History of, 212
Apparatus for, 350
Effects of, 364
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Faradization, ratinnale of, 370
Farado-sensibility, 288
Regms o 388' h gal ibili
s compared with galvano-sensibili
Farmer’s thermo-electric battery, 64 h 850
Fatty tumors, 701
Feigned diseases, 316
Ferrier, researches of, 112
Fevers, 650
Convalescence from, 650
Fever, intermittent, 637
Fischer on electrization of the sympathetic, 127
Fishes, electric, 89
Fistula, 726
Flatulence, 527
Fibroids,
Force, electro-motive, 66
Fothergill's disease, 434
Foveaux’s battery, 328
Franklinization, 390
Franklinic electricity, action of, 107
Era of, 199
Fritsch, researches of, 112
Franklinization, methods of, 392
Apparatus for, 393
Frictional electricity, 8
Frost-bite, 729
Furuncles, 729

Garrrt, battery of, 327
Galvani's researches, 43
Galvanic batteries, 30
Galvanic current, eg_'ects of, 109
Gal{vaxgc and faradic currents, comparative value
of, 261
Galvanic belts and disks, 445
Circuits, compound, 28
Circuits, homogeneity of, 23
Galvanism, 19
Early history of, 42
Era of, 203
Galvanization, central, 376
History of, 214
Of the head, 335
Of the sympathetic, 336
Of the pneumogastric, 237
Of the spine, 338
Galvano-cautery, history of, 673
Apparatus for, 673
Uses of, 681
Advantages of, 681
Advantages of, over the actual cautery, 673
Burners and cutting-loops for, 678
Rules for the use of,
Adaptation to various departments, 683
Byrne's, 6
Galvano-taradic Mfg. Co., 302
Galvanic apparatus, Drescher’s, 313
Meyer and Melizer's, 327
Galvano-puncture in sciatica, 442
Galvanometer, 40, 313
Thomson's reflecting, 41
Galvano-tonic contractions, 145
Galvanoscopes, 313
Gas batteries, 31
Galvano-faradization, 266
Galvanometer, astatic, 41
Gangrene, 729
General faradization, 347
History of. 211
Length of applications, 361
Application to spine, 356
Details of its application to different parts
of the body, 352
Applications to the neck and throat, 353
Applications to the head, 353
General galvano-faradization, 354
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tremities, 356
Applications to the lungs and heart, 357

Applications to the liver, spleen, and bowels,

ot 0
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G to the upper ex-

357
Applications to the stomach, 357
Applications to the female genitals, 358
A%pllcauuns to the lower extremities, 358
Effects of, 364
Rationale of, 370
Persistence in treatment, 361
General and localized faradization, differential in
dications for the use of, 372
General therapeutical action of electricity, 217
Genito-urinary organs, diseascs of, §59
Treatment of, 559
Electro-diagnosis, 561
Glect, 568
Glosso-laryngeal paralysis, 464
Glottis, spasm of, 577
Goitre, 691, 621
Gonorrhaea, 568 ¢
Gout, 483
Case of, 488
Rheumatic, 488
Treatment oz 488
Graves' diseasc, 620
Grove’s battery, 33
Gustatory nerve, action of electricity on, 139
HaIrs, removal of, by electrolysis, 516
Hall's faradic machine, 301
Twenty-ccll battery, 315
Hay-fever, 650
Hamatocele. 729
Haemorrhoids, s70
Hand as an electrode, 362
Head, galvanization of, 335
Headacbe, 430
Prognosis, 430

SCS. 431
Heart, galvanization of, 160
Diseases of, 615
Palpitation of, 615
Cases of, 615
Helix, s2
Hemiplegia, 463
Cases, 463
Hemorrhage, post-partum, 604
Herpes zoster, 511
Frontalis scu ophthalmicus, s11
Hernia, 733
Hiccough, 498
Hip-joint, 733
History of central galvanization, 214
History of electro-therapeuticsy 198
Geueral faradizauon, 211
Hitzig, researches of. 112
Humboldt’s researches in animal electricity, go
Hydatids of liver treated by clectrolysis, 698
Hydrocele, 730
Hydro-clectrization, 739
Hydrophobia, 498
Hydrostat. 302
Hypochondriasis, 402
‘Treatment, 403
Cascs, 403 .
Hysteria and allied affections, 399
Electro-diagnosis, 399
Treatment, 399
Prognosis, 400
Cases of, q00
Hysterical paralysis, 455
Hysterical anasthesia, 450
. Hysterical deafness, 599

 TLeUS, 523
Impotence, 560
Causation, 56t
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Impotence, clectro-diagnosis, 561
Treatment of, 56t
Cases of, 563
Incontinence of unne, 551
Induced currents, different orders of, 54
Properties of, 6o
Induction of a current on itself, 56
Induction, statical, 10
Induction coils, 5l7
Differential indications for the use of, 292
Magnetic, 5
Electro-dynamical, 51
History of, 62
Infantile paralysis, 552
Examination of muscles. 552
Early symptoms, 552
Electro-diagnosis, 554
Treatment, 555
Prognosis. 555
Cases, 556
Insanity, 416
“ases of, 418
Infantum, cholera, sst
Interruptions, slow, comparative value of, 330
Insomma, 413
Treatment, 413
Case of, 414
Intensity vs. quantity, 68
Intra-uterine electrode, 531
Intermittent fever, 637
Irritation, spinal, 408
Isolation, 633
Invol y action of el
Irritability, restoration of, 103
Degrees of, 136
How long retained after death, 14t
Iris, action of electricity on, 158
Invagination, 523

icity on. 158

iAR. Leyden, 16
aundice, 521

KeRrATITIS, 587

Kidder’s faradic apparatus, cut of, 295
Galvanic apparatus, 303
For galvano-cautery, 675
Rules for the use and care of, 297

LAcTEAL secretion, deficient, 604
Larynx, diseases of, 571
Laryngismus stridulus, 577
Larynx, external electrization of, 571

anzsthesi‘: of, 582

Erpelzst csia of, 579

Lead palsy, 453
Leclanché’s battery, 37
Leucorrheea, sa9
Leyden jar, 16

History of, 17
Leucoderma, s14
{‘ichgp' 509

11

Liver, cirrhosis, 643

Lightning, fear of, 415

Lipomata, 701

Loah:églfan.diqdoni history ;)f, 207

vanization, history of,

Electrization, 331 o 29
Instruments for, 331
Details of application of. 335 .

_Effects of, 343
alized and g; | faradization, differential in-
dications for the use of, 372

Locomotor ataxy, 47.
Elecﬂ:;ap;);su. 475
4

1

473
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Locomotor ataxy, cases of, 477
Lungs, diseasces ot, 618

MAcHINE, clectric, Holtz's, 13
Electro-magnetic, 57
Magnet, Gruening’s, 731
Magnets, artificial, 3, 431
Shape of, 6
Polarity of, 3
Magaetic armature, 6
Induction, s
Magnetism, 2
Coulomb’s, theory of, 4
Of rotation, 62
Of broken magnets, 4 *
Electro, st
Ampére's theory of, 5t
In headache, 431
Magnetization, 6
Magneto-clectricity, 6o
Electric machines, 301
Malignant tumors. 686
Marasmus, 550
Maritime battery, 39
Matteucci’s rescarches in animal electricity, 3t
Melanoderma, s14
Meyer and Melizer’s apparatus, 327
Mammary gland, discases of, 604
Melancholia, 402
Menorrhagia, 529
Midwifery, 602
Migraine, 433
Milliamperemeter, 330
Milk, deficient secretion of. 604
Treated by electricity, 6os
1l medical di 637
Intermittent fcver., 637
Addison’s disease, 637
Suppression of urine, 640
Diabetes, 641
Dropsical effusions, 644
Bright's disease, 644
Catarrh, 644
Anosmia, 645
Qdontalgia, 647
Hay fever, 650
Obesity, 651
Cirrhosis, 643
Morbus coxarius, 733
Motor points of muscles, 283
erves, action of electricity on, 141
Mother’s marks, 686
Moxa, electric, 332
Multiple element battery, Byme’s, 674
Muscle, electrotonos of, 103
Muscular atrophy, progresssive, 478
Muscular contractions, 497
Muscular rheumatism, 486
Treatment, 486
Cases of, 487
Myalga, 486
Mydriasis and myosis, 588
Myosis and mydriasis, 588
Myo-sclerotic paralyses, progressive, 482

M

NATURE of electricity, 2
Navi treated by electrolysis, 687
Neck, aplplications to. 353
Needles for electrolysis, 664
Method of introducing for electrolysis, 667
Negative modification, 102
Variation of the muscular current, 102
Nerves, clectrization of, 341
Nerve muscle current, 34t
Nervous exhaustion, 404
Cough, 578
Dyspepsia, 517
Neurasthenia, 404
vs. anxmia, 404
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Neurasthenia, treatment, 404
Prognosis, 405
Cases, 405
Neuralgia, 425
Electro-diagnosis, 425
Treatment, 425
Prognosis, 427
Intereostal, 428
Central, 430
Cephalalgia, 430
Facial, 434
Epileptiform, 434
Spinal irritation, 408
Peripheral, 437
Gastralgia, 438
Sciatica, 441
Angina pectoris, 616 .
Galvanic belts and disks in, 445
Cases of facial, 434
Retlex, 444
Neuro-retinitis, 588
Neutral line, 3
Point, 102
Nipples, sore, 6os
Nipple shield, galvanic, 6os
Notnli’s researches in animal electricity, g1
Nutrition, effects of electricity on, 176

OsEstTY, 651
Odontalgia. 647
(Edema, 682
(Esophagus, stricture of, 725
Ohm’s law, 65
Opium poisoning, paralysis from, 454
Jphthal of the retina in gal-

P

1 ion ot sy
Optic nerve, action
Orchitis, 569

Case of, 569
Opvaries, irritation and congestion of, 543
Ovarian tumors, 70t
Ozone, 647

Physiological and therapeutical effects of,

P 124
of the galvanic current on, 128

. 049
Ozonization, galvanon, 727
Oxygen, ozonized, 647
Ozonized oxygen, 647
General properties of, 648

PARALYSIS, 452
Accessories to electrical treatment of, 461
Time of beginning treatment in, 461
Classification, 452
Rhceumatic, 452
Lead, 4353
Syphiliue, 453 .
From opium poisoning. 454
Hysterical, 455
Central, 458
Glosso-pharyngeal, 464
Spinal sclerosic, 474
Infantile, 552
Peripheral 407
Facial, 467
From pressure, 470
Reflex, 472
Caloritic, 472
Progressive myo-sclerosic, 482
Agitans, 404
Pain of cancer, rehef of, by galvanization. 714
ng, 464
466
ro-diagnosis, 466
Treatment, 4€6
Prognosis, 467
Paresis of muscles of eye, 582
Of bladder, 568
Partial currents, 29

INDEX.

' Pathology, electro, 268
* Pathophobia, 402 )
Pessaries, intra-uterine, galvanic, $43
Pett mal, soo
Pectoris, angina, 616
Pflueger’s law of contraction, 104
Photophobia, 587
Physiognomy, electro, 153
Physiology, clectro, 87
Pile, voltaic, 30

Dry, 40
Piles, 570
Plexus nerve current, 341
P gastric, galvani; of, 337
Action of electricity on, 116
Poles, how to distinguish, 307
i Podalgia, 741
Potential of the electric current, 68
Polarity of the circuit, 23
Polarity of magnets, 3

Of clectnicity, 27
Polarization of clectrodes, 3t
Post-partum hemorrhage,
Polypi, 702
Positive modification, 102
Pott’s disease, 732
Primary coil, object of the iron core in, f7 X
Primary and secondary coils, differential action of,

144
Pro‘;e- electric, 734
Pityriasis, s10
Prugressive muscular atrophy. 478
Electro-diagnosis, 478
‘I'rcatment, 478
Case of, 479
Muscular hypenmrhy. 482
Myo-sclerosic paralysts, 482
Prolapsus uteri, 42
Ani, 570
Prostate. enlargement of, 569
Prurigo, so8
Psoniasis, s10
Pseudo hyp rtrophic paralysis, 482
H artl.rosis, 732
, Ptosis, 588
I

QuariraTIve changes, 297

Quantitative changes, 297

Quantity of the clectric current, 74
Absolute and actual, 74

~Quadrant clectrometer, ‘Thompson's, 16

Ravcrirre, Dr. C, B., views of animal clectricity,

93
, Rdaction of degeneration, 297
Rectum, scirrhus of, 710
. Restorative effect of clectrization on voluntary
muscles, 158
Remak and Duchenne, 225
Reflex effects of clectricity, 200
Remak’s galvanic apparatus, 329
| Resistance, &2
Efiects ¢f temperature on, 83
;. Rectum, di es of, 628
I Reflex neuralgin, 444
! Paralysis, 472
i Reguraitation, 526
Resuscitation of new-born children, 614
Respiration, artificial. 664 X
| Retina, ophthalmoscopic examinations of, dur'ng
galvanization of sympathetic, 124
. Rheostat of Mayer and Wolff, 317
| Hydro. 317
" Rheotome, 56
Rheumatic paralysis, 452
| Gout, 488
H Treatment, 488
i Rheumatism, 483
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Rheostat, 42
Ili!:inius. 644
ingworm, §13
Rotﬁon. magnetism of, 62
Rosacea. acne, 510
Ruhmkorff’s coil, 58 . .
Rubber covers for conducting wires, 325

SCIATICA, cases of, 441

Scirrhus, 702

Sclervsis, spinal, 474

Sea-sickness, 527 . ) . )
Secondary and primary coils, differential action of,

144
Scleroderma, s13 .
Sensory nerves, action of electricity on, 141
Seminal emissions, 559
Sensibility, electro-muscular, 148, 272
S Iz of acute di 628

Cerebro-spinal meningitis, 630

. Diphtheria, 628

Typho-malarial fever, 632

Sunstroke, 633
Shaking palsy, 494
Shape of magunets, 6 )
Shortening of muscles during a contraction. 146
Siemens-Meidinger battery, 328
Siemens rheostat, 317
Single coil and

292
Sick headache, 433
Case of, 433
Singultus, 498
Sinuses, 726
Skin, diseases of, sor
Treatment of, so2
Eczema, sos
Prurigo, 508
Lichen, so9
Anzsthesia, 509
Acne, sog
Rosacea, si0
Psorasis, sto
Pityriasis, s10
Herpes, su1
Ringworm. s13
Scleroderma, s13
Chromatogenous diseases, 514
Leucoderma, s14
Melanoderma, s14
Flephantiasis, s14q
Alopecia, s15
Smee’s battery, 36
Solenoids, 52
Spark, clectric, 14
Spasmodic stricture,
Spasms of the e)':lid,?‘7
Facial, 49
Spasmus glottidis, 577
Spasmodic diseases, 490
Spermatorrheea, 559
Sphincter, paralysis of, 570
Sphymograph, experiments with, 125
Spinal congestion, 421
of, 422
Cord, direct electrization of, 114
Current, 341
Root current, 341
Cord, plexus current, 341
Nerve current, 341
Muscle current, 341
. Curvature, 732
Spinal irritation, 408
Differential diagnosis, 408
Pathology, 409
;runnc.m. 410
rognosis, 410
Cases of, 410

q

coil faradi
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| Spinal sclerosic paralysis, 474
i Spine, galvanization of, 338
I Spondylitis, 732
Sprains, 731
Stammenng, 499
Statical electricity, 8, 390
Induction, 10
Era of, 199
Use of, 390
' Stohrer, apparatus of, 327
Stohrer’s zinc-carbon battery, 328
Stomach, action of electricity on, 158
Strabismus, 588
Strain, 731
Stricture of the urethra, 721
“ases of, 722
Of the esophagus, 725
Spasmodic, 724
Stumps after amputation, 729
j Suggestions in regard to the therapeutical uses of
electricity, 226 .
Sympathetic, action of electricity on cranial por-
tion of, 118
Nerve, action of electricity on, 116
Galvanization of, 336 .
Action of electricity on the cephalic, thoracic
and abdominal ganglia of, 119
Sunstroke, 633
Suppression of urine, 640
Surgery, electro. 655
History of, 655
Synovitis, 729
Case of, 729
Syphilis, 569

TAvLipeS, 733
Temperature of electrodes and operating-room,
242

Increase of, after clectrization, 149
Tension of the electric current, 68
Tetanus, 498
Thermo-electricity, 63

Electric battenies, 63
Thomas. on extra-uterine pregnancy, 6os

’s d electr y T .
| faradization,

Throat, appli s to, in g

PP

35.
ch-g.ouloureux. 434
Tmnm(xjs ?uriqm,_sw

of sympathetic in, 598

Tonics, definition of, 218
Tonic effects of electricity, 218

In general faradization, 364
Toothache, 647
Torticollis, 492

Diagnosis of, 492

Electric examination of, 493

Treatment of, 493

Prognosis, 493

Cases of, 493
Trowbridge, experiments of, 9s
Trocar, Duchenne’s, 552

. .Noeggm(h’s. 552
Tschiriew, on cutaneous excitability, 111
Tubercula quadrigemina, direct electrization of
124

Tumors, removal of by galvano-cautery, 683

Non-malignant, 626

Erectile, 626

Malignant. 686

Cystic, 593

Fatty, 701

Ovarian, 701
Typho-malarial fever, stquelz of, 632

ULcErs, 726
Unit, 65
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Unpolarizable electrodes, 325
Ununited fracture, 732
Urcthra, strictures of, 721
Cases of, 722
Hypera:sthesia of, 561
Urecthritis, chronic, 563
Urine, incontinence of, sst
Suppression of, 640
Uterine electrode, s31
Uterus, faradization of, 530
Diseases of, prognosis in, 529
Enlargements of, 542
Prolapsus, 542
Anteflexion of, 542
Retroflexion of, 542
Retroversion of, 542
Anteversion of, 542

INDEX.

VAGINAL electrode, 533

Varicose veins, 716

Veins, varicose, 716 .

Vitreous humor, opacities of, 587

Viscera, abdominal, localized electrization of, 518
Volta constructs the voltaic pile, 30

Volta’s rescarches, 43

Voltaic pile, 30

Voluntary muscles, action of electricity on, 14t
Vomiting, 5326, 551

Volta meter, 40

WALKER's single cell ainc-carbon battery, 35
Wart’s, 733

Water rheostat, 317

Wesley, Mr., 20t

\‘z“us' conducting, rubber cover for, 325

Anzgutauon of neck of, by gal
4

Congestion of, 542
Displacement of, 542
Atrophy of, 541
. Fibroids of, 698
Uteri prolapsus, cases of, 542

bAd

ping-cough, ss1
Wollaston’s battery, 38
Women, diseases of, 529
Writer’s cramp, 490
Wry neck, 492

Zixcs, how to amalgamate, 26
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