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PREFACE TO THE FOURTH EDITION.

IT is with much satisfaction that Dr. Rockwell offers to the profession
a fourth revised edition of this work. When, 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 publisher, 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. Experience has demonstrated, also, that in a num-
ber of pathological conditions it is even superior to the other forms of
electricity. It should not, however, be forgotten that Franklinic Elec-
tricity has in general a narrower range of usefulness than dynamic, and
that in the study of electro-therapeutics the latter should precede the
former. But perhaps the most important of the new matter that has
been introduced relates to the experience of the author in the treat-
ment 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
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need not in the future be regarded as such a dreaded complication as
. it has been in the past.

The operation is simple in its details and certain in its results ; is at-
tended with but comparatively little suffering or danger to the mother,
and cannot but commend itself to the profession everywhere.

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.

A. D. ROCKWELL,
46 Last Thirty-first Street, New York.




PREFACE TO THE THIRD EDITION.

IN 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 Sequelx
of Acute Diseases and on Exophthalmic Goitre, respectively, have been
inserted, while several pages in the discussion of Electro-diagnosis have
been omitted, 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 enhanced 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
etfects 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.



PREFACE TO THE SECOND EDITION.

A FEw weeks after the publication of the first edition of this work, in
1871, we were informed by the publishers that a new edition would be
called for. From that time to the present moment much force has
been expended on the thorough revision of the work in all its depart-
ments. As much time and toil, it is safe to say, have been given to this
edition as to the first ; and the work as it now stands represents our
accumulated and thoroughly sifted experience from our entrance upon
this specialty, as well as a full and exhaustive résumé of all that has
been accomplished by other authorities everywhere.

About one year ago, while this edition was in press, we amicably dis-
solved the professional association that had existed for six years, and
during which all our writings oh this subject had appeared. This dis-
solution of our business relations has not affected the present work
except so far as to delay somewhat its publication.

The success of the first edition of this work has far surpassed our
highest hopes ; and our belief is that it may have done something to
raise the standard of electro-therapeutics as well as to popularize it.
More than a year since, the work was translated into German by Dr.
Viter, of Prague, who has confirmed all that we have claimed in regard
to the efficacy of general electrization, and who has followed up the
translation by a series of elaborate articles, didactic and clinical, on
general electrization and central galvanization in the Algemeine
Wiener Zeitung.

The use of general faradization as a constitutional tonic in a
wide variety of affections is now well established and the effects
that we have claimed for it have been confirmed in full detail by com-
petent observers at home and abroad. This method of using electricity
has also attained a wide popularity, and its introduction into therapeu-
tics may be said to have marked a radical and important advance.

The section on Electro-physics is much enlarged. Observation has
‘convinced us that the one great defect in those who practise electro-
therapeutics is ignorance of the physical relations of electricity, From
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this source flow at least half the blunders, discouragements, and ill
success that novices in this branch so painfuily 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.

To 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 of
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 in many cascs 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.



.

PREFACE TO THE SECOND EDITION. X1

In the chapter on Apparatus we have endeavored to represent with
fairness and impartiality the best workmanship and the most recent
improvements. The fact of the superiority of continuous over separate-
coil Faradic-machines in the treatment of sensitive patients is here for
the first time brought out and emphasized.

A new chapter on General Suggestions has been added, in which the
attempt has been made to answer in detail the various practical queries
that so annoy the beginner in electro-therapeutics.

In the section on Electro-surgery the principles of galvano-cautery,
of ordinary electrolysis, and of the method of electrolysis of the base
have been described and illustrated, and in the clinical portions all varie-
ties of results have been presented from a very large experience in this
department, so that one may learn both what can be done and what
cannot be done by electricity in surgical diseases.

In the clinical part of electro-medicine a number of entirely new
chapters have been added, and all of the chapters have been recast.
The number of cases has been increased nearly twofold, the failures
and successes being fairly represented.

We may call especial attention to the chapters on Diseases of the
Skin, wherein, besides many other cases, are detailed the remarkable
results of central galvanization in chronic eczema and prurigo, and to
the chapter on Diseases of Children, in which are recorded the results
of experiments in the treatment of whooping-cough, marasmus, and de-
bility, and also the fact of the remarkable tolerance of childhood to
electricity. Since the publication of the first edition a number of excel-
lent works on nervous diseases have appeared, and for that reason, as
well as for lack of space, the systematic remarks on certain diseases
have, in this edition, been mostly omitted, save some special points
wherein our views differ from those generally adopted.

Although the work is considerably enlarged yet this enlargement is
due more to the addition of new matter than to the retention of old. If
there are any who object to the size of the work, who seek for short
and ready methods to the science and art of electro-therapeutics, who
despise and deride the physical and physiological relations of electricity,
and who suppose that he who has held two sponges on a patient has
compassed the whole of electrology, we can only reply that it is not for
such that this book was written, and we hope that nothing we may
write will encourage the increase of physicians of that character. The
id=al of every electro-therapeutist—certainly of every one who gives the
subject special attention—should be to become an electrologist, that is,
to be a master of electricity in its physical and physiological as well as
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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 two
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 research
to fully account for, if not to justify the annoying delay. ‘



PREFACE TO THE FIRST EDITION.

TuE object of this work is to present, in a compact, practical form,
all that is now known on the application of electricity to the treatment
of disease. The aim of the authors has been to combine their own
extensive and varied researches with localized and general electriza-
tion, and the labors of all other recent explorers in electro-therapeutics,
in a summary which should be at once practical and exhaustive, and
which should represent with strict impartiality all that has been really
accomplished in this department by every school, in every country, and
by all methods.

For this undertaking the authors have been prepared by an experi-
ence acquired in more than 10,000 applications of electricity in a wide
variety of morbid conditions, and by personal observation of the
methods and the results of the recognized leaders in this important
field of science.

For convenience of reference, and in order to avoid repetition and
confusion, the work is divided into Electro-Physics, Electro-Physiology,
Electro. Therapeutics, and Electro-Surgery. 1t is believed that by this
amangement the work will be more acceptable both to the majority
who seek to consult the distinctively practical portions, and to the few
who may desire also to investigate the subject of electricity in its
physical and physiological relations.

General electrization, which the authors were the first in the profes-
sion to systematically investigate, is here, for the first time, described
and illustrated in systematic detail of its modus operandi and its very
remarkable effects in conditions of debility.

The general differential indications for the use of the two cur-
tents and for the use of localized and general applications, we have
sought to distinguish and elucidate by logical deductions from the
known principles of electro-therapeutics, and, above all, from extend-
ed experimental comparison. The knowledge of electro-therapeutical
Inatomy, which is so essential for an intelligent electro-diagnosis in
therapeutics, we have endeavored to facilitate by concise and explicit
llustrations, The drawings for illustrations of the different methods

of electrization were made from photographs taken during the applica:
tions
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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 have 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 compactness, 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.

LElectro-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 tc
expericnce, 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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coveries. We have been not unmindful of the fact that statistical re.
ports of the results of any method of treatment, however conscien-
tiously prepared, must be at best incomplete, and to a certain extent
illusory. Therapeutics is always a subject of vast complications. It
1s probable that in some of the cases reported as absolute or approxi.
mate recoveries, nature and time, and in a few instances, perhaps,
other medicinal or hygienic treatment bore as large a share as the ap-
plications themselves. We have, however, endeavored to make all
proper allowances for the influence of these various factors; and in
the few exceptional cases where medicinal has been combined with
electrical treatment, the fact has becn mentioned, and cases of posi-
tive doubt have been excluded from consideration. For the study of
the special effects of electrical treatment, when used alone, we have
been peculiarly fortunate, since the vast majority of our cases had
abandoned medication before they were referred to our care. On the
other hand, it is indisputably true that some of the cases reported as
absolute failures, or as but slightly benefited, were kept from perfect
recovery by the indulgence of evil habits of hygiene ; and it is fully
probable that some of them, as well as of those reported as unknown,
appreciated the after results of the treatment and went on to recovery.
Still further, it is in every way probable that some of the failures might,
by greater perseverance on the part of the patients, have been trans-
formed into perfect successes.

It is believed that these various errors to a certain extent counter-
balance each other, and that on the whole our statistical reports fairly
represent, so far as they go, the legitimate results of the electrical
treatment. And yet it should be considered that the majority of the
cases represented in our statistics were both long-standing and pecu-
liarly obstinate, and there is ground for the belief that those who treat
milder and more recent cases by the same methods, will obtain a larger
percentage of success.

It will be observed that throughout the work these leading 1deas are
kept constantly in the foreground as the foundation principles on which
must rest the science of electro-therapeutics :—

1. That electrization, besides being merely a local stimulant, also
exercises an influence over general and local nutrition, at once unique
and unrivalled, and that entitles it to the highest rank among constitu-
tional tonics.

2. That the accepted system of making the applications exclusively
local is both illogical and inconsistent ; that in the use of electricity,
as of every other remedy, constitutional diseases should be treated
constitutionally.
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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
on conditions of disease the last appeal must be made, not to physics
nor to physiology, nor to pathology, nor to any @ priori reasoning what-
ever, but solely and alone to clinical experience.

To those who adhere to the long-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 both radical and erroneous, and especially so if they have
studicd 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
expericnce 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, as
well as some of the varieties of neuralgia—have not received in any one
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popular text-book the practical attention which their vast importance
in electro-therapeutics requires.

Scientific electro-therapeutics requires scientific diagnosis. He who
only knows how to apply electricity is not fit to do even that. Suc-
cessful results in electro-therapeutics can be and are obtained by the
most ignorant of charlatans, but to intelligently report these successes
or make them of value to science requires the best skill of the physi-
cian. Mere hand-books of electrical applications cannot be otherwise
than injurious to science. Other conditions being the same, the value
of reports of cases in electro-therapeutics is in direct proportion to the
accuracy and completeness of the diagnosis. For this reason it is that
electro-therapeutics is the most exacting and laborious of all the
special departments, for in a certain sense it trenches on and necessi-
tates a knowledge of all other departments.

In the strict sense of the word, therefore, the electro-therapeutist is
10 specialist, since his idea!—which of course he can but imperfectly
fulil—must be to know something of every department with which
electro-therapeutics brings him into relation. His ambition, like that
of Bacon, must be “to make all knowledge his province.”

Besides a thorough familiarity with the department of nervous dis-
eases, and especially with the recent methods of studying them by the
®sthesiometer, the ophthalmoscope, and by electricity, it is necessary
for the electro-therapeutist to avail himself of all the advances that are
made in the special departments of gynzecology, ophthalmology, otol-
ogy, laryngology, and dermatology, as well as general medicine and
surgery.

In respect to diagnosis we have ourselves been exceptionally fa-
vored, since the majority of our cases have obtained the opinion of one
or more acknowledged authorities in their respective departments.

That all the special views on the nature and treatment of the dis-
eases here mentioned should meet with universal acceptance, is more
than can be expected. Everywhere we tread on debatable ground.
In regard to the nature, the causation, the symptoms, the general treat-
ment, the divisions and the terminology of diseases, the choice of cur-
rents, the methods of applications, the relative merits of rival appa-
ratus,—in these and in many other subjects there is room for the
widest possible divergence of honest opinion among those whose abili-
ties and opportunities entitle their opinions to the highest respect.
On all these controverted themes we present nothing as a finality, noth-
ing which we shall not readily modify in the light of sufficient inductive
evidence.
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ELECTRO-PHYSICS.

CHAPTER L

A KNOWLEDGE OF THE PRINCIPLES OF ELECTRO-PHYSICS NECESSARY
TO THE ELECTRO-THERAPEUTIST—DEFINITION OF ELECTRICITY—
MAGNETISM.

L]

Electro-physics is the science which treats of electricity in its physical
relations.

No one can be a master in electro-therapeutics without also being a
master in electro-physics. Hence it becomes necessary, in a systema-
tic treatise on electro-therapeutics, to present the leading principles of
electro-physics, and to point out their practical bearings both on
electro-physiology and electro-therapeutics. This necessity is all the
greater because electro-physics is the branch of electrology that electro-
therapeutists are most of all disposed to neglect; and ignorance of this
department has retarded, and still retards, the scientific advance of
electro-therapeutics both medical and surgical. It is possible to make
happy hits in electro-therapeutics without knowing anything of electro-
physics or electro-physiology ; but on the average, and in the long run,
the best results will be obtained by those who to purely practical know-
ledge add a thorough mastery of the scientific relations of the subject.

Why discussed in a Practical Treatise like this.—The necessity of pre-
senting the leading principles of electro-physics in a practical treatise
like this is the more imperative from the fact that, until quite recently
at least, all, or nearly all, the text-books on physics in use in schools
and colleges have failed to represent the advanced researches and
generalizations of modern scientists in the department of electricity.
The old hypotheses, that electricity is a single or double fluid, still linger
in our centres of education, or yield the ground but slowly ; and even in
those works that are fully up to the times on this subject, the special

I
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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-therapeutics 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 great
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.

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 whick certain bodies
possess of attracting iron.  The bodies which are observed to have this
power are called magnets, and are divided into two classes—natural and
artificial. Natural magnets consist of iron ore or loadstone. Load-

.
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stone was first discovered in Magnesia, in Asia Minor, and hence the
name maguet was derived. The compass was introduced into Europe in
the twelfth century; but the Chinese are said to have been acquaintec
with it in the fourth century.

Artificial magnets are usually made of steel that has been magnetized
by the galvanic current or by other magnets. Steel bars that have
been thus magnetized may be either straight or bent. For convenience’
sake, they are usually bent in the form of a horseshoe.

All substances are more or less susceptible to magnetic influence, but
iron is more affected by it than others. Experiments illustrative of the
effects and power of artificial magnets are so familiar that they need not
be cited.

Polarity of Magnets.—The polarity of a magnet is that peculiar pro-
perty by which it manifests two opposite kinds of magnetism, that are
termed, relatively to each other, the north and the south pole. When a
magnetic needle is so suspended that it can move unimpeded in any
direction, one end points to the north, and the other to the south. If
the magnet be disturbed in any way, and forced temporarily out of
position, it at once and uniformly returns. P

Polarity is a quality that belongs not only to magnetism, but also to
other forms of electricity, and to light and the other great forces.

The poles of a magnet are always at its ends, for here the attractive
power is greatest. This can be demonstrated by a very simple experi-
ment. If a magnetic bar be rolled in a pile of iron-filings, it will be
found that these adhere to the bar most firmly and in ‘the greatest
quantity at and near its poles. The quantity that adheres is less as we
approach the middle of the bar.

Neutral Line.—In long bars there is always a place at the middle,
or near to it, where no filings are attracted. This space is variously
termed the nmeutral or magnetic sone, or magnetic equator, or point of
indifference.

Another familiar experiment is to pass an iron ball, suspended by a
string or thread, near to a magnet from end to end. It is observed
that the ball is attracted very little, or not at all, in the middle, but

v
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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 bar 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. 2.

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 @ magnet. These particles have their poles turned
in different directions, so as to neutralize each other.

Magnetization brings these particles round so that they 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 phenomena result from electricity in magnetic bodies.
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Between the behavior of electricity in animal bodies (animal electrl-
city), electricity in general (statical and dynamical electricity), to be
subsequently explained, and magnetism as here explained, there are
analogies so close and so consistent as to warrant the view that all are
but different manifestations of one force.

Magnetic Induction.—If a bar of soft iron is brought in contact
with or near to one of the poles of a magnet, it is attracted, and for
the time being becomes itself magnetic; and if it is brought near
enough to the magnet, it firmly adheres to it. A bar of soft iron thus
obtains by énduction all the properties of an ordinary magnet. It has
a north and south pole. It attracts iron-filings around these poles, just
like the regular magnet. If another piece of soft iron is brought in
contact with, or near to its poles, it is attracted and made to adhere,
just as it would do if applied to an ordinary magnet. Quite a number
of bars of soft iion may be made to adhere in the same way. But
when this bar, thus made magnetic, is forcibly removed from the per-
manent magnet to which it adheres, it instantaneously loses all its mag-
netic power, and the iron-filings or pieces of soft iron that have been
attracted by it at once drop off. Such a magnet is therefore styled
“temporary,” in contradistinction to the permanent magnets of steel.

If a bar of stee/ is brought near to, or in contact with a magnet, it
also becomes magnetic, and exhibits very different phenomena from
the bar of soft iron. In the first place, it becomes magnetic much
more slowly than the bar of soft iron, and displays less niagnetic
power. On the other hand, it does not, like the soft iron bar, lose its
attractive power as soon as it is removed from the magnet, but perma-
nently retains it.

The quality of steel by which it at first resists the attractive power
of magnets, and resists the dispersion of the magnetism which it has
once acquired, is called coercitive force.

The same phenomena are observed in regard to heat. Some bodies
that are quick to acquire heat, are quick to part with it ; and vice versd,
those bodies which, like iron, steel, and so forth, acquire heat gradually,
also part with it slowly.

It is by virtue of its coercitive force that Joadsfone permanently re
tains its magnetism.

The harder any steel is, the greater its coercitive force. Steel that
is soft has comparatively little coercitiveness, and when brought near
to, or in contact with a magnet, it behaves very much like soft iron.
Very hard steel, on the contrary, has so great coercitiveness that it is
only attracted by very powerful magnets.
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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 magnetism 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 magnetized, from the middle towards the end, and back again, and
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raised from the magnetized bar again at the middle. This method
communicates a strong, though sometimes irregular magnetism; it was
invented by Mitchell, and perfected by Epinus in 1758.

3. By separate Touch.—This method consists in putting two opposite
poles of two magnets of the same force in the middle of the bar that is
to be magnetized, and moving each of them at the same time toward
the opposite end of the bar. This operation is repeated several times
on both sides until the bar is magnetized.

The magnets may be held vertically or may be inclined.

The vertical method was first used by Knight in 1745.

4. By the Galvanic Current.—The bar to be magnetized is placed
inside a coil of insulated wire through which a galvanic current is run.
ning, and is then moved backward and forward, as in the method by
the double touch. )

5. By the Earth.—1It is clear that the earth is itself a magnet, for it
manifests strong inductive power. A steel rod becomes permanently
magnetic when it is held parallel to a dipping-needle. If a bar of soft
iron is held in the same position it also becomes magnetic, and much
more rapidly than the steel bar, but does not so long retain its magnet-
ism. If a soft iron bar, held in this position, is struck a few times by a
hammer, its magnetism, which was before temporary, becomes per-
manent. The blows of the hammer seem to impartin some mys-
terious way a coercitive force to the temporary magnet.

Large masses of iron, when kept in a stationary position for any
length of time, always give proofs of having been magnetized by the
earth. Tools in workshops are apt to become permanently magnetic
from the repeated hammering to which they are subjected. The mag-
netism of the loadstone is due to the silent but continuous inductive
action of the earth.*

Saturation Point of Magnetism.—The limit of the amount of mag-
netism that a magnet can permanently retain is called the goinf of satu-
ration. 1f any magnet receives more of magnetisin than it can perma.
nently retain, it gradually loses it or throws it off until it falls to the
point of saturation, when it ceases to lose any more. The saturative
point of any magnet depends on its temper and coercitive force.

Magnetism is very markedly influenced by temperature. When a
magnet is heated it loses its magnetic power in proportion as its tem-
perature rises ; when it cools it regains more or less of what it has lost.

* On this subject we may refer to the able pamphlet of Prof. Mayer on Z%e Zarth
a great Magnet,



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 Electricity. That which exists in the glass is called vitreous, or
positive, or + electricity. If a piece of sealing-wax be rubbed with
flannel it will atfract 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 #ilexrpor, 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 Tractatus 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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lodion, wool, dry hair, silk, shellac, ebonite, amber, feathers, chalk,
lime, dry gases, and aqueous vapor in a dry state.

The conducting power of metals may be lessened by heating them.
In nearly all other substances heat increases the conducting power.
Certain substances, such as feathers, wool, hair, and the atmosphere,
which in a dry state are non-conductors, become, when thoroughly
moistened, the best of conductors.

In this classification of all substances into conductors, semi-conduc-
tors, and non-conductors, reference is had only to frictional electricity.
Substances that are semi-conductors for frictional electricity are non-
conductors for galvanic electricity.

Frictional electricity may be obtained not only by rubbing, but also
by cleavage and pressure. When a piece of mica is cleaved, the two
plates which are separated exhibit opposite electricities, and a faint
light is observed when the cleavage is made in the dark. The light
that is seen when sugar-candy or loaf-sugar is broken, is accounted for
by the development of electricity through cleavage.

When a thin piece of cork is pressed against a slice of orange,
by insulating handles, one assumes a positive and the other a negative
electricity. The same phenomena may be obtained by cleavage and
pressure of very many other substances, and under diverse condi-
tions.

A conductor is said to be insulated when it is placed on some non-
conducting substance, so that the electricity communicated to it is pre-
vented from passing into the ground. Glass is one of the best non-
conductors, and is the insulating material usually employed in the con-
struction of electrical apparatus. It is hard, durable, and easily ob-
tained, and, could its surface be kept always dry, would be surpassed as
an insulator by no material. Infrosty and dry weather it acts very well ;

but when the atmosphere is at all damp, it becomes coated with a layer
of moisture, which very much impairs its insulating power.

A much superior insulator to glass is ebonite, a preparation of vulcan-
" ized india-rubber, that of late has been much used.

Discovery of Electric Conduction.—Electric conduction was discov-
ered by Stephen Grey in 1729. He found that when a wire 700 feet
long, and hung on loops of silk, was connected at one end with a glass
tube, and the tube was rubbed, the other end of the wire was electri-
fied and attracted light bodies. When wire-loops were substituted for
the silk-loops, the electricity passed off through the wire. Hence origi-
nated the distinction between énswlators and conductors.

Loss of Electricity.—All electrified bodies lose electricity more or less,
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however carefully they may be insulated. Tuoere are two reasons for
this :—

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

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

In 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, acls on bodies placed near to it just as the
magnel acts on soft iron ; il attracts the opposite

- — 4 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, 4 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 haie seen that a body may
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be charged with electricity both by conduction—actual contact—and
by induction at a distance. In conduction, the first body loses a part
of its electricity; in induction it does not. In conduction, the elec.
tricity given to the body is the same as that which gives it; in induc-
tion, it is of the opposite kind. In order to impart electricity by con-
duction, the body must be insulated ; to impart electricity by induction,
the body must be for the time in connection with the earth. Bad con
ductors are acted on by induction slwly, but retain their electricity
longer ; just as steel which is slowly magnetized becomes a permanent
magnet, while soft iron, which is rapidly magnetized, soon loses its
magnetism. There is a limit to the conductive capacity of every elec-
trified body ; when this limit is reached, it ceases to have any effect on
the second body.

Distribution of Electricity.—It is evident that the greater the surface
over which electricity is diffused, the less is its power or intensity at any
given point.

Electricity does not penetrate to the interior of metallic conductors, but
diffuses itself over the surface.

Experiment proves this. Let a brass ball be charged with electricity,

FiG. s.

and suspended by a silk thread, and then covered with two hemisphen-
cal surfaces of brass, which exactly fit it. When the hemispheres are
withdrawn, it will be found that they are charged with electricity, which
has been entirely taken from the brass ball.

Faraday illustrated this truth by a beautiful and original experiment
with a conical bag of cotton gauze, around the opening of which an in-
sulated ring was attached. The bag was held distended by means of a
silk thread attached to the apex, and then charged. By the proof-plane,
he found that the charge was wholly on the outside. The bag was
then turned inside out by pulling the thread the other way, when it was



12 ELECTRO-PHYSICS.

found that the electricity had changed sides, and lay w4olly on the

outside.

Density.— The quantity of electricity on a given surface at any mornena
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.

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. Zhe ftendency 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.

Electric Machines.—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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The human body may be charged with electricity by sitting on an
insulating stool and touching the conductor of an electrical machine.

When the body is thus charged, the hair diverges, a peculiar scnsa.
tion is felt in the face, and if any other person standing on the giound
touches one so charged, he receives a spark, with a crackling sound
and a pricking sensation.

Electrophorus.—The electrophorus, invented by Volta, in 1775, con-
sists of a metallic mould, filled with a mixture of shellac and turpentine,
and a movable metallic cover that is provided with a glass handle.
The surface of the shellac is negatively electrified by beating it with a
cat’s fur or fox-tail. The cover is then put on, and by contact be.
comes negatively electrified, and gives to the finger a slight spark of
negative electricity. If the cover be now removed by its insulating
handle, it gives positive electricity to whatever touches it. This posi-
tive electricity it acquires not directly from the shellac, but by inductive
action through the air.

Gold-Leaf Electroscope—By this instrument we are enabled not
only to detect the presence, but to determine the kind, of electricity
that may exist in any body.

Fig. g represents Bennett’s electroscope. B is a tubulated glass

FiG. o

shade, enclosed at its lower end by a metallic cover, by means of which
it communicates with the ground. A metal rod, fitting in the tubule of
the shade, terminates at its upper extremity in a knob, C, and at its
lower extremity it holds two narrow strips of gold leaf. On the inside
of the shade are two st-ips of gold leaf reaching to the metal cover
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When in this state,—the two coatings being oppositely electrified,—
the jar is said to be charged ; and a disckarge takes place when a com.
munication is established between the knob and the outside coating,
the equilibrium being restored with a bright flash of light and a sharp
report.

As the human system is a good conductor, this discharge may take
place through it, by grasping the outside coating with one hand, and
touching the knob at the top with the other ; or several persons may
form a line by grasping hands, the one at one extreme touching the
outside coating, while the one at the other extreme touches the knob.
All will feel the shock, as it is called, at the same instant. While the
jar is receiving the charge, it must not be insulated ; that is, the outside
must communicate with the earth. As the positive fluid collects on
the inside, the outside becomes negative by the expulsion of the posi.
tive fluid naturally in it, and the accumulation of the negative fluid in
its stead, drawn from the earth. But if the outside is insulated, these
transfers to and from it cannot take place, and therefore the jar cannot
become charged.

A submarine cable is really a vast Leyden jar. The wire constitutes
the interior coating, the water the exterior coating, and the gutta-
percha the insulator between them. On this account the passage of
an electric current through a submarine cable is greatly retarded.

History of the Leyden Jar.—In October, 1745, a bishop of Cammin,
in Pomerania, Von Kleist by name, passed through a cork in the neck
of a flask an iron nail connected with an electrical machine. The flask
contained mercury or alcohol. On touching the nail, Von Kleist re-
ceived a severe shock. In January, 1746, Cuneus, Allamand, and
Musschenbroek passed a wire from an electrical machine into a flask
filled with water. Musschenbroek held the flask in his right hand, and
when a turn was given to the machine, he received a spark from the
conductor with his left hand.

The spark was so terrible that he declared he would not receive
another like it for the French crown. He observed what Kleist did
not, that only the person who Aeld the jar received the shock. In this
experiment the Zand of the observer corresponded to the outer coating
of the ordinary Leyden jar. He was the most scientific of the three
Leyden philosophers who have given the name to the Leyden jar,

The theory of the Leyden jar, and apparatus similar to it, was given
by Franklin in 1747. In the same year Watson, Bishop of Llandaff,
sent a discharge from a Leyden jar through 2,800 feet, and subsequently

through 10,600 feet of wire.
2
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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,



CHAPTER IIL
GALVANISM, OR VOLTAIC ELECTR.CITY.

UNDER the general term Dynamical Electricity is included the elec.
tricity which arises, firs#, from chemical action—especially from tha!
attending the dissolution of metals—called galvanism or woltaic elec.
tricity ; secondly, from induction by currents or magnets, called
induced electricity, electro-magnetism, or magneto-electricity ; thirdly,
from heat, called thermo-electricity. These varieties are called dynam-
ical electricity, signifying electricity in motion as distinguished from
frictional or statical electricity, which denotes the electrical condition
of bodies in which electricity remains insulated or stationary. Strictly
speaking, these terms—dynamical and statical—are applicable to both
branches of the science ; for if the poles of a series of galvanic batteries
are insulated, they manifest, before the current begins, the electric
tension of a friction machine. Again, the characteristics of the gal-

" vanic current are manifested slightly in the series of discharges which
are transmitted in a wire connecting the prime conductor of a machine
in action with the ground or other negative conductor.

Nature and Definition of Force and its Relation to Matter.— Force is
that which produces motion. It is itself a primary motion and cannot
be defined. Matter is a collection of centres of force called atoms.
Molecules are collections of atoms. A molecule is the smallest particle
into which a body can be divided without losing its identity.

The molecules of a gas are in rapid and continuous motion, and the
relative velocities in different gases has easily been determined. These
motions and velocities are the result of the forces of which matter con-
sists. It must be similarly true of liquids and solids : force and motion
are the bases of their constitution. Indeed, without force matter would
not exist at all, for matter is simply an aggregation of centres of force.

Ponderable Matler is a form of force which our senses recognize.
Ether pervades all matter and all space, but it is not recognized by
s=nse, and yet it is none the less a manifestation of centres of force.

. Electricity compared with other Forces.—If force be added to matter
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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 both.
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-
tation. The condition for the generation of electricily by chemical action
appears to 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 Battery 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 @ 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. Thisis 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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end of the electro-chemical series than any other common and cunve-
nient metal. Potassium or sodium would be the beau ideal of the negative
metal, but they are not convenient or practicable. Any metal or con-
ductor which is not acted on by the fluid in which it is inmersed may
occupy the other place in the couple.

All modern research tends toward the conclusion that the different
forms of electricity which we variously distinguish as magnetism, Frank-
linism, galvanism, electro-magnetism, are but expressions of one force,
which force is, as we have seen, but a. mode of motion of the universal
ether. Veryrecently a European physicist has estimated the electro-
motive force of Holtz's machine, and has expressed it in a mathematical
form, so that it may be compared with the ordinary galvanic batteries.

In the present chapter we shall speak of the form of electricity that
is generated by chemical action—galvanism or voltaism. Analogy and
experience make it more than probable that a// chemical action whatso-
cver is attended with the evolution of electricity ; and reasoning still
further we may believe that all molecular disturbance, however excited,
must give rise to electrical disturbance. The play and interplay of
electrical phenomena are incessant and infinite ; electrical force, like
light and gravity, is everywhere being generated and everywhere acting.
If we are unable to detect the electricity generated by chemical action
only under certain conditions, or when generated in comparatively
large quantities, it is because of the imperfections of our knowledge and
the want of sufficient refinement in our apparatus for collecting and
measuring electricity.

As a matter of experience it is found that chemical electricity is most
conveniently generated by the reactions that take place between two
metals and some acid solution, and as a matter of convenience and
economy zinc is the metal at the expense of which the electrical force
is evolved, the other metals acting merely as conductors; but the
combinations that are actually employed by physicists are but a fraction
of those that are possible and conceivable.

Every year new batteries and modifications of old batteries are de-
vised, but all of them are based on the general principle that chemical
action of any sort whatsoever is attended by the evolution of electri-
city.

We present below brief descriptions of some of the principal batteries
that are now in use. All, or nearly all of them, in their original shape,
or under various modifications, are used in electro-therapeutics. We
shall not attempt to exhaust the list, but to illustrate those that are best
known, most useful, and are most thoroughly representative. Those
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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 circuit must be formed, around ‘which the electricity may flow.

The clectricity 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 closed ; when they are separated, it is said to be broken, 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 compound circles the electricity always moves ## the liquid of the
battery from the zinc to the copper; and out of the liquid, from the
copper to the zinc. This should be remembered, since the ziNC is
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called the clectro-positive element, although out of the liquid it is nega
tive; and, consequently, in the decomposition that occurs in the
battery, that element which goes to the zinc pole is called the electro-
positive element, being attracted by its opposite force; while the
element going to the copper is called, for the same reason, the electro-
negative—a current from two liquids and one metal.

Two liquids and one metal can also produce a circuit as well as one
liquid and two metals. Becquerel's oxygen battery (pile 4 oxygéne) is
one of the best arrangements of this kind. The current is produced by
the action of caustic potash on nitric acid, platinum forming the con-
ducting arc.

Homogeneity of the Galvanic Circuit.—In frictional electricity there
are points which form the seat of 4 or — electricity. On the con-
trary, in a wire where a galvanic current is circulating, there are no
such points. It has no power, like frictional electricity, to attract or
repel objects. The wire feels and behaves no differently when the
current is passing than when it is not. The wire conducts so much
better than the air that the current follows it. Its force is the same at
every point, in the battery or in the circuit. Making interruptions in
it at different points, and sending currents through solutions of sulphate
of copper, the same amount of copper is deposited at each of the
places where the interruption is made. If we connect the several
breaks by pieces of platinum wire, each wire will be heated to the
same temperature, '

In short, the magnetic-heating and chemical and other efects of the
current are the same at every point in the circuil.

Polarity of the Circuit.—If the wire in which the current runs be
cut or broken at any point in the circuit, the current ceases to flow—
that is, ceases to be dynamic, but at the two cut ends there is statical
electricity, One end of the cut wire will be charged with + and the
other with — electricity. The amount of this statical electricity will
depend on the original strength of the current before the interruption
was made.

By the condensmg electroscope it can be shown that each end of
the cut wire is charged with an opposite electricity, and the amount of
this can be estimated. If we take away any part of the wire entirely
from the circuit, the piece of wire taken away is out of the circuit en-
tirely ; but if the ends of the wires at each point of interruption be
dipped in a fluid that is decomposed by the current, the circuit will be
again completed, and it will be found that the part of the wire that 18
taken away has opposite electricities at the ends.
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Similarly, also, the solution in the battery and the metals themselves,
like the connectiug wire, are + at one end and — at the other. The
circuit throughout consists of + 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. Glucinunm.
Chromium, Copper. Magnesium.
Vanadium. Uranium. Calcium.
Molybdenum. Bismuth. Strontium.
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Tungsten. Tin. Barium.

Boron. Indium. Lithium,
Carbon. Lead. Sodium.
Antimony. Cadmium. Potassium.
Tellurium. Thallium. Rubidium.
Tantalum. Cobalt. Caesium.
Columbium. Nickel. Positive end +.
Titanium, Iron.

Each atom of any of the substances in this list is positive to any
atom of any substance above it, and negative to any one below it
These distinctions are therefore purely relative.

Thus, for example, copper, when associated in a galvanic pair in the
proper fluid with any one of the elements below it, generates positive
electricity and becomes electro-positive, but when associated with any
one of the elements above it, becomes electro-negative.

The more electro-negative any one of the elements in this series is
to a given element, the more intense will be the current generated
when they are united in a galvanic pair. For example, the current
generated by zinc and copper is feebler than that obtained from zinc
and platinum, and the current is less when carbon is substituted for
the platinum. The order in the above arrangement is, however, by no
ineans absolute. The relative position of the metals depends fre-
quently on the liquid in which they are immersed. Thus silver is —
toward lead in a solution of dilute sulphuric acid, while in a solution
of cyanide of potassium it is 4+ toward it.

Amalgamation.—If pure zinc is immersed in dilute sulphuric acid
no change is manifest, while ordinary commercial zinc is quickly dis-
solved by it. The action of the dilute acid or zinc is due to the im-
purities of iron or lead which it contains. These impurities are electro-
negative toward zinc, and they cause local currents of electricity.
When the battery is closed, these local currents interfere with the
action that produces the main current; when the current is open, they
may still keep up their action, as is evidenced by the bubbling up of
the gases, and thus the zinc may be in time destroyed.

Now, local action in a single battery cell, arising from the above
cause, not only consumes the power of that member, but reduces the
energy of the whole series. In order to avold this evil, resulting from
. local action, it is necessary that the zinc plates be amalgamated with
mercury. The amalgamated surfaces are reduced to one uniform
electrical condition, like pure zinc, and will remain in the fluid for any
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length of time unacted on, until connected with the electro-negative

element.
At the present time all inproved batteries are constructed with amal-

gamated zinc.

How to amalgamate Zinc.—To amalgamate zinc, first inmerse it in a
solution of dilute sulphuric acid of almost any strength, so as to clean
the surface ; then dip it in mercury, or pour mercury over it, and rub
it on with a brush or sponge or cloth. The mercury will spread very
rapidly over the surface of the zinc, and give it a bright, mercury-like
appearance.

The art of amalgamating zinc is of great practical importance to the
electro-therapeutist, since nearly all the batteries in common use have
zinc for one of the metals. Amalgamated zinc was first used for gal-
vanic batteries by Kemp, in 1826.

Chemical Action the Origin of the Current.—When the electrically
opposite metals—zinc and platinum, for example—are dipped in acidu-
lated water and 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 acid and forms sulphate of zinc. The hydrogen of the
water escapes in the form of gas at the platinum. e result of this
chemical action is a current of electricity. ‘The zinc (the electro-
negative element) dissolves, and the quantity of electricity generated
is proportioned exactly to the quantity of zinc dissolved.

It had been supposed by Volta and his followers that simple contact
of the metals 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 ckemical 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 twa
different metals, When zinc and platinum are dipped in water, the
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positively charged atom will turn toward one metal and the negative
toward the other; but as long as the metals do not touch each other
the equilibrium is at once restored, and there is no current. The free
ends of the metals are in a state of electric tension, and are capable
of discharging themselves into a condenser or Leyden jar. When the
metals are made to touck each other, or are connected by wires, they are
relieved of their charge, and again become charged ; then again relieve
themselves, and so on indefinitely. There is no equilibrium established,
but a constant effort to establish it, which never succeeds. This con-
stant effort to establish an equilibrium keeps up the current.

Electricity @ Mode of Motion.—Although, for the sake of conve-
nience, we speak of electricity as a current flowing in certain direc-
tions, after the manner of a river, yet, as we have already said, we
should not thereby be led into the error of supposing that the elec-
tricity is a real fluid flowing through different substances, or from one
substance to another.

Electricity is a disturbance propagated in the Molecules of a body,
and af the same time in the Ether pervading that body.—The theory that
light was caused by the emission of particles from the sun was aban-
doned long ago ; and now the theory that light consists of undulations
of ether is considered to be as impregnable as the theory of gravitation.
Similarly we may believe that electricity consists of movements of a
different kind from those of light, but which is variously modified in its
manifestations by the substances through which it circulates.

The impulse or movement that constitutes what we call the current
may be regarded as simply a mode of motion.

Polarity of Electricity.—Polarity, or properties im opposite directions,
is not peculiar to electricity. Light and heat may also be polarized,
and chemical attractions and repulsions are likewise manifestations of
the polar qualities of atoms. We may gather a definite idea of the
nature of electricity and the character of the so-called ¢ current” by the
following illustration : Let a tube be filled with balls, all of which are
attracted to each other. If the first ball is turned round on its centre,
it will turn in a similar way the next ball, and so on through the whole
series. There is here no progress of a material current, but simply a
motion.

If the motion is rapidly repeated through the attempt of clectricity to
find an equilibrium, we have what we call an electrical current.

Electricity convertible into the other Great Forces.—We see in this
section on electro-physics many illustrations of the transformation of
one force into another. If we start with heat, we find that it pro-
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duces e.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.

Fi1G. 12

va.dc battery, is composed of two or more simple galvanic circles. They
are so connected together that the copper of one battery is joined to
the zinc of the next, and so on throughout the series. By combining
together a number of cups, such as are represented in Fig. 12, we form
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an excellent compound circuit. Each cup contains a zinc and a copper
plate, which are connected together as described above. By examining
this arrangement, it will be seen that one extreme of the series is cop-
per and the other zinc. If these two extremes or poles are connected
by a copper wire, the current will flow in the direction of the arrows,
both through the series and over the wires.

Derived, or Partial, or Branch Currents.—When a current in its
passage through any conductor meets with different qualities of resist-
ance, it subdivides into various branch currents. In Fig. 13 the cur-
rent goes from the elements through the wire 7, g, g, #,m ; but if a

FiG. 13.

second wire, #, x, ¢ be interposed, the current will divide at g, #,
part going by way of g and part around through &, n. The divided
currents which go through the wires are called derived or partial cur-
rents. If, instead of one or two wires, a large number were interposed,
the current would subdivide itself as many times as there were wires,
part going through each wire.

In thus dividing into derived or partial currents, two laws are
obeyed :

1st. The sum of the strength of the divided current is equal to the
strength of the principal current. If (in the figure) the strength of the
current g, g, nis 40, and g, x, # is 6o, then the strength of the prin-
cipal current in 7, g, before division, is 1o0.

2d. The strength of the currents in the divided parts is inversely
as the resistance in those parts. This law supplements the first. Re-
sistance is directly as the length and inversely as the diameter.

If the derived wires are of the same length and diameter as the prin-
cipal wire, then the current will divide into equal parts between them.
If the derived wires are of the same length as the principal wire, but
of unequal diameters, the current will divide unequally, according to
the diameter of -each wire. The law may be illustrated by thinking of
the course that rivers pursue when they are subdivided or split up into
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deltas. The quantity of water that flows through all the subdivisions
or deltas would be equal to the quantity that flowed through the main
stream before the divisions took place. If the subdivisions are of dif-
ferent sizes, the deepest and widest will convey
the most water.

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

Description of Galvanic Batteries.—Under this
head may properly be included, first, a description
of the voltaic pile, which was constructed by Volta
in 1799, and became known in England in 1800.
The apparatus consists of a number of disks piled
one above the other. The arrangement is in the
following order: A disk of copper is placed on a
frame of wood; a disk of cloth, moistened by
acidulated water, is then placed on the copper,
and then a disk of zinc on the cloth completes
what is called the voltaic couple. A series of
such couples constitutes a voltaic pile—the ter-
minal copper being the positive and the terminal
zinc the negative pole.

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

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

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

Fi1G. 14.
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" ment, keeps the surface of the platinum or carbon free from hydrogen,
and thus prevents the weakening of the current.

Dr. Byrne, in his galvano-cautery battery (to be described in the sec.
tion on Electro-surgery), has availed himself of this depolarizing power
of mechanical agitation, and has thus succeeded in obtaining a great and
enduring quantity of electricity from a comparatively small surface.

On the same principle we explain the fact that lifting the metals out
of the liquid for a moment or two at once increases the strength of the
current. While in action, the hydrogen accumulates on the platinum ;
by removing the metals from the liquid an instant, the hydrogen escapes
and the battery is as good as ever.

2d. By the use of fwo liquids. The cells of Grove, Daniells, and
Bunsen, to be hereafter explained, are constructed so as to avoid polari-
zation of the metals.

Polarization of Electrodes and Currents of Polarization.—The elec-
trodes that convey the current through acidulated water also become
polarized.

Oxygen covers the positive and hydrogen the negative electrode.
Hydrogen being electro-positive, and oxygen electro-negative, these
two gases act like two metals, and if the current of the battery be bro-
ken and the two films of oxygen and hydrogen are connected metalli-
cally, an electric current is obtained, just as a current is obtained
between zinc and platinum. In the liquid the current flows from the
film of hydrogen to the film of oxygen. Two electrodes covered in
this way with films of gas are called polarized, and the currents gene-
rated by these are called the currents of polarization. These currents
of polarization are always in a direction opposite to the main current,
and tend to interfere with and weaken it. This polarization of the
electrodes takes place more or less in all applications of the galvanic
current. One evidence of this is the discoloration of the electrodes
that are employed in electrization after long use. To meet this difficulty
unpolarizable electrodes have been devised. These will be described
under Electro-therapeutics.

Secondary Piles and Gas-Batteries.—If a series of plates of plati-
num, with moistened cloths between them, be connected with the poles
of a battery, the gases (oxygen and hydrogen) resulting from the decom-
position of the water accumulate in films on the platinum. If now the
series be separated from the battery, it will itself, through the action
between these films of gases, generate a current. A pile thus formed
i called a secondary pile. It was discovered by Ritter. The gas
battery of Grove is constructed on the same principle. The gases are



32 ELECTRO-PHYSICS.

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, doudle and single cell.
Doublecell Constant Batteries—The current produced by elements
with a single liquid becomes rapidly enfeebled, because of the polariza-
tion. This polarisation 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
curreat,

Daniells Battery.—Fig. 15 represents a

, single cell. V is a glass or porcelain vessel

Fic. 15. 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 7, 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
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cither of the elements. No such deposit occurs in this battery, hence
the current is constant.

Order of the parts in Daniell’s sulphate of copper battery: 1st, zinc;
2d, sulphuric acid; 3d, porous cup; 4th, sulphate of copper; sth,
copper.

Reaction.
Zn 4+ H, SO, + CuSO, = Zn SO, + H, SO, + Cu

The current obtained from this battery will flow with undiminished
strength for hours, and, in fact, is superior to all its fellows in con-
stancy. Daniell's battery was invented in 1836. The modifications
of Daniell’s battery are quite numerous; among them we may men-
tion those of Hill, Siemens-Halske, and Muirhead.

Grovds Battery.—This battery differs from Daniell’s mainly in the
substitution of a nitric-acid for a sulphate-of-copper solution, and pla-
tinum for copper, by which increased electro-motive force is obtained.
In Fig. 16, A represents a glass vessel containing dilute sulphuric acid,
Z a cylinder of zinc open at both ends, and V a porous pipe-clay vessel
partially filled with nitric acid. P is a plate of platinum, with a cover,
C, which rests on the porous vessel when the platinum is immersed in
the nitric-acid solution ; & and a are binding-screws, which connect re-
spectively with the platinum and zinc.

In this arrangement a double reaction occurs between the zinc, sul-
phuric acid and nitric acid, giving as a result, sulphate of zinc, water and
nitrogen dioxide, which is disengaged, and by contact with the air be-
comes nitrogen tetroxide. The reaction in Grove’s nitric-acid battery
is as follows : 1st, zinc; 2d, sulphuric acid ; 3d, porous cup ; 4th, nitric
acid; sth, platinum.

Zn, + (H,SO,), + (HNO,), = (Zn SO,), + N0, + (H,0),

0 N,O, + O, = N, O, by contact with the atmosphere. Force
aust be lost by the evolution of these nitrous fumes. Prof. Wolcott
Gibbs, of Cambridge, has discovered that a small quantity of bichromate
of potash in the nitric-acid cup of Grove's battery acts as a deodorizer
by taking up the disagreeable nitrons acid fumes. Thus one of the
most serious objections to the use of this battery is removed.
Grove's battery was invented in 1839. It is very powerful, and is

3
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much used in telegraphy. It has also been employed in galvano
cautery.

FiG. 16

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

FiG. 17.

F is a vessel of glass containing dilute sulphuric acid. Z, a cylinder
of amalgamated zinc. V, a porous vessel partly filled with ordinary
nitric acid ; and C, a bar of carbon or coke. The zinc is first placed
in the vessel F, after which the porous vessel V, into the nitric-acid
solution of which the carbon C has been immersed, is inserted into the
zinc cylinder. The binding-screws m and n are respectively the posi-
tive and negative poles. The elements are arranged in the forn of 2

\
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compound battery, by means of the clamp m 7, and a rod connecting
the carbon of one cell with the zinc of the following.

Bunsen's Bichromate Battery.—In this battery a solution of dickro-
mate of potash—one part to twelve parts of water—is placed in the
porous cup.

The order of the parts in Bunsen’s Bichromate Battery is as follows :

1st, zinc; zd, sulphuric acid; 3d, porous cup; 4th, sulph. acid and
bichromate of potash ; sth, carbon.

Reaction.
Zn, + (H, SO, + K, Cr, O, + (H, S0)),
= (2a SO,), + K, Cr, (SO,), + (H, O),

Chrome-alum, sulphate of sinc, and waler, are the products. The office
of the porous cup is to keep the bichromate of potash from the surface
of the zinc, and thus more uniformity and constancy of action is attained.

While the action of Bunsen’s battery is the most energetic of all the
constant batteries, and while the first cost is less than Grove's, it is yet
more expensive to work and more inconvenient to manipulate. Bun-
sen’s battery was invented in 1843.

Walker's Single-cell Zinc-carbon Battery.—In this battery cardon
is substituted for the platinum of the Smee battery, and the solution
used is composed of bichromate of potash, sulphuric acid, and water,
the same as in Bunsen’s battery. The carbon is usually the pressed
and baked graphite of the gas-works. There is considerable differ-
ence in the quality of the carbon as sold in the market; the more
thoroughly it is pressed and baked, the better it will be. Carbons that
are poorly prepared, or that contain impurities, easily become soaked
with fluid and the salts of the solutions, and also generate local currents
that interfere with the main current. Sometimes the carbons are
platinized, that is, covered with finely-divided platinum, as is the silver
in the Smee battery. The proportion of the solution used in Walker's
battery is as follows :

Sulphuric acid,
Bichromate of potash,8&.....0000. %1
Water ....... teecrecsessensees  3Xij.

The reaction is the same as in Bunsen’s Bichromate Battery just de-
scribed.

To prepare this mixture, add the sulphuric acid to the water, and
when this is cool, add the bichromate of potash well pulverized. Do
not immerse the elements in the fluid until it is perfectly coo/, for when
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hot the fluid saturates the carbons and removes the amalgam from the
zinc, 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 im 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 Stéhrer, 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 out 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-
comes very hot. The explanation of this is, that in mixing, the atoms of the waterare
awracted to the atoms of the sulphuric acid ; in other words, wor# is dose. 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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The chemical action of this battery is more rapid than that of the sul.
phate of copper battery, because platinum is more positive than copper,
whose place it occupies in the sulphate of copper battery. The dis-
engagement of the hydrogen is effected by mechanical means, but there
must be a large loss of force in changing hydrogen to a gaseous state,
precisely as force is lost in changing water to steam.

The object of corrugating the platinum plate, or making it into folds
or furrows, is to give greater surface. The object in covering it with
finely-divided platinum is to roughen the surface so that the hydrogen
will not adhere. It is customary in using the battery to keep about
half a tablespoonful of mercury in the bottom of the cup, in order that
the zincs may be all the time well amalgamated. Care should be taken,
in the preparation of this battery, to prevent
the mercury from collecting on the platinum
plate. If by any carelessness it does get
on the platinum plate, it will turn it to the
color of mercury, and will weaken or destroy
the force of the battery. In this battery
more or less action goes on even when the
connections are not made ; this is evidenced
by the formation of sulphate of zinc at the top
of the metals after they have been long im-
mersed. It is therefore an advantage in using
the battery to keep the elements ou# of the so-
lution when not needed. If kept constantly
immersed, like Daniell’s battery, it very soon Fic. 18.
loses its power and becomes thoroughly incrusted with sulphate of zinc.

Leclanché s Battery.—During the past few years, this battery has
attracted great attention in Europe, both among telegrapkists and elec-
tro-therapeutists. The great advantage that is claimed for it, where it
is not used too long at a time, is that it is far more constant than any
other battery yet invented. The battery was devised by Leclanch¢, a
Frenchman, in 1868, and bears his name. A Leclanché cell consists
of, 1st, a cylinder of zinc in a concentrated solution of chloride of am-
monium ; 2d, a rod of carbon, packed with powdered carbon and na-
tive peroxide of manganese in a porous cell. The whole is closed with
a cover. The chemical changes that take place in a Leclanché bat-
tery are these : Chloride of ammonium is decomposed, chlorine com-
bining with the zinc, hydrogen being absorbed by the oxygen of the
peroxide of manganese, and ammonia being liberated. The ammonia
is absorbed by the water, but in process of time the water becomes



40 ELECTRO-PHYSICS.

ducting wires. As the ocean furnishes the exciting fluid, it needs no
replenishirg. It was hoped that a battery of this kind might be of
sufficient strength to furnish an electric light for lighthouses. T his
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 is
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.
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This is a very trustworthy method of measuring currents and of
comparing batteries. If we wish to ascertain how one battery com-
pares with another in strength, or whether a battery has weakened by
use or long standing, or whether the strength is sufficient for a power-
ful electrolytic operation, the voltameter will give us precisely the infor-
mation we seek.

Galvanometers.—A galvanometer is an instrument for indicating the
presence and direction of a current, and for measuring its strength,
There are severu varieties of galvanometers, but all are constructed on
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ments. It consists of a copper vessel, enclosing a solution of sulphate
of copper, a zinc plate, or a sheet of copper folded over a piece of
zing, so as to have otk faces of the zinc exposed to chemical action,
and so increase the quantity of electricity. The two objections to the
battery are, that it is not constant, and the metals must be kept out of
the solution except when in actual use, and that the zinc becomes
rapidly corroded with a deposition that weakens the force of the bat-
tery. This deposition must be constantly cleared and scraped off, if -
we would keep up the strength of the current.

The order of the parts in the sulphate of copper battery, single cell,
is as follows : 1st, zinc; 2d, sulphate of copper; 3d, copper.

Reaction.
Zn + Cu SO, = Zn So, + Cu

In this battery any local action on the zinc will deposit metallic
copper in the form of a black powder upon the zinc, or an oxide of
copper, which forms a covering on the surface of the zinc.

For this reason the zinc must be amalgamated or else frequently
cleaned. Sulphate of copper must be frequently added, so that the
battery shall be charged with a saturated solution of that salt ; but care
must be taken that the solution of sulphate of zinc does not approach
saturation.

The necessity of frequently cleaning and scraping the zinc in this
battery is a most serious disadvantage, and on that account mainly it is
not to be recommended to the electro-therapeutist.

Water Battery.—If a large number of cylinders of zinc and copper
be immersed in water in glass jars, and are properly protected from
light and dust, a current of electricity will be produced. A battery
of 130 pairs causes the gold leaves of the electroscope to diverge, and
1,200 pairs gives a strong shock. A battery of 2,000 or 3,000 pairs is
very powerful. Batteries of this kind have been constructed by Crosse,
Noad, and Gassiot.

These water batteries will keep their power for years, provided water
is supplied to them to make up for the loss from evaporation. They
take up a large space, and, on account of the great resistance of the
water, give but a small quantity of electricity. For these two reasons
they offer no advantage for medical use.

Marine Batfery.—A sea-water or marine battery has been constructed
by Duchemin, of France. A cylinder of carbon and zinc, attached
to a cork, is put into the sea, and connected with the shore by con.



40 ELECTRO-PHYSICS.

ducting wires. As the ocean furnishes the exciting fluid, it needs no
replenishirg. It was hoped that a battery of this kind might be of
sufficient strength to furnish an electric light for light-houses. This
hope, so far as we know, has not been realized.

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

Galvanometers.— A galvanometer is an instrument for indicating the
presence and direction of a current, and for measuring its strength.
There are severd varieties of galvanometers, but all are constructed on
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the same general principle—a magnet freely hung so as to be deflected by
the passage of a current through a coil of insulated wire. Galvanom
eters with a long coil—sometimes called * fension” galvanometers—
are used to measure circuits of large resistance. Galvanometers with a
short coil—sometimes called “quantity” galvanometers—are used to
measure circuits of small resistance. The explanation of this difference
will appear in the chapter on Ohm’s Law.
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Astatic Galvanometer —This form of galvanometer is used either to
detect the simple presence of a current, or to measure the strength of a
weak current. Let A and B, Fig. 20, represent two needles of about
equal strength, having the same axis, and having their poles reversed
in reference to each other. The needles will settle a very little in the
meridian, from the fact that one of them is very slightly more highly
magnetized than the other.

Cis an insulated wire, bent around the lower needle several times.
When a current is passed through this wire, the needles will be influ-
enced to turn in the same direction. In this way the passage of the
most feeble current may be detected. In connection with a thermo-
electric pile, this instrument is capable of indicating a change of tem-
perature of only a very small fraction of a degree. Galvanometers
which have a long resistance coil, and in which a branch resistance coil,
or “shunt,” as it is called, is interposed, may be used to measure
strong currents (see chapter on Ohm's Law), and are therefore con-
venient in comparing batteries. A galvanometer of this kind that we
employ will be described under electro-therapeutics.

Thomson’s Reflecting Galvanometer —Sir William Thomson has done
much to advance the science of electrology by the construction of
his reflecting or mirror galvanometer, which will indicate the presence
of very slight currents. This instrument consists of the coils of a gal-
vanometer, between which are suspended, by a single silk fibre, a
mirror and magnet, which, when it moves under the influence of a cur-
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rent, is reflected through a lens on a graduated scal: placed ata 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, fromna
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, annd
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 resistances 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.—1In 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 quite 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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tractions ! There were no electric disturbances in the air ; the electric
machine was far away inside the house. Could there be electricity in the
frogs themselves? In the history of science it often happens that a
theory partly false guides us into facts that are wholly true. Thus it
happened to Galvani. '

From that moment until he died, he lived in an atmosphere of ex-
periment.  Frogs without number were slaughtered, and all for the
purpose of proving to himself and others that it was animal clectricity
that caused these contractions.

Galvani's researches, as soon as they were made public, in 1791, ex.

TG, s1.

cited great interest among scientific men, and inspired him to make
another attempt to master the mysteries of electricity. At the time
when Galvani made his discovery, the interest excited by the discovery
of the Leyden jar and Franklin’s kite, about forty years previously,
bad died out. Philosophers had followed the vein thus opened, about
3 far as it seemed to lead. They supposed that the battles of elec-
tricity were all fought out, and so they were laying aside their armor.
On the announcement of Galvani’s discovery, his experiments were re-
peated all over Europe, and the theory that the contractions of the mus-
cles of the frog were due to animal electricity was universally adopted.
Volta's Researches : The Theory of Contact and Chemical Action.—
Among those who were stimulated by the discovery of Galvani, was

. -
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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 electricity, but
subsequent research caused him to doubt its truth. He observed that
it was only by means of eferogeneous metals that muscular contractions
could inzvariably 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 concussiorn
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. And
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 explained by chemical activa
was first suggested by Prof. Fabroni, of Florence, in 1792,



CHAPTER 1V.
ELECTROLYSIS (ELECTRO-CHEMISTRY).

ELECTROLYSIS, derived from 7Aexrpov and Adw, through Avos, disen-
gaging, s the act or process of decomposing @& compound substance by
electricity.

Electro-chemical decomposition takes place at both poles, but with
different products and manifestations, according to the strength of the
current, the nature of the substances acted upon, and the material of
which the electrodes are composed. :

History of Electrolysis.—The chemical effects of statical electricity
were first investigated by Drs. Priestley and Cavendish, in 1784. The
decomposition of water by passing through it a succession of discharges
of statical electricity was first discovered, in 1789, by Messrs. Dieman,
Paetz, Van Troostwyck, and Cuthbertson. The power of the galvanic
current to decompose water was discovered and first described by
Messrs. Nicholson and Carlisle, in 18c0. They experimented with the
voltaic pile, which had then just been discovered. These experiments
ers also decomposed other substances by the galvanic current. On
Nov. 20, 1806, Sir Hurophry Davy presented to the Royal Society a
lecture ¢ On some Chemical Agencies of Electricity,” and in the fol-
lowing year he announced his discovery of the decomposition of the
fixed alkalies. Between 1831 and 1840 Faraday published his ¢ Ex-
perimental Researches in Electricity,” in one of the most remarkable
series of scientific essays that ever proceeded from the pen of man.

Terminology of Electrolysis.—With the aid of two friends, Faraday
prepared the following terminology of electrolysis, which is now gener-
ally adopted. The poles where the electricity passes in and out of the
body that is undergoing decomposition are called electrodes (7hextpov,
and 63s5, way). The surface where the current enters the decompos-
ing body is called the anode (dva, upward, and 686s, way) ; the surface
where the current leaves the decomposing body is called the catkode
(xard, downward, and &8s, way). The anode is in contact with the
positive pole and the cathode with the negative.
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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 electrolytes (jhextpov, and Avw, decompose). To electrolyze
a body is to chemically decompose it by the current. The act of pro-
ducing electrolysis is called electrolyzation.

The elements of an electrolyte are termed ions, (eidv, participle of
the verb elur, to go). Those fons that appear at the anode are termed
anions, 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. Tt 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. D¢finite 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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At the Positive Pole. At the Negative Pole,
Water............ 8 grs. oxygen. 1 gr. hydrogen.
Oxide of lead..... 8 “ 113.5 grs. lead
Chloride oflead... 35.5 grs. chlorine. 103.5 ¢
Iodide of lead...., 127 grs. iodine. 103.5 ¢
Chloride of silver.. 35.5 grs. chlorine. 108 grs. silver.

I'hese numbers, it will be seen, represent the combining proportions
of these substances.

Substances combine in equivalent proportions ; they are decomposed
in the same equivalent proportions.

2. Primary and Secondary Results.—The results of electrolytic action
are distinguished as primary and secondary. The results are called pri-
mary when the elements that are decomposed appear at the electrodes
uncdanged and uncombined ; the results are called secondary when
the elements that are decomposed are changed or recombined when they
appear at the electrodes. The secondary results are favored by the
nascent condition of the elements that are decomposed. The secondary
results are caused by the action of the decomposed elements on the sub-
stance of the electrode, or on the substance itself that is undergoing
decomposition. Even the decomposition of water, when diluted with sul.
phuric acid, is really a secondary result. Perfectly pure distilled water
doesnot perceptibly decompose even under quite a strong current. If a
few drops of sulphuric gases are added, the acids are freely disengaged.
The sulphuric acid H,SO, is disengaged by the current into H, at the
negative and SO, at the positive pole ; the former H, is liberated,
ad the latter SO, at the positive pole acts on the water and forms
sulphuric acid again. Secondary decomposition is modified by the
material of which each electrode is composed. Thus in decomposing
sulphuric acid, when the positive electrode is made of carbon, the oxy-
gen decomposed acts on the carbon, forming carbonic acid and carbonic
oide. Electro-chemical action continued for weeks, months, and years,
i was done by that very laborious experimenter, Mr. Crosse, of Broom-
feld, may produce as secondary results interesting minerals, such as
quartz, arragonite, malachite.  During these experiments in electro-
aystallization Mr. Crosse discovered that remarkable insect, the
aarus, which appeared in electrized solutions of sulphate of iron,
suphate of zinc, and nitrate and sulphate of copper. It was supposed
that the acari arose from ova deposited by insects floating in the at.
mosphere, and that they might possibly be hatched by electric action.
Asa reward for this discovery, which now seems to be almost forgotten;

e e -
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Mr. Crosse was subjected to absurd and outrageous abuse, as thoughk
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 potassinm
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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tive pole, and hanging from it in light threads or masses. The water
frequently decomposes before the lead yields at all.

Nobilis Iris-Rings.—It is by the electrolysis of lead that the beau-
tiftul iris-rings are produced. A polished steel plate is put in a dilute
solution of acetate of lead. The steel plate is connected with the
positive pole of a galvanic battery, while a wire, connected with the
negative pole, is put in the solution. Peroxide of lead is at once libe-
rated on the steel beneath the wire, and a film extends outward, but
growing thinner and thinner. Thus a series of concentric circles is
formed exhibiting bright iris colors.

Nitric Acid.—Strong nitric acid conducts well and decomposes, oxy-
gen appearing at the positive pole, nitrous acid and nitric oxyd at the
negative pole. Dissolution takes place, and the water becomes yellow.

ANitrate of Potash.—This is a good conductor, and yields secondary
results. '

Sulphurous Acid.—This, when diluted, yields oxygen at the positive
pole, and hydrogen and sulphur at the negative.

Sulphuric Acid.—-This yields sulphur at the negative pole, and pro-
duces secondary results.

Muriatic Acid.—A strong solution of this yields hydrogen at the
negative pole, and chlorine at the positive pole.

Electro-metallur gy.—Electro-metallurgy, or the art of precipitating
metals from their solutions by the galvanic current, is a result of the
discovery of electrolysis—is indeed itself simply an electrolytic pro-
cess. There are two divisions of this art—electrotyping and electro-
plating. The art of electro-metallurgy was discovered, independently,
by Spencer, in England, and Jacobi, in Petersburg, in 1837. Electro-
gllding was discovered by Brugnatelli, a pupil of Volta, but was first
wed by M. de la Rive.

Theory of Electrolysis.—The theory of electrolysis at present accepted
is the following : In every compound one of the elements is electro
positive, the other, electro-negative. Under the influence of the
opposing electricities from the electrodes, decomposition and recompo-
sition go on from one pole to the other. But these decompositions and
tecompositions are seen only af the electrodes.

This may be illustrated by the electrolysis of water. Water is com-
posed of one atom of oxygen and two atoms of hydrogen. Oxygen is
tlectro-negative and hydrogen is electro-positive.

When, now, the electrodes are dipped in water, the electro-negative
oxygen of the molecule @ (Fig. 22) is attracted to the positive pole, and
the electro-negative hydrogen 45';c|)qhed. T P

4 . .
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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
slF ¢, drives out the hydrogen with

FiG. z2. 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 salg,
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 wvessel 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 havs a direct and necessary bearing on the use
of electrolysis in surgery.

X IXK]




CHAPTER V.

INDUCED ELECTRICITY—CURRENT AND MAGNETO-INDUCTION—ELECTRO-
MAGNETISM—THERMO-ELECTRIC BATTERIES.

Induced Electricity, or Electro-Magnetism : Electro-dynamical Induc-
tion.—We have seen that fnduction means the action that electrified
bodies exert on other bodies at a distance.  Electro-statical induction
has already been treated of. We have now to speak of the induction
of current-electricity.

Prof. Oersted, of Copenhagen, first observed that the electric cur-
rent, brought near a magnetic needle, caused it to deflect. This was
the earliest observation in electro-magnetism.

Philosophers at once set themselves at work to explain this phenome-
non. The discovery was not an accidental one on the part of Oersted.
For years he had been occupied with the study of electro-physics, and
as early as 1807 he had published a work in which he stated that he
purposed to ascertain whether electricity in its most latent state had
any effect on the magnet. His first discovery that the needle had a
tendency to place itself at right angles to the wire in which a current was
passing, was a natural sequence and confirmation of his early researches.
This discovery by Oersted formed another era in the science of elec-
tricity ; for in 1820 the enthusiasm caused by the discoveries of Galvani
and Volta had subsided, just as the enthusiasm caused by the Leyden
jar and Franklin’s kite had died away when Galvani made his renowned
experiment.

Ampérés Theory of Magnetism.—Among the many scientists who
sought to explain and unfold the phenomena of electro-magnetism as
discovered by Oersted, it was reserved for Ampére to achieve the
highest success. This theory, which was developed by rigid mathemat-
ical demonstrations, was, that eack molecule of a magnetic body is trav.
ersed by closed electric currents. These currents are free to move
about their centres of gravity, but the coercitive force, which is weak in
soft iron but great in steel, tends to keep them in position.
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Before a magnetic body is magnetized these molecular currents, ox
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. Ampeére 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 the
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 the 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 torward the lef?
of the observer.

Helix.—In a helix of a copper wire through which a current circu-
lates, each convolution of the spiral may be regarded as one of the little
magnets of Ampére'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.
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)

Electro-magnetic Helix.—Magnetism is induced in a bar of soft iron
by the simple passage of a current near it, in a direction at right angles
to the bar. If, however, the wire (Fig. 23) encircles the iron many
times, this effect will be much in-

over the wire in the direction of the

arrows, and the iron within will be- S G O

come strongly magnetic, with its N " " ,'T

poles as shown by the letters S and 9 Y ‘_i N “ ‘0

N. If the enclosed iron be not too A =

and held suspended there.

When the current is broken, the iron ceases to be magnetic; while,
if a bar of hardened steel be substituted for the iron, it will retain its
magnetism permanently. Such a coil of wire is called a helix, from
I, a winding, and a magnet formed in the manner described is termed

Fig. 24 represents the general form of an electro-magnet. It is com-
posed of a bar of soft iron, bent into the
form of a horseshoe. An insulated wire is
coiled round its extremities. When a cur-
rent of electricity is passed through the coil,
attracts the armature. If the current is
broken, the bar becomes demagnetized and
the armature falls to the ground. Perma-
nent magnets possess much less power than
electro-magnets.
than a third of an inch in thickness, and the
current be of moderate strength, the mag- Fic. 2.
netism induced is in proportion to the
strength of the current, and of the number of turns in the coil. Ad-
ditional coils of the wire give no increased magnetism, if the bar is
reached. Again, if the circuit is made very long, thus reducing the
strength of the current, the advantage usually gained by the thick bar,
and by increasing the number of coils, may be lost. The iron bar
should be perfectly pure and well annealed, in order that the electro-
magnet may quickly acquire and as quickly lose its magnetism on

creased. Let a current be passed P
heavy, it will be drawn to the centre FiG. 23.
an electro-magnet.
the horseshoe-bar becomes magnetic, and
If the iron bar within the helix be more
thinner than one-third of an inch. In this case maximum is soon
rlosing and breaking the circuit.
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Direction of the Induced Current.—If a current of electricity is passed
through any conductor, it will in-
duce a current in the gpposize direc-

@ D.  CUEE :
tion in a second conductor situated

5 =  parallel to the first. . Let A B, Fig.
FIG. 2s. 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 to the
secondary. This law holds good throughout the whole series,—the
strength of the current diminishing as the distance from the battery
increases.

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

If the primary coil be movable, so that it can be brought in closer
proximity to the secondary coil while the current is passing, an inverse
current is produced at the moment of its approach, the same as when

the circuit is closed. If now the primary coil be withdrawn, a direct
current is produced, the same as when the circuit is broken. As long
as the primary coil remains in one position, all evidence of electricity
in the secondary wire disappears. If, however, while in this position,
the strength of the primary current be increased or diminished, mo-
mentary currents are established in the secondary coil; the inverse
following the increase, and the direct current following the decrease in
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in strength, or is brought near to an adjacent circuit, induces an #rzverse
momentary current in that circuit. A current that opens or diminishes
in strength, or is removed from an adjacent circuit, induces a dsreect
momentary current in that circuit. It will be seen, therefore, that in-
duction takes place only when there is some ckange in the condition of
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 rheotome, 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 Iiself : 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. coil.

The hammer H is attached to a spring D,

which is in the primary circuit; g is a projection tipped with plati-

num, because that metal does not corrode; g, connected with the
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screw, is also tipped with platinum. When the circuit is closed, the
rore of iron-wire A becomes magnetic, and draws H away from p’,
against which it naturally rests.  This breaks the current, for the circuit
is completed through the connection of p and p'. As the current is
broken, A of course loses its magnetism, and no longer has power to
attract H ; therefore the spring D brings H back to p', where it natur-
ally rests.  This completes the circuit, and again A becomes magnetic,
and again it attracts H, and thus H is Zept rapidly vibrating with a
buzzing sound between A and p'. These constant interruptions keep
up an induced current in the secondary coil. The screw & gives the
necessary stiffness to D.
Object of the Iron Core in the Primary Coil.—The inductive power
- of the primary current is very greatly increased by putting a bar of soft
iron or a bundle of iron wires in the heart of the primary coil. The
iron core strengthens the current in this way. It becomes magnetic by
the action of the current, and this magnetism disappears when the cur-
rent opens. The disappearance of the magnetism induces a current in
the same direction as the disappearing primary current, and thus
strengthens it. In electro-magnetic machines, as used for electro-
therapeutics, this iron core is a very convenient means for modifying
the current.  Pushing it in the coil increases the current, withdrawing
it diminishes the current.

A bundle of wires is preferable to a single bar of soft iron, for in the
latter, currents are formed which impede the sudden cessation of the
primary current, while in the former these cannot be formed.

Thickness and Length of the Outer and Inner Wires.—It is a law of
electro-physics that wires of a large diameter conduct electricity better
than wires of a small diameter. It is necessary that the primary cur-
rent should be strong, since its principal object is to excite magnetism
in the core ; consequently the coil is made of thick wire and of moderate
length. The secondary coil, however, is made of very thin wire, and
of great length, so that as many turns as possible may be brought
within the influence of the core and of the primary coil, and thus pro-
duce a secondary current. As with the galvanic or inducing current,
the electro-motive force of the battery is proportionate to the num-
ber of cells; so with the induced or secondary current, the electro-
motive force of the coil is proportionate to the number of turns or coils
in it.

Induction Coils and Electro-magnetic Machines.—An induction coil
for philosophical or electro-therapeutical purposes consists usually of
two helices or coils of wire enclosing a bar of soft iron or a bundle of

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

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

Ruhmbkorff’s Coil.—The most powerful of all coils, and the one best
adapted for philosophical experiments, is that of Ruhmkorff, of Paris.
1t is about 14 inches in length. The inner coil is of copper, is about
2 mm. in diameter, and 4 or 5 yards long. Itis coiled on a cylinder -
of card-board, and is enclosed in an insulating cylinder of glass or
rubber.

FiG. 28,

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

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

* In the machine of Kidder, to be described under Electro-Therapeutics, the helix
is composed of three or more coils of wire, not distinct, but connected.
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2d. The insulation is very complete. The wire is covered with silk,
and each winding is separated from the others by a layer of shellac.
In the larger coils of Ruhmkorff the induced currents are thousands of
times stronger than the primary current that excites them.

The Condenser of Ruhmbkorff’s Coil.—The intensity of the current of
the secondary coil is increased by interposing a condenser in the circuit.
In Ruhmkorff’s coil the condenser consists of 150 sheets of tin-foil 18
inches square, and with a surface of about 75 square yards. These
sheets are coiled around insulating oiled silk, and around each other, sa
as to form two armatures, and the whole is placed below the helix in
the base of the apparatus.

Being introduced into the circuit, it receives the extra current and
increases its tension. It stores up and utilizes force that would other-
wise be wasted in the form of sparks at the interrupter.

Efects produced by Ruhmbkor[f's Coil.—The tension of Ruhmkorff’s
coil is enormous, and for the reasons above given—the length and fine-
ness of the secondary wire and the power of the condenser. It possesses
all the properties of statical as well as dynamical electricity. It is
capable of giving a shock so violent as to prostrate a man, and if a
sufiicient number of elements are connected with it, it could kill as by
astroke of lightning. When two couples are connected with it, it will
kill a rabbit. It causes fine iron wire to melt and burn with a bright
light. It can rapidly decompose water, or produce luminous effects in
the water without decomposition.

It decomposes and combines gases. Passed through a hermetically
sealed tube containing air, it forms nitrous acid from the nitrogen and
oxygen. It can produce a spark eighteen inches in length in the air.

In zacuo it produces most remarkable effects. In the so-called
tlectric egg, a luminous trail is observed between the poles. At the
positive pole the light is red and brilliant ; at the negative, feeble and
violet. If vapor of alcohol, or turpentine, or bisulphide of carbon, be
introduced into the vessel, it appears in the form of alternate light and
dark zones or strata. The tints vary with the nature of the vapor.
The same phenomena are obtained by the ordinary galvanic current
from a large number of cells. The luminous effects of the coil are as
great from a single cell as from a large number.

In electro-therapeutics a wide variety of electro-magnetic machines
have been devised. Most of them are run by one or two cells, like
Smee’s or Walker's, and the current generated is just sufficient for ap-

plication to the human body, and are but little adapted for the philo
sophical room.
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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 1i:
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 one hundred and fifty miles. "X his
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 Currents.—Induced currents have in different
degrees all the properties of the ordinary galvanic current. They pro-
duce chemical, thermic, luminous, and physiological eflects. They
deflect the magnetic needle, magnetize steel, and are capable of thermn-
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 d/ue color appears at doth 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
both 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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electric currents by magnetism. It is, as the term implies, the reverse
of electro-magnetic inductior  There are two forms of magneto-elec-
tric induction.

The first and most familiar form is when a current is induced in a
coil of insulated wire. The second form is when a current is induced in
conducting plates.

Under electro-magnetic induction we have seen that the coil of
wire in which a current circulates produces a contrary induced cur-
rent in an adjacent coil whenever a change is made in the current by
opening, closing, withdrawing, or approaching it. The strength of the
induced current is proportioned to the amount and suddenness of these
changes. If now we substitute for the primary or inducing coil a per-
manent dar magnet, and cause it to approach or withdraw from the ad-
jacent coil, it induces a current in that coil. This principle is the
basis of all the magneto-electric machines that are so familiar to stu-
dents of philosophy, and that were once so much used in electro-thera-
peutics. ‘

The development of magneto-electricity is shown in a very simple

manner by the common horseshoe magnet, its armature,
and a copper wire. Let the armature A B be encircled
by the wire C, one end of which is flattened and amal-
gamated with nitrate of mercury, and the other filed to
apoint. When the armature is placed upon the magnet,
the moment of contact, when it is withdrawn, and the
act of withdrawal, will each be marked by a spark of
electricity at C, where the two extremities of the wire
meet.

The electric current flows in one direction at the in-
stant magnetism is induced in the soft iron which is
enclosed by the coil of wire, and in the opposite direc- FiG. 9.
tion when its magnetism is destroyed.

Inthe electro-magnetic machines in ordinary use a soft-iron arma
ture covered with wire is made to rotate in front of the poles of a per-
manent horseshoe magnet. As the armature rotates, its two ends are,
of course, alternately brought near to and removed from the bars of the
magnet, and thus two currents are induced in the wires that cover the
amature.  Each current lasts half of a revolution, and if the rotation
be rapidly kept up, a current is produced which may be perceived when
the ends of the wires are joined.

A Continuous Current from Magneto-clectric Machines.—When the
tmatures of the magneto-electric machine are made to revolve with
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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 somg 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 Ampeére
before cited. They are at once in harmony with that theory and con-
firmatory of it.

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

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

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

In 1841 Prof. Henry studied the inductive action of currents on
currents. In 1850 or 1851 Ruhmkorff constructed the induction-coil,
and in 1853 Fizeau greatly increased its power by adding to it a con-
denser. The discovery that discharges of the Leyden jar made a
primary spiral induce a current in a secondary spiral, and that currents
of the third, fourth, and fifth order can be thus produced, and of suffi
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cient strength to give shocks, burn, etc., was made simultaneously by
Profs. Henry, of Washington, and Riess, of Berlin.

The first magneto-electric machine was made by Faraday in 1831.
The first machine of the style now used was made by Pixii in 1832.
Improvements have been since made by Saxton (1833), Clarke (1836),
Petrine (1844), Stohrer (1844), Siemens, Halske, Duchenne, and
others.

THERMO-ELECTRICITY.

Thermo-electricity is that form of electricity that arises from the heat-
ing of two heterogeneous conductors at their junction. ‘The two most
important methods of generating thermal currents are, 1st, with two
portions of the same metal ; and 2d, with two different kinds of metal.

Thermo-electricity generated by One Metal —If a copper wire be
cut into two pieces, and one of the ends be heated to redness and
pressed against the end of the other piece, a current of electricity is
produced. This is demonstrated by the galvanometer.

When different portions of the same metal have different structures,
a current is obtained when the point where both structures come
together is heated. _ ‘

If, for example, a platinum wire be twisted or bent on itself, this
twisting so changes the structure of the wire that a current is generated
by heating the point of union between the twisted and non-twisted
portion.

Thermo-electricity generated by Two Metals.—1et A and B (Fig. 30)
be respectively bars of antimony and bismuth, soldered to-
gether, while G represents a galvanometer connected by two
wires with the free extremities of the metals,

+ When the junction S of the metals is heated, a current of
electricity is generated, which flows from the bismuth to the
B1||A antimony, as shown by the arrow. If the junction S is chilled
by applying ice, a current is also produced, but in the oppo-
site direction. This combination constitutes a thermo-electric

3oy pair
:.i.“;. Thermo-electric Batteries.—A number of thermo-electric
couples soldered together so that the copper or antimony of
one is soldered to the bismuth of the other, and so on, is called a
thermo-electric battery. The current is generated by heating one row
of the soldered faces, or, as the current depends on the difference of
temperature of the two sides, by applying ice to one side and heat to

the other.

&)
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The accompanying cut represents Farmer's thermo-electric battery,
constructed on the principles above indicated. The heat is supplied
by a gas-burner or alcohol-lamp.

Thermo-electric batteries of any form are not as yet much used in
electro-therapeutics. The hopes at one time entertained of them have

FiG. 31.
Farmer’s Thermo-Electric Battery.

been disappointed. In practice they have been found to be inconve-
nient, bulky, expensive, and untrustworthy. It is not impossible, how-
ever, that future researches may so develop the department of thermo-
electricity that thermo-electric batteries may be constructed that shall
be more convenient for practical use than the ordinary galvanic bat-
teries. This is a realm in which there is room for experiment.



CHAPTER VI,

OHM’'S LAW AND ITS PRACTICAL APPLICATION TO ELECTRO-THERAPEUTICS,

THE basis of all electrical measurement is Ohm’s law, which is, that
the guantily of celectricity passing through any point in a circuit
varies directly as the electro-motive force, and inversely as the resistance.

Putting Q for quantity, E for electro-motive force, and R for resistance,
the law is thus expressed: Q = I.

This law was discovered by Prof. Ohm, of Nuremberg, in 1827, and
for a long time was neglected. It is the north-star of dynamical elec-
tricity. Those who can keep this always in sight need never lose their
way, however long or intricate the explorations they may make in this
important and fascinating realm. Although originally nothing but a
theory, yet it has been powerfully confirmed by the mathematical calcu-
lations of Fechner, Pouillet, Kohlrausch, Daniell, De la Rive, and
Wheatstone, and has proved itself competent to explain all the phe-
nomena with which it has to do. Just as the strength of the theory of
gravitation consists in its power to account for the movements of the
solar system, just as the strength of the undulatory theory consists in
its power to explain the complex phenomena of light, so the strength
of Ohm's law consists in its power to account for the phenomena of dy-
namical electricity. As no one can be master in astronomy without
understanding gravitation, or in optics without understanding the undu-
latory theory, so no one can be master in electricity without under-
standing Ohm'’s law.

We shall endeavor to make this law and its application as clear as
the nature of the subject will allow. It is necessary to define certain
terms that are not very familiar; first of all, units of measurement.

A unit is an abstract term to express any defermined quantity, by the
repetition of which any other quantity of the same kind can be measured,

An okm i. a unit of resistance; one million ohms = one megohm;
one millionth of an ohm = one microhm.

A number of units of resistance have been proposed—among others,

5
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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. Thisunit,
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 0° C.
Varley's unit was one mile of ordinary copper-wire, No. 16, { of an
inch in diameter at 60° F. The B. 4. 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 volt. 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, because 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 out, or are ercrusted with the products of chemical
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decomposition, give less electro-motive force than plates that are per-
fect, fresh, and clean.

Similarly also the electro-motive force is diminished by the polarizing
action of the current in the cell. Thus, in the Smee cell, the hydrogen
that gathers on the platinum-plate and the oxygen that gathers on the
zinc, generate a current that is opposite in direction to the main cur-
rent, and enfeebles it ; and for this reason, lifting the plates out of the
liquid 2 moment to allow the gases that form on them to escape, o1
vigorously agitating the liquid, at once increases the electro-motive
force. Strong acids which excite vigorous chemical action give more
electro-motive force than weak acids, and therefore it is that sulphuric
and nitric and chromic acids are so much used in batteries.

When the proportion of acid in the solution is large, electro-motive
force is greater than when it is small. Strong solutions, however, con-
sume the plates faster, and the electro-motive force will be reduced
thereby sooner, other conditions being the same, than when weak solu-
tions are used.

The electro-motive force is exactly proportioned to the number of
elements, without regard to their size. Two elements give twice as
much electro-motive force as one element, and one hundred elements
give one hundred times as much as one element of a similar character.
This can be proved by a galvanometer, with a long resistance-coil,
where the deflection of the needle will be in pretty exact proportion to
the number of cells brought into the circuit. The exactness of this
proportion is of course modified by the imperfections of individual ele-
ments, or by variation in the quantity and strength of solution in each
cell; but the law always holds good.

As with the long-coil galvanometer, so with the human body, or any
other powerful resistance whatsoever, the electro-motive force that passes
through it will be—all other conditions being the same—proportioned
to the mumber of elements and without regard to their size. 1If a series
of very large elements are opposed to an equal series of very sma/l
elements of similar construction, no current will pass; they will neu-
tralize each other. If both be tested by the galvanometer with a long
resistance, they will cause similar deflections of the needle.

The gquantity of electricity that passes through a circuit is directly pro-
portioned Yo the electro-motive force. If there were no resistance in the
circuit, quantity and electro-motive force would be the same: Q = E.
But there can be no circuit without some resistance, therefore Q never
equals E.

Electro-motive force of different batteries, approximately :
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Grove...c.vevieiiiiiiiitieiiiiiiiiiiie s . 100
Bunsen.......coiieieiiceitiiceiincnscnees 98
Daniell....ciiiineiiiiienaieenianeeeeene. §6
Smee (when not in action).........ccvvvveeee 57

“ (when inaction)......covvveiinreenn.. 28
Wollaston (copper and zinc).......ccc0eeee.. 46
Marié Davy (sulphate of mercury and graphite). 76
Chloride of silver......ceevveurereriisseasss 62
Chloride of lead...ecveveenecesereecannnaes 30

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

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

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

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

The term éntensity has long been used as synonymous with tension ;
but, strictly speaking, intensity is derived from the French intensits,

1!
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which has been translated intensity, but which really means guantity.
It is better to dispense entirely with the term intensity, and we have
Aone so in the present work.

Our definition of tension may be thus illustrated : Let a battery of 100
celis be joined in the ordinary tension arrangement, zinc united with
carbon and soon. Place the battery on an insulated stand, and connect
the zinc or negative pole with the earth, leaving the other free. Regard-
ing the earth, for convenience’ sake, as zero, the copper pole will have
a tension of o, while the free end will have a tension of 100 positi—.
If a wire be connected with the free end, a current would flow from o
to the earth. If now we reverse the position of the poles, connecting
the carbon pole with the earth, and leaving the other free, the carbon
end will be o, and the zinc end will be 100 negative, and if it be con-
nected with the earth a current will flow from the earth to it. In both
of these cases the tension is the same; in one case it is positive, in the
other negative. Take the same battery, with the zinc pole connected
with the earth, and join the carbon and zinc ends by a short, thick wire,
and a strong current will flow through the wire. But here comes in the
difference between tension and electro-motive force, for it can be ascer-
tained by proper tests that the electro-motive force of the battery is the
same as it was before the ends were joined, but the tension has changed.
Before, it was 100 positive at the carbon end, now it is almost o.

If, instead of a short, thick wire, a long, fine wire that offers greater
resistance be used to connect the poles, the tension at the carbon end
will rise with the increase in resistance in the wire. When the resist-
ance becomes infinitely great, the tension becomes 100 again, but it
can never exceed too, for the tension can never exceed the electro-
motive force at any point, although it may fall very much below it.

These two general laws in regard to tension should be remem-
bered :

1st. It rises with the distance from the zero end of the circuit.

2d. The quantity of electricity passing between any two points is
always proportioned to the difference of tension between these points.
The actual tension may be high or low, positive or negative, but there
can be no current without differences of tension.*

The arrangement in series (or, as it is erroneously called, “intensity
arrangement’’), is when the electro-positive element of one cell is united
to the electro-negative element of the next cell,and soon. The ¢“quan.
uty arrangement,” or “multiple arc,” is when all the electro-positive ele

# On Electyical Measurement, By Latimer Clark. London, 1868, p. 17.
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ments are united to all the electro-negative elements so as to make one
large element. The arrangement 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 for quantity,” are
relics of old and exploded theories of electricity. For convenience’
sake they are still used ; but those who understand Ohm’s law need
not be deceived by them,

Resistance.—Resistance is that 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.

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

A wire one mile in length gives twice the resistance of a wire half a
mile long, and four times the resistance of a wire one-fourth of a mile
long. On the other hand, wires of the same metal, but of diameters
which stand to each other in the relation 1, 2, 3, offer a resistance which
stand to each other as 1, §, §. In other words, the longer the wire the
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 §4° F. are as
follows :

Copper..ecreeesessacees I Iron..ccvevevencenees 7.5

Gold.....ccvvvveveveeess 1.4 Lead......cvvevnaee. IX

ZinCieeveevenanaannnanne 3.7 Platinume....ooiieeeee IL3
Mercury (at §7°).c.ccceececess 50.7

The converse of resistance is conduction.
The following table of the relative conductibility of metals at 32° F
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\)

is taken from Latimer Clark. It will be perceived that it varies some
what from the above table of relative resistances :

SilVer..ccoevececnaeeeeddd0  ZiNCitieveeereaneeess29
Copper (pure)...........99.9 Steel .e.o.cvvvvves.. 16

“ selected (commer- Iron..................15
cial)....85 to 95  German silver.....12to15
Copper, ordinary (commer- Tin.......cccc0ieee.012.4

cial)............40t070 Lead..................83
Brass......ceeeeeeeeeece.20 Platinum...............06.9
GOld..overrrnnenenenees78  Mercurye,eivueensesies o 16

1t will be seen that both estimates agree in making copper and silvet
the best conductors, and for that reason copper-wire is so much used
in making battery connections. In both tables platinum stands low in
conductibility, and for that reason platinum-wire is used when, as in
galvano-cautery, it is required to generate heat by passing the current
through a resisting medium. If mercury could be made in the form
of a wire it would of course be better than platinum, since its resist-
ance is somewhat greater. Bismuth, graphkite, and coke rank still lower
in conducting power than mercury. The resistance of liquids is enor-
wous. Thus, taking copper-wire at 32° F. as 1, the resistance of a
saturated solution of sulphate of copper at 48° F. is 16.885.520; ditto
of chloride of sodium at 56° F., 2.903.538 ; ditto of sulphate of zinc,
15.861.267 ; sulphuric acid diluted to % at 68° F., 1.032.020 ; nitric
acid at 55° F., 976.000 ; distilled water at 59° F., 6.734.208.000.

It has been estimated that the human body, by virtue of the salts
which it contains, conducts 15 o7 20 times better than water, provided
the skin be fully moistened ; and that copper conducts from three to
four hundred million times better than the human body.

Effects of Temperature on Resistance.—Resistance is more or less
modified by temperature.

Between 1° and 100° C. the relative conducting power of the metals
femains the same; at 100° metals lose about 3o per cent. of their
conductibility as compared with o® C.; but this varies with different
metals. Conductivity is increased by annealing. Non-metallic sub-
stances increase in conductivity as they rise in temperature. Water,
for example, when heated conducts better than water cold. When a

current passes from a liquid to a solid, or vice versd, the resistance ie
\ery great.
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All Resistance relative—No substances abdsolutely 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 -
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 electricily is the amount whick passes through the
circuit in any given time.

This depends, according to Ohm's law, on two factors—Ae 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
resistance, that in the battery and that in the circuit outside of the bat-
tery ; both of these must be taken into account in estimating the relation
of the different kinds of batteries, and in selecting batteries for special
kinds of work. Let E be the electro-motive force, R the resistance
of the circuit outside of the battery, r the resistance in the battery;

E .
then o = Q, the quantity or strength of the current—the number of

farads or measures of electricity that flow through the circuit in a given
time. The correctness of this mathematical conclusion may be demon-
strated on a galvanometer that has only a short resisting wire ; one cell
will deflect the needle nearly as much as one hundred cells. Again,
when any number of cells are joined together with great external resist.
ance, such as is off ered 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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external resistance. Although in this case, as in the other, each added
cell brings in its own internal resistance that counterbalances the elec-
tro-motive force, yet the internal resistance dears so small a proportion
to the large external resistance that the quantity of electricity flowing
through the circuit will be pretty directly proportioned to the number
of cells.

Still keeping Ohm’s law before us, we can demonstrate this mathe-
matically.

Let the electro-motive force of any cell be 10 volts, and the inferna.
resistance be 20 ohms, and the external resistance afforded by the
buman body 10,000 ohms. The quantity of a single cell could be thus
represented :

10 electro-motive force 1 1

20 internal resistance, and 10,000 external resistance = Io00 1000

Again, we may illustrate this as follows :

One hundrad cells are joined together and the ends are connected
by a short wire. Let the electro-motive force of one cell be 10 volts
or units of electro-motive force, then the electro-motive force of 100
cells will be 1,000 volts. Let the resistance in each cell be 5 okms, or
units of resistance, then the resistance in the 100 cells will be 500
ohms. Let the resistance of the short connecting wires be 10,000
ohms: now, in order to find the number of farads of electricity—that
is, the quantity or strength of the current that flows through the con-
necting wire—divide the electro-motive force by the resistance, and we
have this fraction :

1,000 electro-motive force _ 1,000
30,000 resistance of wire, and soo resistance of battery 10,500

This fraction reduced = o, a little more than {4, which fraction rep-
resents the quantity of electricity that flows through the wire.

We may illustrate this law by supposing a current of water passed
through an ordinary syringe. The quantity of water that flows through
the tube will be directly proportioned to the force with which it is
urged forward by the piston ; this force would correspond to electro-
motive force. The friction will correspond to the internal and ex-
ternal resistance of the battery. Now if we divide the one by the
other, we have the quantity of water which in a given time flows
through the tube, or the strength of the current. In this way we can
find the number of cubic inches of water that flow through the tube in
asccond of time, just as we can find the number of farads, or units of

.
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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 acfual 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 frank-
linic electricity, be capable of therapeutical effects. Franklinic elec-
tricity, however, relieves and cures disease by changing the electrical
condition of the patient, by giving a positive or a negative charge,
more than by the passage of the current through the body, and the
consequent electro-tonic and chemical changes. Ordinary faradic or
galvanic electricity, on the other hand, does not, as many suppose,
charge the patient with electricity, and does not, by its 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 more quantity of electricity flowing
than if a small number of similar cells were so joined.

Although each additional cell increases the electro-motive force, yet
it also increases the resistance, as we have already seen, and this in-
crease of resistance will counterbalance the increase of electro-motive
force, so that the quantity of electricity that flows through the circuit
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will be about the same. Ohm’s law will demonstrate this mathemati.
cally. Let the electro-motive force of any cell be 1o volts, or units of
electro-motive force, and the resistance of each cell be 20 vhms, or
units of resistance, and the resistance of the short wire 2 ohms.
Dividing the electro-motive force by the resistance, we have for a single
cell $§ + 5 = 4§ = ¢ = the quantity that one cell sends through
the circuit.

Now let there be 5o similar cells, and our fraction will be 4§ x §§
= #%% + 3 = %% = $§} = a fraction that varies very slightly in
value from . Let there be 1,000 cells, and we have this fraction:
3 x 1388 = 33338 + 5 = 38888. The result still differs but slightly
from those previously obtained.

Secondly. Large cells connected by great external resistance, as the
human body, or a galvanometer with a long resistance-coil, do not send
more quantily of electricity through that external resistance than similar
small cells.

The electro-motive force of large cells is no greater than that of simi-
lar small cells, as we have already seen. The resistance is less because
the surface of the plates is greater, and the greater the section the less
the resistance, as has already been shown. But the little advantage
thus gained from large cells by a diminution of resistance bears so
small a proportion to the great external resistance of the human body,
or of a very long wire, that the quantity of electricity actually sent
through the circuit will not be materially increased—at least by any
reasonable number of cells. -

Here again Ohm’s law comes to our assistance, and fortifies our
statemnent by a rigid mathematical demonstration. Let us suppose a
battery of 100 small cells. Let the electro-motive force of each cell
be 10 volts. Let the internal resistance of each cell be 20 ohms.
Let the external resistance of the human body, through which the cur-
rent is to be made to pass, be 10,000 ohms. Now, by Ohm’s law, to
find the quantity of electricity that flows through the human body when
enclosed in the circuit, we divide the electro-motive force by the inter-
pal and external resistance, as follows :

100 X 10 = 2000 1000 10 2
==

10,000 (external resistance), x 3100 x 20 = 2000 (internal resistance) = 2000 " 120~ 18

Let us now suppose 10o similar very Jarge cells. ‘The electro
motive force would be the same, the exfernal resistance would be the
same. But the infernal resistance of the battery would be less be.
cause the surface is greater.
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By a law previously explained, the resistance varies inversely as the
square of the section. For convenience sake, we will suppose the re-
sistance of the large cell to be ¢4 that of the small ones—that is 2—
and Ohm’s law will give us the following fraction :

100 X 10 = 1000 (electro-motivc force) 1000 =1
10,000 (external resistance) 100 % 3 = 200 10200 102

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

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

For the galvanometer substitute the human body from the hand to
the legs, and we can understand the great fact that large cells do not
send more guantity of 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 abso/ute quantity that any man may give may be a
very small fraction of the acfual quantity that he can be made to give.
A millionaire has a far greater quantity of money than one who has
only a thousand dollars, but the one may not give a dollar any easier
than the other. Under great pressure the millionaire may give a
thousand times more than the poor man, just as a battery of large cells
may, before small resistance, send a very much larger quantity of elec-
tricity than a similar battery of small cells; but when there is great
resistance it may send very little, if any, more.

In electro-therapeutics, as in telegraphy, electro-metallurgy, and
other uses, large cells have this advantage, that 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 their
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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ander great pressure the millionaire can keep on giving out five dollars
long after the resources of the poor man are exhausted.

Large cells may, for electro-therapeutical purposes, have the advan-
tage of steadiness of current ; there would appear to be less fuctuation
in the strength of the current from moment to moment than when the
cells are small.

In small cells the degree of the internal resistance and the extent of
the chemical action may vary more or less from moment to moment,
owing to the polarization of the elements and the deposition of the
salts in the solution. This fluctuation is most marked in batteries
where the action is very energetic. Small single cells, especially the
zinc-carbon batteries, lose much of their power during a long opera-
tion.  Zhe popular notion that large cells have a therapeutic advan-
tage over small cells by sending a larger quantity of electricity through
the body is, in the light of Ohm's law, as well as in the light of expe-
rience, erroneous.

Thirdly. For the electro-chemical decomposition of waler, salts, and
the kuman body (electrolysis), a considerable number of cells of medinum
sise, neither very large nor very small, and in which the chemical action
is powerful, are required.

The resistance of the limited portion of the human body usually
submitted to electrolytic operation is great, though not so great as that
of the whole body; and as we have seen, before a great resistance,
very large cells give no greater quantity in a given time than cells of
moderate size. If the cells are too small, however, they will soon
become exhausted. For electrolytic operations, the ordinary zinc-car-
bon or Walker’s batteries, as manufactured in this country by the Gal-
vano-faradic Manufacturing Co., Kidder and others, answer very ex-
cellently most of the purposes of electrolysis. They have more electro-
motive force than Smee’s elements, and although not as enduring, they
yet give a greater quantity of electricity for a skort time, which is of
course the great requisite in electrolytic operations. The resistance
of the skin is very great, but.in electrolysis the needles go beneath the
skin, and are placed near each other. The resistance is very much
less than in external applications when the electrodes are far apart;

hence it is an advantage in electrolysis to have cells of good size,
though not of the largest. '

Fourthly. When a short platinum-wire in a short circuit is to be
heated, as in galvano-cautery operations, a very few large cells or a
single very large cell is preferable to a large number of small cells.

This fact has long been practically recognized, and all the batteries
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for galvano-cautery operatons are coanstructed on this principle. The
reason for this is not so weil understood ; Ohm's law gives us the ex-
planation.

Platinum-wire, though it resists the current very pcwerfully as com-
pared with siver or copper wire, vet offers a very small resistance as
compared with water or the human bocy, or zery 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 ceil 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 zo 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 X 10 = 1000 clectro-motive force
10,000 external resistance 100 x 20 = 2000 internal resistance

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 s&or¢ platinum-
wire, such as is used in the galvano-cautery for cauterizing surfaces.
Suppose the external resistance of this short circuit be g ohms. The
electro-motive force of the large cell is no more than that of the small
cell ; the internal resistance of the battery is very much less, for, as we
have seen, the resistance diminishes as the surface increases. For
convenience sake, we will suppose the internal resistance of the large
to be 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 =1
¢ external resistance + 1 internal resistancs 10

the quantity of electricity that flows through the circuit, or twelve times
as much as with 100 small cells.
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Suppose now this one large cell be connected by a long and fine
platinum-wire, such as is used in the removal of tumors by galvano-
cautery operations. The resistance will of course be greater, for two
reasons, because the wire is longer and because it is finer; for the law
is, the less the surface or section the less the resistance.

Suppose the resistance be 19 ohms. Dividing the electro-motive
force by the resistance, we have—

10 electro-motive force 0
19 external resistance + 2 internal resistance = 20

that is, one-half the quantity of electricity that there was when a short
platinum-wire was in the circuit. Very likely this would not be
enough to heat the wire and keep it hot during a long operation.
This law comes to our rescue, and helps us out of this as of so many
other difficulties. Cut up the one large cell into two cells, and inter-
pose the long fine platinum-wire in the circuit. The electro-motive
force will be doubled, the external resistance will be the same; but
the internal resistance will be greater because the surface is diminished.

Dividing the electro-motive force by the resistance, our fraction
stands thus :

20 electro-motive force _0
19 external resistance + 4 internal resistance ~ 83

which is nearly double the quantity of electricity sent through the long
wire by a single cell. Thus is explained the fact that the best galvano-
cautery batteries are arranged so as to be thrown into one large cell,
or cut up into several cells, according as a short or long wire is to be
heated.

1t has been found by experiment that the heat developed by the current
in auy wire is proportioned lo the squares of the quantity of electricity
that flows through it.

This is demonstrated by passing a current through platinum-wires in
a bottle of alcohol. The heat is communicated to the alcohol, and the
thermometer shows the temperature. It is found if a current of a cer-
tain quantity raises the temperature 10, a current of twice that strength
will raise it 4o0.

Again, it is found by experiment that the heat developed by the cur-
rent in any wire is proportioned to the resistance of the wire. '

This is demonstrated with the arrangement just described, by insert.
ing a rheostat whose resistances are known, so as to keep the quantity
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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 staling the number of cells and the length of
the sitting.

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

Supposing now that we are treating a patient locally or centrally by
the galvanic current, and we desire to transfer the patient to another
physician. We inform the physician to whom the transfer is made, that
we are treating the patient with ten cells for ten minutes, and we desire
that he should continue to give the same dose. In the light of Ohm's
law, let us see what such instructions are really worth. The quantity
of electricity that passes through the patient in a minute is equivalent
to the electro-motive force divided by the resistance ; multiply the quo-
tient thus obtained by ten, and we have the dose of electricity that the
patient receives in ten minutes. If, now, all the factors that determine
the electro-motive force and the external and internal resistance were
constant and were accurately known, and if they were the same for all
batteries and all modes of application, then the dose thus ordered
would be a mathematical one, and could be mathematically followed.
No forms of error are so erroneous or so illusory as those that approach
us under cover of facts and 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
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the variations of the internal and external resistances. Beginning with
the internal resistance, we find that for a Grove’s cell, containing one
pint of liquid, it is very small, less than one ohm; for a Daniell’s cell,
5 to 15 ohms, and for a Smee’s cell, less than one ohm. The internal
resistance varies with the size and shape of the cell, the distance of the
plates from each other, and with the length of time that the battery is
in action. Even if the electro-motive force and external resistance
were accurate and constant, the variations in the internal resistance
would be sufficient to vitiate all attempts at prescribing electricity by
the number of cells.

But it is in the external resistance that we find the greatest variation,
uncertainty, and inconstancy in applications of electricity to the human
body. The external resistance depends on the following factors:

1st. The size and construction of the wires that connect the battery
with the electrodes. The larger the section the less the resistance,
and, therefore, large wires will .conduct more than small ones. A cer-
tain conventional size is manufactured by each instrument-maker, but
the sizes vary with different makers.

2d. The size and shape of the electrode. Up to a certain point,
varying with the number of cells, a large, broad electrode will conduct
more than a small and narrow one. A metallic electrode conducts
very much better than a sponge; flannel conducts much better than
sponge, but worse than metal. The difference in the conducting power
of metal, sponge, and flannel, is great. A current which is painful when
applied by a metal, and is quite perceptible when applied by a flannel
or chamois, is not felt at all when applied by a sponge. The painful-
ness of an application, it is true, does not depend on the amount of
electricity that passes, but is also modified by the extent to which the
current is diffused. This would depend on the action of the electrode.
With the same current passing, the hand of the operator would proba-
bly be less irritating than a sponge or flannel.

3d. The quantity and quality of the liquid used to moisten the elec-
trodes. Electrodes that are perfectly dry conduct but little, at least
with currents of the tension used in electro-therapeutics. Electrodes
that are wet with warm water conduct better than those that are wet
with cold water ; and those that are wet with warm salt-water conduct
best of all. The difference in the conductivity of a sponge wet with
simple cold water and one wet with warm salt-water is so great that a
current which is not felt when applied by the former, becomes unbearable
when applied by the latter.

4th. The amount of pressure that is used on the electrodes. If the
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wet sponge is lightly pressed it conducts but little, and its conductivity
increases with the pressure. Firm pressure moistens the skin more
thoroughly, and thus increases its conductivity, and at the same time it
brings into coaptation all parts of the sponge, so that it becomes well
saturated.

5th. The position and extent of the bogdy included between the elec.
trodes. This factor is a most important one, and it has been unac-
countably overlooked in all discussions on this subject. The difference
in the conductivity of the bones and soft tissues is all the difference
between twenty and one, and in all parts the conductivity is modified
by age, by temperament, and by disease. The resistance of the whole
body, from one hand to the other through the shoulders, is about seven
or eight times the resistance of the Atlantic cable, and the resistance of
the whole length of the body, from the head and shoulders to the feet,
is probably greater than that. But the resistance of any limited portion
of the body, as the head, or spine, or cervical sympathetic and pneu-
mogastric, or individual muscles or nerves, must be only a fractional
part of the resistance of the whole body. Other conditions being the
same, the nearer the electrodes are to each other the less the resistance.
This may be illustrated by an experiment that we have frequently tried.
If one electrode be put in the vagina and the other in the rectum, a cur-
rent of but two or four cells may be painfully felt; but if one of the
electrodes is placed externally on the back or hypogastrium, a current
of a dozen or more cells may be scarcely perceived. The same experi-
ment may be tried on the back ; placing one pole on the nape of the
neck and the other at the lower end of the spine, a current that is just
perceptible at first, as the electrodes approach each other becomes
positively unbearable.

6th. The length of the application. When the galvanic current is
first applied to the body by wet sponges, but little sensation is experi-
enced on the skin; but in the course of a few seconds a burning pain is
felt, that increases with the length of the application. This is explained
in part by the chemical changes that take place, and in part by the fact
that as the skin becomes more and more moistened by the pressure of
the wet sponge, and the skin under the electrode becomes more and
more congested, the resistance is diminished. Consequently, toward
the close of even a very short application, more electricity passes, all
other conditions being the same, than at the beginning. On this
account it frequently becomes necessary to reduce the number of cells
during the sitting, especially when the electrodes are kept all the time
on one spot. Thus it becomes clear that any attempt to prescribe the
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dose of electricity by the number of cells, in ordinary external applica-
tions to the body, must fail of its object. In electrolysis, where the
needles are always united, near to each other and under the skin, the
chances for error are not so great, since there is much less variation in
the resistance. If, in describing an electrolytic operation, we specify
the ind and number of cells used, and the mode and length of opera-
tion, we convey a tolerably correct idea of what was really done. The
time may come in the advance of science, after physiology shall have
found its Newton to reduce its present chaos to order and law, when
it shall be possible to prescribe so many farads of electricity, repeated
three times a week, as we now prescribe so many grains of bromide of
potassium, or so many drops of laudanum, repeated three times a day ;
but for the present we can rest assured that when we describe the cur-
rent that we employ as mild, or medium, or strong, and have stated the
method and length and frequency of application, we have attained all
the accuracy that science will allow.

Although the above statements have reference only to the galvanic
current, they just as truly apply to the faradic ; for induced as well as
galvanic electricity is subject to the law of Ohm. One difference, how-
ever, should be noted, that on account of the slighter chemical action
of the farad". current the resistance of the skin beneath the electrodes
does not diminish with the length of the application. For the above
reasons the graduated scales that accompany some of the faradic
machines for electro-therapeutics are of but little practical value.

Finally, Ohnv’s law explains the fact of observation, that when the
poles of a galvanic battery are metallically connected, the chemical
action in the battery is greatly increased and the plates rapidly de-
stoyed. The metals being better conductors than the body, conduct
amuch greater quantity of electricity ; and as the potential quantity of
electricity that any battery is capable of generating is limited, then
when the resistance between the poles is least, the action must be
strongest, and the metals the most rapidly consumed. Neglect in this
regard causes the premature destruction of many batteries.
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CHAPTER L

BRRLATION OF ELECTRO-PHYSIOLOGY TO ELECTRO-THERAPEUTICS—
ANIMAL ELECTRICITY.

Electro-physiology is the science which treats both of the laws of
animal electricity, and also of the phenomena produced by the action of
dectricity on the body in health. We propose to present this subject
as compactly as possible, and consequently shall speak only of those
facts that are necessary for a true appreciation of the science, and
chiefly of those that, directly or indirectly, have a practical bearing on
electro-therapeutics. '

Importance of @ Knowledge of Electro-physiology to the Electro-thera-
tpeutist.—It is of course possible to use electricity successfully in thera-
peutics without any thought of its physiological action, and thousands
have so used it. It is possible to relieve pain of almost every variety,
and to cure any of the curable forms of paralysis, without understanding
anything of the action of electricity on nutrition or on the normal mus-
ce. Any old country granny, the stupidest of nurses, an infant even,
can hold two sponges on a part of the surface of the body, and let the
curent in.  Those who aim no higher than this—the indiscriminate
holding of electrodes on patients—need give no thought to electro-
physiology ; need, indeed, waste no time on this or on any other work of
electro-therapeutics : they do not even need to trouble themselves with
the details of the applications, but have simply to delegate them, with-
out reserve, to the nearest nurse or clodhopper. Those, we assert, who
aim no higher than this will fall short of even that: their success in
relieving symptoms by electrization will be so capricious and illusory,
that, in time, they will abandon the attempt, allow their battery to grow
rusty in the garret, and thenceforth they will condemn and despise sci-
entific and successful electro-therapeutists.

The electro-therapeutist, above all others, should start out under the
inspiration of the motto of the late President Dwight: ¢ Aim high, for
you will be sure to come short of your aim.” To apply electricity after
the manner of nurses and “rubbing doctors,” is not using it, but abus-
ing it,
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Those who aspire to mastership in electro-therapeutics will not be con
tent with the mere attempt to relieve symptoms ; they will seek to study
those most complex and subtle diseases for the treatment of which elec-
‘tricty is indicated ; they will resort to this force for diagnostic as well as
therapeutic aid ; they will strive to know not only how to use it, but, what
is more difficult, how not to use it. He only can reap the full and rich
harvest of electro-therapeutical science and art who sows beside all
waters ; he must become more or less proficient in neurology, in electro-
physics, and in electro-physiology. He who has a knowledge of the
laws of animal electricity, and the actions and reactions of franklinic,
galvanic, and faradic electﬁcity 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 immediate practical
value.

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

Electro-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



ANIMAL ELECTRICITY. 89

interesting and suggestive phenomena of this science, those which have
the nearest practical relation to electro-therapeutics, can be best studied
on the living human subject, and without injuring the subject experi-
mented on. This is the supreme advantage of the study of the
physiological action of electricity over the study of the physiological
action of the majority of drugs. The objection so often made against
experiments made with medicines on inferior animals, that they do not
teach the action of such medicines on the human body in disease,
cannot, therefore, apply to electro-physiology, except to a limited
degree.

Not a few of the physiological reactions of the human body to elec-
tricity can be studied while making therapeutical applications. The
reaction of voluntary muscles, of the motor and sensory nerves, of
some of the nerves of special sense, to electricity, and the general effects
of electricity on nutrition, are taught us every time we electrize a patient
by any of the familiar methods of application. Electro-physiology and
electro-therapeutics thus go hand in hand.

The Localization of Electricity in the Body an Advantage in Studying
its Physiological Effect.—The drugs with which we experiment on ani-
mals, in order to learn their physiological action, are usually absorbed
and carried through the whole system; to confine their action to any
part or member is impossible.  If they select any organ on which to
expend their force in preference to other parts, it is by virtue of their in-
herent affinity for such organ, and not from any power in the experimenter
to confine them there. But electricity can, to a certain extent, be local-
ized in a muscle or nerve, or in some special organ ; thus its effects can
be studied with greater precision and certainty than the effects of drugs
internally administered. Thus the physiological action of electricity has
a specially practical bearing on its therapeutical action.

Animal Electricity is the Electricity that exists in Animal Bodies.
Electric Fishes.—The most remarkable display of animal electricity
appears in certain varieties of fishes. At a very early period it was
known that a certain flat fish had not only the power, when touched, to
give forth shocks, but could impart to other bodies, for some distance
through the water, a benumbing influence. This phenomenon was first
proved by actual experiment to be of an electrical nature as early as
1773 ; and soon after, by means of a number of Leyden jars, connect-
ing with a disk of leather or wood, either side of which was covered by
tinfoil, an artificial torpedo was constructed. The subject of animal
electricity is one of great scientific interest, and may in time become
of direct practical value to electro-therapeutics. This peculiar power
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is possessed only by a small number of fishes, the best known of which
are the forpedo or clectric ray, the gymnotus or electric eel, and the
electric shad.

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

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

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

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

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

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

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

Humboldt's Researches.—In 1799 Humboldt published a work contain.
ing the result of many and curious experiments, the object of which was
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to show that both Volta and Galvani were right and both wrong ; that
there was such a thing as animal electricity ; that Galvani was in error
in regarding it as the only form of electricity that appeared in his ex-
periments ; and that Volta was in error in refusing to admit its exist-
ence.

Aldints and Nobil?s Researches.—In 1803 a nephew of Galvani,
Aldini, published experiments that went to demonstrate the existence
of animal electricity. The voltaic pile, however, was a stronger argu-
ment against the existence of animal electricity than any experiments
could be in its favor, and for these reasons animal electricity was for-
gotten.

In 1827 M. Nobili, having constructed a very sensitive galvanome-
ter, was enabled, as he supposed, to detect, without doubt, the exist-
ence of an electric current in the frog. He observed that when the
needle was placed in the circuit it deviated some 30°.

Researches of Matteucci and Du Bois-Reymond.—A few years subse-
quently, Matteucci turned his attention to this subject; but it was re-
served for Du Bois-Reymond to investigate most clearly and most
fully, if not most conclusively, the electric properties of the nerves and
muscles.

By these two observers it is believed to have been shown, 1st. That
currents in every respect like the frog-current of Nobili, are not peculiar
to the frog, but are inherent in all animals, warm and cold-blooded—
in toads, salamanders, fresh-water crabs, adders, lizards, glow-worms,
and tortoises, as well as rabbits, guinea-pigs, mice, pigeons, and spar-
rows. (Du Bois-Reymond.)

2d. That currents are found in nerves as well as muscles, and that
both are subject to the same laws. (Du Bois-Reymond.)

3d. That the current usually observed is a muscular current that is
produced by the muscles, the nerves acting only as inactive conduc
tors.  (Du Bois-Reymond.)

4th. That this muscular current may be upward or downward, and
that the current of the whole limb is the resultant of the partial cur-
rents of each muscle. (Du Bois-Reymond.)

sth. That these currents do not depend on the contact of hete-
rogeneous tissues, as Volta had believed, for the nerves, muscles, and
tendons in their electrical relations are homogeneous. (Du Bois-Rey-
mond.)

6th. That electricity is found not only in the muscles and nerves,
but also in the brain, spinal cord, and sympathetic—in motor, sensory, and
mixed nerves—in a minute section as well as in a large mass of nervous
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substances—in a small fibril as well as in a large muscle—in the skin,
spleen, testicles, kidneys, liver, lungs, and tendons; but not in fascize,
sheaths of nerves, and sinews.

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

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

closed circuit.

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

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

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

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

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

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

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

A finger at the temperature of 32° is positive to one at go° and a
finger at 60° is feebly positive to one at 80° and strongly positive to
one at 180°. The cutaneous currents are also to be distinguished from
currents that arise from dissimilar immersion, dissimilar sweating and
shielding of the body.

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

All these currents resemble the ordinary muscular currents, in that
the outer and inner surfaces have opposite electricities.
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The currents of the nerves and muscles are very much stronger than
those of other tissues.®

Dr. C. B. Radcliffe takes a radically different view of animal elec
tricity. His conclusions, briefly summarized, are as follows :

1. The sheaths of the fibres of nerve and muscle during rest are
charged with electricity like Leyden jars. He believes it probable,
though not entirely demonstrable, that the sheaths ‘of the fibres con-
duct electricity so feebly that they are practically non-conductors and
are di-electric.

This charge is brought about by the development of electricity, either
positive or negative, through oxidation, or some form of chemical action,
on the outside of the sheaths of the fibres, which electricity induces
through the di-electric sheath, an opposite electricity from the inside of
the sheaths, after the manner of the Leyden jar. Electricity which exists
in the nerves and muscles during rest is in a statical condition, and not
in dynamic or current state.

The nerve-current and muscle-current are purely incidental phenom-
ena, resulting from applying the electrodes to points of unequal elec-
tric tension.

2. That the passage of a nerve or muscle from a state of rest to a state
of action is accompanied by a discharge similar to that of a torpedo.
The arguments in favor of this view are, that the anatomical and physio-
logical apparatus of the torpedo closely resembles the muscular appara-
tus of all animals ; that the nerve-current nearly disappears from the
nerve, and the muscle-current from the muscle, when nerve and muscle
pass from rest into action ; and, finally, that the phenomena of induced
or secondary contraction cannot otherwise be explained.

This discharge takes place between the sheaths of the fibres, which are
very elastic, and are capable of being elongated during rest by the mu.
tual attraction of the opposite electricities with which they are charged.

3- That when a nerve or muscle passes from action to rest it resumes
its condition of charge. Elongation, therefore, is the result of charge,
and contraction of discharge.

This point is illustrated by the following experiment :

A narrow band of rubber is wound on both surfaces very near the edge
with gold-leaf, so that it can be charged or discharged with electricity
like a Leyden jar. By a simple arrangement of a grooved wheel and an
apparatus that multiplies and records the movements, it can be shown
that when the band is charged by a few turns of a frictional machine, it

* Dynamics of Nerves aud Muscles. London, 1871.
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elongates, and when the charge is discharged it contracts. It is believed
that the muscle behaves in precisely this manner. If nerves are not
affected in the same way, it is because their fibres are not sufficiently
elastic.

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

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

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

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

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

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

Instead of the galvanometer multiplier we may use the rheoscopic
frog, which may give some results ; but it has the disadvantage that it
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loses its irritability, and that it contracts only when the current is
closed or broken.

Experiments of Trowbridge.—We have given a full and varied pre-
sentation of the leading conclusions of Du Bois-Reymond and others,
and have described, in a very general way, the best method of pesform-
ing the experiments on which his conclusions are based.

We have done this in justice to a name that is greatly honored in
science, in justice to the name that has made an era in physiology, and
to prepare the student for an intelligent understanding of the experi-
ments that seem to overthrow these views of Du Bois-Reymond that
have been so widely accepted. .

It has always appeared to us that in the experiments of all electro-
physiologists, the later as well as the earlier school, there were chances
for great error, and have been surprised that their conclusions have
been accepted with so little reservation.

Bearing in mind that all chemical action, however slight, is probably
accompanied by the generation of electricity, it is surcly not irrational
to suspect that the conclusions from careful experiments of Du Bois-
Reymond and others might be in some, if not in all cases, modified by
¢hemical action between the animal tissues and the cushions of the gal-
vanometer, however skilfully these were protected.

Among the physicists at least, the theories of Du Bois-Reymond have
been, on the whole, losing ground during the past ten years, and pro-
bably on account of the considerations that are above presented.

Prof. John Trowbridge, of Harvard College, has recently made a
series of researches that seem to cast grave doubts on the interesting
and hitherto accepted conclusions of Du Bois-Reymond in regard to
animal electricity.

This physicist, starting out on the face of the accepted fact tiat
two liguids of dissimilar chemical character, separated by a porous
partition, give rise to a current of electricity, has made experiments
with an apparatus similar to that employed by Du Bois-Reymond in
his researches on animal electricity. Instead, however, of placing a
piece of muscle or nerve on the cushions, he used a series of artificial
muscles. These artificial muscles were made of glass-tubes covered by
porous partitions, and filled with the different liquids, such as—

Undistilled water,

Weak solution of salt in distilled water,
Solution of different salts of iron,
Blood,

Acidulated water.
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Placing the artificial muscle thus prépared 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 were used, the needle of the galvanometer de-
flected so far as in some cases to throw the spot of light off the scale.®
Prof. Trowbridge exercised the same precautions as are found necessary
by electro-physiologists in obtaining the so-called muscular currents.
He argues that the behavior of the artificial muscle must be similar to
that of a natural muscle placed on the cushions ; and he states further,
that when we use the natural muscle, containing fresh and chemically
active blood, separated by its sheath from the clay guards of the cushions,
an clectrical action must take place between the fluids of the muscle and
the saline solutions in the connecting apparatus, which action cannol
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 detlected. 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 tirough 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 Liquiis separated by Membranes. American
Fournal of Science and Arts, vol. iii., May, 1872.
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" deflection of the needle was reduced, and when the constriction was
complete there was no deflection.

The conclusion to which Prof. Trowbridge arrives from these ex-
periments, which have been repeated at various times, is, “ #hat when the
cushions of the galvanometer are connected by a membranous sac con-
taining fluids, or animal tissue saturated with fluid, an endosmotic action
takes place, accompanied by galvanic action; and that this galvanic
action is determined by the difference of endosmotic action at various
points of the enclosing membrane.” *

When, therefore, 2 muscle is placed on the cushions of the galvanom-
eter, its transverse section on one pad and its longitudinal section
on the other, endosmose takes place, which is different at different
points, and the galvanic current that appears is probably caused by
this difference of endosmotic action and not by the so-called muscular
current. Then granting that a muscular current exists, it must suffer
important modifications in strength and direction through this endos-
motic action. Jf the muscular current does not exist, this endosmotic
action, with the accompanying galvanic action, will account for the de-
Jlection of the needle of the galvanometer that had been supposed to be
due to the muscular current.

In a letter received by Dr. Beard from Prof. Trowbridge, under date
March 28, 1873, nearly one year later than the date of the publication of
the researches of which the above is an abstract, he says that “later
experiments have convinced me that there are no such currents as mus-
cular currents, properly so called. I think that the phenomena noticed
by Du Bois-Reymond arise from differences in the chemical nature of
different portions of the muscle. Du Bois-Reymond contends that
such chemical difference does not exist, and that the tissue is homo-
geneous from a chemical point of view. It must be remembered,
however, that a delicate galvanometer can detect differences in chemi-
cal composition which cannot be detected except by the most refined
analysis. I should therefore make my assertions stronger than I have
done, in the accompanying papers, in view of subsequent experiment.”

Prof. Trowbridge has also made experiments that seem to cast grave
doubts on the conclusions of Du Bois-Reymond in regard to electrical
currents in the arms. Du Bois-Reymond in his experiment connects
the terminals of a galvanometer in separate vessels by a siphon-tube
containing the same liquid as the vessel. The ends of the tube are
covered with a porous preparation.

® Procecdings of the American Academy of Arts and Sciences, January 9, 1872,
7
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Placing a forefinger in each vessel and violently contracting the
arm, he observed that the needle of the galvanometer was deflected ; on
contracting the other arm, the needle deflected in the opposite direc-
tion. Du Bois-Reymond explained this phenomena by the theory
that electrical currents circulate in the arm distinct from and co-exist-
ing with the muscular and nerve-currents. It is mnot difficult to con-
ceive that in an experiment of this kind there would be chances for
error sufficient to make us very cautious in accepting any immediate
conclusions in regard to it. In order to test the validity of this con-
clusion, Prof. Trowbridge prepared a vessel with two limbs, which he
substituted for the human finger. Du Bois-Reymond's experiment-
vessel was filled with a solution of salt, and the end of the limbs was
covered with prepared membrane. The resistance of the circuit
through both limbs and the vessel was about that of the human body
from the forefinger of one hand to the forefinger of the other—that is,
about seven or eight times the resistance of the Atlantic cable. The
ends of the limbs or tubes were immersed in the fluid of the vessel con-
nected with the galvanometer. As soon as they touched the liquid,
the needle of the galvanometer was deflected, and on reversing the
limbs the needle was deflected in the opposite direction.

When the flexible portion of one of the limbs was pinched so as to
diminish the diameter, the deflection was also diminished. When a
trifling change was made in the chemical character of the fluids in the
two limbs, and one of the limbs was slightly contracted, the direction of
the needle was reversed.

Prof. Trowbridge is disposed to believe that the deflection of the
needle caused by the contraction of the muscles of the arm, “is pro-
duced either by the temperature or by the change in the flow of the
blood.” It has been established, that the electro-motive force between
venous and arterial blood is about one-thirtieth that of a Daniell's
cell; and as muscular contractions change the chemical character of
the blood, and as by very slight chemical difference between two fluids
separated by a membrane, like the skin, is sufficient to create a gal-
vanic current, it is not improbable that the conclusion of Du Bois-
Reymond in regard to the existence of a separate electrical current
in the arm is erroneonas.




CHAPTER IL
ELECTROTONOS, ANELECTROTONOS, AND CATELECTROTONOS.

Electrotonos is the peculiar modification of irritability that nerve
and muscles under go when acted upon by a galvanic current.

While the nerve is in the electrotonic state, that part of it not in-
cluded between the poles will deflect the needle of a delicate galvano-
meter ; and that the deflection then caused is not due to the natural
nerve-current, is proved by the fact that it appears when only the sur-
face of the nerve is connected with the galvanometer. It is therefore

" the electric condition of the nerve caused by the passage of the current
through it that deflects the needle. The electrotonic condition not only
remains so long as the galvanic current continues to pass, but, if the
current be sufficiently powerful, it remains for a limited time after the
current ceases to pass.

The electrotonos is more noticed the larger the extent of nerve
acted upon, provided the current be sufficiently increased to overcome
the increased resistance.

In nerves that are dead, or have lost their irritability, electrotonos
cannot be excited at all, or only feebly, and the same is true when the
nerve is cut across or tightly bound with a ligature.

The change in the nerve-current depends on the direction of the
galvanic current. When the galvanic current flows in the same direc-
tion with the nerve-current, the strength of the nerve-current is in-
creased ; when the galvanic current flows in a contrary direction, the
strength of the nerve-current is diminished.

Electrotonos is greater when the galvanic current flows lengthwise
than when it flows across the nerve. It increases, within certain limits,
with the increase in the intensity of the current.

Molecular Theory of Anelectrotonos.—Du Bois-Reymond has sug-
gested a theory to account for the phenomena of electrotonos, which
has been generally accepted. It is analogous to the theory of mag-
netism suggested by Coulomb. He supposes that muscles and nerves
consist of electric molecules, which have one positive equatorial zone
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and two negative polar zones, whose axes are parallel to each other;
that is, two molecules make one molecule. This is called the geri-polar
arrangement. In a magnet, each individual molecule manifests the
same phenomena as the entire magnet: each molecule is indeed a
magnet in miniature. In like manner, each molecule of the nerve or
muscle manifests the same phenomena as the entire nerve or muscle.
These peri-polar molecules are enclosed by a moist covering.

Du Bois-Reymond further supposes that each peri-polar molecule
may be divided into a group of di-polar molecules—where the positive

L S
FiG. 32.
Peri-polar Arrangement of Electro-motor Molecules.
L S—Longitudinal Section. T S—Transverse Section.

P—Parelectronomic Layer.

hemispheres are turned toward each other—without changing their
electrical properties. This is called the dipo/ar arrangement. If a
number of such molecules are brought under the influence of a galvanic
current, their positive zones will turn toward the negative pole, and the
negative toward the positive ; one of the molecules (3) turning 180°
on its axis. The arrangement will be as above. From its resemblance
to the voltaic pile it is called the pile-like arrangement.

Tkis pile-like arrangement of the molecules not only takes place
between the electrodes, but also beyond them into the extra.polar
region,

Du Bois-Reymond has illustrated these phenomena on molecules
made of zinc and copper.

From these experiments Du Bois-Reymond concluded, first, that the
nerve is always in the condition of a closed circuit, since electric cur-
rents are produced by the connection of layers surrounding the mole-
cules with their molecules ; and secondly, that the current obtained
from an animal, as indicated by the galvanometer, is only a small por-
tion of the entire current.
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The galvanic current that produces the electrotonic condition is called
the polarizing current. The portion between the poles is called intra-
polar ; beyond and outside of the poles, extra-polar. Electrotonos is
ascending when it proceeds from the muscle to the nerve ; descending
when it proceeds from the nerve to the muscle.

Andlectrotonos and Catelectrotonos.— Anelectrotonos is a condition of
diminished irritability whick takes place at the positive electrode. Cate.
lectrotonos is a condition of increased irritability which takes place at the

LS

L S—Longitudinal Section. T S—Transverse Section.

1. Peri-polar arrangement of electro-motor molecules.

2. Di-polar arrangement of electro-motor molecules.

3 Pile-like arrangement of electro-motor molecules, caused by the action of

the galvanic current.

negative electrode. At some point between the electrodes the irritability
of the nerve is unchanged. The conditions of anelectrotonos and
catelectrotonos are found not only between the poles, but also in the
other portions of the nerve, in the extra-polar portion.

The portion between the poles and near the negative pole, together
with the portion beyond the negative pole, is in a state of catelectro-
tonos, with increased irritability. The portion between the poles and
near the positive pole, together with the portion beyond the positive
pole, is in a state of anelectrotonos, with diminished irritability.

The extra-polar catelectrotonos depends on the length of the nerve be-
tween the poles, and the strength of the current, up to a certain limit.
The strength of the extra-polar anelectrotonos is proportioned to its
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distance from the poles, being greatest near the intra-polar portion.
The extra-polar catelectrotonos, both ascending and descending, is in
a state of increased irritability. The extra-polar anelectrotonos, both
ascending and descending, is in a state of diminished irritability.

Neutral Point.—Between the poles there is a point where the irrita-
bility is not changed ; there anelectrotonos meets catelectrotonos.. This
is called the neutral point. The relative position of this depends on
the strength of the polarizing current. Where the strength of the cur-
rent is medium, the neutral point is about midway between the poles.
Where the current is weak, the neutral point is nearer the positive
pole. Where it is strong, it is near the negative pole.

Negative Variation—When a current frequently interrupted is
applied to an irritable nerve, it causes the nerve-current to diminish in
strength, and finally utterly destroys it. This fact is demonstrated by
the galvanometer.

The same phenomena is caused to a less degree by chemical or
mechanical stimulation of nerve. Negative variation has been explained
by the theory that the peri-polar molecules in the nerve change their
arrangement, so that their electro-motor power is diminished. The neg+
ative variation of the current has been studied by Bernstein. He re-
gards all the electric phenomena of the nerve as undulatory movements,
and has mathematically estimated the length of the waves in nerve and
muscle.  Cyon, in confirmation, has shown that the degree of the
variation is directly proportioned to the number of interruptions in the
exciting current.

Effects of Electrotonosin Diminished Conductivity.—The power of a
nerve to conduct irritability is more or less modified by the condition of
electrotonos. The portion of the nerve near the positive pole, which is
in a condition of anelectrotonos, has its conductibility diminished ; the
portion of the nerve near the negative pole, which is in a condition of
catelectrotonos, has its conductibility increased. If the current be suf-
ficiently strong, the power of the nerve to conduct impressions may be
nearly or entirely destroyed.

Effects of Electrotonos after the breaking of the Galvanic (polarizing)
Current.—One of the effects of the electrotonos is the irritation which is
caused by the passing away of the anelectrotonos. This irritation,
which appears at the positive pole, is shown either by a contraction or
by a tetanic condition.

Positive Modification and Negative Mod:ﬁcalwn —The nerve which is
in a condition of catelectrotonos at the negative pole is greatly
modified by the breaking of the polarizing current. Its irritability is
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thereby diminished. This diminution of irritability is called the “ nega-
tive modification.”” At the positive pole in the catelectrotonic region, an
increase of irritability, or positive modification, appears on breaking the
current.  This increase and diminution of irritability continue for some
time after the polarizing current is broken.

Effect of @ Change in the Direction of the Current.—Another effect of
electrotonos is the change of irritability which is caused by a change in
the direction of the current. If a nerve is subjected for some time to
the influence of a galvanic current in a certain direction, it loses some
of its irritability, which it regains when the current is reversed.

Restoration of Irritability.—A very important effect of electrotonos
is a restoration of irritability in a nerve. It has been proved, both by
experience and by experiments, that nerves, which fromn any cause have
lost their irritability to the faradic current, sometimes regain it after an
application of the galvanic. It has been shown by the experience of
several writers on electro-therapeutics, and of ourselves, that, in cases
of paralysis, when the faradic current at first fails to produce contrac-
tions, the application of the galvanic may not only readily produce con-
tractions, but may also produce suck a change in the irritability of the
taralyzed parts as to cause them to regain their lost srritability to the
Jfaradic current.  (See Electro-Therapeutics.) .

Electrotonos of Muscle.—A muscle, like a nerve, may be put in the
condition of electrotonos ; the changes of irritability that accompany
this condition are confined to the poition of muscle through which
the current flows. The subsequent effects, after the polarizing current is
broken, are also limited to the portion through which the current passes.

It is logically probable, also, that not only the motor-nerves, but also
all parts of the nervous system—central and peripheral—are capable of
exhibiting the phenomena of modified irritability under the galvanic
current.

Theory of Anelectrotonos and Catelectrotonos.—That the galvanic
current in its passage through the nerve diminishes the irritability of that
nerve in the region of the positive pole, and increases its irritability in
the region of the negative pole, may be explained by the purely physical
effects of the currents in the tissue.

We have seen that in electrolysis acids go to the positive and
alkalies to the negative pole ; now it is a fact of physiclogy that acids
diminish the irritability of nerves, while alkalies increase it. Anelec-
trotonos and catelectrotunos may therefore be caused by acids at the
positive and alkalies at the negative pole.

This explanation is rendered probable by two facts: firs#, that
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anelectrotonos and catelectrotonos are not produced by the secondary
faradic current, which has no marked chemical action; and secondly,
that very feeble and instantaneous passages of the galvanic current pro-
duce electrolytic effects.

BAliiger's Contraction-Law.—The law of contraction, as derived by
Pfliger from experiments on the frog, is thus formulated: ZVe nerve is
excited by the appearance of catelectrotonos, and the disappearance of
anelectrotonos, but not by the appearance of anelectrotonos or the dis-
appearance of calelectrotonos. This law is considered of great scientific
as well as practical value.

Electrotonos in the Living Man.—The subject of electrotonos in the
living man has been studied by Eulenburg, Samt, Von Bezold, Brenner,
Erb, Brickner, Runge, and Filehne, but most successfully by Cyon.

Cyon,* by a series of elaborate and careful experiments, has shown
that the contraction-law of Pfliiger, as established on the frog prepara-
tion, applies also to the living human subject.

He has shown that, after closing the circuit, the irritability is in-
creased near the negative pole; that this condition of catelectrotonos
increases as the current runs up to a certain point; that on breaking
the current the ncgative modification, or condition of diminished irrita-
bility, appears for a moment, and then disappears.

Near the positive pole, on the other hand, the irritability is diminished
at and after closing the current. On breaking the current there is
an increase of irritability, or positive modification, which appears to be
greater when the current has been allowed to run a long time.

The experiments from which Cyon derived these conclusions were
made on the ulnar nerve, and with great care to avoid error. It will
be seen that the results correspond with the results of Pfliger’s experi-
ments on the frog, and confirm them. Cyon found, however, that these
results were not uniform in all persons, but were modified more or less
by temperament and disease.

Practical Bearings of the Laws of Electrotonos.—While the laws of
electrotonos do not account for all the therapeutical action of the gal-
vanic current, they are, nevertheless, of great value, and help to ex-
plain the practical differences observed in the action of the two poles.
In a carefully prepared article, however, by De Watteville,t the con-
clusion is reached ¢that a therapeutical system, built on the opposite
anelectrotonic and katelectrotonic effects, rests upon an imaginary
basis. . . . Both are stimulants, if ¢stimulation’ there be, the kathode
more than the anode.”

* Principes & Electrothirapie. Paris, 1873, p. 130 ¢t seq.
t Conditions of the Unipolar Stimulation, etc. ** Brain.” Part IX.



CHAPTER IIIL
ACTION OF ELECTRICITY ON THE SKIN.

IN regard to the study of the action of electricity on the body in
health, it is necessary to make the preliminary remark ‘hat many of
the experiments that have been made and published, and widely quoted
in this department, have but little scientific value, and cannot be re-
guded as in any sense authoritative. The reason for the uncertainty
pertaining to the reported experiments are manifold :

1. The distinction between the currents has not been observed. Not
only have the faradic and the galvanic currents been constantly con-
founded, but the subdivisions of the faradic current—the electro-mag-
netic and magneto-electric—have been vaguely commingled. Many
observers speak of galvanization when they mean faradization, and zice
tersd, and not a few apply both terms to the use of the same current.

2. Allowance has not been made for the differcntial action of strong,
medium, and feeble currents, or of long and short applications. The
difierence in the physiological effect of a large and small dose of opium,
strychnine, belladonna, or ergot, or any other powerful remedy whatso-
ever,is enormous. When a small dose has no perceptible effect, a large
dose may throw into profound sleep, or into violent convulsions, that lead
todeath. 1n speaking of the physiological action of drugs of any kind,
the dose is always mentioned, and any experiment with drugs, on man
or animals, when the dose is not known or mentioned, has little value in
science. Similarly also in electro-therapeutics, we find in every-day
experience that the difference in the effects of a mild and short, and a
severe and long, application, is only the difference between making a
patient infinitely better or infinitely worse.

When, therefore, we read that galvanization of the sympathetic or
pneumogastric produces such and such effects, we really get no precise
knowledge whatsoever.

3 The differential susceptibility of man and animals has not been duly
sonsidered. Experimeats with electricity performed on the lower ani
mals, as frogs, dogs, cats, horses, rabbits, cows, guinea-pigs, etc., do no!
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always afford a safe basis for generalization in reg.rd to the effects of
electricity on man, and especially on man in a state of civilization. In
their susceptibility to the electrical stimulus, and in the length of time
that they retain their irritability after death, there is a great difference
in animals; between animals and civilized man this difference must be
very great.

In proportion as the organization of man is more complex than that
of the lower animals, in that proportion will the physiological reactions
of the human body to the electric current, or indeed to any other in-
fluence, be more complex and uncertain, and more liable to deviations
and modifications than the physiological reactions of the inferior forms
of life to which we are supposed to be related. Conclusions in electro-
physiology, derived solely from experiments on animals, have the great
merit of simplicity; but when applied to the far higher and more com-
plex organization of man, and especially of civilized man, with his ex-
cessively sensitive system of nerves, they are apt to lead into serious
error.

4. Individual idiosyncrasies have not been properly considered. The
action of medicines varies with the temperament to such a degree as to
make necessary great caution in rushing to generalizations from expe-
riments on one or two persons. Applications of electricity, faradic
or galvanic, to the cervical sympathetic, similar in length and strength,
may cause in one individual symptoms of cerebral congestion, in another
symptoms of cerebral an@mia, and in another its effects may be purely
negative. In one individual the effects of such application may be felt
at once, in another an hour or two after the application, in another not
until the following day.

There is a great difference in the average susceptibility of different
nationalities and of the higher and lower orders of society, with occa-
sional exceptions both ways; the tough, coarse-fibred laboring classes
are much less susceptible to electricity, just as they are much less sus-
ceptible to drugs, than the delicate, finely organized, brain-working
classes.

5. The action of electricity on the body in health may be learned, in
part at least, by studying its action in disease.

“Pathology,” Allbutt well says, “is but the shady side of physiology.”
To draw the line precisely where health ends and disease begins, is
oftentimes beyond the power of mortal man. Of the deep darkness of
the midnight-hour any child is conscious, and even the birds discern the
approach of evening ; but what physicist so keen as to tell the precise
moment when the late afternoon begins to fade into the =arly twilight?
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It is because physiology and pathology thus run into each other, that
observationson pathological states may be of great service to physiology.
Experiments made with electricity on patients more or less diseased
have helped, as we shall see, to solve some of the problems of electro-
physiology. Certain pathological states render the nerves unusually
impressible to electricity in degree, though in the same way as ir
health, and thus are of great value to the electro-physiological experi
menter.

The above considerations explainin part the opposite and inconsistent
as well as fragmentary character of electro-physiological researches, and
they should be borne constantly in mind by those who study this and
the following chapters, devoted to the action of electricity on the humar
body in health.

Action of Franklinic Electricity—When the sparks of frictional
electricity are applied to the skin they produce a sensation of pricking.
and if the sparks are large the skin becomes red and a papular eruptior
appears. Applied to the scalp, it causes the hair to stand on end.

Action of the Faradic Current.—If any dry artificial electrode is
pressed against the dry skin while a faradic current is passing, the elec-
tricity will penetrate but slightly to the deeper tissues, unless the current
is very intense, because of the great resistance offered by the skin.

One effect of the faradic current on the skin in this way is to cause a
change in the circulation. The change may be either anemia or hyper-
&mia. At first there is anemia. The calibre of the blood-vessels is
narrowed, through the action of the current on the vaso-motor nerves.
This contraction with anazmia is spasmodic in its character; it lasts
but for a time, and in the course of two or three minutes it gives way
to hyperemia. The skin becomes red, and remains so for a short or
long time, from several minutes to several hours, according to the
strength of the current, the length of the application, and the tempera-
ment of the individual.

Another effect of faradizing the skin in this way is pain. This pain is
caused by the irritation of the extremities of the sensory nerves.

When the dry hand is substituted for the dry artificial electrode, the
surface can be faradized without producing pain. During the latter
operation the electricity, acting upon the dry surface of the skin, pro-
duces a peculiar cracking or humming sound that may be heard several
feet.

An application of a faradic current of ordinary strength is followed
by the mest marked effects on the skin when it is dry, from the fact
that the electricity is mostly confined to the surface of the tissue. A
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very fine, or, in other words, a rapidly interrupted, faradic current, has
a more marked effect on the sensory nerves than a coarse, or slowly in-
terrupted, current, and in the treatment of the more common forms of
anesthesia and neuralgia this fact must be considered. Zhe negative
pole has a much stronger efect both on the sensory and motor nerves
than the positive. Any one can readily distinguish the poles, when held
in the hand, by the stronger sensation and more violent muscular con-
traction whick is felt at the negative.

Some parts of the skin are more sensitive to the current than others,
from the fact that they are more richly supplied with nerves. The face
is especially sensitive at the points where the various branches of
the trigeminus issue, and at the line of demarcation of the skin and
mucous membrane of the nose and mouth. The relative sensitiveness
of different parts of the surface of the body to the faradic current will
be discussed in detail in a chapter devoted to that subject in the section
on Electro-Therapeutics. A faradic current of moderate strength, when
applied to bones that lie very near the surface, produces considerable
pain of a peculiar character. This pain is caused on account of the
irritation of the sentient nerves of the periosteum. The forehead and
the region of the scapula and tibia are especially sensitive to electriza-
tion. i

It is not supposed that the bone is specifically affected by the electric
current. Both the periosteum and the bone, however, may have an
increased amount of blood attracted to them by the electric current.
Acting in this manner, electrization has been known to reunite an old
fracture. (See Electro-Surgery.)

The great and peculiar sensitiveness of the skin to electricity is ex-
plained in part by the fact that the epidermis as a whole is so poor a con-
ductor, and the electricity enters it &y points through the sudoriferous and
sebaceous glands, and the smaller the diameter of the point at which the
electricity enters a body the greater the density, the strength of the
current being constant. When now an electrode is applied to the body,
the entire current, instead of diffusing itself over the whole surface,
enters at the glands, where there is best conduction, and consequently
excites pain, For the same reason, to a greater degree, electricity
applied by means of a metallic brush is far more painful than when
applied with a broad metal or sponge.

For the same reason a wet sponge electrode, when lightly touched to
the surface of the body, causes more pain than when firmly pressed on
the skin.

One effect of faradizing the skin is the phenomenon of “goose-flesh,”
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popularly so called. This is noticed not only where the electrodes are
applied, and between them, but at a distance. Itis more observed in the
nervous and feeble than in the hardy and strong. It may be excited by |
weak currents of momentary duration. In some persons it cannot be
excited at all.

Action of the Galvanic Current.—The effects of the galvanic current
on the skin differ somewhat from those of the faradic. At both poles
there is a durning sensation, which increases in intensity with the strength
of the current and the length of the application. The sensation, when
the current is closed, is like that of a mustard-plaster, or, with a very
strong current, that of a hot iron pressed on the skin. The ¢ goose-
skin” sometimes appears as under the faradic current, but it lasts longer.
Itappears only around the poles, and not beneath them, at the points of
contact. At the positive pole, in some cases, there appears under the
ciectrode, at first, a shallow depression, and the skin is pale, but soon
hyperemia appears, and many little elevations here and there. When
astrong current is used an ischamic-appearance is presented beneath
the electrode, and a red areola extends for some distance around.

At the negative pole substantially the same phenomena appear, but
the hyperzemia arises more rapidly, and is more intense and extended.

The general sensation caused by the galvanic current is then, in
character, substantially the same at both poles. In degree of action
there is a certain difference, since the change at the negative develops
more rapidly and powerfully.

The above phenomena we have repeatedly demonstrated on a variety
of temperaments. We have observed that the rapidity and strength of
the action are considerably modified by the individdal.  Soft, thin, and
delicate skins appreciate the burning feeling and the various stazes of
hyperemia more quickly than skins which are coarse, thick, and hard.

Ziemssen, who has carefully studied this subject, states that wnpo-
larizable electrodes are necessary in order to obtain the complete
results with certainty. The advantage of unpolarizable electrodes is,
that they are not so painful, and so a current-of from thirty to sixty
elements can be borne for a long time, say from ten to thirty minutes.
With ordinary electrodes such a current would for most persons be un-
endurable after the second minute.

Chemical Effects of the Galvanic Current on the Skin.—The chemical
effects of the galvanic current on the skin differ not only in degree but
in kind, Under the negative pole—when metallic electrodes of moderate
diameter are applied on the skin, slightly moistened—there appear small,
rale vesicles, that are transparent and are not raised much above the
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skiz. This phenomena is produced by a current that causes a strong
burning sensation. These vesicles contain fluid and layers of epidermis.
The fluid is a/kaline. When the strength of the current is increased the
fluid becomes of a brownish color, and blisters are formed and a red
areola appears. The serum that comes out on the skin is alkaline.
These blisters, and all the other phenomena, as has been often
demonstrated, appear more rapidly on delicate than on thick skins, and
when fully formed they are a long time in healing, and for days and
weeks a yellowish and brownish discoloration may be observed at the
points where the skin was acted on.

If the application be still more protracted little ulcers are formed, that
are also slow to perfectly heal, but are not painful, and cause no an-
noyance.

At the positive pole, when a strong current is used for some time, a
blister appears, accompanying the other symptoms of *goose-flesh,”
ischemia. The blister is colored in its centre a yellowish brown.
The serous fluid that comes from the blistersis acid. The metallic elec-
trode becomes black through oxidation. In order to demonstrate this
action of the positive pole, it is better to have the connection at the
negative pole established by means of a broad, soft, and well-moistened
sponge.

Ziemssen states that by this experiment, made with thermometers,
no elevation of temperature takes place either at the positive or nega-
tive pole.

In all these chemical actions of the galvanic current on the body, it is
probable that more or less ozone is produced, and it is not impossible
that the ozone thus produced may in some way modify the effects.
(See section on Osone and Ulcers, in Electro-Therapeutics.)

Electro-anasthesia.—It has for some time been a matter of dispute
whether a slight anesthesia can be produced by the electric current.
It is well known that for a number of years some dentists have been
accustomed to connect the forceps for extracting teeth with one pole
of an electro-magnetic apparatus while the patient rested his foot on the
other pole, so that as soon as the forceps seized hold of the tooth a cur-
rent is established. Although this method of producing anasthesia is not
now received with favor, there is no question that the electric currents
do have a slight benumbing effect. The results of various experiments
that we have from time to time performed in this department seem to
be conclusive. We have had teeth extracted while a strong faradic
turrent was passing through the jaw, and feel assured from this personal
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experience that the electricity caused the pain to be less sensitively felt.
That the pain caused by the prick of a pin, for example, is less sensi-
tively felt when a strong faradic current is passing through the part
where the puncture is made, we have practically demonstrated on. the
hand and other parts of the body.

Althaus * arrived at the conclusion that the electric current could pro
duce an anzsthetic or slightly paralyzing effect, from experiments on
the nerve-trunks, as the ulnar and sciatic. His method of operating
was to place the positive pole over some point where the nerve was
superficial, and the negative over some one of the terminal branches,
keeping up the action of the current for fifteen minutes, with the result
of producing a feeling of numbness, and less sensitiveness to the cur-
rent. Knorr, of Munich, has availed himself of the anzsthetic effects
of electrization for opening felons and buboes.

We have also experimented on inflamed and irritated mucous mem-
branes. In rhinitis, pharyngitis, and laryngitis, we have for three years
been accustomed continually to make use of the benumbing effects of
electrization.

It has a very slight gnaesthetic effect on irritated and inflamed mucous
membrane, and those on whom it has been employed desire to have the
applications repeated. Our custom has been, in some cases, to use local
faradization after the application of caustics and other irritants, in order
to relieve the very annoying pain that they so often cause, or in any
irritable condition of the parts.

A French physician, M. Victor Revillout, has obtained similar results
from applications of the faradic current to the uterus after cauteriza-
tion. ¢

Electrical Excitability of the Skin.—Tschiriew} and De Watteville
have pointed out a method by which the absolute and relative excita-
bility of the cutaneous nerves can be readily tested. The principles
of their method are: 1st. Elimination of all the sources of variation in
the strength of the currents due to the variable thickness of the epi-
dermis, and the different positions of the electrodes, etc., by intercalat-
ing in the circuit such resistances as to make such variations insignifi-
cant. 2d. Elimination of the variable abundance of nervous elements
in the skin, by exciting it at a constant number of points, dispersed
over a constant surface.

-® Medical Electricity. 1860. pp. 166, 167.
} Archives Générales de Médecine, September, 1868. p. 356.
$ Brain. Part VI,



CHAPTER IV.
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. Flectrization 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 all
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-
rents to the central ganglia, was not tenable. Dr. Bartholow ¢ had made

* Archives of Electrology and Neurology. May, 1874. + Ibid.
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similar experiments on the brain of a living woman, exposed by can.
cerous disease.

Efects of External Galvanization of the Brain.—The leading effect
of medium and strong galvanization of the brain by external application
in the living human subject is different. When one electrode is placed
on the forehead and the other on the occiput, or one on the summit of
the head and the other on the stomach, galvanization is followed by
little if any tendency to vertigo. When a current of even feeble tension
is passed from temple to temple, or from one mastoid bone to its fellow,
very decided dizziness is at once perceived, which continues during the
operation of the current, and becomes most decidedly manifested at the
moment the circuit is broken.

During the passage of the current there is a very marked and quite
iresistible tendency to lean toward the positive pole, while objects in
view seem to move in the same direction. When the circuit is opened
there is a reversal in the direction of the seeming movements, and the
experimenter instantly bends in the opposite direction toward the nega-
tive pole.

For these phenomena an ingenious and plausible explanation is given
by Hitzig. When the current passes from the forehead to the occiput,
the right and left lobes of the brain and all that pertains to them are
equally or symmetrically influenced, and little if any dizziness is per-
ceived. Place, however, the anode upon one temple and the cathode
upon the other, and mark the readiness with which dizziness is produced.

In this operation the brain is no longer symmetrically affected. One
hemisphere 1s in a condition of anelectrotonos, or diminished irritability,
while the other is in a condition of catelectrotonos, or increased irrita-
bility, or, as it is expressed, there is a falsification of the muscular sense,
adisturbance of the equilibrium, and the apparently involuntary incli-
nation toward the anode is in reality a voluntary effort to restore the
imaginary loss of balance.

Hiuig indicates several degrees of galvanic giddiness.

L. A mere sense of fulness in the head. This feeling is caused by a
mild current when broken, but not usually when the current is running,
nor so markedly when the current is closed. Certain temperaments,
however, experience this feeling not only when the current is broken,
but also when it is running.

2. Apparent movements. These are produced by stronger currents.
Objects when the current is running appear to go from the positive to
the negative pole ; when the current is broken the apparent movement
isreversed.

8
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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 during the second and third stages of dizziness.
When a strong current goes transversely through the head, and ite
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 will
enter into contraction. The results will be the same, whether the cut
extremities are separated or brought in close contact, in which latter
condition no impediment is offered to the passage of the current.
The above researches of Weber have been confirmed by Dr. Beard's
experiments on dogs and rabbits. The effects are produced by both
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 Analomie des Menschen, vol. .iii., 2, p. 154, by
Althaus, Third edition, p. 139.
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rent no contractions are observed, and a paralyzing effect soon takes
place. The cord remains insensible to any stimulus that may be ap
plied to it as long as the current is passing, but at its cessation any
mechanical irritation will give rise to the usual tetanic convulsions.
This diminution of excitability is confined alone to the spinal cord, fo1
if the motor nerves and muscles are traversed by an induced current
(while the cord is under the influence of the galvanic) they contract
vigorously. The galvanic current applied through the spinal cord for a
long time produces paralysis

According to Mayer, if a mild faradic current be applied to the cervi-
cal region of frogs that are in an irritable condition, movements of the
lower extremities occur. Electrization of the posterior columns pro-
duces these movements easier than electrization of the anterior col-
umns. If the posterior columns are removed no movements occur. If
the cord is divided into halves, posteriorly and anteriorly from above
nearly down to the origin of the sciatic nerve, electrization of the pos-
terior half produces movements, but electrization of the anterior does
not. If the posterior roots on the trunk of the brachial nerve are elec-
trized, the movements are produced just as when the cord itself is elec-
trized.  Fick, however, declares that the anterior columns respond to
faradization.

Cilio-spinal Centre.—The cervical sympathetic nerve, which animates
the radial fibres of the iris, takes its rise from the spinal cord between
the seventh cervical and the sixth dorsal vertebr.

If this portion of the cord be galvanized, the excitation is transmitted
to the cervical sympathetic nerve, and thence to the iris, producing dila-
tation of the pupil. This point has been termed by Budge and Waller
the centrum cilio-spinale. A ganglion near the fifth lumbar vertebra
which, on being electrized in animals, produces contractions of the rec-
tum and bladder, is called the ganglion genito-spinale.

The first of these points, the centrum cilio-spinale, can be demon-
strated by external applications both of the galvauic and faradic cur
rents, and is of great importance in general faradization. The ganglion
genito-spinale also is probably directly, though not so demonstrably,
iffected by external electrization of the spine.



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
sffects 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 the
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 nerves
cinnot be expected to be identical in kind and degree with the effects
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 from one to the other finds these
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nerves 1n their pathway, yet on physical or physiological principles we
cannot expect the same results as when the one or both poles are di-
rectly applied to the nerves. In external applications it is the derived
currents that pass through the nerves, and direct polar effect is not
gained When we consider that the currents in passing from one pole
to the other diffuse themselves into numberless undulatory, diverse cur-
rents, it is easy to see that only a small part of the electric influence
will be appreciated by such small nerves as the sympathetic ganglia or
the pneumogastric. In the body between the electrodes the currents
act like diffused light ; at the electrodes the currents act like light con
centrated to a focus. If currents of sufficient power could be borne
externally, it is possible that by single external applications there could
be produced all the effects that are obtained by direct applications to
the nerves themselves ; but this is hardly probable, for the twofold rea-
son that the (ifferential polar effect could not be obtained, and that
the great stimulation of each of the electrodes on the surface would
complicate the experiment. These considerations, as it seems to us,
sufficiently explain what to many has been regarded as a great diffi-
culty—that the ordinary therapeutical measures for electrizing the sym-
pathetic do not produce the same effects as direct applications to the
ganglia.

That the sympathetic and the pneumogastric are traversed by the cur-
rent when the electrodes are placed on the surface of the neck, is suffi-
ciently probable from the known laws of electric conduction. When
one electrode is' placed at the nape of the neck, and the other at
the anterior border of the sterno-cleido-mastoid muscle, the current,
whether faradic or galvanic, however widely it may radiate, and however
numerous the branch-currents may be, must by physical necessity trav-
erse the sympathetic and pneumogastric. There is no more prob-
ability that it will go out of its way, in violation of physical laws, and
avoid these nerves, than that a storm sweeping between New York and
Brooklyn will take a circuitous march and avoid the East River.

These nerves—the sympathetic and pneumogastric—and the tissues
by which they are surrounded, are good conductors, very much superior
in conductivity to the skin, and of almost the same conductivity as the
muscles; and even if some branch or derived currents pass through
other tissues, as unquestionably is the case, these nerves cannot be
wholly avoided, and when the electrodes are in central positions they
are probably the highway through which nearly the entire charge
passes.

But stronger than the analogies of electro-physics, and more con-
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vincing than experiments on the dead subject, are the observed effects
of electrization of the neck in physiological and pathological cases.
These effects, which will be detailed further on, harmonize so closely
with all our knowledge of nervo-physiology, and accord so exactly with
pathological observation, as to demonstrate beyond doubt, and with an
emphasis by which those who observe cannot fail to be impressed, that
the sympathetic and pneumogastric can be affected by external faradi-
zation or galvanization of the neck.

4. It is difficult, if not impossible, to affect the cervical sympathetic
or the pneumogastric by external applications, without at the same time
affecting the depressor nerve, the spinal cord, or the brain, and especially
difficult is it to limit the action to the pneumogastric without at the
same time affecting the sympathetic, and vice versa.

This conclusion follows as a logical result from the anatomical rela-
tion of the parts and from what is known of the electro-conductivity of
the body, and is pretty distinctly demonstrated by the physiological and
therapeutical action of the current when externally applied. In what-
ever position we place the electrodes, the derived currents, in passing
from one electrode to the other, must traverse some portion of both of the
great nerves. The base of the brain and the region of the neck constitute
the most important part of the central nervous system. So far as life
can be said to have any centre, it is here, where the pneumogastric, the
phrenic, and the other great nerves take their origin. Directly or indi-
rectly, by the actual passage of the current, or by reflex action, any part
of this important region is liable to be affected in the applications em-
ployed in the so-called galvanization of the cervical sympathetic.

It is partly on account of this difficulty of limiting the action of the
current to one or other of these great nerves that we treated them both
under the same chapter. When operating on these nerves, exposed
and laid bare and isolated, the action of the current can, of course, be
limited pretty exclusively to the nerve operated on. The cervical
ganglia of the sympathetic receive the chief attention in all these ob-
servations, because they are prominent and accessible and bear a
powerful and recognized influence over the cerebral circulation ; but
all the ganglia of the sympathetic are accessible to the electrical influ-
ence.

Action of Electricity on the Cranial Portion of the Sympathetic.—In
1727 M. Pourfour du Petit discovered that the following symptoms re-
sulted from division of the cervical filaments of the sympathetic nerve,
viz. : contraction of the pupil, redness and injection of the conjunctiva,
and flattening of the cornea ; the eyelids approach each other, the
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nictitating membrane becomes more prominent, the secretion from the
mucous surfaces of the eye is increased, and the eyeball is drawn fur-
ther into the orbit. In addition to these symptoms, the ears and
nostrils also become red and injected, and the head hotter and more
sensitive.

Claude Bernard observed that not only did all these phenomena dis-
appear when the cranial portion of the nerve was submitted to electri-
zation, but that quite reverse phenomena appeared. The pupil be-
came larger than natural ; the conjunctiva, the ears, and the nostrils be-
came quite pale ; the eyeball protruded from its orbit; the mucous
surfaces became drier, and the head cooler and less sensitive ; but as
soon as electrization was discontinued, all the phenomena caused by
the section of the nerve again appeared.

Electrization of the great sympathetic defore it is divided produces
almost precisely the same results as after division. It has been ob-
served by Weber, that if either the inferior cervical ganglia of the
sympathetic nerve or its cardiac branches are submitted to electrization,
the action of the heart is accelerated.

Action of Electricity on the Cephalic, Thoracic, and Abdominal Gan-
glia—Section of the sympathetic causes, as we have seen, increase of
heat in the ear.

Now if the cephalic end of the divided sympathetic is electrified, the
increased temperature of the part is lowered ; but if the electric current
be passed through the large diameter of the ear, the temperature is further
increased. On the other hand, if there has been no division of the
sympathetic, and the ear is electrified, the heat in that part is lessened.

Valentin found that the galvanization of the superior thoracic gan-
glia revived the pulsation of the heart after it had ceased, and increased
the frequency of the beats when already in action. Mild galvanization
of the splanchnic nerves that arise from the six lower dorsal ganglia
of the sympathetic increases, while strong galvanization diminishes,
the peristaltic action.

Effect of direct Electyisation of the Pneumogastric and on the Respi-
ration.—MM. Arloing and Tripier have shown that section of the
pneumogastric below the medulla oblongata so far modifies its irrita-
bility that the action of the heart is not arrested, or but for a short time,
by the faradization of the distal end of the cut pneumogastric.

The same authors believe that weak faradic currents cause a slight
increase in the rapidity of the beats of the heart and elevation of the
blood-pressure in the arteries. .

They found that the right pneumogastric has a more powerful influ
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ence over the heart than the left. Faradization of the reripheral end
of the divided pneumogastric causes arrest of the action of the heart.
sudden irregularities of its rhythm, and some diminution of pressure.
Faradization of the central end causes retarded and diminished pres-
sure.

According to MM. Arloing and Tripier, faradization of the intacs
pneumogastric with feeble currents does notaccelerate respiration ; fara-
dization with medium currents causes sudden inspiration and forced
expiration ; faradization with strong and powerful currents causes re-
flex coughing and vomiting. The same observers found that the left
pneumogastric has a more powerful influence over respiration than the
right.

The discovery that the right pneumogastric has a greater power over
the heart than the left, was made by Masoin, of Belgium, about the same
time as it was made by Arloing and Tripier. Masoin found the move-
ments of the heart were stopped by the galvanization of the left pneumo-
gastric. It was possible to restore the movements by a mechanical ex-
citation, such as striking the heart with the finger ; but after the move-
ments were stopped by galvanization of the right pneumogastric, it was
not possible to restore them in that way.

Dr. Brown-Séquard * states that he has found the same differences to
exist in men as in animals, judging from experiments made not by electri-
city, but by pressing on the nerves near the angle of the jaw.

Arrest of Respiration by Galvanization of the Laryngeal and other
Branches of the Preumogastric—1It has bcen shown by Brown-Séquardt
that electrization of the upper or the lower laryngeal nerves causes
arrest of the respiration, and Bidder has shown that a reflex spasm of
the glottis may be caused in the same way. Electrization of the
cesophagus and pharynx may sometimes produce the same effect. If
the upper laryngeal nerve is electrized after the chest is opened, the
arrest of the respiration does not take place as easily as when the
chest is not open. The respiration, when thus arrested, usually re-
turns in the course of a quarter or half a minute, whether the electriza-
tion is continued or not.

The effect of electrizing the pneumogastric on the respiration is
modified by two factors—the portion of the nerve that is electrized
and the strength of the current. Mild galvanization of the pneumogas-
tric in the lower part of the neck may increase the respiratory move-

* Archives of Scientific and Practical Medicine  January, 1873, p. 92..
¢ Loc. cit., p. 96.
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ments; weak electrization in the upper part of the neck, near the origin

of the nerve, may arrest respiration.

A mild current may increase the respiration or diminish it, or it may
have no effect whatever.

A medium current may arrest respiration and cause spasm of the
glottis and of the muscles of inspiration.

A powerful current may paralyze the diaphragm, and may produce
death without the accompanying symptoms of agony.*

Coughing.—A. prominent effect of electrizing the pneumogastric is
coughing. ‘This symptom may be excited by external as well as by
internal applications, and by the faradic as well as by the galvanic
curren. .

We made our first experiments in this direction in 1867. Dr. Rock-
well then observed that the application of either pole of a strong faradic
curent to the nape of the neck—the other pole being at the feet, or in
either hand, or at the pit of the stomach—excited in sensitive patients
quite severe attacks of coughing, that lasted so long as the pole remained
in position. Most clearly this effect was seen in thin and sensitive pa-
tients. It was not necessary to be particular in regard to the position
of the pole on the neck in order to excite this symptom ; not only in the
dlio-spinal centre, but even when the pole is as low down as the
first and second dorsal vertebra, the laryngeal branches of the pneu-
mogastric may be so irritated as to induce coughing.

This phenomenon we daily observed in the operation of general
faradization. The same effect follows the use of strong interrupted gal-
vanic currents.

According to Donders, the pneumogastric, when acted upon by the
galvanic current, conforms to Pfliiger's law of contraction; in the
region of anelectrotonos its irritability is lessened ; in the region of
catelectrotonos its irritability is sometimes increased.

Action of External Applications of Electricity on the Pneumogastric
and Cervical Sympathetic of living uninjured Men.—The experiments
above recorded were made chiefly on the exposed nerves of animals, and
the applications were made directly to the nerves by one or both poles.
Keeping in mind the considerations previously adduced, we proceed to
examine into the effect of external applications of electricity on the
cervical sympathetic and the pneumogastric of living men in health.

In our attemnpts to solve the problem, we have experimented on a

® Archives of Scientific and Practicrl Medicine, No. 1, 1873, p. g6. Whethes
these experiments were performed with the faradic or galvanic current is not dis
tinctly stated.
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large variety of individuals of different ages and by different methods of
application. One of the electrodes is placed in the mastoid fossa, and
the other over the seventh cervical vertebra, or at the top of the clavicle.
Both directions of the current are used. We used in these experiments
a zinc carbon, or the Smee's battery, of from 5 to 3o cells, from 1 to 5
or 10 minutes.

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

1. A slight feeling of drowsiness. This sometimes began to be per-
ceptible shortly after the electrodes were applied, increased up to a
certain point, and continued for some little time after the séance was
over. In many cases it is not observed until the lapse of five or ten
minutes after the séance. The feeling, which was by no means con-
stant, was usually so slight that it might not have been observed, had
we not in our experiments kept closely on the watch for every sensa.
tion experienced during or just after the application.

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

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

2. A feeling of warmth through the system with sensible perspiration.
This was not a constant symptom, though it was oftentimes very
decided. To produce sensible perspiration usually requires a strong
current and a long application. The extent to which this was felt was
manifestly dependent on the strength of the current and the length of
the application. It was usually felt but a short time after the séance
was completed. We have observed this effect more frequently and
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more markedly in the susceptible and nervous than in the cold and
phlegmatic, and most frequently in more or less pathological cases.

3. A marked effect on the pulse. 'The pulse was sometimes accele-
rated, but more frequently lowered, two, three, four, or more beats.

In order to determine the effects of electrization of the sympathetic
on the pulse, we made the examinations immediately before and imme-
diately after the applications. Every preciution was taken to avoid
error, by allowing an interval of rest before the sitting, in order to give
time for the subsidence of the pulse to its natural condition from any
excitement that it may have received from the exertion of walking or
the labor of partially disrobing. In cases of doubt the whole minute
was counted, in some instances several times in succession. A patient
unaccustomed to the sensation produced by the electric current, or to
the modus operandi of its employment, might experience an accelera-
tion of the pulse from simple mental excitement, not only prior to or
at the commencement of the sitting, but also during or after the appli-
cation. Error from this cause was in our cases manifestly impossible,
and all the others on whom we experimented with a view to obtain
physiological results were so well familiarized to the medical employ
ment of electricity that they would receive any treatment proposed
with cool indifference. In order still further to guard against error, and
at the same time to observe the continuance or permanency of the
effect of the experiments, we repeated, in some instances, our exami-
nations of the pulse at intervals of fifteen minutes or half an hour after
the sitting was over.

A corroborative evidence that these changes in the pulse were due
to the action of the current, and not to mental excitement, is found in
the fact that, after an interval of five, ten, or fifteen minutes, the pulse
returned to its original condition. .

These changes in the time of the pulse were also accompanied by
perceptible changes in its character, which, if careful sphygmographic
observations had been made, might perhaps have been reduced to some
general law,

Eulenburg and Schmidt found that when the positive pole of
from twenty to forty of Daniell's elements was placed at the many.
brium sterni, and the negative pole in the auriculo-maxillary fossa,
the pupil of that side was at first slightly dilated and afterwards con.
tracted. These changes in the pupil are by no means uniform in their
appearance. In some cases they appear at once after closing the
circuit, and in others after the lapse of half a minute or minute,
ard in others after interruptions. These phenomena are liable te
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many variations, according to the strength, length, and locality of the
applications. If an electrode is placed in the auriculo-maxillary fossa
of each side, the changes in the pupil occur on both sides, but are more
marked on the side on which is the negative pole. The same applica-
tion, continued for some time with a strong current, reduced the normal
pulse from 4 to 16 beats a minute and the pathological pulse even
more, diminished the tension in the carotid and vertebral arteries, and
markedly altered their sphygmographic tracings. The same observers
found that galvanization of the spine also diminished the beats of the
pulse.

Effect of External Electrization through the neck on the Retinal
Circulation—In order to determine the effect of external applica-
tions of electricity through the neck on the retinal circulation, we have
made many experiments with the aid of a number of leading ophthal-
mologists.

These experiments, which have been frequently repeated with dif-
ferent individuals, with different strengths of current, and with different
batteries, seem to us to demonstrate the following propositions : *

1. Galvanizing or faradizing the region of the cervical sympathetic
has a marked temporary influence over the retinal circulation. It may
cause contraction of the arteries or dilatation of the veins.

2. The faradic current produces precisely the same effects on the
retinal circulation as the galvanic, only more slowly. The physiological
difference between the currents in this respect is therefore a difference
of degree and not of kind.

3. Mild currents and short applications caused contraction of the
blood-vessel of the retina, while strong currents and long applications
caused dilatation. Much seemed to depend on the temperament and
condition of the individual.  What would cause contraction in one
would in the other cause dilatation.t ‘These varying effects correspond
with clinical experience.

4. When the patient on whom the experiment is made is in an
excited or irritable condition from any cause, or from previous electri-
zation, even a mild current will sometimes cause dilatation at once,
without any early contraction.

® The ophthalmologists who observed the retina in these experiments were Drs,
Roosa, Hackley, Loring, Matthewson, Prout, and Newton, to all of whom we desire
. to return our acknowledgments.
+ The opposite and contradictory results obtained by different cbservers who have
studied the effects of chloral, bromide of potassium, etc., on the retinal circulation,
may be similarly explained,
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5. The contraction which takes place is sometimes followed, a few
winutes after the close of the séance, by dilatation which is greater thar
normal.

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

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

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

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

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

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

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

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

0

No. 9. —After five minutes’ galvanization of the sympath
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No. 6.—After nine minutes’ faradization of sympathetic.

No: 7.—After twenty minutes’ faradization of sympathetic,

No. 8.—After fifteen mi ' g | faradi:

No. g.—Five minutes after close of séance of general faradization.

From these experiments we derive the following conclusions :

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

2. The effect is chiefly shown in abruptness of the systole, and in
abruptness of the diastole, and in shortening of the interval between
the cardiac impulse and the arterial impulse. In general it may be
said that the force of the pulse is increased. Its rapidity may be
either increased or diminished, according to the length of the appli.
cation and the strength of the current, and analogy would lead us
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to believe that the effect must widely vary with the individual. The
arterial impulse increased probably from the effect on the vaso-motor
nerves.

3. The effect of general faradization was to prolong the systole and
the interval between the cardiac and the arterial impulse. The abrupt-
ness, and the systole that is so marked during and after faradization
through the neck, was not obscrved after general faradization. A calm-
ing, soporific influence is very frequently produced by general faradi-
zation, and the effect on the pulse harmonizes with this observation.

4 These effects on the pulse gradually pass away, but are distinctly
traceable for a number of minutes after the electrodes are removed.

The effect of the current thus applied on the circulation is probably
a complex resultant of the effect of the electricity on the pneumogas-
tric, the sympathetic, the depressor, and the spinal cord. To differen-
tiate these effects is manifestly impossible.

In this connection are to be noted the later investigations of Dr.
Fischer,* of Munich, on the effects of electrization of the sympathetic.
He experimented on horses and cats, irritating the nerve directly, with
the twofold object of studying the blood-tension in the cerebral vessels
and the changes in the size of the pupil. The general results of these
efforts confirm observations previously made, and especially our state-
ment as to the impossibility of accurately localizing currents in any
ganglia by simple external applications. Direct faradization of the
sympathetic increased the blood-pressure and tension of the artery, and
increased the frequency of the pulse. The same phenomena were ob-
served under galvanization, but in a less degree. Faradization of the
exposed sympathetic caused very marked reactions in the pupil, while
galvanization of the nerve produced comparatively little effect. When,
however, the sympathetic and vagus were simultaneously submitted to
the influence of galvanism the reactions of the pupils were very
marked.  Simultaneous faradization, however, was followed by no
alterations,

® Schmidt's Fakrbicker, No, 4.



CHAPTER VL.
ACTION OF ELECTRICITY ON THE NERVES OF SPECIAL SENSE.

Action of the Galvanic Current on the Optic Nerve.—The galvanic
current, when applied to the eye, causes both faskes of light and per-
ception of color.

If one electrode is placed on the tongue, or on any part of the
mucous surface of the mouth or nose, and the other on any part of
the surface of the body, the flash is readily perceived.

The character of these flashes is variously modified by the strength
of the current and the suddenness of the interruption. The tempera-
ment of the patient also modifies the reaction, and the effect of the two
poles is usually quite different.

We have studied this subject with various strengths of current, and on
subjects of both sexes differing widely in age and temperament.

In one subject—a young man of nervous temperament—the positive
pole placed over the eye, with a medium current from ten zinc-carbon
cells, caused a white central spot, with a light areola. The white
central spot varied in shape between that of a quarter or half toa full
moon.- When the negative pole was placed over the eye, the central
spot appeared of a bluish or purplish color, and the areola was the same
as under the positive pole. In both cases the areola seemed to consist
of waves of light radiating from the centre toward the periphery.

In making these experiments, the pole that is placed over the eye is
armed with a soft sponge, and is pressed firmly on the closed lid, while
the other is applied at the back of the neck, or is held in the hand of
the subject.

In another subject, a young physician of good health, and nervo-
sanguine temperament, the positive pole from a current of six cells caused
a central disk of a pink color, and from this spot violet waves radiated
through the areola. The pink disk appeared when the current was
closed, the violet areola flashed out when the current was broken. The
negative pole produced reactions every way similar. This subject
couid not bear very strong currents.
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Several other physicians on whom we experimented could not dig
tinguish any central disk, but all could readily see the light areola.

The conclusions from the above, and numerous similar experiments
made in different individuals, are as follows : )

1. A mild as well as a strong galvanic current applied to the eye, and
interrupted, causes a flash or glimmer of light to appear.

2. A medium or strong galvanic current causes, in addition to the
fiash of light, a distinct central spot of varying shape, and both the
central spot and the areola may be of various colors, as pink, purple,
yellowish, and violet.

3. With some individuals, though not with all, the colors of the central
spot and of the areola, and their relative arrangement, appear dif-
ferently under the two poles, and also differently at the closing and
opening of the circuit.

4. All those reactions, like all other electro-physiological reactions,
are variously modified by the temperament of the individual operated on
and by the strength of the current.

The above conclusions, as will be seen, differ somewhat from those
of Helmholtz and others who have studied this subject. The differ-
ential action of the ascending and descending currents we have not
been able to demonstrate, and see no way of demonstrating. We be-
lieve that here, as in so many other electro-physiological and electro-
therapeutical procedures, the differential polar action has been con-
founded with the differential action of the ascending and descending
currents.

Although the above reactions in their full degree can be most con-
veniently obtained by placing one electrode over the closed eye, and
the other in the hand or at the back of the neck, yet the general re-
action of the glimmering flash of light can be obtained by placing one
electrode in the vicinity of the eye, or on any part of the face or beard,
or in the mouth. In susceptible persons the flash comes from inter-
rupted galvanization of the neck or spine.

Faradic Current.—The current from the primary or secondary coil
of the ordinary faradic machines has little or no perceptible effect on
the retina, as we have demonstrated by various experiments. We
have found, however, by repeated observations, that the current from
the long coils of the electro-magnetic machine manufactured by Kidder
has a most decided action on the retina. The peculiar construction of
the coil of this machine will be described in the chapter devoted to
apparatus for electro-therapeutics. It is sufficient here to say that it is
composed of three or four or more coils of insulated copper-wire, the

Q
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inward coil being short and thick, and the others gradually increasing
in the length of the wires. These coils are not separate and distinct, as
in ordinary machines, but connected, and are, so to speak, fapped at the
points of union, so as to obtain a number of currents varying in
quantity, tension, and physiological power. It is from the fourtk and
Jfifth coils, which are not furnished to the majority of his smaller machines,
that we obtain the reaction of the retina that we are now to describe.
The reaction is best obtained by placing a medium-sized sponge
electrode, well moistened, over the closed eye, or very near to the eye,
while the other electrode is held in the hand or applied to some
indifferent point, as the back of the neck, or arms, or feet. With a
current of moderate strength thus applied, a circle filled with wavy,
undulating light, or whitish spots or figures, appears. It is difficult to
convey in language a precise description of this appearance. If snow-
flakes could be elongated somewhat, and made to coil about in various
directions, they would give a good idea of this reaction. If we look
through a window at a thick, driving snow-storm, with large flakes, we
can get a not very incorrect notion of the reacticn, as we have over
and over again demonstrated on ourselves and others. So far as we
have been able to see, bright or variegated colors do not appear, except
from the current of the fif74 coil. The negative pole gives a stronger
reaction than the positive ; but not appreciably different in character.
This reaction of the fourth coil of this machine is utterly unlike that
which is obtained from either pole of the galvanic current.. This effect
has long been shown by the inventor of this machine, and has been
illustrated by him. We were induced to question his assertions until
we had first made experiments of our own with the different coils of
the machine.

The Effect of Electrical Irritation compared with Mechanical Irrita-
tion of the Eye.—It is interesting to compare the reaction produced
by the galvanic and faradic currents on the retina to the effects of
mechanical irritation. We have found by experiment on ourselves
that rubbing the eyes when closed, or partially closed, causes various
and oftentimes beautiful appearances. Very frequently a central spot
will appear, varying in shape and color, and changing in shape and
color during the irritation. All conceivable shapes, and every grade
of color, we have seen in this way over and over repeated ; sometimes
a mere circle of light shading off into darkness, and again a definite and
well-formed object, brilliant in color, standing forth clear and beautiful
against the dark background. Forms resembling a bouquet of flowers,
or a cluster of stars, or various shapes of crystals, appear with suct
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vividness that we love to prolong the experiment. Simp e pressure on
the side of the eyeball will cause reactions somewhat similar.in kind
(though less in degree) to those produced by the faradic current.

These reactions, however, are not constant; they vary greatly with
the individual, and with the same individual at different times. In
order to obtain the most beautiful appearances, it is necessary to first
look for a moment on bright light, or to have the eyes open in the full
sunlight. It would seem that the retina must first become sensitive,
by exposure to strong light, before the reactions can appear in their full
extent.

Action of Electricity on the Auditory Nerve ;s Action of the Faradic
Current—The faradic current, when applied to the ear, or in the
vicinity of the ear, causes a ringing, or humming, or rumbling sound,
according to the method of application and the strength of the current.
These sounds are due, in part, to the susurri of the muscles.

Action of the Galvanic Current.—To the galvanic current the audi-
tory reacts by certain fixed laws.

This normal formula is as follows :

Ka § K], distinct accented sound.

Ka D Kl >, sound disappearing by degrees.

Ka O —, no sensation of sound.

AnS —, “ «

An D -, 3 “

An O K], weak and short sound, sirnilar in character to Ka S.

In the above formula, Ka = Kathode (negative pole), An = Anode
(positive pole), S = closing (schliesung), O = opening (oeffnung), D
= duration of current.

M = whistling sound.

Kl =ringing ¢

Z = hissing o

The sensations with Ka S appear sooner and stronger than with
An Q.

This formula, it will be observed, harmonizes with the law of elec-
trotonos (see p. 111), and Pfliiger’s contraction law—that “ a nerve is
timulated by the appearance of catelectrotonos and the disappearance of
anclectrotonos ; mot, however, by the disappearance of catelectrotonos and
the appearamce of anelectrotonos. (See p. 116),

Although the character of sounds varies with the strength and contin.
uance of the current and with the individual, yet in the healthy ear the
polar effects never vary.
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There is never any sensation of sound with the closing of the anode
(An S), except 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 Aradic.

XX 10-80 gave no reaction. XX 260-400 Ka S—Rumbling of

XX go-120 Ka S—Buzzing of flies cannon.
very short. Ka D—Same >
Ka D . Ka O —
Ka O — AnS —
AnS — AnD —
AnD — An O—Rumbling of
AnO wagons.
XX 130-170 Ka S—Stronger buzz- XX 410-550 Ka S—Striking of me-
. ing. tallic plate.
Ka D—Same. Ka D—Same >
Ka O Ka O
AnS — AnS —
AnD — AnD
An O — An O—Rumbling.
XX 180-250 Ka S—Distant rum- XX 560— Ka S—Sharp ring like
bling of wag- asilver table
ons. bell.
Ka D—Same. Ka D—Same >
KaQ — Ka QO —
AnS — AnS —
An D — AnD
An O—Buzzing of An O—Weaker and
flies. shorter ring

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

TTa
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10El KaS Kl — 8 and 6 El Ka S Kl
KaD K1 > KaD—
Ka QO —— \ Ka O —
An S AnS —
An D AnD —
An O Kl An O

On another patient,* so years of age, he obtained the following re.
action with accompanying symptoms of pain and facial contortions :

8 El Ka S—Clear whistling, stinging pain and facial contortions.

Ka D—Gradually disappeared.

Ka 0—No sensation.

An S—Violent pain.

An D—Pain remains.

An O—Short and weak whistling ; slight facial convulsions with
10 El; the same formula gave still louder sensations
of sound, but the accompanying pain was very severe.

Brennert gives the following reaction in a healthy man :

Same pati dbya ger current,
Ka S—Rumbling of cannon. Ka S—Sharp ringing.
KaD— « “ KaD— « «
KaQ— Ka QO —
AS AS —
AD — AD [ing.
AO—Rumbling of wagons. AO—Weaker and shorter ring-

The variations of the tone with the difference of the current are rep-
Tesented in the following experiment of Brenner: }

With the Cathode closing. With Anode opening. (An O.)
XX 10KaSK. XX 30A0K
20 Ka S K. 40AOK.
30 KaS K. so0 A O K.
40 Ka S K'. 60 A O K.
so Ka S K’ 70 A OK.
6o Ka S K’. 80 AOK.
70 Ka S K”. g0 AOK.
80 Ka S K”. 100 A K'.

These Reactions produced directly and not by Reflex Action.—We

* Loc. it,, p. 250. t Op. cit., Band i., p. 106, $ Loc. cit., p. 110
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thoroughly agree with Brenner and Erb that these reactions of the audi.
tory nerve are obtained by the direct action of the current on the nerve,
and not by reflex action through- the trigeminus. This view is proved
by the general fact of the conductibility of the tissues of the brain (see
chapter on that subject), by the fact that even when the trigeminus is
paralyzed the reaction may yet occur,* and by the fact that when the
electrode is placed in a condition favorable for the entrance of the
current into the ear, the reaction is more decided than when the elec-
trode is placed in a condition favorable for the excitement of the trige-
minus, but unfavorable for the direct entrance of the current, as has
been conclusively shown by Erbt and by ourselves.} We have removed
the pole from the tragus to the malar bone and the cheek, both of which
points are highly favorable for the excitation of the lrigeminus, and
have found that with removal the reaction diminished or disappeared.

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

1. Convenient galvanic apparatus.

A very powerful galvanic battery is not needed. The range of ele-
ments to which the auditory nerve sensibly reacts is between 2 to 30. In
some cases quite strong currents are necessary. The galvanic batteries
and electrodes described in this work are adapted for these investiga-
tions. There should be a current reverser ; and a rheostat, though not
exactly indispensable, is yet very convenient.

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

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

* Vide Moos’ case, above quoted in Archiv Ophth. und Otol, vol i,, No. 2, p.
482. -
+ Archiv Ophth. und Otol, vol i, No. 5., p. 261 et seq.
t For a detailed discussion of this subject, see Brenner’s work, Band i, 1 Abth,

P. 94, ct seq.
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has been shown that when both poles are placed in the auditory canal,
by means of a double electrode, the auditory nerve reacts to the nearer
pole.

A number of intelligent and practised patients with both healthy and
discased ears.

The advantages of intelligence on the part of a patient are obvious ;
just as in investigating electro-muscular sensibility, it is necessary to
depend entirely on the statements of the patient for our information.
Even the strong-minded and intelligent are sometimes so distressed by
the pain produced by the applications, or so distracted by the sensa-
tions of dizziness, and the contractions of the facial muscles, that they
are unable to rightly interpret their subjective sensations in the ear.
It is necessary that the experiments should be made on a number of
patients, in order to obtain the variety of reactions above described.

Itis best also to make the first experiment on patients who have
diseased ears, for it is as true of the auditory as of the nasal passages
that they sometimes become less sensitive when diseased. This is to
be explained partly by the manipulations and treatment to which such
patients become accustomed, and partly by the fact that the morbid
process itself produces callousness of the parts.

The operator should proceed calmly and with self-command. After
the patient is in position, with his head inclined on the back of the
chair or lounge, and one of the electrodes fastened to or held in the
hand opposite the ear to be experimented on, a little warm salt water
should be dropped in (which can be very conveniently done by squeez-
ing the small quantity necessary to fill the external auditory canal from
a small sponge or from a teaspoon or funnel-shaped giass *) and the
other electrode firmly pressed on the tragus. Itis well to begin with
a small number of elements, and gradually increase until a reaction is
obtained. The reaction will usually appear when the current is strong
enough to produce contractions of the facial muscles. The patient
should all the time be continually and repeatedly questioned in regard
to the sensations experienced, especially if he is unaccustomed to the
treatment, for at first he may be so distracted by the faskes of lighi
before the eyes, the contractions of the facial muscles, the nausea, the
metallic taste, and the noise of the waler in the ear, and especially by
the pain, that he may be unable at first to distinguish the true character
of the reaction.

¢ Itis well to place a towel about the neck, just as when syringing the ear, so
85 to avoid wetting the collar or other clothing of the patient.
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If the battery is provided with a commutator, for increasing and
diminishing the number of elements brought into requisition, a current
reverser for changing the direction of the current without removing the
poles, and a rheostat for introducing resistances into the circuit, the
labor of the operator will be materially lightened ; dut suck appliances
are not indispensable.

The operator should remember that the reactions are modified by the
experiment itself. (2.) Ka.S is most effectual after An.S. Therefore
the use of voltaic alternatives is of service.

(8.) The excitability of the nerve is increased by long closure of cath-
ode (Ka.S.).

(¢.) The excitement of An.O. increases with the strength of the cur-
rent and the length of closure.

It should be remembered also that Ka.S. is stronger and quicker
than An.O.

Judging from our own researches in this department these three lead-
ing statements of Brenner—that the auditory nerve reacts to the #neares:
electrode in a regular manner, that in health sounds of some kind are
produced at the closing and in the duration of the cathode, and that in
pathological cases a part of the normal formula is more or less changed
—are capable of sufficient and easy demonstration to those who are
thoroughly familiar with electro-therapeutical experimentation.

On the other hand, some of the special features of Brenner's system
offer difficulties in the way of their successful and uniform demonstra-
tion that can only be overcome by careful practice in this special de-
partment. To catch the sounds which in health are heard at the open-
ing of the anode ; to distinguish between the noise caused by the agita-
tion of the water in the ear, and the subjective sounds that are so fre-
quently the symptoms of disease of the auditory apparatus and the genu-
ine reaction of the auditory nerve; to obtain the complete normal
formula in health, and to satisfactorily discriminate between the various
abnormal reactions of disease—the first attempt to fully corroborate all
the assertions in these particulars will usually result in complete or par-
tial failure, especially to those who are unfamiliar with the use of gal-
vanic apparatus.

Degrees of Irritability.—Brenner distinguishes three different de-
grees of irritability of the auditory nerve, according to the number of
elements that it takes to excite the reaction. The degrees of irritability
may be changed during the sitting by the effect of the current on the
nerve, and especially by the voltaic alternatives.

Thus, if at the beginning of the sitting the nerve reacted to 16 ele
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ments, but to no number less than that, these 16 elements would repre-

sent the primary irritability of that nerve.

If by various alternations of the current the nerve is brought into a
condition that it reacts to 12 elements, these 12 elements represent the
secondary irrifability of that nerve.

If, by still further excitation, the nerve is made to react to ro ele-
ments, these 10 elements represent the Zertiary excitability of that nerve.,

In opposition to the above conclusions Dr. Wreden, of St. Peters-
burg, has made a number of experiments which seem to him to establish
that the sounds heard during galvanization of the ear are due not tc
the reaction of the auditory nerve, but to the contraction of the smals
muscles of the middle ear. In his experiments he electrized the Eusta-
chian tube, through the catheter, and also the middle ear, by means of
small, delicate, and finely graduated sounds insulated to their points.
He believes that by this method he causes contraction of the fensor

fympani and of the stapedius, through irritation of the fifth and seventh
nerves.*

Wreden asserts that during electrization by these methods the mem-
brana tympani is retracted, and believes that this retraction is caused
by the contraction of the muscles. This, however, has been denied by
Poorten. To settle this question, Lowenberg devised a manometer,
which consists in a bit of cork or rubber fitted into the external meatus
hermetically, and receiving hermetically a capillary glass tube which
contains a drop of colored liquid. The external meatus is filled with
water, which is connected with one of the poles of a faradic machine,
while the other is applied to the skin by a sponge or through the Eusta-
chian tube. When the membrana tympani is retracted by the action
of the current, the drop of colored water indicates this retraction by
falling, when it is pushed outward, by rising.

Admitting to the full all that has been claimed by Wreden and Low-
enberg, we do not see that it proves that the supposed complex reac-
tions of the auditory nerve to electricity are nothing more than muscu-
lar contractions. Admitting that in some cases where the membrana
tympani is gone, the reactions are not obtained, still the following con-
siderations are, to our mind, convincing :

1. The reactions of the galvanic current, when applied to the ear, are
frequently similar to some of the sounds of tinnitus aurium. They are
Sometimes so much alike that they cannot be distinguished.

* A réumé of this subject is presented in Dr. Roosa’s work on Diseases of the

£ar, b2, 493-495
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2 The differential polar effects of the galvanic ¢ wrrent on the ear
wnich are very easy of demonstration, cannot be explained by any
theory of muscular contraction.

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

4. A reaction of the auditory nerve similar to some forms of tinnitus

can be obtained in some sensitive cases, notonly by galvanization of
the ear, but of the other parts of the head, and even the trunk.
. We have had a patient who complained every time we galvanized
the spine that buzzing, hissing sounds were excited in his ear. Simi-
lar sounds are produced by galvanization of the ear. The effect in
this case was probably reflex.

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

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

The differential reaction of the positive and the negative pole of the
ascending and descending currents that were long ago claimed by Rit-
ter, we have not been able to confirm. The phenomenon of sneezing, or
a disposition to sneeze, of which Ritter spoke, is due, not to any reac
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tion of the olfactory nerve, but to the mechanical irritation of the sen
sory nerves by the electrode. Sneezing, as all aurists know, is called
forth by a single introduction of the Eustachian catheter, and we observe
it continually in introducing the nasal electrode. It is observed most,
however, just as the electrode is being inserted ; and when the current is
running, the symptom does not usually annoy us. The action of a gentle
current on the sensory nerves of the nasal passages seems rather to have
a sedative effect, and in a measure counteracts the tendency to sneeze
that is excited by the mechanical irritation of the electrode.

Schonbein suggests that the peculiar smell experienced from the pas-
sage of the electric current through the olfactory nerve is caused by
ozone that is generated.

This peculiar odor, observed in powerful galvanization of the nasal
passage, is unquestionably due to the reaction of the nerve to the elec-
trical stimulus, and corresponds to the effects produced by the same
agent on the nerves of seeing, hearing, and tasting.

Franklinic electricity, electro-magnetism, magneto-electricity, are
unable, in any strength that can be endured by a person in health, to
excite the peculiar reaction of the olfactory nerve.

Action of Electricity on the Gustatory Nerve—Action of the Galvanic
Current.—In 1754, long before the discovery of galvanism, it was
noticed by M. Sulzer that lead and silver, when connected and then
brought in contact with the tongue, gave rise to a peculiar taste similar
to that produced by vitriol of iron. If we apply a piece of zinc to the
upper, and one of silver to the lower part of the tongue, a powerful acid
taste will be experienced under the zinc plate, and a slight alkaline
taste under the silver plate. These sensations are perceived as long
as the circuit is closed ; but if the plate or the tongue be warmer or
colder than natural, or very much benumbed by acids or other irritating
substances, very little, if any, sensation is produced. If the tension ot
the current be much increased, by using several pairs, the tongue be-
comes convulsed and a flash of light is perceived. When neither of the
electrodes touches the tongue, a metallic instead of an acid or alkaline
taste is produced.

The peculiar reaction of the gustatory nerve to the current is gen-
erally described by those on whom we have experimented as * cop-
pery,” or ¢ sour,” or “metallic,” or “bitter.”” Sour or coppery are, we
believe, the designations most frequently employed by those persons
who experience the sensation for the first time, and who have no
theories in the matter to prove or disprove, and who therefore are
likely to give their real impressions. If we ask them whether they have
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a taste in the mouth while the current is passing, they usually reply that
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 the
affirmative. Qur observations on this subject have been very numer-
ous, and they have been made with both currents. It is not necessary
to send the galvanic current through the tongue or through the chorda
tympani nerve, or through the face even ; for galvanization of the neck
in the anterior and posterior regions, and of the head in almost any
direction, and of the spine—the lower as well as the upper region—will
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 is
sometimes felt for several minutes after the electrodes are removed.
In some temperaments on which we have experimented, the metallic
taste remains on the tongue for several hours, and even all day, and
longer.

In susceptible temperaments the faradic current produces in a less
degree this metallic taste, and that, too, not only when applied to the
tongue, but also the head, neck, and spine. In the operations of cen-
tral galvanization this reaction of the gustatory nerve becomes of con-
siderable value in showing us that the current is passing as we wish it,
and that the patient is receiving all that is well for him. The gustatory
reaction thus answers the purpose of a galvanometer, showing that the
current is passing, and to a certain degree regulating the dose.

There is little doubt that this metallic taste, caused by electrization,
1s due to a peculiar excitation of the properties of the gustatory nerves
by the stimulus of the current.

The theory that it might be of an electrolytic character, and therefore
explained by the products of decomposition at the poles—acid at the
positive, and alkalies at the negative—Rosentaal, by a variety of ex-
periments, has shown to be untenable.




CHAPTER VIL

ACTION OF ELECTRICITY ON MOTOR AND SENSORY NERVES AND
VOLUNTARY MUSCLES. 4

Irritability of nerves and muscles is that property by virtue of which
they conduct the natural stimulus of the body, or external impressions,
or respand to artificial stimulation.

Nerves and muscles are called irritable so long as they retain this
property. Irritability of the nerves is a property inkerent in them.
No other tissue except nerve tissue possesses this property.

During life nerves and muscles manifest their irritability by fulfilling
dl the natural functions that belong to them; it is this property that
enables them to conduct that mysterious vital agent, which, in lieu of
definite knowledge, we are obliged to call merve force. This nerve
force, which is peculiar to living beings, may possibly be correlative to
the other forces of nature — light, heat, electricity, magnetism, and
gravitation—but the theory that it is identical with electricity is, as will be
seen, untenable.

Irritability, how long Retained after Death.—The irritability of nerves
and muscles begins to diminish after death, and sooner or later disap-
pears. It disappears much sooner in warm-blooded than in cold.
blooded animals.

In warm-blooded animals, as the rabbit and the dog, the muscular
current may disappear in half or three-quarters of an hour. In the
limb of a frog that has been properly protected and under a cool tem-
perature, it may remain for two, three, or even four weeks. Itis on
account of this persistence of irritability in frogs that they are so fre-
quently chosen in electro-physiological experiments. Irritability also
varies with the temperature. It lasts longer in cold than in warm
weather, and under extreme heat it remains but a short time.

The local application of poisons and powerful chemical substances,
as extract of opium, acetates of strychnine, morphine, creasote, nitrate
of silver, mineral acids, rapidly destroys the irritability.

How Muscular Contractions are Produced.—There are, then, two
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ways by which the muscles can be made to contract under electricity :
(1) by acting on the motor nerves, and (2) by acting on the muscles
themselves. There is, however, this interesting and important differ-
ence in the effect of electrizing the motor nerves and the muscles, that
when the former are electrized all the muscles supplied by them con-
tract, and when the muscles are electrized, only that muscle to which
the electrodes are applied, or that part of the muscle between the
electrodes, will contract. When direct applications to the muscle are
made, the best contractions are produced by putting one electrode at
each end. The muscular contractions produced by directly fara-
dizing the muscle are due to the excitation of the muscle, and also of
the intra-muscular nerve-fibres. The most powerful muscular contrac-
tions are produced by placing one electrode on the muscle, and the
other at the point where the motor nerve that supplies it is most super-
ficial.

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

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

Simple Fluctuation in Strength of Current sufficient to Produce Con-
traction.—In order to produce muscular contractions, it is not necessary
that the current should be opened or closed. A moderate variation in the
strength of the current—such as is obtained by adding one or more
cells, or by uniting another and independent current in the circuit, or
by taking off some portion of the current from the circuit—will cause
muscular contractions. The contractions produced in this way are,
however, less vigorous than those produced in closing and opening the
circuit. It is to be observed, also, that the vigor of the contractions is
proportioned to the suddenness of the closing or opening the circuit,
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This point is frequently forced upon our observation in the treatment of
paralysis.  If the electrodes are armed with large sponges, and are
slowly applied over the muscle, with gradually increasing pressure,
scarcely any contraction, or at least only a feeble one, is produced;
but if the interruption be made in the metallic part of the circuit—in
the electrode by an interrupter, or in the battery—the contraction with
the same current will be very energetic.

By referring to Electro-Physics (p. 55), it will be seen that the law of
muscular contraction under electrization follows the laws of current-
induction. Both contraction and induction occur when a ckange is
made in the strength of the current by closing, opening, increasing,
or diminishing.

Muscular Contractions more Vigorous when a great length of the
Nerve is Galvanized.—The muscular contraction caused by galvaniza-
tion is greater when a large than when a small extent of the nerve is
included between the electrodes. It is not a difficult matter to demon-
strate this fact. The experiment can be made on nerves of rabbits,
dogs, frogs, or other animals.

Nerves of Living Man.—Our previous remarks have been applied to
the reaction of the nerves of animals in a condition not purely physio-
logical. When the galvanic current is applied to a living and healthy
motor nerve in a healthy man, contraction takes place only on closing
the cireuit, This fact is constant with either pole and any direction of
the current.  The negative pole applied to the nerve produces stronger
contraction than the positive. At the opening of the current there is no
contraction. When the nerve is separated from the body, or injured, or
fatigued in any way, the phenomena already described appear. The
first symptom of fatigue is contraction both at the opening and closing
of the current. When the nerve becomes more exhausted the contrac-
tions are produced on closing and opening the inverse current; and
when the exhaustion is still greater, contraction is obtained only on
making the direct current.

Action of the Faradic Current.—The faradic current, when rapidly
interrupted, as in most of the faradic machines, and applied to the
motor nerves, keeps up a tonic contraction of the muscle supplied by
these. This contraction is maintained so long as the current runs.

If a contrivance for making sl inductions be connected with the
faradic machine, then the contraction of the muscles corresponds to
the opening and closing of the current, and tke opening contraction is
stronger than the closing.

When the current of the secondary wire is closed by placing the
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electrodes on the skin, the current of the primary coil (extra-current)
exercises a retarding influence on the secondary current, and then the
closing contraction is rendered more gradual and gentle from nothing
to the maximum.

When the current of the secondary coil is opened, the current of the
primary coil (extra-current) does not exist (see Electro-Physics, p. 55),
and consequently the current of the secondary coil is not retarded and
goes rapidly from its maximum to nothing.

Differential Action of Primary and Secondary Coils.—Duchenne has
stated with a measure of truth that the current of the primary coil (ex-
tra-current) of his apparatus has a more powerful effect on the sensi-
bility and contractility of the organs beneath the skin, while the current
of the secondary coil acts more powerfully on the retina and on the
skin. The primary coil is composed of thick, short wire.

The secondary coil is composed of long and thin wire with many
windings.

The differential action of the primary and secondary currents on the
skin, muscles, and optic nerve is due to these two causes:

1. The primary current, circulating through a short thick wire, has
less tension than the secondary current that circulates through a long
thin wire, because tension is developed only in the presence of resist-
ance. Since, now, the skin offers greater resistance than the muscles,
the secondary current, by virtue of its greater tension, is able to pene-
trate it, and also to penetrate the brain and affect the optic nerve.
But the primary current, having less tension, passes through the skin,
circulating in it but slightly, and goes to the muscles beneath, which are
good conductors, and on these it spends its force. In other words, a
current of low tension selects the best conductors, avoiding the poor
conductors so far as is possible, while the current of high tension
traverses also poor conductors.

2, The primary current moves in one direction, and has a mild elec-
trolytic power, while the secondary current moves to and fro so rapidly
that it cannot perform electrolysis.

Action of the Galvanic Current.—The interrupted galvanic current
of moderate strength, if applied to a motor nerve, causes all the mus-
cles supplied by that nerve to contract.

If the current be interrupted slowly, the contractions will be c/onic, if
rapidly interrupted, the contractions will be foniec. The violent contrac-
tions that occur at the moment of closing and opening the circuit of
an intense current may be avoided if we begin with an extremely mild
current and slowly and gradually increase its tension. By this method
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Ritter was enabled to pass through his own person, without experienc-
ing either the closing or opening shock, the enormous current gener-
ated from a battery of two hundred elements.

Galvano-tonic  Contractions.—When very powerful currents are
applied continuously to the nerves, tonic contractions are produced dur
g the whole time that the circuit is closed. Contractions thus pro
duced were called by Remak galvano-tonic contractions. They are
called galvano-#onic contractions to distinguish them from the clonic
contractions produced by the faradic current. When the galvanic cur-
rent is applied continuously to the surface of the body, by means of
moist sponges, the galvano-tonic coutractions increase in vigor, up to
acertain point, the longer the electrodes are kept in position. This
phenomenon is explained mainly by the fact that the skin becomes more
moist as well as hyperazmic (p.110) by the effect of the current, and
thus becomes a better conductor for the electricity. With the faradic
current this increase of effect is not so observable. The current
1equired to produce galvano-tonic contractions is quite powerful and
painful.  The strength of current required will depend on the position
of the nerve acted on, the length of nerve included between the elec-
trodes, and the individual experimented on.

Tonic Contractions in Antagonistic Muscles.—Remak states that when
galvanic currents of great power are used, certain nervous fonic con-
tractions appear in antagonistic muscles. Thus, for example, when
the median nerve is subjected to the continuous action of a powerful
gilvanic current, contractions appear in the common extension of the
sune arm, so that the fingers are raised. It is probable that this phe-
nomenon is due to reflex action.

Effect of the Will in opposing and aiding Contractions produced by
Electricity —The contractions produced by electricity can be materially
aided or opposed by effort of the will of the person operated on. Ifa
person whose muscles are being electrized concentrate his mind on the
muscle that is subjected to the influence of the current, and simultane-
ously with the closing of the circuit, wills to contract the muscle, the
contraction will be more vigorous and complete than when the elec-
tricity is not so aided. The will co-operates with the electricity, and the
two agents reinforce each other, and thus accomplish more than would
be possible for either alone. This can be very conveniently demon-
strated on the communis extensor of the forearm. In electro-therapeu-
tics this co-operation of the force of will and electricity becomes of
great practical value. It has long been known that paralytic patients

of all kinds, even those of a cerebral chronic incurable character, can be
10
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greatly benefited by slightly concentrating the mind on the parts to be
moved, as the fingers or toes, and resolutely willing to move them.

In practice it has been found that such treatment is of positive and
permanent service.

The combination of the force of will with electricity is very much
more efficacious than either when used alone. When a muscle becomes
so diseased that the will is powerless to remove it, the electricity
may contract it with ease. Where electricity alone causes feeble or
imperfect contraction, electricity, co-operating with the will, may make
the contraction vigorous and complete. In order to make experiments
of this kind fully successful, it is necessary that the will and force should
be concentrated simultaneously with the closing of the circuit ; and
yet experience shows that the effect of the electrization, if not too
long continued, isto give tone of the muscle, so that it responds more
readily to the will for several minutes, or even hours, after being sub-
jected to the electrization. This is especially observed in muscles that
are in a condition of paresis. In all these experiments much depends
on the organic energy and grit of the patient. Conversely, it is found
that by an cffort of will the contraction of muscles induced by electri-
city can be within a certain limit, successfully opposed. The experi-
ment can be made on the communis extensor of the forearm without
difficulty. A feeble current will cause this muscle to contract so as to
bring up the hand and fingers; by an effort of the will this can be
resisted so that the hand remains on a level, or ncarly so. When very
strong currents are used the will is completely overborne, and has no
effect whatever.

Extent of Shortening of Muscle during a Contraction.—In the process
of contraction muscles shorten in proportion to their length. The
greatest possible shortening is obtained during tetanic or continuous
contraction, and not during a momentary contraction. The maximum
of shortening is reached, not suddenly, but gradually, and it does not
long remain at the maximum even when the electrization is continued,
but begins to lengthen at first rapidly and then more slowly.

The greatest amount of shortening possible to a muscle is #iree-guar-
ters or two-thirds of its length.

In contraction the muscle becomes a little smaller in bulk. The
cause of this is not fully understood.*

Immediate Strengthening or Restorative Effect of Electrization on

* Electro-Physiology and Electro- Therapeutics. By C. E. Morgan, M.D, New
York, 1868, p. 573.
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Voluntary Muscles.—One very interesting effect of electrization on
voluntary muscles is to increase their power of doing work. This eftect,
which is called by Heidenhain and Remak resforative, can be demon-
strated in various ways. The capacity of walking, in cases of paralysis
of the lower limbs, is sometimes increased at once after electrization ;
the patient steps across the floor easier and more firmly and rapidly,
and can walk further; or he can raise his leg higher and with less
difficulty. In one case of paralysis of the tibialis anticus muscle there
was no response to the will until a current of medium strength had
been applied, when it contracted without much difficulty. Dr. Poore *
found, on placing a weight of 17 oz. in the hand of a man holding his
arm out at right angles with his body, that in four minutes the pain was
so great that he could not go on; applying now a mild current through
the nerves of the arm, the strength returned. Another man could hold
out his arm 134 minutes when the current was applied, but only 6
minutes without the current.

The dynamometer is a good means of studying this subject. In one
case Dr. Poore found that eight successive squeezes of the dynamome-
ter with electrization gave 477 lbs. ; without electrization, 388 lbs.; a
difference of 89 lbs. In another experiment made, when the hand was
not tired by previous experimenting, the difference was even more
marked, being a gain of 152 in six squeezes of the dynamometer.

Effect of Fatigue of Muscles on the Contractility.—When a striped
muscle becomes very much weakened or fatigued it behaves under elec-
trization much like the smooth muscle. Dr. Beard has demonstrated this
fact on dying rabbits and dogs. Beginning the electrization just as
they are cut open, the striped muscles react vigorously and normally to
the current ; but as the animal dies the character of the contraction
changes, becoming slower and more deliberate. If, now, the current
be rapidly interrupted, no contraction occurs, for there is not time for
the muscle to respond. If, now, weak currents are used, the muscle
contracts very much after the manner of unstriped muscle—that is, with
a slow drawing rather than a rapid and vigorous action.

Effect of Muscular Tension and Relaxation on Muscular Contrac-
tion.—Dr. Wm. R. Fisher, of New York, has called attention to the
fact that muscles contract more easily when somewhat relaxed than
when in a tense condition. This experiment can be tried very easily on
the common extensor of the forearm or on the peronei muscles of the
leg. The fact is of practical importance in the treatment of paralysis.

The Practitioner, Jan., 1873.
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Ziemssen,* on experimenting with unpolarizable electrodes, and
gradually increasing the strength by the aid of the 1h:ostat, obtained
the following results:

1. With the weakest current that caused muscular contraction there
was opening contraction af the cathode.

2. With a current a little stronger there was strong closing contrac-
tion al the negative pole, and weak opening contraction at the positive.

3. With still stronger current there was also weak contraction at the
opening of the positive pole.

4. With still stronger currents there was a fonic contraction at the nega-
tive pole, continuing for some time after the contraction at the closing.

5. With a much stronger current the tonic contraction was more
vigorous; the other contractions are also increased in strength, and there
appeared a contraction at the opening of the negative pole.

6. With the strongest current that can be borne, all the other contrac-
tions were increased in strength, and there appeared, besides, moderate
tonic contractions at the positive pole.

The above results can be verified only when unpolarizable electrodes
are used, for with ordinary electrodes the pain would be far too great
to be endured. The opening and closing of the current must be made
in the metallic part of the connection, in order to give it the greatest
possible suddenness. Ziemssen suggests for these experiments the
median and ulnar nerves at a point a little above the wrist. At this
point the epidermis is quite thin and the nerves superficial. Judging
from our observations, it is impossible to reduce this subject to a rigid
mathematical law. The words “strong” and ‘“weak,” as applied to
currents, are quite indefinite, and the irritability of nerves varies in dif-
ferent individuals at different times. It is for these reasons that observ-
ers differ in the results of their experiments.

Electro-muscular Contractility and Electro-muscular Sensibility.—
The susceptibility of the muscle to contract under the influence of the
clectric current is called electro-muscular contractility. The sensation
that accompanies this contraction of the muscles under the electric
influence is called electro-muscular sensibility. Electro-muscular con-
tractility and electro-muscular sensibility vary in different individuals,
and in different parts of the body. They are greatly modified by dis-
ease. This fact is of great importance in diagnosis of paralytic affec-
tions.

In using the terms electro-muscular sensibility and electro-muscular
contractility, we do not wish to convey the idea that they represent any

* Op. cit., p. 8o.
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special nerve-functions, but rather that the general sensibility of the
nerves, and the general contractile power of the muscles may be excited
by the application of electricity. The question, whether there is any
special sense of muscular contractility, aside from the general sensibility
of the nerves, of the muscle, of the tissues that surround it, and of the
bones and cartilages with which it is connected, is one that we are dis-
posed to answer in the negative. There appear to be hysterical cases,
where the consciousness of muscular contractility under the electric
current remains, while the skin is almost perfectly anaesthetic ; and there
are certainly cases where the muscles respond to the will, but do not
respond to electricity. Practically, therefore, the terms electro-muscular
sensibility and contractility, especially the latter, with its subdivisions
into farado- and galvano-contractility, are of great value in electro-
physiology and therapeutics, and it appears to us are perfectly legitimate.

The manifestations of the electro-muscular contractility and sensibility
of the muscles in the different parts of the body are modified, firs#, by
the anatomical position of the muscles; secondly, by the quantity and
distribution of the sensitive nerves; and #kirdly, by the thickness of the
skin and adipose tissue.

The muscles of the face, the platysma myoides and sterno-cleido-
mastoid are, in health, very sensitive to the electric influence. Next
in order of sensitiveness to the electric current are the anterior muscles
of the forearm and of the inner side of the thigh. On the other hand,
the muscles of the back possess a much less degree of electro-muscular
contractility and sensibility, and the posterior muscles of the forearm,
and posterior and other muscles of the thigh are much less susceptible
to the electric influence than those of the anterior and inner portions of
these limbs. In corpulent patients it is more difficult to affect the mus-
cles, because adipose tissue is comparatively a poor conductor. In
women and children the adipose tissue is relatively more abundant than
in males and adults.

Increase of Temperature after Muscular Contraction.—It has been
ascertained by careful experiments, that an increase of temperature
results from muscular contractions produced by the *electric current.
Increase of temperature in the muscles of paralyzed limbs, after elec-
trization, is frequently perceptible to the touch of the operator, and the
sensations of the patient. We have repeatedly demonstrated the same
results from faradization of the arms, the legs, the face, and, indeed, all
parts of the body. In very many cases this increase of temperature is
0 marked as to be powerfully appreciated by the patient, and entirely
perceptible to the hand of the operator. General faradization causes
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more or less elevation of the temperature of the body. This is
demonstrated by the sensations of the patient,* and by the thermom-
eter. .

It has been shown by Brown-Séquard and Lombard that excitation
of the nerves of the skin causes an increase of temperature in the
limb. $

The development of heat is not aided by increasing the strength
of the current above the degree necessary to produce a full contrac-
tion. It has been demonstrated that, in patients afflicted with trau-
matic tetanus, there is a great increase of temperature that remains
for some time after death.

Investigations on the effect of muscular contraction on temperature
should be made by delicate surface thermometers. Some of the super-
ficial muscles of the forearm offer a good surface for this experiment.
The thermometer must be kept firmly and uniformly pressed on the
skin, and the modifying effect of currents of cold air should be guarded
against. The thermometer should be kept iz sifu about fifteen minutes
before beginning electrization, so as to get accurately the normal tem
perature. Then the nerve that supplies the muscle or muscles to be
tested should be faradized.

The following investigation is from Ziemssen.} The patient was a
strong man, who was suffering from complete paralysis of the extensor
muscles of the hand and finger from nerve injury. This fact accounts
for the low temperature before faradization.

Temperature on the forearm, between the extensor digit. comm.
and exten. carp. radi. brev.:

The skin uncovered.......cvvvvreneennncnneess 34-7° Cent.

After 4 minutes’ faradization through the radial nerve :
At opening of current.......ccooveeenneerean...34.8

1 minute after opening the current........... cese 35.3
5 minutes i S 1 1% |
10 ¢ € iiiieieeasess 35.35

12 [ 113 [}

ceveceereeeees 35.3

In the r3th minute faradization was renewed for 1 minute :
Temperature at opening the current........cve.. 34.7
I minute after opening the current.............. 35.I1
4 minutes ¢ K iiiiiseseesses 35.45

® Electricitit sn der Medecin, 1866, p. 29.
t Archives de Physioisgie, November and December, 1868.  § Op. cit. p, go.
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In the 6th minute faradization was renewed for 1 minute :
Temperature at opening the current............. 35.I
1 minute after opening the current............. . 35.3
5 minutes “ ¢ iiieiiieieens. 356

The general results of all the investigations that have been made ir
this department by Becquerel, Breschet, Helmholtz, Ziemssen, Althaus,
and ourselves are these : .

1. When muscles are made to contract under faradization of the
nerves that supply them their temperature rises.

2. This elevation of temperature is not necessarily accompanied by
any increase in size of the vessels, although faradization usually increases
the size and appearance of the vessels more or less.

3. The more vigorous the contraction and the longer it'is continued,
the higher the temperature rises. '

4. If the faradization be continued long enough the temperature will
be so much increased that it can be detected without difficulty by the
hand, and by the sensations of the person operated on.

5. When all the superficial musdcles of the body are faradized, as in the
method of general faradization, the temperature not only of individual
muscles, here and there, but also of the whole body, rises. This fact we
have repeated and demionstrated by observations made on many varie-
ties of temperament.

A more accurate method of investigating this subject is by means
of the thermo-electric pile (see Electro-Physics, p.63). This instru-
ment is capable of measuring a small variation in temperature, and
also indicates the variations much more quickly than the thermom
eter. The thermo-electric pile is connected with a reflecting galva
nometer (see Electro-Physics, p. 41). Ziemssen gives the following ob
servation made on the extensors of the forearm :

TIME OF FARADIZATION. DEFLECTION OF THE NEEDLE
Minutes. Seconds. OF THE GALVANOMETER.
o 15 cecsessscese — L5
[ 30 ceccesscscns + 2.3
[ 45 + 5.0
1 — - 7.2
2 —_ cescescnsess +19.0
3 -_— ceseesccccns +30.1
4 -_— +40.2

It will be observed that with the increase in the time of the faradiza.
tion there is greater and greater deflection of the needle, just as there
is a rise of the mercury in the ordinary thermometer.
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Source of Heat in Muscular Contraction.—According to Hermann,*
who has specially studied the chemistry of the development of heat
during muscular contraction, muscular work is the result of #ie decom-
position of nitrogenous substances. Among the products of this de-
composition are a fixed acid, carbonic acid, and myosine. Of these the
carbonic acid leaves the body, while the fixed acid and the myosine re-
main and are worked over again in the organism. The muscles grow at
the same time that they work and develop heat, and urea and creatine
are found in the residuum. The muscle is restored by the action of
oxygen, an albuminoid, and a non-nitrogenous substance in the blood.

All these complex chemical changes that are excited during muscu.
lar contraction give rise to heat. If the muscle is prevented, by me-
chanical means, from contracting, the heat develops in it more rapidly
than when it is free.  This follows from the recognized law of the cor-
relation and conservation of forces. The force that does not appear as
work appears as heat.

Duration of FElectro-muscular Contractility after Death.—The
muscles retain their contractility under electricity several hours after
death. The length of time that the electro-muscular contractility is
preserved varies with different muscles, with different animals, and
probably, also, with the mode of death. In order to determine this
question, Dr. Beard has made experiments on dogs and rabbits. Dr
Onimus,t of Paris, has experimented on the body of a murderer who
had been guillotined.  He found that the muscles of the tongue and dia-
phragm were the first to lose their electro-muscular contractility. Next
came the muscles of the face, among which the masseter retains its ex-
citability the longest. Zwo and a half hours after death the electro
muscular contractility was lost in all these muscles.

In the limbs the extensor muscles first lose their electro-muscular
contractility, and in about an hour the flexors followed. The muscles
of the trunk responded five or six hours after death, and the abdominal
muscles longer still.

Onimus observed on the criminal what Dr. Beard has observed on dogs
and rabbits, that when the muscle is dying it contracts most noticeably
at the point where the electrodes are placed, and very slowly at a dis-
tance from the electrodes; and that the muscles respond to direct
electrization with needles after they have ceased to respond to the cur-
rent when applied through the skin.

* Morgan, op. cit., p. 582 et seq.
t Le Mouvement Médicale, Feb., 1873,
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Previously, in January and February, 1802, Aldini, a nephew of
Galvani, obtained permission from the government to experiment or
two criminals who were executed at Boulogne. Immediately after
death the bodies were submitted to powerful galvanic excitation. The
muscles of the face contracted vigorously in such grimaces as to frighten
the assistants. The limbs were violently convulsed, and the bodies
acted as though they would rise again to life.

At Glasgow, Ure made similar experiments on the body of a crimi-
nal that had been on the gallows one hour. The applications were made
to the spinal marrow, the phrenic nerves, and the intercostal muscles.
According to the position of the electrodes the body was bent forcibly
back, the chest rose and fell as in the act of breathing, and the various
emotions of rage, terror, despair, were depicted on the countenance.
One of the spectators fainted, and several were obliged to leave the
room.

Electro-physiological Anatomy.— Electro-physiological anatomy treats
of the physiological action of muscles under the influence of the electric
current applied in suck a way as to produce contractions.

The contraction observed in an individual muscle, when submitted to
the influence of the electric current, closely resembles the contraction
of the same muscle when under the influence of the will.

Duchenne was the first to investigate this subject systematically, and
his researches have done much to modify the accepted views concerning
the functions of certain muscles. Those who desire a more complete
idea of his views than is given in the following brief 7ésumé, we refer to
his writings.*

Muscles of the Face— Electro-physiognomy.—This name has been
applied to the study of character and expression, through localized
faradization of the muscles of the face. By means of small electrodes
the current can be localized so as to produce contractions even in the
smallest muscles. For these experiments a-recently dead subject has
this advantage over the living man, that in the case of the latter con-
tractions produced by the current would be complicated and interfered
with by involuntary movements.

According to Duchenne, who has chiefly investigated this subject, the

* De I'Electrisation Localisée et de son Application A la Pathologie et 4 1a Théra-
peutique.  Paris, 1861. Also, Méchanisme de la Physionomie Humaine, ou Analyse
Electro-physiologique de I’Expression des Passions applicable 2 la Pratique des Arts
Plastiques.  Paris, 1863. This work contains photographic representations of the
warious appearances of the face under electrization of the different muscles. These
photographs are frequently referred to by Darwin in his work on Expression,
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Jfrontalis muscle, when a little contracted, expresses pleasure ; when
more contracted, astonishment or doubt; when strongly contracted
with other muscles, terror.

Contraction of the pyramidalis nasi expresses sadness; of the cor-
rugator supercilii, contemplation ; of the ordicularis palbebrarum, con.
tempt. Contraction of these two, united with the pyramidalis nasi,
gives = hateful, malicious expression. Contraction of the friangularis
nast expresses lust ; of the zygomaticus major, various degrees of mirth;
of the zygomaticus minor, melancholy ; of the platysma myoides, hypo-
critical laughter; of the platysma myoides, pain. Contraction of the
platysma myoides and frontalis gives an expression of terror. Contrac-
tion of the platysma myoides and pyramidalis expresses rage. United
contraction of the gygomaticus major and frontalis produces an ex-
pression of agreeable surprise. Contraction of the duccinator indicates
age, by making furrows in the cheek.

Contraction of the lezvafor ale and /labii superioris causes an un-
pleasant expression, such as a child exhibits when about to cry ; contrac-
tion of the triangularis oris gives an expression of sadness or disgust.

Contraction of the external fibres of the ordicularis oris gives the
lips a position of whistling or kissing ; contraction of the internal fibres
of the same muscle compresses the lips against the teeth.

Muscles of the Upper Extremity—The contractions resulting from
electrization of the extensors of the fingers give to the hand a peculiar
appearance.

The first phalanges not only become extended, but are spread apart,
while the last two phalanges become flexed.

The metacarpus forms an angle with the forearm, and in this condi-
tion the hand resembles, to a certain extent, a bird’s claw.

Electrization of the extensor digiti minimi proprius separates the lit-
tle finger from its neighbor, while contraction of the extensor indicis
proprius brings the index and middle finger together. By the method
of localized electrization the adductors and abductors of the fingers,
and the interossei and lumbricales, are found to act not only in draw-
ing these members together and separating them, but also in extending
the second phalanx of the thumb and the second and third of the other
fingers.

The flexor pollicis brevis is concerned in extending the second
phalanx of the thumb, as well as in flexing the first.

So long as the arm is in its natural position, the supinator longus has
no function to perform; it is only when the forear is prone that its
peculiar action is manifest.
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In paralysis of any one of the above muscles, it is readily seen that
the observation made concerning their function is correct.

For example : if the adductor longus and extensor brevis pollicis be-
come paralyzed, the metacarpal bone of the thumb is adducted. If the
extensor longus pollicis is paralyzed, the thumb is inclined towards the
metacarpus, although its movements are not markedly impaired if the
extensor brevis and adductor longus are strong.

Electrization of the del/foid not only raises the upper arm, but also
very perceptibly changes the position of the scapula. The external
angle of the shoulder-blade becomes depressed, the internal angle is
elevated, while the distance between its posterior spinal border and the
nibs is slightly increased. In paralysis of the deltoid the arm hangs by
the side almost completely helpless. The muscle is composed of three
distinct groups of fibres, and the degree of paralysis depends upon the
number of groups or special group involved.

The pectoralis major and latissimus dorsi muscles, although situated
for the most part on the trunk of the body, are especially useful in
assisting in the movements of the arm.

Muscles of the Trunk.—When all of the fibres of the trapezius are
subinitted to electric excitation, the shoulder-blade becomes elevated,
its posterior border approaches the median line, the shoulders are
drawn backward, and the head is thrown slightly forward and toward
the opposite side. Like the deltoid, the trapezius is made up of three
sets of fibres,

When the superior set is electrized the head turns toward the side
iritated, and the face looks toward the opposite side.

The middle set of fibres elevates the shoulder-blade, while by the
action of the lower set its inner angle is depressed, and its posterior
border is drawn toward the median line. In complete paralysis of the
trapezius the following symptoms are manifest : The back is rendered
broader, on account of the scapula removing slightly from the spinous
processes ; the shoulder becomes depressed, and, on account of the
absence of steady support for the arm, its movements are rendered diffi
cult. Electrization of the rhomboideus major and minor muscles ele-
vates the scapula and slightly turns it on its outer angle.

If the current be sufficiently intense, the lower angle of the scapula
approaches nearer to the spinous processes than the inner.

If the thomboideus muscles are paralyzed, the scapula removes itself
somewhat from the walls of the thorax, the skin between the shoulder-
blade and the spine appears in folds, and the lower angle of the bone is
drawn forward and outward, on account of the action of the serratus
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anticus major. By excitation of the serratus anticus major the scapula
is drawn forward and outward, so that the space between its posterior
border and the spine is doubled. The posterior border is pressed
against the ribs, while the anterior border is markedly removed from
them. N

When the muscle is paralyzed the shoulder-blade sinks but little, so
long as the arm hangs motionless by the side; but as soon as it is
moved from the body the posterior border and under angle of the
scapula are lifted from the thorax, while the anterior approaches it more
closely. In complete paralysis of the serratus anticus the movements
of the arm are 1nuch impaired.

A single external intercostal muscle may be electrized by pressing a
small electrode against the lower border of one of the upper ribs, near
the origin of the serratus magnus muscle.

* The individual abdominal muscles are readily influenced by electric
excitation.

Electrization of the rectus muscle so stretches and draws it inward
that the abdominal wall becomes flat. Irritation of the external oblique
expands the abdomen laterally. )

If we electrize the transverse abdominal, powerful transverse con-
wractions of the abdomen follow. When both phrenic nerves are sub-
mitted to electric excitation, powerful and frequent contractions of the
diaphragm are produced. An increased amount of air rushes into the
lungs, on account of the capacity of the thorax enlarging through the
descent of the diaphragm, and the moving outward of the false ribs.
Atrophy of the diaphragm causes, during inspiration, a depression of
the epigastrium and abdominal walls, while the thorax expands as
usual.

Muscles of the Lower Extremities.—Electric excitation reveals the
fact that flexion and extension of the foot cannot be produced by the
flexor or extensor muscles alone, since these muscles tend to abduct
and adduct as well as flex and extend. The flexors and extensors
cause direct flexion and extension only when they act in conjunction
with certain other muscles.

The movements of the foot are controlled by four sets of muscles.
These are :

The tibialis anticus, which at the same time flexes and adducts the
foot—the flexor adductor muscle, the extensor digitorum communis
longus and extensor hallucis, which flex and abduct the foot—the
flexor abductor.

The gastrocnemius solius and tibialis posticus, which extend and
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adduct the foot—the extensor adductor, and the peroneus longus ind
brevis, which extend and abduct the foot—the extensor abductor.

Electrization of the tibialis anticus, or, in other words, the flexor ad-
ductor muscle, not only extends and adducts the foot, but lifts the innet
border of its upper portion as well.

Electrization of that group of muscles called the flexor abductor, be-
sides flexing and abducting the foot, extends the four last toes, lifts the
outer border of the foot, turns the sole outward, and bends the great
toe.

Pes equinus may result from the stronger action of the extensors.

If the flexor abductor group become paralyzed, the movement of the
foot is reversed—the sole turning inward and the anterior portion tum-
ing upward.

Electrization of the extensor adductor group so extends and adducts
the foot that the heel is directed outward and the great toe inward. The
first phalanges of the toes become extended, and the last flexed, giving
to them the form of claws.

Electrization of the extensor abductor so extends and adducts the
foot that the internal malleolus becomes decidedly prominent through
the sinking of the inner border and the elevation of the outer border
of the foot.  Paralysis of this last-named group of muscles produces in
the course of time what may be termed a flat foot. This results from
the disappearance of the arching of the foot.

In consequence of paralysis of the extensor adductor the foot natu-
rally becomes abducted, the arch of the dorsal surface is increased, and
?nstead of the flat foot above mentioned, we have a very decided hollow-
'ng out of the plautar side.



CHAPTER VIIIL
ACIION OF ELECTRICITY ON INVOLUNTARY MUSCLES.

CoNTRACTIONS are produced in a wolunfary muscle the instant the
poles of a galvanic battery, or of an electro-magnetic machine in oper-
ation, are applied to it. The contraction of the muscle continues
during the passage of the faradic current, but when the galvanic current
is used quickly relaxes after the first shock. When, however, the intes-
tines, the stomach, the cesophagus, and other parts which are composed
of involuntary muscular fibre, are subjected to the electric current, move-
ments are not induced in them until a certain time after the tissue has been
acted upon.  The movements thus excited continue for a time after the ces-
sation of the current,and do not,as in the case of voluntary muscles, at
ance return to their normal condition.

Iris.—Faradization of the iris, with a very gentle current in a room
that is moderately darkened, causes it to be constricted or dilated, ac-
cording to the position of the electrodes.

Stomach.—Faradization or galvanization of the stomach causes gra-
dual shortening of the transverse and longitudinal fibres in the direc-
tion from the cardiac to the pyloric orifice. Dr. Rockwell, in the treat-
ment of paralysis of the cesophagus associated with a sort of atony of
the stomach, has frequently had occasion to observe the readiness with
which this phenomenon is demonstrated in the living man by applica-
tions directly to the mucous surfaces of the parts.

Intestines,—If finely pointed electrodes or needles, connected «ither
with a faradic or galvanic apparatus, be applied to the intestine of
a living or recently killed animal, steady and firm contraction takes
place at the points where the electrodes are applied. TUnder a
mild current the contraction is slow, steady, and gradual. The intes-
tines are drawn up after the manner of a woman's work-bag. This
contraction, though most marked just at the point where the needles
touch the intestines, is also observed a little distance between and on
the outer side of the needles. Under strong currents this constriction
takes place very rapidly, and goes on until the calibre of the intestines
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is nearly closed. When the electrodes are removed this constrictior.
slowly disappears. These phenomena are seen both in the large and
small intestines and in the rectum. The duodenum responds most read.
ily, the rectum and colon less so. These phenomena are more or less
modified by the condition of the animal, whether living or dead, and
whether recently or long killed. This fact of electro-physiology, which
has been frequently demonstrated on animals, is very suggestive in a
practical point of view. The value of electricity in constipation is, in
view of these observations, partially explained.

Spleen.—When the spleen of certain animals, living or recently killed,
as the dog, is submitted to the action of a tolerably strong current,
either faradic or galvanic, a visible drawing and contraction through-
out the entire extent of the organ, not only where the electrodes are
applied, but between them and beyond them, in every direction, there is
manifest shrinking of the tissues, with change of color. This fact, which
has been disputed by some physiologists, we have demonstrated in a vari-
ety of experiments. The phenomenon is not so noticeable in the
spleen of the rabbit as in that of a dog, and in order that it may
occur rapidly and be easily seen, the current used must be of consider-
able strength. The shortening and discoloration of the spleen under
electrization appears to be more or less permanent. This physio-
logical fact suggests the query, whether the enlarged spleen of inter-
mittent fever might not be treated by electricity.

Bladder.—When the filled or emptied bladder of a living or recently
killed animal is acted on by either current, of moderate strength, a
visible drawing and contraction take place in various directions. The
tissue becomes firmer and harder, the cavity diminishes, and if it con-
tains urine a portion of it is expelled. This electro-physiological fact
is utilized in cases of paresis and paralysis of the bladder.

Uterus.—The uterus of animals and of the human being contracts
after the manner of the intestines, bladder, and other involuntary muscles.
Whatever pole is used, or in whatever direction the current be applied,
contraction takes place whenever the current is applied, whether the
uterus is or is not in a gravid condition. Both faradization and galvani-
uation have this slow contracting influence on the uterus.

In the chapter on Diseases of Women, the very interesting and im-
portant practical applications of this physiological fact will be pointed
out in detail. It applies especially to the electrical treatment of me.
tritis and uterine engorgements.

Ureters.—The ureters are constricted and shortened by electrization,
and as in the case of the uterus, the intestines, and the spleen, the con-
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tractions take place, according to the law of their physiological action,
from the kidneys toward the bladder, and the contractions continue aftet
the electrodes are removed.

Vas Deferens, Epididymus, and Tunica Vaginalis.—When the electri¢
current is applied to the vas deferens, the epididymus, or the scrotum,
they likewise contract after the manner of the intestines, uterus, and sa
forth. The scrotum contracts rapidly, almost instantaneously, under a
strong current, and remains contracted for some time, as we have
demonstrated on rabbits and dogs, and on the living human being.

Gall-bladder.—When a current of considerable strength is applied to
the gall-bladder by pointed electrodes, constriction takes place at the
points of application, and the whole bladder tends to contract, and,
like the urinary bladder, to discharge its contents. It is not impossible
that a powerful current sent through the liver of the living subject,
by external applications, may cause contraction of the gall-bladder ;
and in this way we may in part explain the value of electrical treat-
ment in jaundice.

Esophagus.—In rodents the cesophagus consists of striped muscle
only ; in birds it consists of unstriped muscle, and in man of a com-
bination of both striped and unstriped muscle. Both sets of fibres,
longitudinal and circular, contract under the current, not only at the
points where the electrodes are applied, but through the whole length
downward toward the stomach. In the treatment of dysphagia this
fact may well be considered.

Heart.—The effect of electrization of the pneumogastric and other
nerves that supply the heart has already been considered. The effect
of direct electrization of the tissue of the heart itself is not without
interest.  Galvanization, with currents of moderate strength, of the
heart of an animal that has stopped beating, may cause a return of its
rhythmical action. It has been sometimes observed that the contrac-
tions return more vigorously in the right than in the left side. Accord-
ing to our observation, in the hearts of dogs and rabbits much depends
on the strength of the current used. If a strong current were directed
through pointed electrodes to the substance of a heart of a dying
animal, the pulsations are in part arrested, but they recur as soon as
this current is broken. These conclusions are based on a large number
of observations. When the heart has fully stopped it may be restored
by a weak current, and again arrested by a strong current.

Blood-vesscls.—The small arteries that contain considerable unstriped
muscle contract under the current, after the manner of the intestines ;
that is, the contraction does not appear instantaneously, but a little

s

I R
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ime after the needles are applied it goes on slowly, and after the
needles are removed they gradually return to their normal condition. In
the larger arteries this contraction is not so marked.

It will be observed that electricity acts on unstriped muscular fibre,
in this respect at least, very much like ergot. The power of ergot to
constringe the blood-vessels is the explanation of its great value as a
remedy in spinal and cerebral congestion. The efficacy of electrization
in the same affections, as well as in sprains and various local inflamma-
tions, may be in part explained by the same theory. This subject will
be discussed in the chapters devoted to the Influence of Electricity on
Nutrition and Spinal Congestion.

The above conclusions are based largely on our own experiments,
although many of the observations had been previously made by various
physiologists. ’

There were, however, certain queries in regard to the differential
action of the poles, and of the two currents, and of weak and strong,
on involuntary muscle, that had not been answered. These queries
have aimed to solve by a large number of experiments on animals.
The records of one set of these experiments, noted at the time by our
fiend Dr. John Van Bibber, of Baltimore, are herewith presented. It
wll be observed that the chemical and other effects of the current,
besides the contracting influence, are noted.

Experiment 1.—The abdominal cavity of a good-sized rabbit was
opened, and a medium faradic current, with needle electrodes, was
applied to the upper part of the small intestines. Contraction produced
most vigorous at the positive. A vermicular motion was also observed not
only in the part within the circuit, but extending some distance beyond
each pole. The rabbit was fully under ether, and the only other mus-
cular movements were cardiac and respiratory. The color of intes.
tines was normal and healthy, and was undisturbed during this operation.

Experiment 2.—A galvanic current, sixteen cells, was now applied,
with needle electrodes, a little below point of first experiment. There
was an immediate change in the circulation of the part. It became
darker and venous in its appearance, presenting the appearance of a
clot. The intestines, before so flaccid as to render the insertion of a
needle difficult, became very full and hard. The negative pole was
loose in the tissues, with bubbles of hydrogen generated around it, and,
on the other hand, the positive pole became very firm in its insertion,
with evident constriction of muscular fibre around it.

The first effect, therefore, seemed to be congestion, and afterward,

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

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

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

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

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

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

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

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

The conclusions from a large variety of experiments, of which the
above is a fair illustration, are these :

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

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

3. The positive pole has a more powerful contracting influence on
unstriped muscles than the negative. The differential action of the
poles is seenin both currents, but is more decided with the galvanic.
This fact we were, we believe, the first to discover. This fact of the
more potent action of the positive pole on unstriped muscle is of con.
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siderable signification in the treatment of engorgements of the uterus
etc. It will be discussed in the chapter on Diseases of "Women.

4 Unstriped muscles can also be made to contract by faradization
or galvanization of the nerves and nerve-plexuses that supply them—
indirect electrization.

5. The behavior of the different organs that are supplied with un-
striped muscles under electrization depends on the relative amount of
muscle in their tissues. The intestines, the scrotum, contract rapidly
and vigorously ; the spleen and arteries less perceptibly and more slowly.

The liver and lungs do not apparently contract under either current.
The electrolytic action of the current is observed in these organs, as
in all other tissues.

6. The differential reaction of voluntary and involuntary muscle tc
the current is mainly a matter of degree. Both kinds of muscle con-
tract in accordance with the law of their physiological action, under
both currents, and both return to their normal condition ; but involun-
tary muscle returns very slowly, while voluntary muscle returns rapidly,
almost instantaneously. When voluntary muscles have become greatly
exhausted through fatigue or death, they behave very much like invol-
untarv muscles,



CHAPTER IX.
ACTION OF ELECTRICITY ON THE BLOOD.

THE action of the galvanic current on the blood is a subject to
which we have given at different times considerable attention. Blcod
coagulates so quickly after leaving the living body, that the action ot
electricity upon it can only be studied with satisfaction when the elec-
trodes are placed within an artery or vein, or in a current of blood as
it flows from the wounded blood-vessels before the process of coagula-
tion has set in. We have experimented on blood with the gal-
vanic current in both ways.

When the needles connected with the poles of a galvanic battery are
inserted into the feebly flowing blood of a wounded animal, electroly-
sis at once takes place with differential polar action of a striking char-
acter. At the positive pole a small, firm, and dark clot forms, that
adheres closely to the needle, especially if it be steel that is readily oxi-
dized. At the negative pole a larger, softer, lighter, yellowish clot
forms, with a mixture of foam or froth from the bubbles of hydrogen.

If the current be strong, and the operation protracted, the positive
steel needle will become either destroyed by oxidization or greatly
reduced in size.

From the above it will be seen that the action of electricity on the
blood is mainly, if not entirely, of a chemical character—in a word,
electrolysis, or electro-chemical decomposition. Golubew and Burdon-
Sanderson have studied the effect of faradization on the blood-corpuscles
under the microscope, and Rollet and Neuman have studied the same
under the influence of the galvanic current. It has been shown that
the red corpuscles of the blood are discolored by the alkalies of the
negative pole, and caused to shrink by the acids at the positive pole.
Under the discharges of the Leyden jar the red corpuscles change thur
shape and lose their color.

March 12th and 24th, 1871, Dr. Beard made, with Dr. E. L. Keyes,
a number of experiments on dogs, in order to determine the differen-
tial action of the poles in producing a clot. One method of ex
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perimenting was to etherize the animal, open the abdomen through
the linea alba, and expose the aorta, into which needles, insulated with
hard rubber up near to their points, and connected with both poles,
were introduced. In some cases the artery was constricted, in others
not. Wecondense the record of the experiments from the published
statements of Dr. Keyes,* based mainly on notes made at the time
by the physicians who co-operated with us.

ExperIMENT I.—Marck 17th. A small dog was etherized, the
abdomen laid open through the linea alba, and the aorta exposed.
Positive and negative needles, insulated (imperfectly) with hard rubber,
were introduced into the aorta about one inch apart. Both needles
were of steel, gold plated at the points. The negative needle was acci-
dentally run through the artery, and emerged into the muscle beneath.
The current from sixteen cells of a Stohrer's battery was passed for ten
minutes. The artery was not compressed. Blood flowed through it at
great force. 1

Result—Bloody foam surrounded the negative needle, the blood
emerging from the artery. Needle loose. It dropped out, the blood
followed.

Positive needle adherent to artery, requiring a little force to pull it
away. Artery was cut, before the needle was removed, to look for
cot. No clot discovered in the vessel. A little black material was
found adherent to the wall of the artery, and to the positive needle at
the point of entrance. The lining membrane of the artery was altered
and discolored, wherever either needle had touched it, over a space
about one and a half line in diameter.

ExpEriMENT IV.—Medium-sized dog etherized. Positive needle
(platinum), insulated with hard rubber, was placed in the artery. Nega-
tive needle (platinum), insulated with shellac, in' muscles near the spine.
Eighteen cells Stohrer. Time, ten minutes. Current of blood about
three-fourths, arrested through the artery, by compression with thumb
and fingers, one inch above and below the needle.

Result. —Firm black clot outside of the vessel at point of the en
trance of needle, and where the opposite wall was touched by the
needle’s point. Inside—firm, black clot, adherent to the wall, but not
large enough to obliterate the vessel.

Lining membrane of artery blue-black, and coats of vessel adherent
and condensed at point of entrance of needles, and where opposite wall
had been touched. Needle not much acted upon. A little flake of

* Practical Electro-Therapeutics, New York Medical Fournal, December, 1871.
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hard rubber came ¢ ff, and was left attached to the clot. A few bubbles
of oxygen escaped. from the vessel alongside the needle.

ExpeRIMENT VIL.—Positive needle gold, non-insulated. Negative
needle steel, non-insulated. Both in vessel. Sixteen cells. Time
ten minutes.

Result.—Clot same at the positive pole as in Experiment IV., but
action on lining membrane was much less than in that experiment.
Gas escaped at negative needle. No clot at negative needle. Artery
compressed only below, circulation arrested.

ExperIMENT XI.—Renal artery of dog was cut, and blood allowed to
flow into peritoneal cavity. As it flowed, negative and positive steel,
non-insulated needles, connected with eighteen cells, were dipped into
it. Action commenced at once. A dark clot formed about positive
needle, and a light foam around negative. At the end of one minute,
at the positive needle, a black clot had formed, a quarter of an inch in
diameter, dense enough to be lifted out of the fluid on the point of the
needle, and to sustain its own weight. At negative needle there was a
spumous yellow mass, which could be lifted in part from the blood on
the needle's point, but which had no consistence whatever.

The experiments were continued with Dr. Keyes, at the slaughter-
house, the needles being placed in the warm blood, as it flowed from
the arteries of dying animals. These experiments were performed
under great difficulties, and at some risk of being kicked by the expiring
bullocks, and did not therefore lead to any important results.

Blood coagulates so quickly after it leaves the body that when we
wish to determine the chemical action of the electric current on it, it is
necessary to introduce the needles into the vessels of the living animal,
or into the blood, just as it is flowing from the vessels.

During the winter of 1873 Dr. Beard made, with the assistance of Dr.
J. H. Raymond, similar experiments on dogs and rabbits. The animals
were etherized, cut open, and the needles (platinum) inserted into
different arteries and veins. In some cases also the arteries were rup-
tured, and the needles were introduced into the pool of blood before it
had time to coagulate.

The conclusions in regard to the electro-coagulability of the blood,
to which we have been led by these repeated experiments on animals
and on men are these :

1. Both poles of the galvanic current cause a clot in blood, either
running in an artery or vein, or freshly drawn, and stationary.

2. The positive clot is black, hard, and small; the negative clot
is light, soft, and bulky.
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3. These clots are the result of the electrolytic action of the current,
with the evolution of oxygen and hydrogen, of acids and alkalies, and
their subsequent combinations.

4. The largest clot and most satisfactory observation in an artery is
caused when both poles are placed within the blood-vessel and near to-
gether.  The reason of this is, that when the poles are near together in
the blood, the resistance is very much less than when one of the poles
is on the surface.

5. In order to produce a firm clot of sufficient size to obstruct a
large artery, strong currents—{rom 20 to 40 cells—are required, and
quite protracted séances. The process of coagulation under the cur
Tent is comparatively a slow one.

6. Electro-coagulation in a blood-vessel is aided by any compression
that impedes the rapidity of the flow of the blood. The slower the cur-
rent runs, the more rapid and firm the coagulation. Small and recent
lots, especially those connected with the negative pole, may possibly
be washed off. The practical bearings of these conclusions on the
electrical treatment of aneurisms will appear in the section on Electro-
Surgery. :



CHAPTER X

.

ELECTRO-CONDUCTIVITY OF THE HUMAN BODY.

THE chief constituent in the human body is water, which is about
three-fourths of its average weight.* The saline constituents which the
water holds in solution vary in quantity and quality in the different
tissues and the different parts and organs of the body.

The conductibility of the body, as a whole, may be best understood
by regarding it as a mass of water and saline ingredients, with solid
tissue interspersed. The degree of resistance to the current that differ-
ent parts of the body offer will therefore depend on their structure.
Those parts which, like the bones and epidermis, contain little water,
will offer a much greater resistance, and be poorer conductors, than
those parts which, like the muscles, nerves and tendons, and carti-
lages, contain a large percentage of water. Soft parts, like the stomach,
intestines, and mucous membranes in general, offer comparatively
little resistance, because they contain so large a percentage of saline
solutions. Saline solutions conduct better than simple water, and
warm saline solutions conduct better than those which are cold.

The human body, as a whole, conducts electricity fifteen to twenty
times better than pure cold water, provided the skin is thoroughly moist-
ened. It owes this superior conductibility to the warm saline solutions
which it contains. According to recent experiments by Richardson,
the blood is the best conducting material of the body.

Percentage of Water in the Tissues.—To ascertain the relative pro-
portion of water in the different tissues of the body is a subject that
has occupied a number of observers. The results of the different inves-
tigations do not agree mathematically, for the reason, partly, that indi-
viduals differ in the water-holding capacity of their tissues, as in all
other respects.

The following table} gives at a glance the results of the different
investigators :

* Pereira, Food and Diet, Am. ed., p. 39.

t Ziemssen, Die Electricitit in der Medicin, vierte ganz umgearbeitete Auflage,
Erste Halfte, p. 18. 1872,
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PERCENTAGE OF WATER IN THE TISSUES OF THE HUMAN BODY.

Adults. New-born chil
ren.
Blood...iieveeneacriannronoanes 80.5 Sesessresasses 8s.0
(E. Bischoff) (Bischoff)
Gray matter of the brain.......... 8s.0
(Lassaig) { 77.2 .ccevene 88.6
White ¢ 66 ¢ a0 e 73.0 | (Ranke) (Bischoft)
. (Lassaig) .
Gray matter of spinal cord........ 71.0
(L& Hérit) 70.8 ... 81.8
White ¢ ¢« ¢ “oee .. 65.0 (Ranke) (Bischoft)
(Von Bibra)
Nerve matter. ... coccveecinnennns 77.0 39.68..... .e 64.5
(Ranke) (Von Blbra.) (Von Bibra)
Muoscle ...oo0nvnns vecesesasssees  8L2-84.8.. .. iiiiiiinnn 87.8
(Ranke) (Bischoff)
Liver......... ceeerien 76.1 © iiiviiienies.. 82,8
(Von Bxbra.) (Oidmann)
Elastic tissue ....oeeevmreencanss 70.4 cevieninnns ceeene
(Schultze)
Fatty ¢ L iieieieeniennans I«
(Ranke)
cornea ..... e 8 - T
Connective tissue { skin. .... P (His)
lederkhast, . . .. . 7.5. 79.T.cieenes
(Wienholt) (Ranke)
Bones—os parietal .............. | 7T { ee. 18-29
(Fnedleben) (Friedleben)

An examination of the above table shows clearly these two facts :

1. The percentage of water in the different tissues of the human
body, excepting the skin and bones, is almost uniform—ranging be-
tween 70 and go. The percentage of water in the skin is almost two-
thirds as great as in the brain, spinal cord, and nerves. In the bones
the percentage of water is one-fifth that of the soft tissues.

2. There appears to be more water in the tissues of new-born chil-
dren than in adults. The difference, however, is but trifling.

Investigations of a similar character have been made on the tissues of
oxen, dogs, frogs, cats, hares, and rabbits ; the results do not differ mate-
rially from those obtained on the tissues of human beings.

Compared with a number of metallic substances, the human body
is an exceedingly poor conductor. Thus it has been estimated that
copper is several thousand million times a better conductor than the
human body.

Dr. C. B. Radcliffe made three experiments, in which he measured the
resistance of nerve, tendon, and muscle, as nearly of the same shape
and size as possible. The pieces were taken from the sciatic nerve,
the tendo-Achillis, and the adductor longus of a recently killed rabbit.
He found the mean resistance of one inch of the sciatic nerve to be
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40,000 units (see p. 66)—that is, about eight times the resistance of the
Atlantic cable; of the tendon, 38,000 units; and of the muscle, 12,000
units. *

Bones and Skin poor Conductors.—1It should never be forgotten that
the epidermis, in a dry state, is a poor conductor. In practice this
resistance of the epidermis is overcome by thoroughly moistening it.
The hair and nails are also poor conductors. In making applications to
the top of the head it is necessary to thoroughly moisten the hair. The
bones contain less water than the soft parts, and are consequently poorer
conductors. Soft parts which are thus enclosed in a bony covering are
less powerfully affected than soft parts which are not so enclosed.

The Current tends 1o take the shortest Way between the Electrodes.—
The electric current always takes the shortest and most direct course
from one pole to the other, provided the media intervening between the
electrodes is of a uniform conductibility. When, therefore, the positive
electrode is applied to one part of the body, and the negative to the
other, the current would diffuse itself uniformly between the poles,
provided the structures of the body between them were uniform. But,
as has been seen, the different parts of the body vary widely in regard
to their conductibility,—those which contain a large quantity of saline
solutions being good conductors, and, vice versd, those which contain
a small quantity being poor conductors,—the difference of conductibility
between muscle and bone being nearly twenty to one.

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

Soft parts, which contain a large amount of water, like the brain,
spinal cord, and abdominal viscera, are good conductors, and unless
their situation is unfavorable, they are directly and powerfully affected
by the current, when applied to the surface by means of moist conduct-
ors. On the other hand, bone, which contains a much less percentage
of water than the muscles and soft parts, is comparatively a poor con-
ductor. Accordingly, soft parts which are partially or entirely enclosed
by bone are much less readily affected by external applications than
would be the case if they were exposed.

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

* Dynamics of Nerve and Muscle, p. 19,
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undulative or wave-like manner, extending on both sides of the median
line between them for a considerable distance.

That these theories, in regard to the electro-conductivity of the body,
are sound, is proved in three ways:

1. By experiment on the living subject.

2. By direct experiment with the galvanoscopic frog and reﬂectmg
galvanometer on the dead subject.

3. By the evidence of pathological cases.

That the tendency of electricity is to take the shortest road between
the electrodes, is proved by the following experiment: The two fore-
arms are crossed so that they touch each other a little distance above
the wrist. Placing now one electrode on the outer surface of each arm,
and letting the galvanic current run, a feeling of heat and pricking is
felt, not only beneath the electrodes, but also, to a less degree, at the
polar surfaces of the forearms where they touch eackh other. On remov-
ing the electrodes it is observed that not only the spots beneath the
electrodes, but also the spots where the arms touched, have become
reddened.

This shows that a portion of the current takes the shortest way from
one electrode to the other, although that road lies through two layers
of epidermis, which is a very bad conductor.

A portion of the current, in this experiment, goes up the arm, across
the body, and down the other arm.

In order to ascertain what proportion of the current took the route
across the arms, Ziemssen* made the following experiment : Putting
one forearm over the other, as in Erb’s experiment, he placed between
them two plates of zinc, connected with a delicate reflecting galvanom-
eter (see Electro-Physics, page 41). The result of the experiment, when
20 elements were directed across the arms, was a deflection of the
needle 36.3°. The same arrangement made on the dead body gave,
with 10 elements, a deflection of 8.5° ; with 15 elements, a deflection of
19.7° ; with 2o elements, 28.2°. On separating the forearm, so that
the whole current must run around through the arms and body, he
found that with 10 elements there was a deflection of 15.9°; with 15
elements, a deflection of 31.7°; with 20 elements, a deflection of 48.5°.
The conclusion was that in each experiment one-Zalf of the current
went across through the forearms, and the other half up and down the
arms and through the body.

Evidence of Pathological Cases.—When the spinal cord is in a condi-

® Op. cit., p. 22,
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tion of health, a powerful current may be applied down the back with.
out discomfort; but in cases of myelitis, spinal congestion, and other
morbid states, very marked and peculiar symptoms are sometimes ob-
served. We have seen a case of myelitis when even a very mild faradic
current over the spine, near the supposed seat of the disease, caused
severe pain in the right leg that continued for several hours. Such a
phenomenon is never observed in health. The fact that it does occur,
especially when the electrodes are not placed near any prominent
nerves, shows very clearly that the current affects the spinal cord in a
more direct way than by mere reflex action.

The scnsations of the patient, and the results of treatment, also show
that the stomach, liver, spleen, intestines, and the genital organs in
both sexes, are traversed by the current in external applications of either
current.

Experiments on Dead Subject with a Frog Preparation.—Erb opened
the skull of a dead body, took out the brain, and covered the out-
side of the skull with pieces of muscle about three-quarters of an
inch thick. Over the muscle pieces of skin were placed, and over
the skin the electrodes. The skull was then filled with the brain, in
such a way as to avoid any direct connection with the muscle. The
skull was thoroughly dried, and a prepared frog placed on the cerebral
matter. A very gentle current was ‘then let on, and both on opening
and closing the frog contracted energetically, showing that a portion of
the electricity at least passed through the brain. Branch currents may
also have gone around through the layer of muscular tissue ; but the
important point, that some of the electricity took the short way direct
through the skull and brain, was in this experiment conclusively shown.

The same experiment with the faradic current showed the same
result.

Similar experiments on the spinal cord showed that the current pene.-
trated the vertebrae as readily as through the skull.

Actual Experiment with a Reflecting Galvanometer.—The evidences
already given are sufficient, with corroboration, to establish the fact,
that the electricity, when applied to the surface of the body, goes
through the tissues lying Letween the electrodes, and that all the in-
ternal organs may be thus acted on by the current. The mathematical
demonstrations of this fact that have been recently made by Burchardt,
and after him by Ziemssen, are, however, none the less interesting.
Ziemssen's method of investigation was to insert two platinum needles,
insulated to their points, into the organ to be experimented on, as the
brain, spinal cord, sympathetic, lungs, liver, etc., and connect them with
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a delicate Wiedmann's retlecting galvanometer, while the electrodes of
a galvanic battery of from 1 to 50 elements were applied externally, ic
such a way that the current, in passing from one to the other, must
pass through the place where the points of the needles were inserted.
These experiments were performed on the dead subject, and on ani-
mals, living and dead.  Unpolarizable needles (Electro-Physics, p. 31)
were used. The body, or part to be examined, was isolated on wood
or glass. By these means he easily demonstrated these two facts :

1. That all the internal parts and organs of the body can be traversed
by derived currents (see page 29) when the electrodes connected with
g galvanic battery are properly placed on the skin.

When the electrodes are placed on the head, derived currents pass
through the brain. When the electrodes are placed on the spine, de.
rived currents pass through the cord. In the same way it was demon.
strated that the sympathetic, heart, lungs, liver, spleen, intestines, and
bladder were traversed by derived currents when the electrodes were
applied respectively to the neck, thorax, and abdomen. Similarly also
the nerve-plexuses and great veins were shown to be traversed by cur-
rents when external applications were made.

2. The derived currents were usually most powerful, that is, the
greatest quantity of electricity passed in a direct line, between the elec-
Irodes.

When the ends of the unpolarizable needles were removed from one
another, near the central line, the needles showed less and less deflec-
tion, proving that the derived currents were weaker. To this general
law there are, however, exceptions. The current which contains a very
large percentage of water conducts electricity better than other neigh-
boring parts, even when out of the axis of the curve.

3. Thederived currents can be sent through the internal parts in any
direction, and increase in strength with increase in the strength of the
principal current.

When the principal current is reversed, the derived currents will be
reversed also. In one experiment, on the dead body of a young
man, the electrodes of the principal current were placed behind the
ears. Two holes were made in the parietal bones, in the track be-
tween the electrodes, and two other holes were made, about six centi-
metres farther forward, and about eight centimetres from each other.
In the holes made through the bones into the brain were placed the
unpolarizable needles connected with the reflecting galvanometer.
Two needles were also in the tubercula quadrigemina. The results of
the observations are contained in the following table :
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Needles in posterior Needles in anterior Needles in
No. of elements, poles in direct line poles out of tubercuia
of current. direct line, quadrigemina,
5 1.5° , 0.6° 1.6°
10 2.1° 1.7° 2.2°
15 ' 2.9° 2.8° 3.5°
20 6.5° 3.2° 4.2°

In the above observation, which may be regarded as a crucial and
convincing one, these three points are distinctly proved :

First, That the current passes from one electrode to the other
through bone and brain.

Second, That most of the derived currents take the direct route in the
axis between the electrodes, and that the strength of the derived currents,
the conductivity of the parts being the same, diminishes in proportion
to their distances from the axis.

Third, That the tubercula quadrigemina, by virtue of their fluid
structure, conduct electricity better than the after parts of the brain.

Fourth, That the strength of the currents sent through the body is
proportioned with considerable exactness to the strength of the current
employed in the application.

The Jaws of conductivity of the body, as here demonstrated in the
brain, have also been similarly demonstrated in the spinal cord and in
all the organs of the thorax and abdomen.

The grand conclusion from all these experiments, and from clinical
experience, is that the electro-conductivity of the human body is to be
explained, mainly, by the ordinary physical laws of electro-conduction,
and only to a very limited extent by physiology.

Physiology and pathology may come in to modify, to a slight extent,
the conductivity of the body ; for, as we have seen, individuals differ in
their conductivity. Increase in the quantity of blood or saltsin the body
increases the conductivity, and diminution of blood or of the salts, as
takes place in some diseases, diminishes the conductivity. But all
these varying factors have caused only a very slight perturbation of the
physical laws of electro-conductivity.

There is some difference in the conductivity of the living and dead
body, but this difference can mostly be explained by pAysical principles.
It may well be questioned whether the principle of life, whatever that
may be, exerts any very important influence on electro-conductivity.
Burchardt found that when more saline solutions were injected into the
dead body the electro-conductivity was increased. This is just what

.
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we should expect on physical principles, because warm saline solutions
are good conductors of electricity in the body or out of it.

According to Ranke, living muscle conducts much worse than dead
muscle, the proportion being as'10o to 56. Living muscle conducts
115,000,000 times, and dead muscle 64,400,000 times worse than
copper. Dead muscle conducts better than living, on account of the
decomposition and chemical changes that take place after death, and
especially on account of the accumulation of lactic acid.

Electro-conductivity modified by Age and Temperament.—Young peo-
ple offer greater resistance than old people, for the probable reason that
the tisses of the old contain more of the salts than those of the young.
The hands of those who labor with muscle, and whose epidermis is
thereby thickened, offer greater resistance than the hands of those who
live by brain alone. The right hand, being more used than the left,
has a thicker epidermis, and therefore presents a greater resistance.

Different individuals of the same age and condition differ in their
conductivity in a manner that cannot be fully explained. When
“shocks” of a battery, or faradic machine, or Leyden jar are sent
through a number of persons in a row, some will feel it slightly, others
strongly, and perhaps one or more may be almost if not quite pros-
trated. This fact may explain some of the freaks of lightning, for it
has long been known that when a number of persons are standing near
together some may be struck down and others unharmed. Some Indians
and negroes, it is said, can take hold of the electric eel without receiving
shocks.

The same individual may conduct differently at different times. As
the body is perpetually changing, as it varies in its intimate constitu-
tion, not only from year to year, but from day to day, and from moment
to moment, it is easy to understand why it should vary in its suscep-
tibility to electricity, just as it.varies in its susceptibility to the articles
of ordinary food, to stimulants and narcotics, and to internal medi.
cation,



CHAPTER XI.
THE EFFECT OF ELECTRICITY ON NUTE ITION.

It is not a little surprising that electricity should have been used as
a therapeutic agent for more than a century before it began to be
recognized among scientific men as a powerful means of aiding nutri-
tion. In 1867, after a series of preliminary experiments, mainly con-
ducted by Dr. Rockwell, we ascertained that electrization was a fonic
of most remarkable efficacy ; that its permanent tonic effects were, in-
deed, far more wonderful, as well as more valuable, than its primary
stimulating effects. When we announced this discovery to the pro-
fession, in our Treatise on the Medical Use of Electricity, the statement
was received by many, and especially by those accustomed to and
familiar with other electro-physiological and electro-therapeutical re-
searches, with incredulity and surprise.

The attention of observers has been so exclusively directed to the
primary stimulating effects of electricity, that they have neglected to
pursue the subject further, and to study its permanent effects on nutrition.

The effects of the passage of electricity through the body are of a
fourfold character :

1. Mechanica!

2. Physical.

3. Chemical.

4. Phpsiological.

Inasmuch as the effect of electricity on nutrition is a resultant of
all these four orders of effects, it is necessary to speak of each in
some detail.

The mechanical, physical, and chemical effects of electricity on the
body are similar in character to the same effects of electricity on any
substance whatever; the physiological effects are those which take
place in virtue of the wita/ properties of the tissues. The mechanicai
effects of electricity on the body are most markedly appreciated under
the faradic current. The reason is clear from the nature of the faradic
current. It is a current of alternation, of to-and-fro motion, of con-
tant closing and breaking (see Electro-Physics, p. 54). When it
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passes through the body, even when it produces no muscular contrac-
tion, it acts very much in the same way as gentle tapping, or pound.
ing, or rubbing on the tissues; and this gives passive exercises to all
the deeper lying as well as the superficial tissues. We may believe
that the molecules of the tissues are agitated by the passage of the
current, as the particles of a bar of iron are moved by the influence of
magznetization (see p. 9), or as bodies are expanded by heat. The
numerous branch currents going to and fro act as so many shuttlecocks,
keeping every atom in incessant disturbance. That the simple process
of tapping on the surface of the body, by means of the vibrations that
it excites, has a positively beneficial effect in certain chronic affec-
tions, has long been recognized. It is reasonable to suppose that this
beneficial effect is in part due to the increase of endosmotic action.

Physical Effects.—The physical effects of the passage of electricity
through the body are /eat, and the modification of endosmose and exos-
mose, and the transferrence of substances from one pole to the other.

The heat excited in the body by the simple passage of a weak cur-
rent that causes no muscular contraction, is small; but there is little
question that heat is thus excited, although it is difficult or impossible
to measure it by the thermometer. The main arguments in favor of
this belief are (1), that all conductors of electricity become heated
more or less in proportion to their resistance—the body offers great
resistance, and more or less of the electric force must be converted
into heat; and (2), powerful currents, either galvanic or faradic,
even when not used so as to excite muscular contractions, cause in-
crease of heat in the track of its passage, so marked as to be easily
detected by the touch. No thermometer is necessary to show that in
electrolytic operations, where strong currents are used, the tissugs near
the needles, and between them, become intensely heated, so that to
rest the finger on them almost causes pain. This fact we have demon-
strated over and over again in various parts of the body. It is equally
clear that the faradic current, even when not very powerful, raises the
temperature of the parts through which it passes. The sensation of
the patient and palpation by the operator demonstrate this beyond
doubt. Cold extremities are warmed sensibly and quite rapidly by
faradization or galvanization, even when no sensible muscular contrac-
tions are produced by the current. It is logical to infer that very weak
currents, either faradic or galvanic, cause a slight increase of heat by
virtue of the passage of the current, and as a physical effect of such
passage, without reference to the physiological phenomenon that must
accompany the physical phenomena, which must probably also cause

12
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a rise of the temperature. Schiff declares, as a result of his observa-
tions, that a nerve is warmed by an almost momentary passage of the
current.

A second important physical effect of the passage of an electric cur-
rent through the bodyis the transference of substances from one pole
to the other. This physical effect of the current has long been recog-
nized. In the electric light, for example, the particles of carbon go
from the positive to the negative pole, and to so marked a degree that
the positive carbon is quite rapidly worn away. A very remarkable
illustration of this transference of matter in the track of electricity some-
times occurs in lightning stroke. Trustworthy cases are reported of
individuals who have been found struck dead by lightning, and bearing
on their bodies distinct images or impressions of some object, as a tree
or house, near which they stood when they fell.

In 1864, at Nibelle, in France, three men who were gathering pears
were struck by lightning. One was killed at once. The others were
thrown to the ground unconscious, and one of these, when taken home,
was found to have on his breast a ¢“distinct daguerreotype of the tree.”

In 1860 a woman of Sisonne, in France, who was struck by lightning,
carried on her back a complete image of a tree—trunk, branches, and
leaves—that was near the place where she fell. A similar case is re-
corded by Franklin.*

The explanation of all these cases is the same. The particles of the
tree, reduced to great fineness by the electricity, are mechanically trans-
ported and burned in the skin. The process is therefore not chemical,
but mechanical and thermic.

Bodies have been literally tattooed in this way. Transference of sub-
stances is a part and result of the electrolysis in organic substances
already described (Electro-Physics, p. 47), and also of the electrolysis
of organic bodies to be hereafter described.

The electric currents also exercise a positive and very interesting in-
fluence over endosmose. By the passage of a galvanic current the endos-
motic phenomena may be both stimulated or reversed. This is shown
in the following experiment of Dutrochet: A tube containing gum-
water is closed at one of its ends by animal membrane and dipped in
a vessel containing common water. By the ordinary operation of the
laws of endosmosis the gum-water rises in the tube on account of the
antrance of some of the ordinary water through the membrane into

* Death by Lightning, by M. Dr, Fedet (Clermont Ferrand), Gasetfe des Hép-
faux, June 8-10, 1872, translated in Zhe Clinic, July 6, 1872.
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the tube. But if the positive pole of a galvanic battery be placed in
the common water, and the negative pole in the gum-water, the endos-
motic action is stimulated to such a marked degree that the level of the
gum-water rises with much greater rapidity ; if we reverse the pole the
level of the gum-water in the tube sinks instead of rises. The faradic cur-
rent froin the secondary coil produces no such effect. The current from
the inner coil—the extra current so called—produces these effects to a
less degree. It is pretty clear, therefore, that these phenomena de-
pend on the ckemical, and not on the mechanical power of the current.

Electrical Endosmosis is influenced by Strength of Current and Resist-
ance of Circuit.—1It is found that the quantity which rises is in exact pro-
portion to the strength of the current, and to the extent of the porous
surface. It has been found that the greater the resistance of the liquid
to electrolysis, the more it yields to this endosmotic action.

The above phenomena have been demonstrated at different times, and
by a variety of observers.

Besides the physical effects above described, there may be many
others that we cannot at present recognize or appreciate, but which
may be revealed by the spectroscope and other means of refined re-
search.

After Physical Effects of the Currents.—It has been observed that
platinum wires are contracted by the passage of electric currents through
them, and that copper wires that are used for conducting electricity
become brittle thereby. The differential action of the faradic and gal-
vanic currents in this respect is quite interesting, for, according to
Ruhmkorff, the copper wires that conduct faradic currents hreak more
speedily and more frequently than those which conduct galvanic currents.

This physical fact is very suggestive of what may be facts in physi-
ology and pathology. We have already seen that magnetization has
physical effects of a most decided character. We have seen that it
causes sounds to proceed from the body magnetized ; that the body
magnetized also becomes elongated ; and that this elongation is proba-
bly due to the fact that the particles arrange themselves, during mag-
netization, lengthwise in the direction of the bar. It is not improbable
that the human body in health and in disease may also be changed by
the action of the currents in a manner that we do not yet comprehend,
and that such physical or physiological changes may account for some
of the therapeutic effects of electrization. This probability applies
especially to the affer effects of electrical treatment, effects that are
noticed not while the applications are being made, or during the course
of the treatment, but weeks and months after the treatment is discon-
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tinued. On this subject we shall speak in more detail in the sectic1 on
Electro-Therapeutics.

Chemical Effects.—The chemical effects of the current are mainly of
an electrolytic character. They consist of an electro-chemical composi-
tion of the fluids of which the body is composed. The general laws
and phenomena of electrolysis in its relation to inorganic substances
have already been set forth in the chapter on that subject in Electro-
Physics. It remains for us here to speak of electrolysis, in its rela-
tion to organic life. At the outset we may remark that there is no
evidence that organization, as such, seriously modifies electro-chemical
decomposition. The fluids of the body decompose under the influence
of the current, just as the same combination of fluids with tissue would
decompose if not endowed with life. If the results of the electrolysis
of the dead body are different from the results of the electrolysis of
the living body, it is because of the chemical changes that take place in
the body after life has departed.

The human body is composed of fourteen different chemical sub-
stances, many of which are singly capable of decomposing under the
current, and in their various combinations are capable of many decom-
positions and recompositions, with secondary results that cannot well be
estimated.

The general facts of the electrolysis of inorganic substances, the ap-
pearance of oxygen and acids at the positive pole, and hydrogen and
alkalies at the negative pole, apply also to the electrolysis of the living
body. The great law arrived at by Faraday, that in electrolysis
substances are decomposed in equivalent proportions (see Electro-
Physics, p. 40), also finds no exception or interference in organic
structures.

Some of the Phenomena of Electrolysis of Living and Dead Tissues.—
In order to determine the electrolytic effect of the current on organic sub-
stances we have made a wide variety of experiments on both living and
dead tissues, fluid and solid, in a normal as well as pathological condi-
tion, on animals and men. We have tried the galvanic current on the
voluntary and involuntary muscles ; on the mucous and serous mem-
branes ; on brain, spinal, and nerve matter ; on the lungs, the heart, the
liver, spleen, stomach, intestines, bladder, uterus ; on the saliva and the
urine ; on the cartilage and on bones. The general conclusions at
whizh we have arrived from these experiments are these :

1. All these animal tissues, living or dead, decompose, so far as can
be seen, like inorganic substances, and by uniform laws.

2. The fact most patent to superficial observation is that the rapidity
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of the electrolysis depends more on the amount of fluid in the tissues
than on all other factors combined.

3. The great difference in the effects of electrolysis on organic and
inorganic substances is seen after the current has ceased to act. In
the electrolysis of most inorganic substances—such for example as iodide
of potassium, acetate of lead, chloride of sodium, and so forth—the
effects cease as soon as the current ceases ; the substances remain in
the condition that the current left them. The electrolysis of organic
substances starts a process that continues long after the current ceases to
Jfow.

Electrolysis of the White of an Egg.—When the white of an egg is
electrolyzed by copper needles or wire, white flakes rapidly form around
the needle connected with the negative pole, covering the needle as
cotton covers a bobbin of a loom. This white covering soon becomes
detached from the needle, if the current is tolerably strong, and floats
on the surface of the albumen, and then another similar envelope is
formed over the needle. In a little time the surface of the albumen
becomes covered with white, slight masses, resembling what are known
on our tables as “floating islands.” These formations are not coagula,
as might be supposed, but are simply composed of hydrogen gas envel-
oped by very thin layers of albumen, into which it is mechanicaily driven
by the electrolytic action, after the analogy of soap-bubbles and the froth
of a beaten egg, where the distension is cansed by common air envel-
oped by water and albumen.

Besides these changes the albumen becomes discolored, and reddish.
yellow streaks are found at both poles. This discoloration is due partly
to the action of the oxygen or the albumen on the copper of the elec-
trodes.

Although, as has been said, platinum wires at the point of insertion
into the substance are best for these experiments, since they are not
acted on, and exhibit the changes in their purity, yet a common sewing
or darning needle, or copper wire, will answer ; but it should be borne
in mind that the action of the substances on these will complicate the
observation, and that they will in a short time become destroyed by
oxidation.

Electrolysis of Fresh Milk.—When fresh cow’s milk is electrolyzed
with platinum needles an odor of chlorine is distinctly perceived, due to
decomposition of the chloride of sodium, and little islands of foam appear
on the surface. This foam, on being broken up, gives forth an odor of
chiorine, and disappears, showing that it is not coagulated albumen,
but sinply chlorine gas and albuminous envelopes.
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Electrolysis of the Aqueor.s and Vitreous Humors of the Eye.—When
platinum needles connected with a galvanic current are inserted into
the aqueous and vitreous humors of the eye of a dead or dying rabbit,
rapid electrolysis takes place at both poles, with evolution of gases in
albuminous envelopes. A cloud resembling cataract is speedily formed
over the pupil, and in a few moments, if the current be of medium
strength, the covering of the eye will be ruptured, with a violent escape
of albumen-enveloped gases. This process, which Dr. Beard has fre-
quently studied in the eyes of rabbits and dogs, is similar to that which
takes place in the electrolysis of hydrocele and of certain cystic tumors.

Electrolysis of Beef.—1It is possible to gain a measurably correct idea
of what changes take place during and after electrolysis of the living
body, in health or disease, by studying the phenomena that appear
during electrolysis of dead tissue. If a piece of beefsteak, for example,
be subjected to the action of the galvanic current by needles connected
with the,positive and negative poles, a process somewhat resembling
frying can be distinctly seen and heard and felt ; more specifically,
bubbles of hydrogen appear at the negative pole, and a kind of hissing
sound is heard, even when the ear is at some little distance, and a posi-
tive sensation of heat is felt when the finger is pressed over the part
that is being electrolyzed. Under the microscope this process can be
more closely studied. Chemical examination shows that oxygen, acids,
and albumen go to the positive pole, while hydrogen, alkalies, and
coloring matter go to the negative, and the action at the negative pole
is much greater than at the positive. Under this process the beef be-
comes gradually dried and changed in color, owing to the disappearance
of the watery constituents and the other electrolytic action; and, in
proportion as the beef grows drier and the fibres begin to lose their ad-
herence and fall apart, the electrolytic process becomes less and less
active, because there is less fluid on which to act.

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

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




EFFECT OF ELECTRICITY ON NUTRITION. 183

as though it had been bruised and was beginning to decay, and the
needle soon becomes loosened and will easily fall out. The process of
drying and decoloration goes on after the operation is discontinued. In
fruits and vegetables the electrolytic changes that take place are largely
due to the electrolyzation of water, which is aided by the acids that
they contain.

When muscles have been separated from the body and submitted for
several days to the action of a strong galvanic current, there have been
found at the positive pole sulphuric, phosphoric, hydrochloric and azo-
tic acids, and at the negative pole alkalies—as soda, potassa, and am-
monia.

Legros and Onimus have shown that when an alkali, as carbonate of
soda, is placed at the positive pole in electrolysis of the human body,
and an acid—as tartaric acid—at the negative pole, the usual eschars
have not been formed. This would seem to indicate that the cauteriza-
tion in electrolysis is due in part to the acids and alkalies that result
from the decomposition.

This cauterizing action is not solely due to the a¢ids and alkalies, for,
when other acids and alkalies are applied to the body, eschars of the
same degree are not obtained. The current penetrates and pervades
the tissues and induces various changes beyond and beneath the eschar,
which changes continue long after the current is broken.

The phenomena above described all occur under the galvanic cur-
rent, and with needles as electrodes.

The current from the primary coil of the faradic machines has some
electrolytic power, and even the current from the secondary and ter-
tiary coils is not without some chemical effect. It is not necessary to
use needles or pointed electrodes of any kind in order to produce elec-
trolysis ; but with a sufficient strength of current the phenomena may
be produced by large, flat, metallic surfaces. There is more or less
electrolysis in all the ordinary applications of electricity to the body,
whether made with metals or sponges, small or large.

Physiological Effects.—The physiological effects of electricity, pro-
perly so called, are those which take place by virtue of the vifal proper-
ties of the body. The other effects above described—mechanical,
Physical, and chemical—are not peculiar to living bodies ; they are
observed on the dead as well as the living, on inorganic as well as
organic substances, although they are, as we have seen, more or less
modified by vitality. But the physiological effects of which we are here
to speak are peculiar to organization; they cease when life ceases, for
they are mainly the modification of the vital processes by electricity.



184 ELECTRO-PHYSIOLOGY.

TLere are in general four ways in which electricity applied .o the tis
sues modifies their physiological functions :—

1. It may increase them.

2. It may diminish them.

3. It may arrest them.

4. It may modify their quality.

Some of the more important illustrations of their effects have been
already discussed.

We have seen that electricity, according to the kind that is employed,
and according to the method and strength and length of the applica-
tion, causes various phenomena on the skin, contracts voluntary and
involuntary muscles when applied either to the muscles themselves ot
to the nerves that supply them, and increases the process of oxidation,
and raises the temperature, excites the nerves of common and special
sense so as to cause pain, flashes before the eyes, noises in the ears, and
a peculiar taste and odor. When applied to the pneumogastric it
increases, diminishes, or arrests the action of the heart.

It remains here to speak of the following physiological effects of elec-
tricity :—

1. On the circulation.

2. On secretion and excretion.

3. On absorption.

The effect of electricity on the circulation is somewhat complex.. It
includes the effect on the heart and on the unstriped muscular fibres of
the arteries, as well as on the central and peripheral nervous system in
general, since the flow of blood in the arteries, veins, and capillaries is
influenced by the quality and quantity of innervation that they receive.
We have to speak merely of the direct effect of electricity on the capil-
lary circulation. It has been shown already that electrization of the
cervical sympathetic may have the directly opposite effect of contracting
or dilating the vessels of the retina. That the same opposite effects
may follow electrization of any part or organ, depending on the tem-
perament of the patient, the quality of current, and the length and
strength of the application, is also demonstrable. One effect is con-
stant under all conditions, and that is, that the circulation is modified
in one or the other, or in both ways. The average ultimate effect is
to increase the fow of blood, raise the temperature, and dilate the veins.
Dilatation of the veins, after prolonged electrization, is a phenomenon
that can be demonstrated with ease on any part of the body where the
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veins are prominent. The back of the hand is the best place to study
this phenomenon, and faradization illustrates it most distinctly.

This enlargement of the veins is accompanied by a rise in tempera
ture, and especially if the muscles have been brought into vigorous
contraction, that is not only indicated by the thermometer, but is ap-
preciated by the subject. Under general faradization the hands and
feet become waimer during the sitting, and may remain warmer for
hours. Central galvanization, or galvanization of the cervical sympa-
thetic, also warms the periphery.

On Secretion and Excretion.—The secreting power of the secreting
organs of the body is very markedly influenced by electrization. The
usual effect is to increase their activity ; but when very mild currents
are used, such effect is not always observed, and it is probable, from our
experiments, that very strong currents may produce a reverse effect.

On the lachrymal glands the action of the current is not so easily
shown, because strong currents are not well borne en the face or head,
and the glands themselves are not directly accessible. It is difficult to
decide whether the flow of tears that accompanies strong electrization
of the face is the result of the mechanical irritation or the physio-
logical action of the current on the lachrymal glands or the nerves that
supply them. .

The secretion in mucous membranes is quickly increased by electriza-
tion, as can be demonstrated most easily on the Schneiderian membrane
by means of metallic electrodes introduced in the nasal passages.
This fact becomes of practical importance in the treatment of the so-
called “dry catarrh,” and also in exhausting diseases, associated with
dryness of the mucous membranes.

On the salivary secretion the effect of the current is very easy of de-
monstration. That application of the current, both galvanic and faradic,
can increase the secretion of the salivary glands, is very easily demon-
strated. We have shown this at various times during the past five years,
galvanizing or faradizing the tragus of the ear, with either pole, or against
the membrana tympani. This effect is due to the excitation of the
chorda tympani nerve, some of the fibres of which go to the submaxillary
ganglia. This increase of saliva is sometimes so great that, while the
current is flowing, continual swallowing is necessary.

In sensitive persons the same effect follows, by reflex action, electri-
zation in almost any part of the neck or face. In certain pathological
cases, as Addison’s disease, Dr. Rockwell * has found the annoying dry-

* See Case 187.
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ness of the mouth greatly relieved by electrization, and in pathological
cases of the severe character, as in diabetes, when the salivary secie
tion may be greatly diminished, we have found central galvanization to
increase the secretion quite rapidly.

On the biliary secretion the action of the current is less easy of mathe-
matical demonstration. The results of external electrization in patho-
logical cases seem to prove that the quantity of the bile may be increased.
Whether this increase is due to the action of the current on the sub-
stance of the liver, or the nerves that supply it, we are not able to
state.

The secretion of gastric juice, and of the intestinal fluid, is in all prob-
ability increased by external electrization. ~Analogy would show thesc
fluids ought to be secreted in greater abundance under the influence of
the current, and the results of treatment in pathological cases give this
probability something of the force of certainty. Appetite is sharpeped,
digestion is quickened, and constipation relieved, both by local and by
general electrical treatment, so rapidly and so decidedly as to make it
pretty evident that the gastric and intestinal fluids are made to secrete
more liberally by the action of the current on the nerves that supply
these organs than on the tissues of the organs themselves.

An excellent means of studying the variations in the nutrition is
found in the elimination of the urine. This is believed to be a result
of oxidation processes that may take place either in the kidneys or in
the tissues, or in both.

Legros and Onimus have studied the effects of electrization of the
spine on the elimination of urine.

Their conclusions, derived from more than 250 analyses, made on
the urine”of rabbits and of themselves, are these :—

1. Interrupted currents diminish the quantity of urine and of azote.

2. Centrifugal galvanic currents increase the quantity of the urine
and diminish that of the urea.

3. That continuous centripetal currents increase the quantity of urea
without increasing the quantity of urine.

On the urinary secretion the effect of electrization can be demon-
strated in pathological cases without difficulty. In cases of diabetes
insipidus and mellitus, local and general treatment may cause great di-
minution in the discharge, while in dropsy and in rheumatisin we have
known the kidneys to be stimulated as much as by powerful diuretics.

On the average man in health there is considerable difficulty in esti-
mating a moderate increase of the urinary secretion under electriza-
tion, for the sufficiently apparent reason that the quantity of urine
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varies with so many conditions of food, drink, and exercise, and so
forth. Unless the effect of electrization on the kidneys were immediate
and decided, it would be difficult to differentiate between its effects
and the effects of the other important and varying factors.

On the menstrual secretion electricity acts with remarkable power.
Both currents, applied externally and internally, centrally or generally,
in physiological as well as pathological cases, affect the quantity of
menstrual secretion rapidly, and sometimes permanently. The effects
are sometimes immediate, taking place during or directly after the
application. The number of days that the menses appear are some-
times increased, and entire suppression is slowly or speedily cured.

In pathological cases, where there is an excess of menstrual flow,
electrization corrects and diminishes it. These apparent and interesting
effects of electricity on the menstrual secretion may take place through
the direct action of the current on the ovaries and the uterus, or indi-
rectly through the brain, sympathetic, and spinal cord, and the nerves
that supply the pelvic organs. They may take place through reflex
action from electrization of the feet or hands, or other and distant parts
of the body. Franklinic electricity also produces these effects.

The whole subject is of immense practical importance, as wili be
seen in the chapter devoted to Diseases of Women.

On the lacteal secretion electricity, especially the faradic current,
acts with decided though varying power. It has never been known to
diminish it, while it sometimes increases it, and it may restore it after
it has been temporarily suppressed. This physiological fact has a
practical significance that will appear in the chapter devoted to Mid-
wifery.

Similarly also the secretion of the spermatic fluid is increased by gal-
vanization or faradization. A mathematical test of the power of elec-
trization to increase the secretion of the testicles cannot, for obvious
reasons, be obtained ; but the statements of individuals on whom the
experiment was tried seem to establish this point. The applications may
be made not only through the testicles, but through the perinzum and
over the spine. The results are not invariable, but are obtained in a
sufficient number of cases to make it fair to regard such effect as a
law of electro-physiology.

The secretion of the sweat glands is also increased by powerful
galvanization of the central nervous system, and especially of the cervi-
cal spine and sympathetic. In very susceptible patients either galvani-
zation or faradization of the head, neck, or spine, and strong electrization
of almost any part of the body. will cause sensible perspiration. We
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have seen individuals whom a few minutes of general faradization withk
feeble currents brought out large drops of sweat on the forehead, and
made the hands as moist as though they had been dipped in water.

On Absorption.—The action of electricity on the absorbents is best
studied in pathological cases, such as hypertrophies, effusions, and
morbid growths. -

In thickening of the skin that appears in some cutaneous affections,
in corneal opacities, in enlarged joints, in pleuritic effusions, in hydro-
cele, in dropsy of various parts, in passive cedema, and in enlarged
glands, in tumors of nearly every variety, can be demonstrated the power
of electricity to produce absorption. Reasoning backward from patho-
logy to physiology, we justly infer that the same effect takes place, more
or less, in all applications of electricity to the body, but that the degree
of it is modified by the condition of the part to which the application
is made. The effect on secretion is apparent at once to the eye or the
sensation ; the effect of absorption is apparent only to the eye, and
then only when there is a visible excess of fluid or solid in the part to
which the application is made. This part of our subject will be prac-
tically illustrated in various chapters both in Medical and Surgical
Electricity.

Effects of Electricily produced by Reflex as well as by Direct Action.
—The reflex effects of electricity seem not to have been fully recognized
by electro-therapeutists. There is considerable difficulty in ascertaining
the precise reflex effects of electricity on animals. The eftects as they
show themselves on man are largely sensory, not motor ; the stimula-
tion of the circulation of absorption and of secretion that might and
probably does take place, reflexly as well as directly, is too minute to
Ye readily observed. We are justified in believing that electricity acts
in absorption, secretion, and exertion by reflex as well as by direct action,
from the fact that in irritable constitutions sensory effects on the sensa-
tion and on circulation, of a marked character, are produced by electric
irritation.  Thus, for example, when the hands or the feet are traversed
by strong currents, either continuously or in sudden shocks, pain or
disagrecable sensations may be felt in the hands and feet, of the oppo-
site side, or in the back, or stomach, or side. These reflex effects are
not constant, and when we look for them we may not find them. They
can be best studied in persons who are susceptible to electricity, and
whose spinal cords are weak and irritable. In some pathological cases
also, such as chronic myelitis of the anterior column (anterior spinal
sclerosis), the reflex action of electricity is illustrated with great dis.
tinctness. Localized faradization, or galvanization of thc lower limbs
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miy be felt not only in the part traversed by the current, but in the
arms, in the opposite limb, in the back, and stomach to such a degree
as to cause pain.

Strong currents acting on irritable constitutions may sometimes by
reflex action shock the whole system, provided the application be
localized in certain localities. Thus in a case of very obstinate con
stipation that we once treated by internal galvanization of the rectum,
a current of not very great strength, suddenly interrupted, was disagree-
ably felt in the head, left hand, and feet. Very frequently, indeed, in
experimenting on ourselves or other individuals, or on animals, and in
treating patients, we have received shocks through the hands or arms
that seemed to be felt in all parts of the body. In some instances the
pain and disagrecable sensations thus caused by the reflex action of the
current last for several minutes or hours.

On the circulation the reflex effects of electrization are demonstrable
by delicate apparatus for testing temperature. It has been shown by
experiments that electrization of one hand affects the circulation in the
hand of the other side, so as to change its temperature under the thermo-
electric pile.

Powerful electrization of feeble persons may cause a general chilli-
ness of the extremities that may last for hours. A sensation of hav-
ing caught cold has been known to follow strong peripheral faradiza-
tion,

Whether the action of the current on the retina and on the auditory
and gustatory nerve is direct or reflex has been long disputed. Our
researches induced us to the belief that electricity acts on the nerves of
special sense both reflexly and directly. That the gustatory nerve can
be treated by reflex action, we have shown in a variety of experiments
with both currents. Sensitive patients appreciate the sour or metallic
taste when the application is made to the lower part of the spine or to
thearms. Similarly, flashes before the eyes may be produced when the
electrodes are so placed that the current cannot traverse directly the
region of the brain where the optic nerve takes its origin. Excitation of
the auditory nerve by reflex action is not so easily demonstrated, but
tinnitus aurium sometimes follows electrization of the spine and neck,
aud it is not unfair to infer that it is the result of reflex excitation.

In thus admitting the possibility of exciting the nerves of special
sense, we do not desire to give the impression that the ordinary physio-
logical excitation of these nerves under electricity is purely of a reflex
character ; on the contrary, we have shown already, in the chapter on
:Electro-Conductivity, that the current penetrates the brain and goes
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through those parts where the optic nerves originate, and also must
pass through the labyrinth and act directly on the auditory nerve.

In reference to the reflex effects of electricity these two considera-
tions are of importance :—

1. The galvanic currents operate much more powerfully by reflex
action than the faradic. The partial explanation of this fact which we
offer is that the greater chemical power of the galvanic current, due to
its acting always in one direction, causes it to operate more distinctly
on the nerves than the faradic current. This fact of the superior reflex
capacity of the galvanic current is one of high practical import in the
treatment of disease, and explains in part, if not entirely, the dangerous,
or at least unpleasant, effects that sometimes follow careless or ignorant
galvanization in cerebral hemorrhages and other irritable conditions of
the central nervous system.

Althaus has recorded a case of anasthesia of the fifth pair of cerebral
nerves of a most profound character, in which there was a complete
absence of cercbral symptoms—dizziness, flashes of light, and galvanic
taste—whenever a galvanic current of twenty cells was applied to the
face. A current from thirty cells, which on a person in health would
cause powerful flashes, a hissing sound in the ears, feeling of heat, and
perhaps perspiration, caused in this patient only a slight sensation of
giddiness and metallic taste and phosphoric odor.

This remarkable case is a strong argument in favor of the opinion
that the results of electrization of the head and the results of experi-
ments like those of Erb are due in part, if not entirely, to reflex action.

It is possible that in the above case the portion of the brain where
the optic nerve originates was also diseased so as torender it insensible
to electric excitation.

2. These reflex effects occur in all the applications of electricity of
either form, and complicate the direct effects. The physiological and
therapeutical effects of electrization of the brain, the eye, the ear, the
cervical sympathetic, the spine, the trunk, and the periphery, every-
where are a complex resultant of both direct and reflex electrical ac-
tion. Localized electrization, strictly speaking, is an impossibility, how-
ever closely together the electrodes may be placed, and however dis-
tant from the great nerve tracts and nerve centres the spinal cord must
take cognizance of the impression made by the current on the sensory
nerves, and other parts and organs must share in the effects, for bet-
ter or for worse. It is for this reason that caution is requisite even in
faradizing the paralyzed muscles in recent hemiplegias and in active my-
elitis.
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The very remarkable results that follow general faradization—a
method to be subsequently described—are to be accounted for in part
by reflex actions, which are continually taking -lace during all stages of
the application.

Practical Application of these Physiological Principles to Electro-
Therapentics.—With the above facts and reasonings before us we are
prepared to intelligently appreciate the effect of electricity on nutrition.
We do not profess to have exhausted the rafionale of the complex action
of electricity on the tissues, but to have indicated the leading principles
by virtue of which it affects the nutrition of the animal body. Many dis-
coveries may yet be in store for us in this department ; it may .e shown
that ozone is generated in the tissues with every passage of the current,
and that this ozone is taken into the circulation; the subtle and intri-
cate chemistry of electrolysis of living tissues in their secondary and
tertiary, as well as their primary changes, may be unfolded to the vision
of the future, and what we now see in a glass darkly posterity may
behold face to face; but sufficient is known to explain in a most in-
teresting way the unrivalled effect of electricity on the nutrition.

An objection sometimes brought against electricity is that we do not
understand its action ; and yet in the whole round of stimulating tonics
there are but few whose action can be so well explained as that
of electricity. Who knows how arsenic feeds the nervous system or
how quinine breaks an attack of chills and fever? Why does oxide of
zinc act with magic force in chronic alcoholism? How does opium
produce sleep and relieve pain; and who has entered into the myste-
ries of anasthesia?

Animal nutrition is a process of enormous complications. There is
no single chemical change at which one can point and declare that
this explains the growth and sustenance of the body; but there are
nameless and numberless phenomena every moment going on in the
living tissues, and as a result of all these, in their infinite play and com-
bination, the body lives, moves, and has its being. Electricity in pass-
ing through the body modifies many or all of these processes, and thus
modifies nutrition, As a resultant of the complex physical, chemical,
and physiological action of electricity on the tissues, there is increased
development and growth.

Experimental and Clinical Proofs of the Effect of Electricity on Nutri-
tion.—We have studied the effect of electricity in great detail on animals
and on man. On animals our experiments have been confined to the
effects of general faradization ; on man we have studied the effects of
both locilized and general treatment.
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Of a litter of four puppies, Dr. Beard submitted two to general fara
dization every other day, for eight minutes each, and two were not sc
treated, all having an equal chance at their mother's breast and nothing
besides. All the puppies were carefully weighed at the beginning and
at the end of the treatment, which lasted for four weeks. It was found
that both of the pups that had been electrized weighed more than the
puppies that had not been electrized ; all had, of course, increased in
weight, but of those electrized one had increased four ounces and the
other fen ounces more than his fellows that had not been electrized.
The difference of size in favor of the puppies that were electrized was
so marked and so easy to see, that without great difficulty one who had
never seen them succeeded in picking out, from ocular inspection,
those that had been treated, and that too in the evening, and in a bad
gas-light. It was observed during the treatment that the puppies which
were electrized became ravenous, and sucked with greater energy than
their less-favored companious.

The method of treating the pups, we may remark, was to put them
on a sheet of copper, while the hand of the operator or a sponge-
electrode was rubbed all over the surface of the body, previously moist-
ened.

The details of the experiments, prepared by our assistant, Dr. J. W.
Sterling, who made the applications, are as follows -

July 1, 1871.—Weight of 4 pups, 10 days old :
2 black pups (weight each).......... 11b 60z
2 yellow pups, weight of one........ 11b. 3} oz ; other, 1 1b. 2} oz
July, 1, 1871.—Commenced general faradization, each application about 8 minutes,
Applied it to one of the black pups, weight 1 1b. 6 oz., and the lightest of the yel-
low pups, weight 1 1b. 24 oz.
Continued the applications four weeks, making three each week.
July 28, 1871.—Weigled the pups after twelve applications.
1 black pup (general faradization)........c.0evvuneeee 31lbs. 7 oz
1 black pup (no faradization). .......cevvieiininiene. 2 ¢¢ Q3 ¢
I yellow pup (general faradization),....e..cevveveeve. 3 % 0
1 yellow pup (no faradization)........vcveiiniinnenen. 2 ¢ p2 ¢

Making a clear gain for the electrized pup (black) of 100z, for the yellow electrized
pup, 4 oz

This we believe, was the first comparative experiment of this kind
made with the faradic current. Subsequently, Dr. Beard repeated the
experiment on a litter of three rabbits. Two were faradized every other
day ; to the other no treatment was given. At the end of six weeks the

U I
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one not treated was visibly larger than either of those that were treated.
We explained this unexpected result by the theory that the current had
been used too strong and too long for the young and delicate animals.
The experiment was carried on while we were in the country, and the
details were intrusted to those who were utterly incompetent for theiz
duties. The directions given were to put the feet of the rabbits in a
basin of tepid water, and after well moistening the back of the neck to
pass the current through for ten minutes; on account of the non-con-
ductivity of the dry hair of the rabbit, general faradization was almost
impossible.

Legros and Onimus electrized with the galvanic current some pup-
pies for a quarter of an hour every day, by placing one of the fore-paws
and one of the hinder-paws in tepid water connected with the elec-
trodes. At the end of six weeks those that had been electrized weighed
more than the same lot that had not been electrized ; and this differ-
ence was perceptible to simple inspection ; one was galvanized with the
ascending, and the other with the descending current.

The effect of faradization on nutrition is powerfully illustrated by
the experience of those who habitually or frequently apply general fara-
dization through their own persons, taking an electrode in one hand,
and applying the other to the body of the patient. In this method the
current passes through both arms, and vigorously contracts the muscles.

The permanent effects of the current on the person of the operator
are :

1. T0 cause very marked and sometimes rapid growth of the muscles
of the arms.

The explanation of this phenomenon is sufficiently easy. The mus-
cular contractions that are produced by the current in its passage
through the arms cause increase of the local processes of waste and
repair, and accordingly the muscles increase in size, just as they natu-
rally do under the influence of any other form of active or passive exer-
cise. This mechanical explanation would be of itself sufficient, but, in
addition, it is entirely probable that the electric current exercises a
direct and specific influence on the nerve-branches, which effect is ex
pressed by the increased size and vigor of the muscles through which
the nerves ramify.

Dr. Rockwell, during his first experimental attempts in the treatment
of disease by general electrization, observed a decided increase in the
development of the muscles of the arm., It began to force itself on his
attention a few weeks after he commenced to give special attention to

general electrization, and at the present time it is fully as marked as
13
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ever. Both arms of each one of us have not only increased much 1
size by actual measurement, but also correspondingly in strength and
hardness. This effect is observed in the arm and forearm, but most
decidedly in the muscles which, from their position or nerve supply,
contract most readily and vigorously when the current passes from
hand to hand, such as the deltoid, brachialis anticus, biceps, and the
flexors and extensors of the forearm. This same effect has been noticed,
to a greater or less degree, by our students, and, so far as we have
been able to ascertain, by others, who have employed electricity through
their own persons for any considerable period. This development of the
arms seems to progress up to a certain limit, at which it remains.

2. A very gradual but decided tonic influcnce on the system.

This effect is so exceedingly slight, that in a very hardy and vigorous
person it would not be recognized. That the current, in passing from
hand to hand, so frequently and so long, should, in the course of time,
mildly affect the general system, is entirely probable. Like any other
muscular exercise of the arms—gymnastics and the use of the clubs—
its influence, so far as it goes, must be positively toning and beneficial
to the constitution.

Effects of Electricity on Bacteria.— Cohn has experimented with
electricity on bacteria.* Currents from two powerful elements, steril-
ized the nutritive solution completely at the positive pole in twelve to
twenty-four hours, so that afterward the bacteria produced did not in-
crease. At the negative pole the action was weaker, the liquid not
being completely sterilized. At neither of the poles were the bacteria
killed, and when brought into another nutritive fluid they developed
normally.

Yeast-cells, on the other hand, and mycelium fungus, brought into
the liquid that was sterile for bacteria, increased plentifully at the posi-
tive pole. A battery of five strong elements killed the bacteria dis-
tributed in the liquid within twenty-four hours and sterilized the liquid
at both poles.

Effect of Electricity on the Growth of Plants.—The influence of
electricity on the growth of plants has recently been studied by Mr. H.
H. Bridgeman, of Norwich, England. On a plate of glass three inches
square, two strips of sheet-tin are laid, so as to almost touch in the
centre. On this glass, and over the tin strips, is spread a picce of felt
moistened with rain water. On its dampened surface cress-seeds are
thickly strewed. The tin plates are connected with the poles of a weak

® Med. Press and Circular, June 9, 1880,
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galvanic battery ; the result is that one-half of the felt is charged with
positive and the other half with negative electricity. At the side of this
plate is a second plate, which has connection with the battery, and
upon which the seeds grow, subjected to no artificial conditions. After
four days the seeds on the opposite side of the first piece of felting gave
signs of germination, and the hulls were shrivelling up and becoming
black. On the negative side of the felting the seeds were swollen, and
their hulls, which retained their natural color, were beginning to burst.
At the end of six days the first shoots made their appearance. Several
days later the first shoots appeared upon the second plate. A strange
result of this trial was, that while on the negative pole, where there was
every sign of stronger development, the root-sprout sank downward
into the moist felting, the roots from the positive side rose upward from
the blackened and dried-up seeds.
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CHAPTER L
HISTORY OF ELECTRO-THERAPEUTICS.

Electro-Therapeutics is the science that treats of the study of electri-
city in its relation to disease.

It includes both Electro-Medicine and Electro-Surgery, or as they
are more commonly termed, Medical and Surgical Electricity. Under
Medical Electricity are included Electro-Diagnosis, or Electro-Pathology,
as it is sometimes termed, and Electro-Therapeutical Anatomy.

The earliest history of electro-therapeutics, as of many other depart
ments of medicine, is shrouded in obscurity. It dates back to a mythi.
cal and legendary age, before mankind had been trained to habits of
scientific criticism, while yet history was a mass of traditions, and rumor
was a substitute for truth.

It is said that centuries ago the negresses of West Africa were accus-
tomed to dip their sick children in water where lay the electric fish called
the torpedo. The remedial powers of electricity were also referred to by
Pliny and Dioscorides. Scribonius Largus, a physician of the time of
Tiberius, was accustomed to prescribe the same remedy in the treat-
ment of gout. As long ago as the days of Pliny, necklaces of amber
were worn by women and children for the sake of their supposed reme-
dial powers.

The mysterious power of the magnet was known to the ancient world,
put we have no reason to believe that it was ever extensively resorted
to by them for the cure of disease. In Europe, during the middle ages,
the loadstone was used in the treatment of disease, and although its
successes were trifling it aroused the professional attention and received
extravagant praise from the distinguished Paracelsus. About the mid-
dle of the eighteenth century, Maximilian Hehl, of Vienna, and others,
excited a new and more successful interest in the use of magnetism in
disease by the manufacture and employment of artificial magnets. '

The real history of electro-therapeutics may be divided into three
eras : the Era of Franklinic Electricity, including the early and crude
experiments with the frictional machines and the Leyden jar ; the Era
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of Galvanisation, beginning with the publication of the discovery of
Galvani, in 1791, and including the invention and medical employment
of the voltaic pile ; the Era of Faradization, beginning with the discov-
ery of induction, in 1831-32, and including all that has since been ac-
complished in the department of localized and general electrization.

In the first era only franklinic electricity was used, because it was
the only form that was known; in the second era, both franklinic
electricity and galvanism were used, since the latter supplemented, but
not entirely supplanted, the former ; in the third era, all three forms of
electricity—franklinic, galvanic, and faradic—were brought into requisi-
tion, though the use of franklinic is confined to a few, and will proba-
bly soon become historic,

The Era of Franklinic Electricity.—The records of this era, though
not extensive, are yet both interesting and suggestive. It is probable
that in this, as in the second era, very much was attempted and even
accomplished in this department that has never been recorded in per-
manent medical literature, and therefore could never become of value
to science.

In 1730 Etienne Grey first observed divergence of the hairs in an
isolated subject put in communication with static electricity.

The same experiment was repeated by Abbé Nollet and Du Fay.
Du Fay observed the electric sparks drawn from the isolated subject.

Nollet says, “I shall never forget the surprise which the first electric
spark ever drawn from the human body, excited both in M. Du Fay
and myself."”

Sparks were then drawn from the body in various shapes—one of
which was called the electrical kiss; other forms were known as the
“electrical star,” “electrical rain,” and so forth. The drawing of the
sparks constituted a great source of amusement in the society of the
period.

In 1743 Kruger d'Helmstadt suggested that these electric sparks
might be made of service in therapeutics.

In 1744 Kratzenstein, a German physician, recorded a case of

cure of paralysis of the fingers by sparks drawn from a frictional ap-
paratus.

In 1746 the discovery of the properties of the Leyden jar by Mus.
chenbroek gave physicians a new means of using electricity in the
treatment of disease.

In 1749 Jallabert,* of Geneva, published a treatise on the medical
use of electricity, in which he reported a cure of long-standing paralysis

® Experiences sur Electricité, Paris, 1747,
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of the right arm, resulting from injury, by electric sparks. The cure
was brought about in two or three months, and may perhaps be re-
garded as the first decided and unquestioned result of the kind that was
obtained in the early days of electro-therapeutics.

1750 Nebel showed that contraction of the muscular tissue was pro-
duced by electrization.

Bohadtch, of Bohemia, also recommended electricity, especially for
the treatment of hemiplegia.

In 1753 Lindhult, a Swedish physician, reported a cure of epilepsy
by electricity.

In 1754 Sulzer made his famous experiment on the tongue with zinc
and copper plates. (See Electro-Physiology). He did not, however,
pursue his experiments, and it was reserved for Galvani and Volta to
discover galvanism.

In 1755 De Hien reported a large number of electrical cures of
paralysis, spasmodic and other nervous affections, and also of suppres
sion of the menses, and St. Guy’s dance. About this time, also,
Schaeffer and Nebel published cures of rheumatism, toothache, hypo-
chondria, paralysis of the optic nerve, and of intermittent fever and
neuralgic pains. Between 1750 and 1757, cures of paralysis were re-
ported by Brydone, Bertholon, Sauvages of Montpelier, and Spry, the
latter of whom cured a case of lockjaw and paralysis.

The position that electro-therapeutics held at that time, and the
hopes that were entertained of it, is very well represented in a little
treatise by the eminent divine, Rev. John Wesley, entitled, Z%e Desid-
eratum ; or, Electricity Made Plain and Useful, by a Lover of Mankind
and of Common Sense. 1759.%

In this treatise the author anticipates, in a sort of theoretical way,
very much that has since been demonstrated, both in electro-physics and
electro-therapeutics, and with surprising accuracy. In the preface he
acknowledges his indebtedness ‘‘to Mr. Franklin for the speculative
part, and to Mr. Lovett for the practical.” He also mentions as authori-
ties, Dr. Haadley, Mr. Wilson, Watson, Freke, Martin, Watkins, and
the Monthly Magazine, whence we may conclude that even at that
early day the subject was exciting much interest, but more among the
laity than in the profession.

From the tone of the book it is clear that the Faculty, as Wesley
calls the profession, were disposed to despise electro-therapeutics

* This treatise has been recently republished by Bailli¢re, Tindall & Cox. ILondon,
1871.
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and to reject its claims, as they have been ever since, until within a few
years, and consequently they suffered what was really valuable in medi.
cine to be monopolized by the laity.

The mind of Mr. Wesley, as the world knows, was of the practical
sort, and in this treatise he does not suffer himself to be carried away
into gross hyperbole or serious untruth. He expressly disclaims any
idea of regarding electricity as a panacea, but says what we now know
to be true, that it is indicated in a wide range of disorders ; but that if
any one agent should ever become a panacea, electricity stood the best
chance of being that agent. '

Evidently ignorant of Franklin's invention of lightning-rods, in 1775,
he suggests that buildings and ships might be saved from the effects of
lightning, by ¢ upright rods of iron, made sharp as needles and gilded to
prevent rusting,” and connected with the earth. He further suggests,
that the northern lights are of electrical origin.

He gives the following list of diseases in which electricity is of service,
with a number of illustrative cases, most of which are very imperfectly
detailed. It will be observed that most of these diseases are still treat-
ed electrically, and with greater or less success. It seems from the list
that the treatment of diseases of the skin by electricity is simply
another attempt to effect what was accomplished with success more
than a century ago.

All these conclusions of Wesley and his contemporaries were, how-
ever, based on experiments made with franklinic electricity. The
world was to wait forty-one years for the Voltaic pile, and seventy-two
years for Faraday to discover induction.

¢ Agues, St. Anthony’s Fire ; Blindness, even from a Gutta Serena ; Blood Extra-
vasated ; Bronchocele; Chlorosis; Coldness in the Feet ; Consumption ; Contraction
of the Limbs; Cramps; Deafness; Dropsy; Epilepsy; Feet violently disordered ;
Felons; Fistula Lacrymalis; Gout; Gravel; Head-ache; Hysterics; Inflamma-
tions; King’s Evil; Knots in the Flesh; Lameness ; Leprosy; Mortification ; Pain
in the Back, in the Stomach; Palpitations of the Heart ; Palsy; Pleurisy; Rheu-
matism; Ringworms; Sciatica; Shingles; Sprain; Sore Feet; Swellings of all
kinds ; Throat sore ; Toe hurt ; Tooth-ache ; Wen.”

In 1763 Watson cured a case of general tetanus in a young girl of
seven years. Although the fame of the cures wrought by electricity
attracted crowds of invalids, yet by the ignorant and superstitious it
was confounded with witchcraft, and the aid of the priest was invoked
to save them from its baneful influence.*

* A Treatise on Medical Electricity, Theorctical and Practical By ], Althaus
M.D. 1870, p. 284
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Abbé Sans published a work on the medical use of electricity, and
recorded important cures. According to this authority, there were
seven different methods of employing static electricity—“an electric
bath, drawing sparks, by irroration, friction, insufflation, exhaustion, and
commotion.” Injurious and negative as well as favorable results were
sometimes reported. Thus Dr. Hart brought on paralysis in a girl,
and Abbé Mazras excited epilepsy in one of his patients. Benjamin
Franklin failed to cure the invalids that flocked to him after his great
discovery, and Abbé Nollet, after many years' experience, was com-
pelled to admit that he had seen but little permanent benefit from
electricity.

Symptoms only treated in these early Experiments—In these early
and many of the later experiments, not disease, but the results of
disease, were both studied and treated. When electricity was applied, it
was to the symptowns and not to the pathological condition ; hence the
enormous blunders and frequent failures of the early electro-therapeu-
tists. The symptoms most treated, and in the treatment of which the
greatest hopes were entertained, were blindness, deafness, paralysis of
motion, symptoms which are now known to depend, in very many in-
stances, on pathological states, which are in their very nature as incurable
as death itself.  Still further, the applications were made to the seat of
the symptoms exclusively, instead of to the seat of the disease, and this
mistake helped to swell the number of the failures.

Physiology and pathology had not yet reached that degree of strength
and breadth of sureness to furnish good foundation on which to erect
the science of electro-therapeutics, and withal the appliances for gene-
rating electricity were bulky and untrustworthy.

Electro-therapeutics was therefore baffled in its first attempts at
growth, through lack of necdful support from allied and fundamental
sciences ; it must wait for physics, for physiology, for pathology to come
to its rescue, which in due time they have done and are now doing.

In 1773 and 1778 Maduyt presented memoirs * ¢ on the subject,
in which he affirmed in his report that electricity was a remedy of vast
and varied powers ; that it had a positive and very beneficial influence
over nutrition ; and that it equalized the circulation, materially affected
the pulse, the perspiration, and the secretions; and was surprisingly

* Mem. sur les effets généraux, la nature et 'usage du fluide électrique considéré
comme médicament. Lu en décembre, 1778, 4 la Société royale de médecine.

+ Mem. sur les différentes muniéres d’administrer I'éiectricité, et observations sur
les effets que ces divers moyens ont produits, Lu en décembre, 1783, & la Socicté
royale de médecine,
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efficacious in the treatment not only of paralysis, but also of other con
ditions, such as constipation and cedema. This report aroused con-
siderable interest in electro-therapeutics on the part of the profession,
and for a season the application of franklinic electricity became exten.
sively popular. In 1777, Cavallo published a work * which excited con-
siderable attention. He reported cures of epilepsy, paralysis, ckorea,
deafness, blindness, rheumatism, glandular enlargements, and recom.
mended electricity as a means of artificial respiration.

On the theory that medical substances might be combined with
slectricity, Pivati, of Venice, placed in his electric machine a glass
cylinder, filled with Peruvian balsam, and Giuseppe Bruni affirmed that,
by the same arrangement, filled with purgatives, he had produced the
same effect on an electrified patient as though the remedy had been ad-
ministered internally.$

In 1783 Wilkinson presented the results of some experiments with
electricity in England.  Although the fame of the cures wrought by the
new remedy attracted thousands of the people, yet by the ignorant and
superstitious electricity was confounded with the spirit of evil.}

Of the seven methods of employing statical electricity recommended
by these early experimenters, but three were in common use. These
were, the electric bath, electrization by sparks, and shocks from the Ley-
den jar.

The Era of Galvanization.—Animal electricity was discovered by
Galvani in 1786, and made public in 1791. It was by the experiments
of Galvani that Volta was stimulated to investigate the subject of
electricity. He denied the existence of animal electricity which Gal
vani had discovered. One of the most important fruits of the discus-
sion that arose between them and their respective followers was the
construction of the voltaic pile, which for many years physicians
employed, with various alternations of failure and success, in the treat-
ment of disease.

In the period intervening between the discovery of animal electricity
by Galvani, and the construction of the pile of Volta, electricity was
applied to the hody by means of metallic plates, joined together by a
metallic arc. Sometimes these were simply placed against the skin,
and sometimes over spots denuded by a blister.§

¢ A Complete Treatise on Electricity, in Theory and Practice, with original Ex-
periments. Londres, 1777. Id., Medical Electricity. Londres, 17S0.

t Althaus, op. cit., p. 287.

t A. Tripier, Manuel d’électro-thérapie, exposé pratique et critique des application:
médicales et chirurgicales de I'électricité. Paris, 1860.  § Tripier, op. cit., p. 262



204 ERA OF GALVANIZATION.

In 1792, Behrend, Creve, and Klein suggested the use of galvanism
as a means of distinguishing real from apparent death. The first
attempts to make galvanism of practical service in the treatment of
disease were made by Professor Loder, of Jena. The results of his
experiments were unsatisfactory.

In 1793 Hufeland and Reil advised the use of galvanism in
paralysis.

In 1796 Pfaff advised the same remedy for amaurosis. None of
these authorities spoke from much personal experience.*

In 1797, Alexander von Humboldt$ suggested, on theoretical
grounds, the use of galvanism in paralysis, rheumatic pains, and dis-
eases of the eyes. i

Valli actually restored to life, by galvanism, frogs and fowls that had
been nearly suffocated.

The voltaic pile, invented in 1800, marked an era in the medical use
of the galvanic current, because, with all its imperfections, it was vastly
superior, for therapeutic purposes, to the metallic plates that had pre-
viously been employed during the period which had elapsed since the
discovery of Galvani. It was at once employed by Loder, in Jena, by
Grapengiesser,§ Bischoff, and Lichtenstein, in Berlin, and by Haller,
in Paris, chiefly in cases of paralysis.

In 1801, Augustin, of Berlin, published a treatise on galvanism, in
which he reported results of treatment of paralysis by applying the
negative pole to the central end the nerve, and the positive to the
peripheral.  Prof. Schwab experimented with the voltaic pile in cases of
deaf-muteism. In 1802 Sigaud de la Fond published a work in which
he recommended franklinic electricity for nearly every form of disease.
In 1804, Aldini, a pupil of Galvani, published a treatise on galvanism,
in which he theoretically recommended it for deafness, insanity, and
amaurosis, and also to produce artificial respiration.||

Even during this era, and for many years after the invention of the
voltaic pile, franklinic electricity was still employed.

In 1817 Dr. Thomas Brown, of Albany, published a work entitled
« The Ethereal Physician,” in which he recommended franklinic electri-
city for paralysis, tic-douloureux, epilepsy, chorea, and in a large variety
of disorders.

* Tripier, op. cit., p. 263.

t Versuch iiber die gereizte Muskel und Nervenfaser. Berlin, 1797.

$ Expérience sur le galvanisme, traduit par Jadelot. Paris, 1799.

§ Versuche den Galvinismus zur Heilung einiger Krankheiten anzuwenden
Berlin, 1801. 1 Essai théorique et expérimenta sur le galvanisme. 1804.
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In 1818 Dr. Everett, of New York, published something on the use
of electricity in medicine that was based on experience that he had de-
rived with the apparatus of Dr. Brown.

In spite of all these endeavors on the part of scientific men to give
importance and dignity to the cause of electro-therapeutics, it failed to
fulfil the extravagant expectations that had been formed of it ; areaction
followed, and it fell into disrepute. Electricity had been tried for a
wide range of diseases, but partly on account of the inconstancy of the
voltaic pile, and partly through the ignorance of the operators, it was
found to be a most uncertain remedy. It was confounded with mes-
merism, which at this period came into notoriety, and for a time it
shared its fate.

Many of the early Experiments made by the Laity.—It will be seen by
a glance at the above-mentioned names that the earliest experiments
in electro-therapeutics were made by the laity. A science that now
commands some of the best brains of civilization was born among the
humble and the lowly. Itwas cradled in ignorance and reared and
fostered by those who, however eminent in other walks, knew little or
nothing of medicine. Chemists, physicists, priests and paupers, monks
and mountebanks, were in the eighteenth century the leading authorities
in electro-therapeutics. If there were those at this time who had faith
in the coming of a better day, when electro-therapeutics should be a
recognized and permanent part of the medical science, it was their mis-
fortune to die without the sight. Not until the close of the eighteenth
century were the great discoveries of Galvani and Volta revealed to the
world, which was to work and wait for at least half a century before it
should see even the beginning of the fulfilment of its hopes. Some of
the great sciences, like some of the great religions, have had the hum-
blest origin.

Of the early history of electro-physics, Whewell * thus remarks :—
“At such a period a large and popular circle of spectators and ama-
teurs feel themselves nearly upon a level in the value of their trials
and speculations with the more profound thinkers; at a later period,
when the subject is becoming a science, that is, a study in which all
must be left far behind who do not come to it with disciplined, informed,
and logical minds, the cultivators are far more few, and the share of
applause less tumultuous and less loud. Electricity, to be now studied
rightly, must be reasoned upon mathematically.”

What Whewell here says of electro-physics ma.y just as truly be
applied to electro-therapeutics.

* History of the Inductive Sciences, 2d ed., vol, ii., p. 200.
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In the earlier experiments, the philosopher and the fool were pretty
nearly on the same level in their knowledge of the application of this
subtle force to the treatment of diseases, with this advantage on the side
of the fool, that through the very excess of his ignorance he dared and
ventured where the philosopher knew just enough to fear to tread.

It was, as we shall see, a long time before electro-therapeutics should
be gradually developed into a science of sufficient positiveness to com-
mand the attention of men of science for its own sake, and to excite the
despair of the ignorant.

Here, as in all other realins of investigation, the development is from
simplicity towards complexity, from generals to specials, and from truths
that are common to all classes, to truths that only a few specialists can
thoroughly master. We are reminded here of the beautiful thought
of Thoreau. When reproached for his exclusiveness and love of solitude,
he replied, «It is not so much that I love to be alone, as that I love to
soar, and the higher I ascend, the company grows thinner and thinner,
until at last I am left almost alone.”

Strikingly this principle has been illustrated even in the most recent
history of electro-therapeutics, both in Europe and America. A field
now occupied by some of the ablest scientists of Germany, England, and
France, was formerly crowded with lawless intruders.

When we began to write on this subject in 1866, atide of in-
quiries at once set in upon us, from all parts of the country. The
authors of these letters, with some few exceptions, we have never seen ;
but, judging from the style of composition and the character of the in-
quiries, they were as a rule comparatively ignorant, and belonged to
the lower strata of the profession. Letters that we receive more re-
cently during the past three years, evidently come from many of the
best men in the profession. As the science develops, brains and cul-
ture are attracted to it. In our large cities, those who are studying this
subject are among the most promising names in science.

In 1825, Sarlandiére proposed the employment of acupuncture
needles in galvanization, so that the current could be more exclusively
and definitely localized on the desired nerve or organ. This method
of treatment was called electro-puncture.* He used for this purpose
franklinic electricity. Subsequently Magendie successfully experimented
with galvano-puncture in neuralgia, paralysis, and other nervous dis-
eases. '

The discovery of electro-puncture was the beginning of the science

® Mém, sur I’électro-puncture, Paris, 1825.
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of electro-surgery, a department which at that time commanded a
wider interest than the medical use of electricity, and which has now 1
most important position in science.

Gerard and Pravaz suggested, and Pétrequin and Ciniselli succeedea
in curing aneurism by galvano-puncture. Subsequently galvano-cauter-
ization has been investigated by Steinheil, Middeldorpff (1859), Amus-
sat, Althaus, Byrne, ourselves, and many others. (For detailed history
of the surgical uses of electricity, see Electro-Surgery, Chapter 1.)

In 1826, Baumé published in London a work on galvanism, which
two years later reappeared in a different form, and was translated into
French by Fabre Palaprat, who was the first to use the ga/vanic current
in electro-puncture.

The Era of Faradization.—The publication of the discovery of in-
ductive electricity by Faraday, in 1831-2, changed the whole course of
electro-therapeutics. On the basis of this discovery electric machines
were constructed that were both more reliable and more convenient
than the ordinary voltaic pile. The first magneto-electric machine was
constructed by Pixii in 1832, and was first employed in the treatment
of diseases by Neef of Frankfort. Afterwards electro-magnetic (volta-
electric) machines were constructed by Neef, Clarke, Stohrer, and .
others, which from time to time have been variously modified by a
large number of experimenters in different countries.

From this time electricity in the form of faradization began to be ex-
tensively and indiscriminately employed, both in this country and in
Europe. It was used by the laity as well as by the profession, though
at fiust without any recognized method, and without any very cleas
ideas of the indications for which electrization was adapted. Since
that time four distinct methods of medical electrization have been intro-
duced, in which the galvanic as well as the faradic current have been
appropriated, and under one or the other of which may be classed all
the applications of faradic or galvanic electricity that have since been
employed. These methods are localized faradization, localized galvan-
ization, general faradization, and central galvanization.

History of Localized Faradization.—The history of localized electri-
aation is identified with the name of Duchenne, whose experiments and
discoveries have given such an impetus to this important and growing
department. Duchenne was not, however, the first to employ localized
faradization. Prior to his time, faradization had been used by Masson
in France, and Neef of Frankfort; and in this country it has been em.
Yloyed by the profession and by the laity from the period of the first
popularization of machines of induction.
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Even as early as 1843 localized faradization was used in this country
side by side with general faradization, though, like the latter, it had re-
ceived no distinct nomenclature, and was indiscriminately recommended
and unscientifically applied.* The two methods, localized and general,
were frequently confounded, and both were known under the vague:
term, “electrifying.” Duchenne’s earliest attempt to call the attention
of the profession to this subject is thus recorded in his own words : —

“De l'art de limiter I'excitation électrique dans les organes sans
piquer ni inciser la peau, nouvelle méthode d'électrisation appelée élec-
trisation localisée, et dont les principes, résumés dans une note adressée
en 1847 & I’Académie des Sciences, ont été développés et publiés dans
les archives générales de Médicine en juillet et aofit 1850, et février et
mars 1851.” In 1855 he published his chief work, ¢ De I'Electrisation
Localisée, et de son Application 2 la Physiologie, & la Pathologie, et a
la Thérapeutique.”

This work became known to the profession in Germany through the
abridged translation of Dr. Erdmann.

The leading idea of the method of localized faradization of Du-
chenne was, that the current can be localized over a fixed point under
the skin if well-moistened conductors are strongly gressed upon the skin.

He observed—what is perfectly familiar to all experimenters in elec-
tro-therapeutics—that when dry electrodes are applied to the dry skin,
sparks with a crackling sound are produced, but no sensation and no
muscular contraction. He observed that when the electrodes are well
moistened, contractions are excited in the muscles, with the phenomena
of sensation.

He recommended three forms of electrodes—solid metallic elec-
trodes, metallic brushes, and the hand.

On these observations and experiments Duchenne based a system of
electro-therapeutics and electro-diagnosis which, as since refined, de-
veloped, and modified by himself and by numerous other laborers in
various countries, has now grown into a permanent department of
science.

Localized faradization was appieciated by electro-therapeutists more
rapidlv than some of the other methods of using electricity, as electro-
lyzation, general faradization, galvano-cautery, and central galvaniza-
tion, for the reason that it is the easiest learned of all the methods and

* In Pike’s Catalogue of Mathematical, Optical, and Philosophical Instruments,
1848, there is a cut of the faradic apparatus that had been in use for five years by

these early experimenters. The same work also contains a cut illustrating theis
method >f localized faradization of the leg.
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requires only the simplest and cheapest form of battery. To be an
expert in it requires a degree of skill and experience and manual facil-
iy, as well as familiarity with the diseases for which it is indicated, and
some knowledge of electro-physics and electro-physiology are of essen-
tial service ; but in none of these respects is this method as exacting
as any one of the others.

Hence it is, that localized faradization is the method with which
novices usually begin their experiments in this branch, and it is the
method which by the mass of the profession is now more used than
any other.

Among specialists, however, of all countries, localized galvanization
is more used than localized faradization, since it meets on the whole,
as experience shows, a larger range of indications.

History of Localized Galvanization.—One of the ablest and most
prominent of those whom the writings of Duchenne inspired to enter
upon the study of electro-therapeutics was Professor Remak, of Berlin.
His first work, ¢ Ueber Methodische Electrisirung Geldhmter Muskeln,”
“On the Methodical Electrization of Paralyzed Muscles,” was pub-
lished in 1855. In this work he revived and recalled the attention of
the profession to the galvanic current, and he furthermore announced
that in order to bring a muscle to complete contraction it is better to
excite its motor nerves than to allow the current to operate on the
muscular substance itself. His second work, ¢ Galvano-Therapie der
Nerven- und Muskel-Krankheiten,’ was published in 1858.

Remak became the founder of a school of electro-therapeutists in
Germany, as Duchenne had been in France. Their systems, as has
been said, differed in two important particulars. Both used Jocalized
electrization. Duchenne used the faradic current, making the applica
tions to the muscles ; Remak used the galvanic current, making the
applications to the motor nerves.

Duchenne declared that the galvanic current was useless for the
treatment of disease, while Remak contended that it was the only cur-
rent that was of any value. Duchenne was unwilling to admit the
reality of the discoveries of Remak, and Remak as emphatically re-
jected the conclusions of Duchenne. Both enforced their statements
by the resulks of experiments, and both appealed to experience.

It is now well recognized by all electro-therapeutists that there was
truth on both sides of this interesting controversy—that the galvanic
and faradic currents are both of service in the diagnosis and treatment
of disease, and that too in more than one mode of application. We

now see that if Duchenne was too dogmatic, Remak was too extrava-
14
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gant, but that both of them, by their experiments and labors, were of
positive service to science, and made the way easier and safer for those
who have since followed them in the department of localized electriza-
tion. ,

Remak, shortly before his death, published a work entitled ¢ A4gp/i-
cation dn Courant constant au Traitement des Névroses,” Paris, 1865,
which cor.tained the leading ideas of his systen, and has been the means
of stimulating many other experimenters in this difficult department.

Remak did more than merely introduce the galvanic current to the
profession—he discovered and recommended special applications of
the current, and suggested the theory of its catalytic action. He was
the first to scientifically investigate localized galvanization of the cer-
vical sympathetic, of the brain and spinal cord, and thereby greatly
widened the sphere of electro-therapeutics. Although at first his
theories were scouted, and his statements discredited, yet since his
death they have, in the main, been strikingly confirmed, and are now
-egarded as accepted facts in science.

Even during this last era, franklinic electricity has been by no
zeans laid aside. In 1847, Dr. Golding Bird published very
remarkable results obtained in the treatment of amenorrheea by
static electricity, in Guy’s Hospital. He made use of a Leyden
jar.  Franklinic electricity has been successfully used by Drs. Gull
and Clement. It has, for a number of years, been successfully
employed by Dr. Radcliffe and others, in the London Hospital for the
Paralyzed and Epileptic. Quite recently Prof. Schwanda, of Vienna,
has reported suggestive results from franklinic electricity generated by
Holtz's electrophorus machine. Dr. Arthius, of Paris, has recently pub-
ished a work on the subject ; this has been translated by Dr. Leveridge,
of Chicago.

Within the past fifteen years localized faradization and galvanization
has been developed and improved in France, in Germany, in England
and America, by a number of able and laborious men of science.
Among the voluminous authors in this department may be mentioned
the names of Meyer,* Becquerel,} Baicrlacher,} Althaus,§ Iripier, ]

* Die Electricitit in threr Anwendung auf praktische Medicin. Berlin, 1854 and
1868. Translated by Dr. Hammond.

t Traité des apylications de I'electricité & la Thérapeutique, Paris, 1857.

$ Die Inductions-Electricitat in physiologisch-therapeutischer Beziehung. Niirn.
oerg, 1857. '

§ Treatise on Medical Electricity. London, 1859, Latest edition, 1873. Gal:
vanism in Paralysis, Neuralgia, etc., 1866.

| Manuel d’Electrothérapie, Paris, 1861.
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Rosenthal,* Frommhold,t Ziemssen,} Garratt,§ Benedikt,| Brenner,q
Cyon.**

History of General Faradization.—In general faradization the aim
is to bring the whole body under the influence of the faradic current, so
far as is possible, by external application.

The origin of general faradization, like that of localized, is somewhat
uncertain, since it is difficult to determine how long it was used by the
laity before we formally introduced it to the profession. It is certain
that both methods have been in popular, and, to a certain extent, in
professional use in America, from a period not long subsequent to the
popularization of the discovery of induction, certainly a long time be-
fore they were introduced to the profession. One of the first—and
probably the very first—to employ a form of general faradization was
William Miller, of New York, who began the empirical use of this sys-
tem of treatment in 1843. Since that time some form of general far-
adization has been employed by Sherwood, of New York ; Dr. W. Dem.
ming, of Portland ; Drs. Garratt, Cross, and Guthrie, of Boston ; Dr.
Wells, of Rochester, N. Y. ; Drs. Page and .Channing, and by a very
large number, both in the profession and out of it, of whose names and
special methods but little is known, since they have taken but little pains
to establish the treatment on a scientific basis, or to introduce it to the
attention of the profession. Many of these practitioners combined
localized with general faradization, and some, perhaps the majority, em.
ployed the latter exclusively, though with little definiteness or precision.
Although, as has been said, some of these early experimenters were
educated physicians, the majority were ignorant not only of medicine,
but of every other department, and not a few, unfortunately, were as
unprincipled as they were ignorant.

Although many of these experimenters were laymen, although they
had no part nor lot in the realm of science, and although many of them
were as devoid of conscience as of intellect, yet we should none the
less eagerly seek for and accept whatever of truth they may have stum

* Die Electrotherapie, ihre Begriindung und Anwendung in der Medizin. Wien,
1%65. Latest edition, 1873.

t Electrotherapie mit besonderer Riicksicht auf Nerven-Krankheiten; vom prake
tischen Standpunkte skizzirt. Pesth, 1865.

$ Die Electricitit in der Medicin, Berlin, 1866. Latest edition, 1872.

§ Medical Electricity. Philadelphia, 1866.

| Electrothérapie. Wien, 1868. Second edition, 1874.

9 Untersuchungen und Beobachtungen auf dem Gebiete der Elektrotherapie
leipzig, 1868 und 186g.

** Principes d’Electrothérapie. Paris, 1873.
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bled upon or discovered. In the history of therapeutics it has often
been the fortune of the ignorant and the lowly to hit by chance on
some great fact for which the wisdom of the ages has sought in vain,
Says Dr. Stillé, ¢ Nearly every medicine has become a popular remedy
before being adopted or even tried by physicians ; ”* and according to
Pereira, nux vomica is one of the few remedies the discovery of which
is not the effect of mere chance.$

Impartial history must, we think, record that, before Duchenne and
Remak were known on either side of the Atlantic, before our more
recent electro-therapeutists had commenced their professional labors or
studies, there were in this land not a few empirics who, by some form
of general or localized faradization, or both combined, or by methods
various and inconsistent, and in spite of their own ignorance or vice,
were achieving successes in the treatment of disease which, in certain
features, even the most advanced physicians of our day have not yet
surpassed. If they did not belong to the chosen ranks of the profes-
sion, it is none the less true that the results which they secured were
oftentimes such as the ablest leaders in science might well have envied.
If their methods were empirical, their empiricism was often justified by
its success. If their nomenclature was imperfect and confused, and
their diagnosis erroneous, yet their confusion and errors were not a lit-
tle redeemed by the skill with which they met emergencies when the
therapeutist was far more needed than the pathologist or the diagnosti-
cian. The great defect of these empirics was not in their results, which
oftentimes were truly remarkable, but in the fact that their generat
ignorance, and especially their ignorance of medicine, rendered 1t impos.
sible for them to discriminate in their cases or their methods, or to intel-
ligently communicale their experience to others, or in any way to make it
of permanent value to science. They treated all cases about alike,
without reference to the pathological condition, and in spite of all thens
successes frequently failed where, with better knowledge, they might
have succeeded.

In Europe, so far as we can ascertain from the published writings on
the subject, or from our own personal observation, the method of generaé
faradization, as described in this work, has not been used or recom-
mended, at least by men of science. In 1852, Beckensteiner}

* Therapeutics, vol. i, p. 31. The same author states that ¢ by far the
greater number [of medicines] were first employed in countries which were and
are now in a state of scientific ignorance.”

+ Materia Medica, vol. ii.,, p. 336. Hydrate of Chloral may now be added to
this list. $ Etudes sur I'Electricité. Paris, 1859.
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suggested the idea of “animalizing” statical electricity by passing it
through the body of the operator, and making passes over or near the
patient.

In 1857, M. Dropsy* de Cracow published a new method of
faradization, the modus operandi of which consisted in connecting an
electrode by two branches on the top of the head and the epigastrium,
while the other electrode was connected by four branches with the
hands and feet. At each sitting the poles were reversed. In 1858,
Seilert proposed to cure consumption and many other obstinate and
incurable diseases by passing a faradic current through two electrodes
near to but not over the body of the patient.

In 1863, Gubler} suggested the treatment of conditions of debility
by placing both hands and feet in separate basins containing salt
water, and passing a faradic current through the body.

Qur own attention was called to the subject of general faradization
in 1866, and in that and the following year we introduced it to the
profession, describing in a general way its powerful tonic effects and
modus operandi.

(The Medical Use of Electricity, with special reference to general
electrization as a tonic, &¢c. Beard and Rockwell, New York, 1867.)

‘The name general electrization, as descriptive of this method of
treatment, was first employed by us and in the writings to which we
have referred. In the present edition of this treatise we restrict the
terins to general faradization, for the reason that our method of
central galvanization, to be hereafter described, has to a considerable
extent taken the place of general galvanization.

Our own claims in regard to general faradization are :

1st. To have studied the method as practised by the laity, and to
have improved it, reduced it to a system, and given it a scientific
basis, and to have shown its relations to other methods of using
electricity—in short, to have done for this method what Duchenne did
for localized faradization.

2d. To have interpreted its special and general effects, giving it a
name, pointing out the true rationale of the method, and the in-
dications for its use.

3d. To have first called the attention of the profession to this
method, enforcing our views by the results of personal experiments.

* Electrothérapie en application médicale pratique de I'électricité bas¢e sur de
mouveaux procédes.  Paris, 1857, in 8vo.

+ Galvanisation par influence. Paris, 1858.

$ De I Electrization g‘nérale. Bulletin de Thérapeutique, Dec., 1863.
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4th. To have discovered in our experiments witn this method, that
electrization was a tonic of great and varied efficacy, and therefore
indicated in a large range of conditions of debility, and to have forced
this fact on the professional mind until it has become widely accepted,
and has become the basis for the use of electricity in the treatment
of medical diseases.

The length of time required to make a thorough application of general
faradization, and the amount of practice necessary to acquire skill and
facility in its employment, have interfered somewhat with its populariza-
tion among specialists in electro-therapeutics; but in spite of these
ditficulties the method is now used with the highest success by hundreds
of physicians, specialists and general practitioners, &c., and its popular-
ity is very rapidly increasing.

In Germany the method has been from the first received, in part
through the careful résumé of Prof. Erb, of Heidelberg, with greater
interest and appreciation and with more favorable consideration than
in any other country, excepting perhaps the United States. Dr. R.
Viter, of the University of Prague, in his preface to the German
translation of the first edition of this work, has warmly recommended
the method, basing his recommendation on his own personal experience ;
and more recently, Benedict of Vienna, in the latest edition of his work,
has given the method intelligent and appreciative consideration.

History of Central Galvanization.—The method of central galvan-
ization, as has been described in our published papers (Electricity and
the Sphyvgmograph, N. Y. Medical Record, December 15, 1871 ; also,
Recent Researcljes in  Electro-Therapeutics, October, 1872, by Dr.
Beard; Central Galvanization, N. Y. Aed. Journal, May, 1872, by
Dr. Rockwell), consisted in placing the negative pole at the cpigast-
rium, while the positive was applied over certain portions of the head,
over the sympathetic and pneumogastric in the neck, and down the
whole length of the spine from the first o the last vertcbra. At that
time we had used the method with the highest success, in hysteria, in-
sanity, neurasthenia, gastralgia, dyspepsia, and certain diseases of the
skin, and since that time this method has been extended to a wide
variety of affections. In some diseases it has supplemented, in others it
has supplanted, general faradization and galvanization of the cervical
sympathetic.

The full method of central galvanization, as it will be described in
this edition of the present treatise, was not stumbled upon by accident,
but is the result of a long period of experimenting. When we began to
use the galvanic current, we sometimes treated gastralgia and dyspep
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sia by placing one pole, usually the negative, in the epigastric region,
and the positive on the nape of the neck at about the sixth cervical ver-
tebra. Gradually we extended the domain of the application so as to
include the mastoid fossa and the anterior border of the sterno-cleido-
mastoid muscle, down to the sternum on both sides. Afterwards we
resolved to apply the positive electrode to the forehead, still keeping
the negative on the epigastrium.

Intluenced by the fact of observation, that the top of the head be-
tween the ears was frequently tender and painful in hysteria and neur-
asthenia, in both sexes, it occurred to us that this might be a good
place to plant the electrode so as to affect the brain. Another consid-
eration of practical moment was, that this place in both sexes is quite
accessible, even with the present methods of arranging the hair. Look-
ing at the subject from the standpoint of anatomy, physiology, and
pathology, also, it was sufficiently clear that in galvanizing the brain,
the object should be, not so much to affect the anterior lobes as the
base and posterior portion, where originates the great cranial nerves.
We soon found by clinical observation, that little dizziness was caused
when the electrode was placed in this position, and that a stable current
of a number of cells could be borne without unpleasantness, and that
oftentimes a peculiar sensation was experienced, very different from the
stinging and pricking sensations that are felt when the electrode is
placed on the forehead. Last of all we extended the application, so as
to include the whole length of the spinal column, passing the electrode
beneath the clothes of the patient, loosened and pulled up for that pur-
pose. Since the first publication of this method of central galvaniza-
tion, we have modified it by changing the position of the negative pole,
up and down the breast and abdomen, so as to avoid over-irritating the
stomach.

Some of the processes of central galvanization had been used by
other physicians, long before we worked up the complete method as he
described. Dr. Althaus writes us, that several years since he had em-
ployed the first step in the process—one pole at the epigastrium and
the other at the back of the neck, but becoming alarmed by unpleasant
symptoms, had abandoned it; and Dr. Meredith Clymer, of this city,
informs us that during the past three or four years he has independently
used the processes of central galvanization with tonic results that have
been most pleasing.

The ill-fortune of Dr. Althaus was due, we suspect, to the fact that
he used powerful or interrupted currents—a mistake that we repeatedly
made during our earlier experiments, a mistake that is frequently made
by those beginning any new method of electrization.
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CHAPTER IL

GENERAL THERAPEUTICAL ACTION OF ELECIRICITY.

Electricity in its Medical Relations is a Stimulating Sedative Tonic.—
The cause of medical electricity has been, and still is, greatly re.
tarded by vague and incorrect notions of the position of electricity in
the materia medica. It has been classed as a stimulant, and up to the
time when we began to write on the subject, in 1866, nearly all the
writers on the subject had assumed without question or discussion that
the stimulating action was the main if not the only action of electricity
The idea that it was also a tonic was not even discussed. The first
formal presentation of the use of electricity by the method of general
faradization appeared in a paper by Dr. Rockwell, based on consid-
erable experience and many experiments, and entitled ¢ Electricity in
the Treatment of Rheumatic Affections,” and published in the Medical
Record in 1866. In this and subsequent papers by both the authors
of this treatise, the tonic effects of electricity were fully demonstrated.
Those few in the profession who used electricity at all had gone no
further ¢han Duchenne, and supposed that when they had used this
agent to kick up palsied muscles, they had exhausted its therapeutic
indications. In obedience to the same narrow and exclusive dogma,
electricity was supposed to be exclusively contraindicated in febrile and
inflammatory affections, and was supposed to be of value only in a
very limited range of subacute and chronic diseases. The acceptance
of the view that electricity is a tonic has wrought a revolution in
electro-therapeutics. An agent which was formerly used mainly if
not exclusively in paralysis and rheumatism, is now used, and with far
more brilliant success, in hysteria and affections allied to it, in insanity,
anemia, neurasthenia, in nervous dyspepsia, neuralgia, chorea, in the
convalescence from fevers, and all forms of pain and debility whatso-
ever.

It is necessary to state, at the outset, that in classing electricity as a
itimulating sedative tonic, we use the words in the sense in which they
wre ordinarily understood and employed when applied to other reme-
dies and systems of treatment, and without any reference to the mere
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verbal distinctions that may be or have been made in the classification
of materia medica.

Stimulants are usually understood to be those agents which guickly
excife the system, and femporarily arouse its activity. They are like
the goad, which forces the exhausted beast to draw the burden, but
does nothing to increase his strength; or like the blast of the fur-
nace, which increases the combustion, but adds no fuel. We do no*
accept this definition, but would prefer to regard stimulants as those
agents that correct, intensify or economize the forces of the system.

Sedatives may be severally defined as those agents that allay irrita-
bility and pain and induce natural repose.

Tonics are ordinarily understood to be those agents which gradually
improve nutrition, restore enfeebled functions, invigorate the system,
and permanently increase its capacity for labor.

It is because electrization is capable of producing at once the effects
which are ascribed to all these classes of agents, that we have defined
it a stimulating sedative tonic.

These various effects are not always mathematicaliy distinct, but run
into each other. The stimulant effect may at once lead to sedation,
and the permanent improvement to nutrition follows after a long time,
and is in part a result of both stimulation and sedation.

Of these three orders of effects, stimulation, sedation and improve-
ment in nutrition, stimulation is the one that is of the least importance,
and yet it is the one that first strikes the observation, and the one which
until very recently has been regarded as the exclusive test for the use
of electricity in medicine. If electricity were merely a stimulant it
would scarcely pay to use it in the treatment of disease, for its range
would be so narrow, and the result of its use even in that narrow range
so temporary and unsatisfactory, that physicians would not find it to
their advantage to spend time and labor in making the applications.

The ill success of all previous attempts to popularize electro-thera-
peutics is to be explained in part by the fact that those who experimented
with it looked upon it as a simple stimulant and nothing more, and
recommended it accordingly. If it depended on its stimulating action
only, the cause of electro-therapeutics would have little vitality. The
reason why electricity is now growing in popularity in the profession is
because it is found to relieve all forms of pain, and to add tone to the
system and improve nutrition after ordinary sedatives or tonics have
failed.

Tonic Effects of Electricity best elicited by General Faradization and
Central Galvanization.—Reasoning from analogy, as well as from experi-
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ence, it would seem that the full effects of electricity on the human body
could only be obtained by making the applications all over the person and
on the central nervous system in such @ way as to affect the whole system.
The influence of any drug or remedial agent on the constitution can
only be ascertained by bringing the whole system under that influence
A man who habitually washes one of his fingers in cold water ap
preciates the tonic effects of the cold only in that finger; but a mar
who habitually takes a shower-bath, or plunges into a tub of cold
water, realizes powerful tonic effects on his entire system. If a man
daily exposes one arm to the sunlight, while the rest of the body is
enclosed in a dark cell, he receives direct tonic effects only in the
exposed member ; but he who walks forth and exposes his whole per-
son to the solar rays will in time experience the full tonic effect of sun-
light on his system. If one hand or one foot is vigorously and regu-
larly exercised, the muscles of that limb exhibit the tonic effects of the
exercise, and increase in hardness and perhaps in size; but if all the
portions of the body are vigorously and regularly exercised, all the
principal muscles will increase in firmness and perhaps in size, and
tonic effects will be appreciated by the entire system.

Just so with all other tonic remedies and influences. If quinine,
strychnine, iron, arsenic, oil, etc., could be localized in a single limb,
only that limb would be directly influenced by them. Their tonic
effect is only obtained by administering them in such a way that they
will penetrate every portion of the body.

Electricity is no exception to this law. In order to ascertain its full
effects on the system at large, and to determine its position among
remedies, the applications must be made in such a way that the whole
system shall, so far as possible, be directly or indirectly brought under
its influence. This is best accomplished by the methods of genera:
faradization and central galvanization that are hereafter to be ex-
plained in detail.

In making a detailed comparison, therefore, between the effects of
electrization and the effects of recognized tonics—quinine, iron, strych-
nine, physical exercise, sunlight, cold bathing, etc.—it is logically neces.
sary that the applications should be so given that the whole body
should be brought under the direct influence of the current, just as it is
brought under the influence of other recognized tonics as ordinarily ad-
ministered.

The immediate effects of an application of general faradization and
central galvanization are often a feeling of enlivenment and exhilaration,
drowsiness, temporary relief of pain, and increased warmth of the body.
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The same effects are notably observed after the shower-bath, a tumble
in the surf, a brisk walk in the open air, or from the administration of
alcohol. : ’

Like other stimulating tonics, general faradization and central gal-
vanization, when given in an overdose, or in too great strength for the
constitution of the patient or the condition of the system at the time,
may be followed by secondary or reactive effects that are both dis-
agreeable and positively alarming.  The second or third day after an
injudicious application, the patient, especially at the outset of treat-
ment, may experience soreness in the muscles, an indefinable feeling of
nervous exhaustion, irregularity of pulse, and sometimes exacerbation
of special symptoms. It is well known that severe physical exercise
will produce all these unpleasant secondary effects, especially in pa-
tients who are feeble and unaccustomed to muscular exertion. A cold
bath, either in the surf or at home, that is too prolonged may give rise
to all these symptoms the night or day following.  Unpleasant effects
may secondarily follow an overdose of our ordinary stimulants, as
alcohol, or from internal tonics, as iron, quinine, strychnine.

The permanent effects of general faradization and central galvaniza-
tion are as closely analogous to those which come from other tonic
remedies and systems of treatment as are the immediate and second-
ary effects.

The very marked permanent effect of general faradization and central
galvanization is improvement in the sleep. Physical exercise—walk-
ing, boating, gymnastics, bowling—cold bathing, and the ordinary
internal tonics do the same, though not so markedly and with far less
uniformity.

General faradization and central galvanization also permanently im-
prove the appetite and digestive capacity, and regulate the bowels.
Improvement in the various operations of digestion is one of the most
uniform effects of our ordinary tonics, and it is for that purpose, more
perhaps than for any other, that they are employed. ‘

Like other tonics, general faradization and central galvanizatior
equalize the circulation. This effect, when it immediately follows an
application, is nearly the femporary excitement, similar to what follows
a rapid walk, or gymnastics, or alcoholic stimulants, and soon passes
away. But when it becomes a permanent condition—when the patient
feels less annoyance from chilliness and cold extremities—itis a result.
ant of the improvement in nutrition.

Like other tonic measures—gymnastics, active games, and outdoor
amusements, etc., etc. --general faradization and central galvanization
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cause the muscles to uevelop in size and hardness, and sometimes,
though by no means uniformly, produce important and rapid increase in
the weight of the body, the result of the improvement in nutrition. In-
crease in weight is familiarly observed after a trip of pleasure, a vaca-
tion in the country, a voyage by sea, and very frequently indeed from
the nse of cod-liver oil and strychnine. General faradization some-
times causes the patient to increase in weight from the very outset of
the treatment, and to an extent that is most surprising.

Like other tonics, general electrization, faradization and central
galvanization, in their ultimate effects, increase the disposition and the
capacity for labor of the brain or of the muscles. This is indeced the
chief end to which all tonic treatment is directed, inasmuch as dimin-
ished capacity for labor is perhaps the condition for which tonics are
‘most frequently advised, and it does not usually increase the capacity
for toil until it bhas first improved the sleep, the appetite, the digestion.
The same is true of many other, if not all, tonic remedies.

Experience shows that general faradization and central galvanization
are usually contraindicated in those diseases and for those tempcraments
that will not bear any of the internal tonics. We find almost invariably
that they must be used most cautiously, and meet with their worst failures
in cases where quinine, strychnine, iron and stimulants have proved to
be injurious.

Whatever difference of opinion there may be concerning the ration-
ale of electrization, or whatever dispute there may be concerning the
use and the meaning of the words stimulant, sedative, and tonic, the
majority of advanced practical electro-therapeutists must substantially
endorse the emphatic words of Prof. Niemeyer: ¢ /n the constant cur-
rent we have a means more powerful than any other of modifying the
nutritive conditionsof parts that are deeply situated.”’ *

Rationale of Electrization.—The stimulating, the sedative, and the
tonic effects of electrization are resultants of the various and diverse ac-
tion of the currents on the tissues. These effects have been defined as
mechanical, physical, catalytic (increase of circulation and absorption),
electrotonic (modification of nerve), electrolytic (electro-chemical decom-
position), and c/kemical. The mechanical effects are more markedly
observed from the faradic current, the other effects from the galvanic.
These terms, considered as explanations of the action of electrization,
are, it must be admitted, quite unsatisfactory, since they are incapable

¢ Text-Book of Practical Medicine ; Translation of Drs. Humphreys and Hack-
ley, vol. ii., p. 290,
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of exact and complete definition, and must, to a certain extent, include
each other. It is safe to say that we know as much of the rationale
of electrization as of most of our internal remedies. (See chapter on
the subject in Electro-Physiology.)

Is Electricity Transformed into Nerve Force?—Nearly all of the
earlier and very many of the latter experimenters in electro-therapeu-
tics assumed without argument, that electricity was identical with the
nerve force, or, at least, that it was directly transformed into it. Although
the weight of evidence is at present decidedly against the theory of the
identity of those forces (see Experiments of Helmholtz), yet the assump-
tion that they are identical or can be directly transformed into each
other, still lingers. The taking phrase, ¢ Electricity is Life,” is con-
stantly used as the war-cry of rival instrument makers, and as the
motto of travelling charlatans, on the street corners and at country
fairs. Whatever future science may unfold, we are now forced to say
that not only is there no evidence that electricity is identical with life,
but also that the theory that electricity, when applied to the body, is ever
directly transformed into nerve force has few if any facts or arguments
in its favor. That the body can be charged with electricity, and that
the normal electricity of the body can be changed in character is clear
enough; but it does not follow that such changing of electrical condi-
tion has any direct influence on the quantity or quality of the nervous
force. Whether galvanic or faradic electricity charge the body to any
extent in passing through it may rightly be doubted; if they leave
more electricity in the body than they found in it, it must be by virtue
of the direct influence of the current over the nutrition.  Electricity
is no more life than light and heat are life. Like light and heat it may
sustain life, not by direct transformation, but indirectly through its in-
fluence over nutrition. When the light of the sun falls on a plant or
animal, when artificial heat is applied to a cold and paralyzed limb,
growth is stimulated and nutrition improved, but not, so far as can yet be
demonstrated, by any direct transformation of light or heat into nervous
force. Similarly, also, we have no sufficient evidence as yet that the
varied and marvellous improvement in nutrition that follows electriza-
tion is the result of anything more than the indirect improvement in
nervous force, which is a part and result of the general improvement in
nutrition.

In the time and manner of their development the tonic effects of
general faradization and central galvanization resemble those of other
tonics in these fwo particulars.

t. Theyare Developed Slotwly.—This slowness of development marks
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a radical distinction between tonics and mere stimulants. The agree-
able stimulating effects which immediately follow an application of
general faradization and central galvanization, just as they follow the use
of gymnastics, walking, active games, etc., soon pass off or merge into
the permanent or tonic effects that come more or less slowly, and
after repeated treatment.

2. Theyare often Developed long after the Treatment is Abandoned.—
Weeks and months after a patient has taken a course of general treat-
ment by general and central electrization he may continue to imnprove-
in his general condition, even though very little progress may have
been made while the applications were being received. Just so the
tonic effects of a trip by land, of a sea voyage, of our ordinary summer
vacations, are sometimes not appreciated until after we have returned
home, and are again fully at work.

Why were not the Tonic Effects of Electricity sooner Discovered 1—
The inquiry now very naturally arises, why it is that the important fun-
damental fact—that electrization is a powerful means of improving
nutrition, and capable of producing effects on the constitution similar
to those which are familiarly obtained from the tonics in every-day use—
has escaped the observation of the very able writers who in different
lands have devoted themselves to electro-therapeutics, until we called
attention to them.

The inquiry is thus answered :—

1. Because most of the recent scientific observers whose writings are
authorities in electro-therapeutics have used electricity locally, in some
form of “localized electrization.”

For obvious reasons, that have already been presented, localized elec-
trization must produce chiefly local effects, which although they are
tonic in their character, so far as they go, and reveal themselves by
marked improvement in the local nutrition, would not ordinarily sug-
gest the powerful constitutional tonic powers of which electrization is
capable when applied all over the body, any more than the feeble
effects of washing the hands, the face, or the feet, orany single member
or organ, would suggest or give any intimation of the well-known con-
stitutional effects of surf-bathing or the shower-bath.

Indirect constitutional effects result from localized electrization of the
central nervous system, and especially from galvanization of the brain,
spine and cervical sympathetic, although, as will be seen, they are not
as marked as those which follow general faradization and central gal-
vanization. !

It is a very irteresting and significant fact, however, that since the
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introduction into medical practice of the methods of localizing the
galvanic current in the nervous centres first suggested by Remak, elec-
tro-therapeutists have achieved success in a variety of diseases asso-
ciated with debility and impaired nutrition, where before electrical
treatment was supposed not to be indicated, at least by those who con-
fined themselves to localized electrization.* A suggestive fact relating
to this subject is that Gubler, who is one of the very few European
writers who had used faradization in such a way as to directly affect the
whole system, also remarked tonic effects in conditions of debility, even
from his very awkward and imperfect method.$

2. Because the immediate effects of electrization are so markedly
stimulating as to suggest the idea that it is simply and on/y a stimulant
or irritant. In some of the cases for which localized electrization are
used the stimulant are the effects which are chiefly desired. But, as
has already been shown, many of our ordinary tonics are primarily
stimulating, and so much so that they have been classed as stimulating
tonics.

There is little question that if many tonics in ordinary use, had
been used only locally, as electricity has been used, they might have
been regarded merely as stimulants.

3. Because until quite recently most of the recognized authorities
and writers on electro-therapeutics of modern days have not used
electricity in those diseases and morbid conditions where tonics, par
excellence, were demanded. They have used the agent mainly with a
view to stimulating effects, and in some form of localized electrization.
On this principle they have treated paralysis, rheumatism, neuralgia,
etc. As we shall demonstrate hereafter, besides those diseases in
which the efficacy of localized electrization is fully established, the
morbid conditions and symptoms for which electrization is most rapidly
and permanently successful, are precisely those in which we use our
ordinary tonics—such as dyspepsia, nervous exhaustion, insomnia,
hypochondriasis, hysteria, general neuralgia, chorea, spinal irritation,
and some forms of paralysis dependent on or associated with general
debility.

Furthermore, in prosecuting this inquiry we must not overlook two
important historical facts :—

1. In the latter part of the last and early part of the present

* Vide the writings of Remak, Meyer, Benedikt, Niemeyer,

+ De PElectrization générale considerée comme agent tonique et stimulant dif-
fusible. Bulletin de Thérapeutigue, Décembre, 1863. (For description of his
method, see p. 246.)
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century franklinic electricity and the current of the voltaic pile were
used for a variety of diseases for which we now use tonics, and often-
times 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. Tonic effects have been obtained from various methods of em-
ploying electricity by non-professional men—charlatans and outsiders
—in the United States at least, for many years, although very few of
them have krown or suspected the nature of the agent they dealt
with, or of the diseases they have treated.
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GENERAL SUGGESTIONS IN REGARD TO THE USE OF ELECTRICITY
AS A THERAPEUTIC AGENT.

BeFore describing in detail the different methods of using elec.
tricity, it may be well to offer some suggestions of a general
character that will apply to all the different methods of electrization,
localized and general, with the faradic and with the galvanic currents.
It is of the first importance that those who are beginning to study and
practice electro-therapeutics should have correct notions not only of
the general therapeutical action of electricity—the principle on which
it is used—but, also, of the general laws of its application. Such
knowledge fits one to intelligently study the special methods of appli-
cation, and the treatment of the various diseases. A want of this knowl-
edge is a constant hindrance, and not unfrequently utterly discourages
the beginner in this science.

General Indications for the Medical use of Electricity.—An error
that appears prominently in nearly all the works on medical electricity,
and one that seriously interferes with the progress of kcalthy and philo-
sophic electro-therapeutics, is the habit of treating the name of the
disease rather than the condition of the system of which the symptoms
are the result and expression. Men ask whether electricity is good for
this disease or that disease without any well-defined idea of the position
that this powerful agent occupiesin the armory of therapeutics. It should
be understood that electricity is a powerful stimulating sedative tonic, and
as such is indicated in any subacute or chronic disease, where stimulat-
ing, sedative or tonic effects are indicated, and without reference to the
name of the disease by which the condition expresses itself. With this
general principle before us, we cease to wonder that electricity is used
and recommended in such a wide variety of diseases, many of them of
an apparently opposite character, and we see the injustice of that
criticism which condemns electricity because it is good for so many
different affections. Just as quinine, which is not a specific for any
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disease—unless it be chills and fever—is yet used freely as a tonic in
an indefinite number of diseases where tonic effects are reqaired, so
electricity, which is not a specific for any one disease, is yet used with
good results in any number of diseases where local or general nutrition
is impaired and needs to be improved. The indications for the use of
electricity are wider than the indications for the use of quinine, for
the threefold reason that it has a powerful sedative action which
quinine, or indeed any other single tonic remedy does not have;
that its stimulant and tonic effects are more decided, and that its
effects, sedative, stimulating or tonic, can be confined mainly to certain
organs, nerves or muscles, or be distributed through the whole body, as
may be thought necessary. When the propriety of using electricity in
any medical case is discussed, the first questions to be answered are :

1. Is there any pain to be relieved ?

2. Is there any need and chance for improvement in local or general
nutrition ?

If these questions can be answered in the affirmative, then electricity
in some mode of application may be administered.  The result of the
treatment will depend on the skillwith which it is conducted, on the nature
of the lesion and length of time that it has existed, and on the agree-
ment or disagreement of the temperament of the patient with elec-
tricity.

Stage of Disease when Electrical Treatment is Indicated.—Electricity is
indicated mainly for subacute and chronic diseases ; atleast the best results
that come from the use of this remedy have thus far not been obtained in
the acute stages of disease. And yet there is no question that in the
acute stages of rheumatism faradization is of value, and there is reason
to believe that future experiments will show that relief of pain, of
sleeplessness, and of general nervousness—with perhaps permanent
benefit—may be obtained in the active stages of febrile and inflammatory
affections.  The chief theoretical objection to the employment of
electricity in acute diseases is the fact that the tonic effects of
electrical treatment require so much time that any disease that runs
but a limited period will not be able to appreciate them. This objec-
tion does not, however, apply to the stimulating or sedative effects :
these can be felt instantaneously or within a few hours after an application.
Electricity is certainly one of the most potent of sedatives, and in
very many acute affections sedatives are constantly indicated.

The old notion that electricity was merely a stimulant aided in forming
in the professional mind another very gross error, that in active inflam.
mations electricity is contra-indicated. ~ Experience proves every day
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that the sedative effects of electricity are exceedingly grateful in even
the acute stages of sprains and diseased joints.

The dogma that in hemiplegia from cerebral effusion it is better to
wait for several months until all the active irritation has subsided,
before beginning electrical treatment—which error is yet maintained by
many of the ablest writers on medical electricity—took its origin in
the erroneous conception of the position of electricity in the materia
medica. ‘

It is difficult to conceive of any actively inflamed or febrile state,
where electricity, in the hands of one who knows how to use without
abusing it, may not be used without injury even if 1t does no good.

Differential Action of the Poles, and of the Ascending and Descending
Currents.—This is a subject on which much has been thought and writ-
ten, and concerning which opinions have been expressed with an
absoluteness not justified by experience. Almost the first question that
the beginner in electro-therapeutics asks, is, *“ Which pole shall Luse ?”
as though that were the fundamental problem to be solved. Another
question that is put in almost the same breath is, * Shall the current
be ascending or descending ?”

These queries seem to the novice to be of supereminent importance,
and he is annoyed that his instructor or text-book does not lay down
such positive rules on the subject as to set his doubts at rest forever. In
after years, when he shall have had much experience, he will learn these
two facts: First, that the question, which pole or which direction of the
current to use in any given case, is one of various complexity, and can-
not always be solved by a dictum. Secondly, he will learn that the prac-
tical therapeutical difference in the action of the pole or of the ascend-
ing and descending currents, is much less demonstrable than he sup-
posed, and that the special directions for each disease are not at hand.

The difference of the physiological action of the poles of the galvanic
current, when applied to the body, is, as we have shown under electro-
physiology, of a radical character. It has specially been shown that
the anelectrotonic region at the positive pole is in a condition of dimin-
ished, while the catelectrotonic region near the negative pole is in a
condition of increased irritability. Moreover, it is easy of demonstra-
tion that the negative pole of both currents is more painful than the
positive, and this fact, as we have seen, enables us to distinguish the
poles in cases of doubt, or when we do not understand the construc-
tion of the battery. Still further we have seen that on the nerves of
special senses—notably on the optic and auditory nerves—the poles
have a differential action of a specific and demonstrable character.
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When now we leave physiology and enter into the complex realm
of therapeutics, we find that it is usually better that irritable parts of
the surface of the body should be treated mainly by the positive pole.
This relative position of the electrodes is not usually departed from in
general faradization and central ga vanization, for the reason that the
majority of cases that require these methods of treatment are abnor-
mally irritable.

The negative pole, being more irritating than the positive, is indicated
when it is desired to cause contraction in a paralyzed muscle, and the
difference between the poles in producing muscular contraction is chief-
ly a difference of degree only, since both poles cause contraction when
placed on the body of a muscle or over its motor point, but with the
same strength of current a more vigorous contraction will be produced
by the negative than by the positive pole.

In regard to the differential action of the ascending and descending
currents there has been an almost infinite amount of shallow observation
and impulsive writing ; for how the differential therapeutical or differ-
ential physiological action of the ascending and descending currents is
to be rightly discriminated from the action of the poles we cannot well
understand.

The object of applying electricity to the body in disease is to im-
prove nulrition, and nutrition is a process of infinite complexity ; in-
deed, the most complex and most mysterious of all the wondrous pro-
cesses of nature. He who solves it will become immortal, both as
the greatest scientist and the greatest theologian of history, leaving
Newton and Calvin far behind. The relief of pain, the reduction of
tumors, the ‘increase in size of muscles—all these everyday results of
electrization are signs of improvement in nutrition, and it is impossible
to exhaustively explain them by anything we now know of electro-phy-
siology. Any man who attempts to base all his electro-therapeutical
procedures on the laws of electrotonos will find himself involved in com-
plications that have no end.

The one practical rule in regard to the poles, which we have arrived
at, is that the positive pole is the less irritating. In accordance with this
rule we place the negative pole at the feet or coccyx in general faradi-
zation, and at the pit of the stomach in central galvanization, so that
the head, neck, and spine, and other sensitive parts affected may be
under the influence of the positive pole.

That differential effects—physiological and therapeutical—may arise
from a difference of current direction is not at all improbable—cer-
tainly no one can well prove the negative—but we see no way of
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demonstrating such differential effect. In every attempt that we make
the differential polar effect comes in to complicate, and in our
judgment, to override any differential effect there may be in current
direction. Take the familiar experiment : an electrode in each hand;
in one arm the current will be ascending, in the other descending.
If now one arm were differently affected from the other, have we any
right to rush to the conclusion that such differential effect is due to the
fact, that in one arm the current is ascending, in the other descending ?
Is it not far more probable that such differential effect is due to the
fact that the positive pole is in one hand and the negative in the other?
The differential effect of the poles can be demonstrated in various
ways, and our knowledge of it influences our practice ; the differential
effect of current direction, if it be not entirely a myth, is to say the
least undemonstrated.

Take again, for illustration, the method of galvanizing the spine. If
the negative pole be placed at the nape of the neck, and the positive at
the lower end of the spine, the current is ascending, and if a certain
effect is produced, or believed to be produced, such effect is attributed
to the fact that the current is ascending. The upper part of the cord
is under the influence of the negative pole, and the lower part of the
cord is under the influence of the positive pole, and what evidence is
there that there is any differential action of current direction aside from
the differential polar action?

Similar difficulties beset us when we place one pole, say the negative,
on some indifferent point, as the feet, or thigh, and pass the positive
up and down the spine. Have we any right to attribute the effect pro-
duced to the fact that the current is descending, when we know that the
positive pole has a very different physical, physiological and therapeuti-
cal effect from the negative pole, without any regard to current direc-
tion, while we, as yet, do not know that the ascending current has a
different effect from the descending current, without any regard to the
differential polar effect. One thing is clear and indisputable, and that
is that the differential effect of current direction, assuming that it
exists, is largely overborne by the differential polar effect. This is true
of both currents. A crucial experiment for determining the question of
the differential action of the ascending and descending currents, would
be to experiment on a piece of nerve in a physiological condition, all
parts of which give the same response to electrical excitation, and are
known to have the same function.

If such a nerve-piece could be supposed, and if the positive pole
could be placed on the middle of it, and the negative fole at the peri-
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pheral end, we should have a descending current ; the positive pole re-
maining at the middle and the negative transferred to the central end
of the nerve, would give the ascending current. If now the effect afte.
these procedures should be different, the strength of current, pressure
employed, and time of stimulation being the same, and if the effect of
previous stimulation could be eliminated before the second part of the
experiment is made, we should have a conclusive demonstration of the
differential physiological effect of the current direction. But such an
experiment is ideal, and the complications are too great for science at
present to make it actual. In all physiological experiments of this kind
differential polar effect complicates, if it does not neutralize, the dif-
ferential effect of current direction.

In therapeutics, the complications of the subject are all the greater,
because all the statements that have been and are made in regard tc
the advantages or disadvantages of the ascending or descending cur-
rent in this or that direction are of little worth.

The practical rules on this subject to which experience, enlightened
and fortified by physics, physiology, and pathology, have led us, may be
thus recapitulated.

1. The stimulating, sedative and tonic effects of electricity, faradic
and galvanic, are obtained by either pole, or by both combined or in
alternation, the difference in their therapeutical action being merely
a difference of degree.

2. In cases where the sedative effects are more indicated than the
stimulating effects, the positive pole is preferable to the negative, since it
is less irritating, and with the uninterrupted galvanic current, produces
catelectrotonos, or a condition of diminished irritability.

In the great majority of the nervous cases, where general faradization
or central galvanization are used, sedation is more needed than stimula-
tion ; hence the general rule to use the positive pole in these methods.

3. Incases where the stimulating effects are more indicated than the
sedative effects, the negative pole is preferable to the positive, since
it is more irritating, and with the galvanic current produces cat-
electrotonos, or increased irritability.

For those temperaments, now and then met with, that are exceedingly
tolerant of electricity, who can bear it in any doses, however given, and
for cases of local or general anesthesia and paralysis of motion, whatever
may be the pathological cause, stimulation is more needed than sedation ;
hence it is an advantage in such cases to use the negative pole, and in
some cases * voltaic alternatives,” which are more irritating than either
pole when used alone.
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Inasmuch as we cannot tell the degree of electro-susceptivity in
a patient until we have tested it, it is well always to begin general
faradization and central galvanization with the positive pole. This rule
is especially important in the United States, where the majority of our
patients of both sexes are susceptible and nervous and require sedation
more than stimulation.

Both the Seat of the Disease and the Effects of the Disease fo be
Treated.—The query whether in localized electrization we should direct
the treatment mainly to the seaf of the disease—the pathological lesion,
or to the seat of the prominent symptoms—the effects of the lesion—has
given rise to some discussion.

It sounds very practical to advise the treatment of the symptoms
without regard to the seat of the lesion. It sounds very scientific to
claim that the electricity should be confined to the exact seat of the
disease. Now the wise physician is both scientific and practical, and
keeping clearly before the mind this central thought, that the leading
action of electricity is that of a stimulating tonic with a powerful
sedative influence, we can readily discern the truth on this subject.
Both the seat of the disease and the seat of the symptom should be
treated, for in both there is need of improvement in nutrition. In
this view common sense and experience accord. In hemiplegia, for a
typical example, the lesion, the seat of the disease, is in the brain,
while the leading symptom is in one-half of the body, which is para-
lyzed. The muscles of that side become atrophied, and the nerves
become anasthetic. Torestrict the electrization to the brain, and to that
side of it where the lesion is or is supposed to be, is so imposing and
scientific in theory that electro-therapeutists of limited experience
might advise this treatment exclusively. To purify the stream, first
purify the fountain. Lay the axe at the root of the tree. All these
analogies are beautiful, but they are fallacious. The symptoms of the
disease will not disappear when the disease disappears. The effects
remain after the clot is absorbed. In the larger number the half of
the body is as much the seat of the disease as the brain; for the
several parts of this human machinery are all members one of another.
When one suffers all suffer. To confine the treatment to the paralyzed
muscles is also irrational, although the purely peripheral treatment is
far more successful than purely central. If we are to be exclusive and
one-sided and theoretical in our treatment, it is better to exclusively
treat what are called the symptoms or effects of the disease, and to
neglect the brain altogether. But it is the part of the higher wisdom
to use both methods—central and peripheral, to attack the seat of the
lesion and the seat of the sympton.
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The most satisfactory results in hemiplegia come from a combination
of peripheral and central treatment. Similarly with diseases of the
spinal cord, as congestion, sclerosis, resulting in paralysis of motion
or sensation. Purely central treatment—galvanization of the spinal
cord—is not sufficient; the symptom also, the paralysis, must be
treated directly in the muscles and nerves where it is most prominent.
In diseases of the spinal cord, treatment confined to the seat of the
disease does more good than in diseases of the brain, for the reason
that the cord is more accessible to the current, its surface being more
exposed, as it were, throughout its entire length. But those whc
content themselves with treating diseases of the cord by simple galvani-
zation, to the exclusion of peripheral treatment, make a grave mistake ;
they fail where they ought to succeed, and they succeed only in a small
percentage when a large percentage was possible. Cases of ataxia,
as well as of motor-paralysis need peripheral treatment with the moist
sponge or wire brush, or both, as well as galvanization of the spine.
On the same principle our method of central galvanization is some-
times more effective in diseases of the cord and brain than localized
galvanization of these parts, as usually practised. In neuralgia also,
where the seat of the disease is in the nerve-centres, the application
should be made both to the tender and painful points, as well as over the
root of the nerve, and a very good method of application is to place
one pole over the origin of the painful nerve, as near as possible, and
the other over the tender point and along the whole course of the
nerve. Frequently neuralgia, as we shall see, yields to our method of
central galvanization—where not only the painful and diseased parts, but
also the whole central nervous system, whether healthy or not, is treated,
—when it does not yield, at least as rapidly or as surely, to local appli-
cations either central or peripheral.

Healthy parts may be benefited by Electrization.—There is a kind of
unconscious idea abroad among electro-therapeutists that in applying
electricity to the body it is necessary to avoid acting on healthy parts,
and that the direct effects of the current should, so far as possible, be
confined to the part that is supposed to be in a diseased condition.
This erroneous doctrine takes its origin, firsZ, in the teaching of
Duchenne and other advocates of localized electrization, and, secondly,
in the narrow and incorrect ideas of the general physiological and thera-
peutical action of electricity.

Duchenne, by embodying the term ¢ localized " in the title of his work,
has done much to popularize in the profession the notion that in elec-
trical applications the aim should be to concentrate the current on the



234 GENERAL SUGGESTIONS.

part where it is supposed to be needed, and to avoid affecting other
parts.

The idea that electricity is a mere stimulus, and only valuable as a
means of exciting paralyzed muscles or waking up dormant nerves,
would very naturally lead to the adoption of the view that it should be
used only in those parts that are in need of stimulation, and that
healthy parts would be injured by it. The false ideas that have pre-
vailed in regard to effect of stimuli, which we have elsewhere discussed,
have tended to increase this absurd dread of applying electricity to
healthy parts. A little common sense applied to this subject may per-
haps help us to find the truth without great difficulty.

First of all, we must bear in mind always that the doctrine taught by
the European writers, that electricity is a stimulus merely, is narrow
and erroneous. Electricity, applied to the body, acts as a stimulating
tonic with a powerful sedative influence. Then, again, stimulants are
something more than mere goads or spurs ; they correct and intensify
the forces of the body, and may be useful and as necessary in conditions
that we call healthy as in those that we call unhealthy. Stimulants
tonics, and sedatives are called for every day, and are every day em-
ployed by nearly every member of the human race, young or old, sick
or well.*

Still further, pathology is not so much a special and separate condi-
tion as a degree of the normal condition of health. No one can tell
just where physiology ends and pathology begins. Reasoning from all
these considerations, it is clear not only that electricity need not be
confined to diseased parts, but that the parts that we call healthy may
be benefited by it just as truly as those that we believe to be un-
healthy, and the benefit they receive may react favorably on the dis-
eased parts, and thus aid the treatment.

These views are enforced by analogy. Very few of our stimulating
tonic or sedative remedies are limited in their action to parts that are
diseased. The medicines that we give by the mouth or by the syringe
go whither they please, and if they sensibly affect some diseased organ,
it is not because their action is confined to that organ, but because that
organ, on account of its readier operation or of its disease, is more sensi-
tive than other parts to the influence of remedies. Alcohol or opium go
to the brain, lead affects the exterior muscles of the forearm, and the
influence of chlorate of potash is quickly felt in the mucous membrane

* This subject is discussed in detail in Dr. Beard’s work on ¢ Stimulants and
Narcotics.”
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of the mouth ; but none of these remedies restrict themselves to the
parts that are the most perceptibly affected by them.

Indeed, the fact that our most valued medicines are used for such a
variety of local and general affections shows that their effects are not con-
fined to separate parts of the body to the extent that has been supposed.

Electricity can be localized, in cases where it is desirable to do so,
better than almost any other remedy, and yet the most careful and suc-
cessful localization of the current is more or less imperfect. The re-
flex effect of electrization that always complicates the direct effects,
and which are sometimes of more value than the direct effects, cannot
be avoided. Then, again, the branch currents, which, as we have
seen, move in undulations not only directly between the electrodes, but
at a considerable distance on either side of the median line between
them, will be likely, in nearly all forms of application, to touch healthy
parts that do not stand in especial need of treatment. The most com-
plete form of localized electrization is electrolysis when the needles are
placed close together, but even here the reflex effect is most powerful,
and operates with a mild as well as with a strong current.

But fortunately it is never necessary to localize electricity, in the
strict sense of the term. It is sometimes necessary, however, to avoid
producing too strong reflex effects, and in applications near sensitive
parts the possibility that the branch currents, if powerful currents are
used, may over-irritate, should ever be borne in mind. Experiment and
experience show that healthy animals and men can be electrized with
benefit all over the body, or in any part of it. In applying electricity
to any part of the body we improve the nutrition of that part; in ap-
plying electricity to the whole body we improve the nutrition of the
whole body, or, at least, of those parts which are directly or indirectly
influenced by the current. Faradization of a healthy muscle makes
it grow faster than it would grow without faradization ; in other words,
it produces the same effect that it would if the muscle were paralyzed.
When a part is in a pathological condition—when, for example, a
muscle is atrophied—any improvement in nutrition under electrization
is more quickly observed, and is probably more rapid and important
than when the same muscle is treated in a physiological condition ;
but the improvement of the healthy muscle is none the less real,
though it may be relatively less important than in the diseased muscle.

The tonic effects of general faradization and of central galvanization,
and, indeed, of many forms of localized electrization are due to the
direct or indirect action of the current, on parts which are more or less
healthy, or which, to say the least, are not in any recognizable patho
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logical state. The objection sometimes brought against these methods
that they do thus affect healthy parts, simply attempts to prove too
much. The same argument would banish all, or nearly all our stimu
lants, tonics, and sedatives from our materia medica, and practically
discourage all attempts to relieve or cure chronic diseases of the ner-
vous system.

Dose of Electricity.—Nearly all our medicines are prescribed by an
average standard dose. This average standard is derived from experi-
ment and experience, and, with the majority of drugs, is a safe guide
in administration, although every judicious and thoughtful physician
studies each case by itself, and varies the dose according to the ap
parent indications.

In the case of electricity, when medically employed, the dose cannot,
in the present state of science, for obvious physical reasons, be arbitra-
rily or mathematically stated.

The dose of an application of electricity consists of these factors :—

1. The strength of the current, or the quantity of electricity that
flows in a given time.

2. The length of the application. ,

Both of these factors are so modified in various ways that they can-
not attain anything like mathematical precision. The strength of the
current, or the quantity of electricity that flows through the circuit, as
we are taught by Ohm's law, is the electro-motive force divided by the
resistance. We have previously shown (in Electro-Physics, chapter vii.)
that both of these factors are susceptible of almost infinite variations,
some of which are and others of which are not understood.

In the time of the application there is less vagueness, but even in
this factor the precision is more apparent than real ; for the effect of
electricity depends so much on the manner in which application is
made, whether with interruptions or without interruptions, whether
with large or small electrodes, etc. The method of the application,
whether local or general, and if local, to what part, and how directed,
also modifies seriously the determination of the dose from the length
of the application. Ten minutes of general faradization or central
galvanization will have a much more powerful general effect than
ten or even twenty minutes of local electrization. Five minutes of
galvanization of the brain will accomplish more good or evil than
fifteen minutes’ faradization of the uterus, or of any one of the extremi-
ties.

The time may yet come, in the advance of science, when electrical
measurement will attain such a degree of precision that we shall be able
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to prescribe so many farads of electricity, as we now prescribe so many
grains of quinine, or so many drops of laudanum; but the day when
such exactness shall be possible in applications to the human body is
probably not very near. Qur present method of measuring the gal-
vanic current by the number of degrees of deflection of the needle of a
galvanometer is very unsatisfactory, for the twofold reason that the de-
flection beyond a certain angle does not accurately represent the relative
strength of the current, and especially because when applied to the
body a different and varying resistance is encountered, which at once
destroys the value of the comparison. Electro-therapeutists have some-
times stated the amount of the deflection which the current caused
before being applied ; but all such statements are of little or no
value, and particularly when we do not know the construction of the
particular galvanometer which they employ. A further difficulty in
measuring electricity by the galvanometer, is that the strength of the cur-
rent in most of the batteries in common use declines during the appli-
cations, so that a current which is powerful at first may in the course of
ten or fifteen minutes be only medium.

The graduated scale on some of our faradic machines, and which in
dicates the number of inches that the rod or helix or tube is moved,
is also a practically useless guide, except as far as it may be resorted
to to encourage and amuse silly and weak-minded patients. In any
faradic machine the strength of the current 1n the cell, and consequent-
ly the strength of the induced current in the coil, varies from day to day,
and varies during the application ; and the amount that passes through
the patient is dependent on the size of the electrodes, and the amount
of moisture in them, and their relative position.

In default therefore of any trustworthy means of prescribing electricity
by farads, or other definite measures, we are compelled in practice
to depend on these two indications:

1. The sensations of the patient.

Very fortunately the sensation of the patient during the application
indicates with considerable correctness whether the current is of the
proper strength. Zhe rule iés that where strong currents are borne
without discomfort strong currents are beneficial ; where only mild cur-
rents are borne only mild currents are indicated. The difference in the
natural sensitiveness of patients to electricity is very great. This dif-
ference is further modified by disease. In anzsthesia local and general,
*in sclerosis of the nerve centres,and certain local affections, very power-
ful currents cause but little pain. On the other hand in hyperesthesia,
in hysteria and allied affections as a rule, and in acute and subacute
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local inflammations, only mild currents can be borne. To disregard
the feelings of the patient and make the applications exceedingly pain-
ful will tend to produce the evil rather than the good effects of elec-
tricity. To give only mild applications when painful ones could be
well borne is to rob the patient of a part of the benefit to which he is
entitled.

To the rule that the sensations of the patient are the guide in elec
trical applications there are some exceptions, just as there are some
exceptions to the rule that the appetite is the guide in the quantity
of food that we eat. It is partly to guard against these exceptions, and
to keep on the safe side, that the first few applications on a new pa-
tient whom we have not before treated by electricity, should be mild and
short.

Not only do different individuals vary in their sensitiveness to electri-
city, but different parts of the surface of the body in the same individual
also vary, as we have seen through a considerable range; and in the
cavities of the body and on the mucous surface the range of variation
in sensitiveness is yet greater. The mucous membrane of the mouth,
tongue, urethra, is very sensitive, and this sensitiveness should be re-
spected by the electro-therapeutist.

There are some quite rare cases of hysteria where the great sensi-
tiveness of the patient may be disregarded, or chloroform or ether may
be administered. The sensitiveness of the patient is a guide only or
mainly in regard to the strength of the current. In regard to the
length of the application we must be guided by—

2. The immediate, secondary, and remote effects.—This second guide
serves to correct the mistakes of the first. A meal that disagrees
with us may show its ill effects in a few minutes or hours, or the
following day. Similarly we should study the effects of electrical ap-
plications. So far as any one or all of the good effects described in this
chapter follow an application, so far we may judge that the applica-
tion has done good ; so far as any or all of the evil effects described
in this chapter follow an application, we may judge that it has done
evil. The evil and the good effects may sometimes be associated.
To rightly interpret these effects, and to distinguish between those that
are produced by the applications and those that are produced by
moral, hygienic or medical causes is one of the severest tests of medi-
cal skill. There is less liability to deception in studying the immediate
effects, since there is less chance for othei forces to complicate the
results. After a few hours, the complications of diet, exercise, weather,
medicine and so forth begin to appear, and obscure the effects of the
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electricity. The secondary and remote effects can therefore only be
ascertained by repeated observations. A single application gives us
little opportunity to answer the question whether electricity is really
the remedy that the case requires.

One caution must not be forgotten: the immediate and secondary
effects may be evil while the remote effects may be good.

A long walk that much fatigues us is often beneficial, though the
benefit does not appear for several days. Those who take travelling
vacations to recruit exhausted energies, frequently feel worse while
they are travelling, but are stronger on their return and for months
following. The fatigue and soreness and stiffness that sometimes fol-
low skating and gymnastics, and other exercises, do not always indi-
cate that benefit has not been derived. The next dJday the appetite
and spirits may be better, sounder sleep may follow ; the evil and the
good effects contend for the mastery, and the good effects triumph.

The best results of Electrical Treatment usually obtained with Mild
Currents—For the average constitution, and with the exceptions that
come from certain idiosyncrasies and certain diseases, such as anasthesia,
the best results of electrical treatment are obtained by mi/d currents.

The temptation to disregard this rule and use painful currents is,
even for the experienced electro-therapeutist, very great, and sometimes
irresistible. The dogma, “no smart no cure,” which has wrought so
much misery in the world, still lingers, even among the intelligent.

The descendants and near relatives of the man who growled at his
dentist for extracting his tooth without pain or bluster, because he
had been accustomed to being hauled all around the room during that
operation, are yet very numerous. Even in cultivated circles there
can be found those who have no faith in medicine unless it is bitter,
and no respect for the doctor unless he half kills them. Then again
some patients make a virtue of bearing pain, and will pretend that they
do not feel the current when they know they are suffering all the
horrors of the damned. Moreover, mercenary patients wish to get
their money’s worth, and if they pay so many dollars for an application,
they want so many dollars’ worth of agony. For all these reasons com-
bined, we are, in spite of our experience and caution, continually
making the blunder that we here warn against. Over the doors of the
electro-therapeutist, and in full view of the operating chair, we would
inscribe this motto, ‘“Better give much too little than a little too
much.”

The use of Salt on the Electrode.—A very good device to prevent using
too strong currents, particularly the ga/vanic current, is to saturate the
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sponges or cloths of the electrode with plenty of salt water. Salt water
is a good conductor, much better than simple water, and will cause
the patient to sensitively feel a current, of which, if the salt water
were not used, he wonuld not be conscious.

With the same strength of current, a sponge or cloth electrode
saturated with salt is more painful than a similar electrode not so
saturated. The current when conducted though salt seems to pass in
points from the electrode to the body just as when conducted through
metal or the metallic brush. In a word, an electrode saturated with salt
not only conducts a greater quantity of electricity, in accordance with
Ohm’s law, but conducts it more painiully than an electrode saturated
with ordinary water.

Care in the Details of the Applications.—There is as much differ-
ence between a skilful and an awkward application of electricity as
there is between a skilful and an awkward operation in surgery. By
those who desire to become experts in applying electricity, the follow-
ing points should be considered :

1. To avoid suddenly interrupting the currents in cases where inter-
ruptions are not required, and especially in appiications on or near the
head. In the treatment of paralysis of motion and of sensation, inter-
ruptions are required, but in the treatment of the brain, spinal cord,
and sympathetic, and in very many peripheral applications sfable cur-
rents only are required. In all such cases the current should be closed
gradually and delicately, if possible by means of a rheostat of some
kind, or by increasing or diminishing the pressure on the sponge of the
electrode. Interruptions made in the metallic part of the current are
always more sudden and violent than those made in the electrodes, for
the physical reason that the connection of the current is more sharp and
abrupt.

Delicate patients should be treated with delicacy. Those who are
seunsitive and apprehensive should never be annoyed by sudden breaks
in the current, except in those forms of disease where sudden breaks
are required.

In presenting this caution we do not intend to endorse the notion that
serious pathological lesions are caused by interrupting the current, even
on or near the brain. There is little or no evidence besides the case
of Duchenne, that any serious injury to the retina, or to the auditory
nerve, or to any part of the brain, or sympathetic, or spinal cord, has
been produced by faradization or galvanization with the strength of cur-
rent ordinarily employed in electro-medical applications. The dizzi-
ness, the sour taste in the mouth, the flashes of light before the eyes,
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the shock or agitation produced by the sudden interruption of the
galvanic current, are annoying, and to the delicate patient unaccus-
tomed to them, sometimes alarming, but with the batteries in ordinary
use, and with the strength of current that is, or ought to be employed
through the head and neck, they are rarely if ever dangerous: they
are temporary effects that soon pass away, and are forgotten. But
they are to be avoided in cases where they are not required, for the
three-fold reason that they do no positive good, that they may interfere
with the success of the treatment, and that they alarm or annoy the
patient. We are to avoid worrying our patients in this way, for the
same reason that we are to avoid treading on their corns, because it is
disagreeable and discourteous. .

e. To avoid making the applications unnecessarily painful through
carelessness in the management of the electrodes. By the use of fine
and soft sponge—the best that can be found in the shops—the smarting
and stinging pain of the applications can be much diminished. Aside
from the fact that, with some exceptions, less satisfactory results follow
painful than pleasant currents, the feeling of pain should, so far as pos-
sible, be avoided. There are, as we have said, a certain number of pa-
tients who carry into medicine the same views that once dominated in
religion, and who desire to suffer, and have very little respect for any
treatrment that does not cause more or less agony.  Such patients will
sometimes find, after one or two severe and painful applications, that
they are injured more than benefited, and will submit to the advice of
the physician and take the treatment that is best for them.

3. To avoid surprising and startling the patient by allowing the wires,
or the metallic portions of the electrodes, to touch any part of his ex-
posed body. If the connecting wires slip out of their connections with
the electrodes they are liable to fall on the exposed skin and give a
painful shock. If the edge of the electrode not covered with sponge
or cloth touches the skin, it will give the patient sudden pain, and
annoy both him and the operator. Connecting wires that are not pro-
tected by rubber are liable to lose their silk or cotton coverings in
places, which when they touch the skin cause pain.

4. To be always and every moment sure that the current is running.
The batteries should be tested before the application, either by the
galvanometer or through the hand or person of the operator, that he
may be sure that it is in order, that the connections are properly made,
and that the electrodes are sufficiently wet to conduct the current.
When mild currents are used, salt may be added to the solution in

which the electrode is dipped, so that a slight stinging sensation
16
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beneath the electrode, may keep the patient assured that the current
is passing.

Disrobing of the Patient.—The great majority of electrical applica-
tions require, on the part of the patient, more or less loosening or
removal of the dress. Not only is this necessary in general faradiza-
tion and central-galvanization, but in very many local applications to
the spine, abdomen, and upper and lower limbs,—excepting merely the
face, head and hands. To know how to direct the patients to arrange
their clothing so as to give the operator sufficient and easy access to the
person, is a part of the art of practical electro-therapeutists, and it is
an art not to be despised. Male patients have less trouble in this re-
gard than female patients, since their garments are fewer and simpler,
but they are more annoyed by the little they have to do than women
are by their vast paraphernalia. The art consists in loosening and pull-
ing up without entirely removing the under-clothing, thus avoiding
trouble, exposure and waste of time.

Temperature of the Electrodes and of the Operating Room.—The
question is often raised by patients whether there is any danger of tak-
ing cold after an application of electricity. The answer is clearly in
the negative. The electricity, as such, so far as it goes, fortifies the
system against cold ; but, by careless exposure while undressed in a
cold room, it is possible to take cold, just as by similar exposure when
electricity is not used. It is also possible to make the application
quite uncomfortable by using sponges moistened with cold instead of
tepid water. Our aim should be to have the temperature of the
operating and dressing-room a little higher than is necessary for a per-
son fully dressed ; to moisten the sponges or electrode covers in tepid
or—in very cold weather—in hot water; and when the feet are placed on
a foot-plate of tin or copper, to have a warm soapstone beneath the
foot-plate to keep it always comfortable.

Time of day jfor the Application.—Applications of electricity may be
given with advantage at all hours of the day and night. In our experi-
ence, and probably in the experience of all electro-therapeutists, the
majority of the applications are given in ordinary business hours, in the
forenoon and afternoon. We have never been able to see that anything
was gained by giving any particular heed to the hours of eating; just
before meals, and just after them, ordinary electrical treatment may be
given with apparently as much benefit as two or three hours from a
meal. In some impressible temperaments, central galvanization and
general faradization temporarily increase appetite, and for such persons
an application might very properly be given a little before meals. For
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those who suffer frem dyspepsia, a seance pretty soon after dinner might
be of service in aiding digestion, but we cannot say that we have seen
any such results.

For all delicate, hysterical, sleepless patients, the evening is an excel-
lent time to receive electricity. The powerful sedative effects of central
and general electrization are in this class of patients most gratefully re-
alized a little before going to bed, or after they have already retired.
For these reasons we have, for years, been accustomed to treat some of
our patients in the evening, before or shortly after retiring, and, were it
not for the inconvenience, we should do 1t more frequently.

Time of Applications.—The time of an application is an element of
the dose of electricity that has not been sufficiently studied. Electro-
therapeutists have fallen into the conventional and routine habit of using
the current all the way from five to ten or fifteen minutes or so, at a
sitting, without sufficiently investigating the question whether the length
of the application ought not to be varied with studious care, in each
case, and varied during the course of treatment.

For irritable, sensitive and impressible patients this law certainly
holds ; that long applications with mild currents are better than short
applications with strong currents. This law, which is the outcome of
all our observations in the department of electro-therapeutics, applies to
all modes of using electricity.

A sudden shock, or a series of shocks with a powerful current, may
injure, where a prolonged application with a gentle current may work
no harm and much good. That this element of time becomes a practi-
cal difficulty in the use of electricity by overworked general practitioners,
must be admitted : but if it be a scientific fact—as it surely is—that
time is required to gain the choicest and best effects of electrical treat-
ment, then we must recognize and accept the fact, and treat our patients
accordingly, and expect them to reward us for our labors more liberally
than for a mere prescription or suggestion.

We insist on this point, because we feel that through neglecting it
many mistakes have been made, and through a disposition to neglect it
there is danger that in some minds electro-therapeutics itself may fall
into disrepute. While many patients and many cases do well under five
or ten minutes of electrization, very many others, especially after they
have become accustomed to it, require at least double that time.

With all our might, we should avoid the error of supposing that the
best effects of electrical treatment will succeed by short applications
with strong currents. In this way we may both save time and lose ou
patients.
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Economy of this sort may prove to be the worst of extravagance.

Frequency of the Applications.—Ordinary stimulanting and tonic medi
cines are given one, two, and usually three times a day. The dose of
electricity cannot usually be* administered so frequently without doing
more evil than good. It seems essential to the electro-therapeutical
treatment, whatever the mode employed,—general and local faradiza-
tion, central and local galvanization, and even electric baths and the
use of the body batteries,—that there should be a considerable period of
rest between the applications.

FElectrization sets in motion forces that slowly act and react hours and
days after the electrization has ceased. The time required for these
forces to operate to the best advantage varies with individuals, but in
all cases a certain period of rest is required, and if the application be
repeated before this period or some portion of it has elapsed, the bene-
fits of the previous application are more or less neutralized, and the
patient may be weakened more than strengthened. This at least appears
to be the conclusion that long experience forces upon us. All the
way between every day or once a week the applications can be given
with benefit. Three or four times a week is about as often as the aver-
age patient cares to make his visits, and it is safer to begin treatment
with at least an interval of a day or two between sittings. Some pa-
tients require at the outset of a course of treatment, intervals of three
or four days. If by accident or intention, strong and long applications
are made, unpleasant reactive effects may follow that at once suggest
the necessity of waiting for a day or two. Many a time does it happen
to us to visit a patient, and, on learning the history of the symptoms,
to put off the application twenty-four or forty-eight hours.

On the other hand, there are those who can take full applications every
day for a month in succession, and in some cases, as it appears to us,
with greater benefit than would be derived from applications given every
other day. At the founding of the Electro-Therapeutical Department
of Demilt Dispensary, we received patients only twice a week, and good
results were obtained under that system, but we afterwards found it de-
sirable to add another day. In private practice we make the applica-
tions more frequently than at first, and find an advantage in so doing,
for the reason, mainly, that we use milder currents than formerly, and
our patients can bear and be profited by more frequent sittings.

General and central applications require longer intervals than local
and peripheral applications, for the patent reason that they more
powerfully affect the whole system, and are more frequently followed
by rezctive effects.
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In rare cases,—when the patient has but a short time to remain in town,
or when an intolerable pain is to be relieved,—we have given applica-
tions twice a day, but have not usually obtained any advantage thereby.
Chronic nervous diseases cannot be cureq in a day ; time is as neces-
saiv as the electricity. Long standing pathological lesions are not to
be carried by assault, however bravely conducted ; they yield only to a
protracted siege.

Regularity of the Applications.—It is the custom with some electro-
therapeutists to insist on regularity in the days and hours of the
applications, and there are those who believe that the best effects
follow regular and methodical treatment. On this point we are in some
doubt. Patients who are methodical in their habits, and who are
regular in their visits, will be less likely to omit visits, and will be
more likely to persevere, and conscquently will be more profited than
those who omit half of their visits and abandon treatment before it
is fully tried. There is no evidence that regularity, as such, is any
advantage ; although there is strong probability that for some constitu
tions, and, perhaps, for diseases with periodic symptoms, it might be
an advantage to give the applications at the same hour daily, or
every other day, as the case may be. Our own custom in this regard
varies. Practically we find it impossible to treat all patients with
absolute regularity, and in those cases where we are able to do so we have
not, thus far, been able to see any special therapeutic advantage.

Prolonged Applications.—A method of using electricity that has been
too little studied by the profession is that of prolonged applications
with mild currents.

In certain diseases, both medical and surgical, it is of advantage to
allow the current—galvanic or faradic—to run for several hours—all
day or all night—as may be convenient.

We have become so accustomed to the use of short, or comparatively
short applications, that we forget that the current if sufficiently gentle
may be passed through the body, or part of the body for hours, if not
days consecutively, without injury, and with great benefit, provided
certain cautions are observed.

When the galvanic current is thus used, care must be taken not to
allow the sponges, or metals, or cloths, to remain too long in one
spot, since they will cause a disagreeable though not serious ulceration
of the skin, that may be some time in healing. In order to avoid this
ulceration, it is well to use sponges instead of metals, and to change
from time to time the posi ion of the electrodes, so that they may not
act too long on one spot.
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The details of this method of using electricity must be varied with
each case and the circumstances of the patient.

Intervals between the Courses of Treatment.—Itis sometimes of service
to suspend a course of treatment after it has been going on a number
of weeks, and to allow an interval of one or more weeks, according to
circumstances. It is sometimes observed that patients improve as
much during the interval as during the treatment, and when the appli-
cations are renewed, they have greater force than at the close of
the course of treatment. It is true of electricity, as of almost every
other stimulant, tonic, sedative remedy, that after receiving it a certain
time the system becomes so accustomed to it as to tolerate it, and
then its full force is not appreciated. In cases where this toleration of
electricity is observed, when the improvement halts, so to speak, a
brief suspension of treatment may be indicated, and on renewing it,
all the benefit at first realized may be repeated.

On the other hand, there are patients who seem to prosper best under
steady, uninterrupted treatment.

Combination of Methods of Application.—Comparatively few diseases
are to be treated solely by any one method of application ; many of the
purely local affections ever yield better to electrical procedure, when
the applications are varied, than when one mode only is persistently
used. Both currents, galvanic and faradic, may be tried in alternation
or succession, and both the direct and indirect methods may be em-
ployed at the same sitting or at different sittings. In all diseases where
the whole system is involved, the method of application may be yet
more varied. General faradization and central galvanization may be
used alternately, and the alternation may be by the day or week.
These methods may be varied with galvanization of the brain in all
directions, galvanization of the pneumogastric and sympathetic and of
the spine. In some diseases, as notably in those where central le-
sions are accompanied by peripheral injury and general exhaustion, as
hemiplegia, ataxia, and so forth, all the methods of application may
be used, including faradization with the wire brush. We observe not
unfrequently that after one method of electrization has done all that
it is capable of doing, after it seems to have lost its power, another
method of electrization, or a mere modification of a method, may push
the improvement yet further, until it in time loses its force and the fresh
stimulus of another method is required.

In this respect the behavior of electricity is in no way peculiar; to
rll powerful remedies the system in time becomes so accustomed, as to
tolerate them without appreciating their remedial influence. In the
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administratior. of tonics in cases of debility, and of astringents in cases
of chronic diarrheea, a necessity for frequent change of remedy is
generally recognized.

How to judge of the Effects of Electrical Treatment.—1It is of the first
importance for the electro-therapeutist to have a clear, just and sys
tematic method of determining the effects of electricity, both good and
evil. Much of the difference of opinion that prevails among those
who use electricity, as to its general and special value, and much of the
prejudice that exists against electro-therapeutics is the result of a want
of a knowledge of the tests by which she action of electricity on patients
is to be determined.

When we give opium, we know very soon whether it relieves pain
and produces sleep, or, as not unfrequently happens, has effects pre-
cisely opposite. We learn to judge without great difficulty whether the
chloral and quinine are doing the work that we desire. With stimulants
and tonics, as used in the chronic affections, greater difficulty is ex-
perienced, but there are certain tests which we study and look for and
by which we are guided. The effects of electricity should be similarly
studied.

The good effects of electrization are in general as follows :

1. Relief of Pain and Disagreeable Sensations local and general.—
This relief may appear shortly after the application is commenced,
after it has been continued for some minutes, or at its close. In some
cases there is no relief during or immediately after the sitting, but
" several hours subsequently. We include painful sensations of every
kind—the vague wandering pains of neurasthenia and hysteria, the
burning of inflammation as well as real neuralgia.

2. Improvement in the Pulse—Where the pulse is abnormally slow
it may be quickened both during and for some time after the sitting.
Where it is abnormally rapid it may be lowered. The pulse, there-
fore, may be a guide in the administration of electricity, as it is a guide
in the administration of alcohol and various other forms of stimulants
and tonics. If the quiet pulse is made much quicker and so remains
for some time, we may suspect that the application has been too
strong or too long.

3. Improvement in the Temperature of the Body, or of the part which is
treated.—Parts that are abnormally warm are cooled, or as is more fre-
quently the case, parts that are abnormally cold are warmed, during and
subsequent to the operation. The temperature may be tested by the
sensations of the patient, by the touch of the operator, or by the ther.
mometer.
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4. General calming Influence and Disposition to Sleep.—Nervousness
is allayed, just after taking wine, or food, or a bath, or a drive by the
sea. The disposition to sleep comes on usually after the application,
in rare cases during the sitting, especially when the head or neck is
galvanized.

5. Mental Exhilaration.—The effect of sea-bathing, or the inhalation
of oxygen, is to exhilarate in a way that defies minute analysis. The
“effect of electrization is similar. This effect is seen more strikingly
in hysteria and hypochondriasis.

6. Increase of Appetite and Improvement in Digestion.—In some
instances the appetite is sharpened by a single sitting; the permanent
improvement is, of course, a slower effect, and is only observed after a
number of applications.

7. dmprovement in Local and General Nutrition.—To accomplish
improvement in nutrition is the great object of electrical treat-
ment. The relief of pain and of other special symptoms, during
a sitting, may justly be regarded as results and accompaniments of
improvement in nutrition. At a later stage of a course of treatment,
the improvement in nutrition may be seen and studied by the senses.
Improvement in local nutrition is produced by local electrization, im-
provement in general nutrition is produced by general or central elec-
trization. Peripheral local electrization, may, however, reflexly pro-
duce improvement in general nutrition, particularly when prominent
organs, as the uterus, the stomach, and liver, are treated.

The evil effects of electrization, by the occurrence of which we may
suspect that the applications are too strong or too long, or improperly
given, or that wrong methods are used, or that the temperament and
disease of the patient contra-indicate electricity, are, in general, as
follows :

1. Headache and Backache.—Sudden shocks, or interruptions of the
current, may cause momentary headache that passes away as quickly
as it came. When the headache persists for a considerable time, one
may know that there has been somewhere a mistake in the applica-
tion. Backache follows as a rule only general or central treatment.

2. Irritability and Insomnia.—Patients may feel nervous, irritable,
and indefinably disagreeable after an application, and the sleep the
following night may be less sound and more disturbed by dreams than
usual. These are evil effects, and are to be guarded against.

3. Gen:ral Malaise.—This symptom, which is the reverse of the
exhilaratisn spoken of among the good effects, appears not unfrequently
after an over-dose, especially of general faradization. It sometimes,

JR——
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though less frequently, follows central galvanization, and there is no
form of local electrization, central or peripheral, that may not in some
temperaments and conditions give rise to it.

4. Excitation or Pain, or Increase of Pain already existing.—
Neuralgia is sometimes increased on the application of the current, and
particularly when the currents are strong and interruptions are made.
A harsh and rough faradic current, even when mild, may aggravate
pain. Sometimes there is no effect during or immediately following
the seance; but in the course of a few hours, the pain is excited or
aggravated.

Similarly the pains that accompany malignant tumors may be excited
when electricity is applied during an interval, or they may be increased
if treated during the paroxysm.

§. Qver-Excited Pulse.—The pulse may indicate whether the appli.
cation has done good or harm, with some considerable certainty, pro-
vided the operator is sufficiently familiar with the normal pulse of the
patient. This familiarity can only come from previous acquaintance.
A stranger, seeing a patient for the first time, and treating him by
electricity, is quite likely to be deceived. The pulse may be over-excited
by the mere coming in of a new physician, or by the thought or dread
of electricity. Thus the value of the pulse as a means of determining
the degree of the ill effects of an application is much diminished. As a
test of the good effects of electricity, it is much more worthy of trust.

6. Chilliness and other Nervous Sensations.—An application which has
been made injudiciously may be followed almost immediatly by a feeling
of chilliness, as though the patient had taken cold. There may be also
a stiffness of the neck, and pain on turning the back, as though the
patient were rheumatic, and heat and burning in the spine, and crawling,
creeping, pricking, stinging, sensations in the face, down the back, and
on the limbs and other parts of the body.

These sensations are not due to a cold, as is sometimes supposed,—
for, except through gross carelessness, patients do not take cold during
an application of electricity,—but they are merely nervous sensations, of
an hysterical character, precisely like the symptoms described under
hysteria and allied affections, and are due to over-irritation of the spinal
cord, and perhaps also of the sympathetic. They more frequently follow
faradization than galvanization, especially when a hard, rough, unpleasant
current is used. They appear only in the exhausted and neurasthe-
nic, and most frequently in women.

7. A feeling of Soreness, Stiffness, and a dull Aching.—These sensa
tions are closely allied to those described in the preceding paragraph :—
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they are the result of over irritation of the nerve-centre ; the soreness
that is felt in the muscles after severe faradization is somewhat like that
which is experienced after violent exercise in the gymnasium, on skates
or on horseback.

The dull, aching pain through the whole body is like the sensation
that is experienced after taking cold. It is a purely nervous sensation
and is caused by over-irritation of the spinal cord. One patient whom we
treated for an exhausted and irritable condition of the cord, resulting
from cerebro-spinal fever, persisted that every application caused him
to “ take cold.”

8. Profuse Perspiration.—Gentle perspiration is one of the good effects
of electrization ; it is observed both after general and local treatment.
But profuse perspiration of any part, as the head, or one of the limbs,
or of one side of the body, or of the whole body, occurring during a
séance, or directly following it, is a bad symptom, and indicates over-
irritation. In some hyper-sensitive conditions profuse perspiration
may appear under a very mild current, and at the outset of the appli-
cation. We have known a paralyzed arm in hemiplegia break out with
abundant perspiration. In cases of cerebral and spinal irritation we
have known the forehead and the hands to perspire freely during
the application. Some constitutions are specially impressible in this
regard. We once treated a case of paralysis of the bladder by external
galvanization ; the patient was of the average strength and health, but in
less than five minutes his whole body was as freely perspiring as in the
hotest summer day. Nausea and faintness also came on and stopped
the application.

9. Prolonged Reaction of the Nerves of Special Sense.—In the section
devoted to Electro-Physiology, we have seen that the nerves of special
sense, the auditory, the olfactory, the ophthalmic and the gustatory
nerves, all have their special and peculiar reactions to electricity.
These reactions are normal and physiological, butin degree and variety
they are greatly influenced by temperament. These reactions are, on
the part of the auditory nerve, hissing, rushing, boiling, seething sounds ;
on the part of the ophthalmic nerve and retina, flashes of light ; on the part
of the olfactory nerve, under a powerful and painful current, peculiar
phosphoric or ozonic odor; on the part of the gustatory nerve, an acid
or coppery taste. For the great majority of temperaments in health or
disease, these reactions disappear with the cessation of the application ;
but where there is special susceptibility to the electricity, or when very
severe or prolonged applications have been made, some of these reactions
may continue for hours or days. Thus we have known patients to
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complain of the peculiar taste in the mouth two or three days after an
application. The buzzing in the ears also does not always stop when
the current is opened, prolonged flashes before the eyes are sometimes
noticed, though but rarely. Prolonged reaction of the olfactory nerve
we have never observed.

We call these prolonged reactions evil effects, because they appear
in very susceptible patients, or after careless procedures, and are usu-
ally accompanied by other effects that are unmistakably evil,

Disturbances of the Nerves of Motion and Common Sensation.—Under
this head we include hyperasthesia, general or local, that an overdose of
electrization sometimes produces in nervous and hysterical patients, or
the opposite condition of anzsthesia and muscular spasms, contractions
and rigidity. These phenomena are not frequent, but in rare instances
they have been observed ; muscular spasm, where it already exists, may

. be aggravated temporarily by electricity.

Hygiene of Patients after the Applications. —Patients who are strong,
and are treated for purely local troubles, may be entirely indifferent in
regard to their behavior after electrical applications ; they may exercise
brain or muscle, or remain idle, as may be convenient, and the improve-
ment under the treatment will go on just the same. But delicate
patients who are treated for grave conditions of debility, and especially
females, do better to avoid exertion after an application : better for them
to sit awhile, or rest on a lounge, and if they are treated in bed to
remain there ; and this, we believe, is another advantage in treating such
cases just after retiring.

If any fancy they take cold as a result of an application, it is a pure
fancy, or it is the nervous chill that sometimes follows over-electrization,
or it is the result of exposure in a cold room while undressing.

Cumulative action of Electricity.—It sometimes happens in the treat-
ment of a painful and tender nerve, that a sudden shock is felt, after
the electrodes have been a long time in position, even when the current
is very mild and is scarcely felt on the surface.

A medical friend, who by our suggestion treated a case of ulcer of
the stomach by the galvanic current, informed us that a very mild
current from a few zinc carbon cells, which gave no burning sensation
on the surface whatever, would, after the electrodes had been kept in
position a few minutes, one on the epigastric, and the other on the
back, cause all of a sudden and without any warning a painful shock,
as though a strong current had been suddenly interrupted in the
metallic part of the circuit. This phenomenon occurred so often that
he abandoned the treatment.
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We have occasionally made the same observation on other parts of the
body. Thus, in a case of sciatica that we were treating by the galvanic
current—one pole on the course of the nerve below the trochanter,
and the other on the back—only a very slight sensation was felt for
two or three minutes, when all at once the patient gave a jump as
though shocked by a powerful current. A number of times during the
seance the experiment was repeated. Every pains was taken to avoid
error by assuring ourselves that the current was actually running all the
time, and that there was no actual interruption.

This cumulative action, if we may call it such—would seem to be
somewhat analogous to the cumulative action of strychnine and some
other remedies. The rationale of it is in the present state of our
knowledge hard to determine. It may be that as the skin becomes
more and more moistened, its conductivity so increases that a portion
of the nerve is traversed by the current which at first was not touched,
" and that this physical explanation is sufficient. It may be that the
nerve, already in an irritable condition, may have its irritability so
greatly increased, that it develops it suddenly under continued though
mild stimulation. We have, as yet, no evidence that such shocks are
specially harmful, although they are unpleasant and startling. They
can be avoided as a rule by shifting the electrodes every moment, so
as to avoid a long irritation of any one spot.

Increased Toleration of Electricity—The system can become
habituated to electricity just as it becomes habituated to alcohol, or
opium, or any other potent remedy. After a long course of treat-
ment, extending over several months, nearly all patients bear very
much longer and stronger applications than at first. This is observed
in those whose sensitiveness to electricity is at first extreme. It is
not therefore necessarily a discouraging fact if at the outset of a
course of treatment very gentle currents and very short sittings are
required. .

The Temperament, as well as the Disease, to e considered in using
Electricity.—There are individuals whom electricity always injures, the
only difference in the effect on them between a mild and a severe
application being, that the former injures less than the latter. There
are patients upon whom all electro-therapeutical skill and experience
are wasted ; their temperaments are not en rapport with electricity.

It matters not what may be the special disease or symptoms of
disease from which they suffer—paralysis, or neuralgia, or neurasthenia,
or hysteria, or affections of special organs—the immediate and the per-
manent effects of galvanization or faradization, general or localized,
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are eviland onlyevil. We have not arrived at this opinion by theorizing ;
we have been driven to it by the accumulating and irresistible logic
of facts. The first query that arises, in the mind of the electro-thera-
peutist, when a case under his care responds badly, is, “ Am T rightly
using this remedy; am I making the application too long or too
severe, or by improper methods? Would a change of current be de-
sirable?” But after we have tried all electrical applications ; after we
have gone from galvanism to faradism, from general to localized elec-
trization, from long and severe to short and gentle treatments ; after we
have rung the changes on all these, and yet persistently aggravate
rather than mollify the disease, and instead of strength and relief, pro-
duce weakness and distress, and instead of calmness cause irritation,—
then we have only to make as graceful a retreat as possible, and put
that patient down as a case that was not born to be treated by elec-
tricity. We have no explanation to offer of the phenomenon; and the
popular belief or supposition, that the excess or deficiency of animal -
electricity has something to do with these matters, is as undemonstrable
as it is plausible ; he who should attempt to prove or disprove it would
find he had undertaken anything but an easy task. It would seem to
come in the list of those strange butfamiliar likes and dislikes in regard
to certain articles of food or drink, or of certain sights or odors. We
know of no physiognomical or rather external appearances by which
to determine whether a patient does or does not belong to the unfor-
tunate few who can have no lot or share in electro-therapeutics. The
strongest equally with the weakest, the- plethoric and the enervated,
are found among these Gentiles of science.

The reverse proposition, that there are certain constitutions for
which, by whatever form of chronic disease they may be afflicted, elec-
tricity is always indicated, is equally true. There are patients who
find in electrical treatment almost a specific. Whether they suffer from
dyspepsia or neurasthenia, from hysteria or diseases of special organs,
rheumatism or neuralgia, electrization always relieves them up to a
certain point, at least, if it does not positively cure. TVe broad fact to
be understood is, that it is not so much the discase or the symptoms, as
the temperament that indicates or contraindicates electrization.

While some chronic diseases are more amenable to electricity than
others, among all patients there are individuals to whom it is a matter
of indifference what special affection they may suffer from ; so long as
improvement in local and general nutrition is indicated, they wiil be
benefited by electrical treatment.

To all this it should be added that some persons are indifferent tc
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electricity—they can bear almost any strength of either current very
frequently and for long applications, without experiencing any effect
either good or evil. Electricity may be poured over them in limitless
measures ; they may be saturated with it, and they may come out from
the applications not a whit better or worse. Patients who are quite
delicate and sensitive exhibit this supreme and provoking indifference
to electricity. We are inclined to believe also that patients vary in
their susceptibility to electricity at different times of life. Susceptibility
to stimulants and narcotics oftentimes undergoes strange modifications
during the lifetime of an individual. Those who at one time cannot
drink coffee, sometimes find that a few years so modify the tempera-
ment that they can drink it with absolute freedom, and wice versa.
Similarly, also, alcoholic liquors act in a most capricious way, some-
times benefiting, at other times injuring even when nearly all the other
conditions except age are the same. Idiosyncrasies in regard to cer-
tain articles of food are by no means constant through life—they may
change either way, and that too in the course of a few years; they
may be modified by febrile or other diseases that revolutionize the
system, or by residence in various climates, or by mere lapse of years.
Analogy would lead us to suppose that susceptibility to electricity might
also be thus modified, and our observations seem to convince us that
such is the case.

We are further inclined to believe that susceptibility to electricity,
favorable and unfavorable, like all other constitutional tendencies, is
subject to the laws of hereditary descent, and runs in families. We
have treated by electricity three members of the family of a physician,
who are afflicted with quite diverse maladies, but all of whom not only
improved under the treatment, but can be electrized with great freedom
by either current ; and yet none of them are strong, and two of them
are delicate.

On the other hand, we have treated families where several of the
members are so susceptible to the electric current that the application
must be made with great care lest unpleasant results occur.  We are fullv
convinced also that the proportion of those who do nof bear electricity
well is larger among the higher than among the lower classes; in
hospital and dispensary practice, the number of patients who exhibit
excessive susceptibility to the electric treatment is quite limited, whereas
in private practice, among the intellectual classes, one out of five or
ten, take the cases as they run, must be treated with very considerable
caution, lest disagreeable symptoms arise.

Relation of Elects r-susceptivity to Prognosis.— Between electro-suscepe
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tivity and prognosis there would appear to be no constant relation. One
patient may be extremely susceptible to electricity, and another capable
of bearing it in large doses, and both shall be benefited. 1f there be
any law in the matter it is this, that those who occupy the medium
ground, who are neither specially sensitive nor the reverse—offer the
best prognosis under electrical treatinent. It is equally sure, however,
that those who are exceedingly sensitive may become so tolerant of
the remedy as to derive great benefit from it. For this reason we
should not be discouraged, even by extreme electro-sensibility or
electro-susceptibility in our patients.

The most provoking class are those who cannot be influenced in any
way by electricity, but who can even from the very first receive it
in enormous doses without showing or feeling any good or evil effect,
and yet even such cases may by protracted treatment be benefited.

Regard for Age.—In the apportioning of the dose of electricity the
only general rule to be considered is, that the extremes of life—the
very young and the very old—demand rather more caution than those
in youth and middle life. It is not however necessary to divide the
Joses of electricity for infants and children, as we divide the doses of
ordinary medicines ; children from three years down to three months
and even younger may be treated by general faradization and central
galvanization almost as freely as adults. On theoretical considerations,
and in order to be on the safe side, we do not usually treat very young
children as long, or with as strong currents as adults, nor quite so
frequently, but we have not often seem any especially bad results from
quite prolonged applications, provided mild currents are used. The
rule is to give the average baby about half as much treatment as the
average adult. Children cry when the current hurts them, and this to
the merciful physician operates as a check against over-dosing them.

Very old patients — between seventy and ninety —need to be
treated with reasonable, but not extreme caution. The moderately
aged—between fifty and seventy—often bear electricity better than
those in the more active period—between twenty and fifty.

Regard for Sex.—As arule females are somewhat more susceptible to
electricity than males, and require to be treated with greater caution ; not
that there is any difference of susceptibility of the sexes, but because in
civilization woman is more delicate than man, and more readily influenced
for good or evil, by all remedies and systems of treatment. But
although the law that woman is more impressible than man holds well
on the average, yet the individual exceptions are very numerous.
Some woimnen—even those who are exquisitely delicate—can bear enor-
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mous doses of electricity, while some men who are very hardy can bea
none at all. The rule however, is constant enough to make it
advisable always to begin the treatment of delicate females with con-
siderable caution.

The higher susceptibility of women to electrical influence, makes
them yield more rapidly than men to the treatment, when it suits the
temperament and disease, and hence it is that many of the most delightful
results of general faradization and central galvanization, have been
obtained in neurasthenic, anemic, hysterical women.

The menstrual period in women does not contraindicate electrical
treatment at all, but on considerations of delicacy the operations of
general faradization and central galvanization cannot well be performed
at that time. Local applications to the periphery can be made without
regard to the menses.

Regard for the Method of Application and the Skill of the Electro-
therapeutist.—It is not electricity in the abstract, but electrization,—that
is, electricity applied to the body—that cures disease. ~ Everything, there-
fore, depends on the method of application. Patients frequently say that
they have “tried electricity” and it did no good. We have long since
ceased to pay any heed to such statements, or to allow them to influ-
ence our prognosis, unless it is expressly stated who gave the electrical
treatment, what methods were employed, and how faithfully the treat-
ment was carried out. Some of the best successes we have are gained
with patients who have ‘“tried electricity” and found it wanting.
What should we think of a patient afflicted with a broken leg who
should say that he had “tried surgery,” and it had failed to set the
bone? Would we not ask, “What surgeon? Was he a pretender, or a
man of science? And did he have a fair chance?” It is possible, even
if good treatment at the hands of good men failed some time ago, that
the conditions may now be so altered that the same or different treat-
ment will be successful.

It is not the remedy, it is the manner of using it that determines its
value. There is as much difference in electro-therapeutists as there is
in general surgeons, ophthalmolologists, or aurists, or gynecologists, or
obstetricians. In the ranks of those who use batteries are all grades
of genius, and lack of genius, especially the latter. In electro-thera-
peutics two currents are used, and six different methods of application,
and these methods are all capable of indefinite variations, dependent
on the taste, skill or experience of the electro-therapeutist. When one
mode of application fails, another may succeed; when one electro-
therapeutist fails with any mode of application, another with the same
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mode of application may succeed. And yet, patients with some
obscure disease, that requires the best diagnostic as well as therapeutic
skill, who have had, perhaps, half a dozen applications of the magneto-
electric or rotary machines, at the hands of some stupid servant-girl,
declare that they have “tried electricity.” As well might a sailor
whose broken bone had been badly set at sea by a comrade before the
mast, declare that he had ¢ tried surgery.”

The Differential Prognosis of Accidental and Hereditary Disease,
under Electrical Treatment.—The prognosis of any case under electrical
treatment depends more on the #ime that the disease has been existing
than on the nature of the disease itself. Very grave and severe symp-
toms of the most threatening character yield promptly, when they are
recent, and, so to speak, accidental, while mild and nameless symptoms,
that appear to be of the most trifling character, when long standing, and
especially when they are inherited, may be exceedingly obstinate. It
becomes therefore of the first importance to inquire how long the mor-
bid symptomns, or other symptoms allied to them, have been existing in
the patient, before making a prognosis. This principle applies to all
diseases for which electricity is employed. It is illustrated in a most
interesting manner in hysteria and allied affections. If two cases pre-
sent themseives, both suffering from symptoms of hysteria and neuras-
thenia, but in one case the symptoms are a life-long heritage, while in
the other they have arisen recently, and, so to speak, accidentally,
the prognosis in the latter case is, other conditions being the same, con-
sequently more favorable. Even if the symptoms in the recent case be
of a severer type, the prognosis may be much better than in the inher-
ited case. On this account it becomes necessary to inquire with dili-
gence, and repeatedly, of the patients and of their friends, in order to
see whether any allied symptoms have been their portion through life,
and whether the special disturbances for which they require treatment
are simply branches of a great tree of disease that has grown up in them
from the moment of their inception.

When, for example, a patient appears with sciatica, or tic-douloureux,
it is not enough to learn how long that particular symptom has dis-
tressed him in the present attack. The questions to be asked are :
Has he ever at any period of his life had this or any other form of
neuralgia ? Is he of the nervous diathesis? Have his parents or any
of his near relations suffered from neuralgia, or from any disease, or
symptoms of disease that are allied toit? On the answers given to these
queries will depend our probable prognosis, not only as to the rapidity

of relief under electrical treatment, but also as to its germanency.
17
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Inherited diseases are inclined to relapse : the symptom may give
way, apparently, before the force of treatment, but may reappear as
easily as it disappeared, even while the treatment is continued.

After-Effects of Electrical Treatment.—It is a fact well recognized
that the tonic effects of a trip to Europe, or to the mountains, or of
a short vacation anywhere, or at any season, are frequently but little
appreciated while the patient is travelling or recreating; but appear
days, weeks, and months subsequently. A debilitated man may receive
no strength while on the ocean, or at the hotel, or farm-house in the
country, may, indeed, seem to grow weaker instead of stronger, and
may become disheartened thereby, but on his return to his duties, health
may gradually, perhaps imperceptibly, come to him, and he may experi-
ence a renovation and a recuperation that can only be explained as the
after effects of his vacation.

It is, perhaps, not so well recognized that tonic remedies, and systems
of treatment of various kinds, may act just in the same way. Not only
the evil but the good effects of medicines may be cumulative. We may
see this principle illustrated in the administration of quinine, strychnine,
arsenic, phosphorus, and iron.

Electricity obeys the same law, and in certain constitutions, and cer-
tain states of the system, especially those of debility, it does little or
nothing that the patient can see or feel during the treatment itself,—
but prepares the way for a perfect and permanent recovery. We have
seen this principle illustrated in a large variety of cases of chronic dis-
ease. The practical lesson that we are to derive from this is to en-
courage patients who do not feel fully satisfied with the progress that
they make while under treatment, to watch closely, if possible, their
career long after treatment is abandoned.

Electrization in its Relations to other Forms of Treatment.—The ques-
tion, so often asked, whether electrical treatment will interfere with
internal medication, or with gymnastics, the Russian, Turkish or other
bathis, and so forth, is very easily answered. It harmonizes with all uther
tonic remedies, and methods of treatment that are employed for the
common purpose of relieving pain, or building up broken-down consti-
tutions.

Except in cases where we wish to experiment and learn the therapeu-
tical value of electricity by itself alone, uncomplicated with - other
healing factors, it is a positive advantage oftentimes to employ, at the
same time with electricity, external or internal medication of various
kinds. So far as we now know there is no medicine that is incom
patible with electricity. There is no evidence that any remedy has any
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specific reénforcing effect upon electricity, such, for example, as certain
stimulants have on hydrate of chloral. Some of the best therapeutical
results are obtained from a combination of electrical with other
treatment.

On the Use of Electricity by the Laity.—Even at this advanced stage
of electro-therapeutics, it seems to be necessary to constantly warn the
profession against indiscriminately intrusting the details of electrical
applications to the nurses, friends of patients, and the patients them-
selves. Having just rescued this department from the hands of the
laity, and given it a position among men of science, it seems strange
that those physicians who are familiar with the subject should even now
use their influence to return it to the people at whose hands it for-
merly suffered so much ; to restore it to the captivity of prejudice and
ignorance.

The temptation on the part of the people to use electricity them-
selves, and on the part of the profession to allow them to do so, is very
strong. The majority of physicians know little more of electro-thera-
peutics than their patients. Some have a theoretical, but not a practical
acquaintance with it. Then there are those who are well practised in
the art, but are too closely occupied to employ it. They have no ap.
paratus, or if they have any it is very likely out of order. Perhaps no
specialist is accessible, or the patient is, or is supposed to be, too poor
to employ one. The physician, forgetting that it is not electricity, but
electrization that cures disease, forgetting that there are two kinds of
elextricity in common use, and six different methods of application,
every one of which is capable of various modifications, forgetting that
there are certain temperaments that will not bear electricity, however
applied, and that there are others who must be treated at first with
great skill and caution, and on whom the currents and methods em-
ployed must be studiously varied during a course of treatment, in
short, forgetting that electro-therapeutics, considered as a science or an
art, is wondarfully compiex and exacting, orders the patient to ¢ get a
battery and try electricity.”

This prescription is usually carried out in the following manner : An
old magneto-electric machine (rotary) is trumped up from some neigh.
bor’s garret, where, after having failed to cure any member of the family,
it has been rusting for years. If the patient be wealthy, perhaps a new
faradic machine is ordered, that gives a harsh, rough current, and when
applied, drives the patient to despair. The friends of the patient are
bored with the request of the patient to apply electricity, and only half
do their duty; consequently the patient tries to make the application
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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 harm,
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
frequent experience.

Abbreviations used in Electro-Therapeutics.—It is a decided con-
venience and saves much time in recording cases, in giving private
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 in
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 not
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.



CHAPTER 1V,

COMPARATIVE VALUE OF THE GALVANIC AND FARADIC CURRENTS.

MucH of the confusion that exists concerning the differential indica
tions for the use of the galvanic and faradic currents arises from an imn-
perfect or erroneous or exaggerated conception of the distinction in
their physical and physiological effects. The general belief or supposi-
tion is, that there is between them a radical and important difference
in kind, as though they were two different agents or forces.

We can most intelligently compare the therapeutical effects of the two
currents, if we first compare their physical characteristics and their phy-
siological effects. '

By referring to the section on electro-physics, it will be seen that both
currents—faradic and galvanic—are capable of producing chemical de-
composition, of deflecting the needle of the galvanometer, of producing
sparks, and of being changed into heat. Generally speaking, these
effects are produced more powerfully by the galvanic current; but in
Gramme's machines we shall see that magneto-electricity is capable of
producing great heat and of electroplating on an enormous scale.

Both currents are obedient to the law of Ohin, with this qualification,
that the faradic current must be regarded as having passed through a
great resistance.

Faradic and galvanic electricity are therefore the same force—elec-
tricity, only each variety is modified by the nature of the substance
through which it circulates, as well as the manner of its production.

Light is light, whether its waves are shorter or longer, and in spite of
interference and polarization, and whatever may be the color that it ex-
cites in the retina ; sound is sound, whether its undulations move slowly
or rapidly. So electricity is electricity, however generated or however
modified by the medium through which it moves; and all forms of it,
magnetism, as well as franklinism, galvanism, and the many varieties of
faradism, are merely different expressions of the one great force—elec
tricity,
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In their physiological effects the two currents approach each other
even more closely. It is true that the phenomena of electrotonos have
only been demonstrated under the galvanic current ; but it is not proved
that similar phenomena, to a less degree, may not be caused by the faradic
current, and every-day experience in electro-therapeutics shows that with
the faradic current, as with the galvanic, the positive pole is the more
calming, and the negative the more irritating. Both currents act on the
skin so as to modify the circulation, the galvanic having a greater chemi-
cal effect and causing a feeling of burning, while the faradic causes a feel-
ing of stinging and pricking. Both currents applied to the brain and
spinal cord excite contractions of peripheral muscles. Applied to the
sympathetic both currents, according to the degree of irritation, cause
contraction or dilatation of the cerebral vessels; the faradic producing
the same effect as the galvanic, only more slowly. Applied to the pneu-
mogastric, whether cut or injured, both currents produce about the same
effects on the heart. Even in their action on the nerves of special sense
the currents approach each other far more closely than has been
supposed.

In temperaments of a high order of susceptibility the faradic current
may so excite the retina as to cause flashes before the eyes, and may
produce a metallic taste in the mouth, and even the auditory nerve re-
sponds to the faradic current, though less distinctly than to the gal-
vanic current, and without the peculiar differential action of the
poles.

Applied to motor and sensory nerve branches, both currents and both
poles cause sensations of pricking, tingling and numbness, and contrac-
tions of the muscles which the nerve supplies. Applied to voluntary
muscles both currents cause contractions, the faradic more readily than
the galvanic; applied to involuntary muscles both currents cause slow
contraction at both poles and in the intermediate region. The electro-
Iytic action of the faradic current on the blood or on the tissues of the
body is but feeble as compared with that of the galvanic current; but
yet it exists, and from the inner, or primary coll, is easy of demonstration ;
and yet it must be confessed that in their chemical action the currents
diverge more widely than in any other physiological effect.

Over nutrition both currents and both poles have a powerful influence,
the faradic acting more prominently through the muscular, the galvanic
through the nervous system.

From the accumulating results of experiments and experience in
electro-diagnosis and therapeutics, we think that there is strong reason
for regarding the essential distinction in the effects of these currents on
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the body as mainly of degree,—practically amounting, it is true, to a
difference in kind,—and that this is the scientific basis for their differen.
tial employment.

In the form of localized electrization both can produce muscular
contractions in paralyzed muscles, and relieve local neuralgias ; both
cause absorption of abnormal setretions; and both can directly affect
the brain, spinal cord, sympathetic, and all the internal organs, pro-
ducing, in different degrees, the various therapeutic results that directly
and indirectly flow from electrical excitation of these parts. In the
form of general electrization both currents, besides producing most of
the other results of localized electrization, act as powerfully stimulating
tonics, and thus form most efficient aids in the relief and cure of nerv-
ous exhaustion, nervous dyspepsia, constitutional neuralgia, and of a
wide range of nervous diseases associated with or dependent on general
debility.

In electro-surgery both currents avail to discuss tumors, heal ulcers,
and hasten absorption, although for these purposes the galvanic is
incomparably the more effective.

And yet the difference in degree between the effects of the two cur-
rents is so marked and so clearly demonstrable, as to be practically
equivalent in certain instances to a difference in kind, and to give very
important and remarkable advantages to one current or the other, ac-
cording to the indications required.

The advantages of the galvanic over the faradic are :—

1. A greater power of overcoming resistance. It therefore affects the
brain, spinal cord, and sympathetic more powerfully than the faradic,
since the anatomical position of these parts is such that considerable
resistance myst be overcome in order to directly affect them. For the
same reason it is usually to be preferred when it is desired to affect the
middle and internal ear, the retina, and the muscles of the eye.

2. A power of producing muscular contractions in cases where the
faradic fails. This peculiarity of the galvanic current has now been
observed so frequently, and in such striking instances, that it has be-
come an accepted fact of electro-therapeutical science. Illustrative
examples will be given in the section on paralysis.  After a certain
amount of treatment by the galvanic current the paralyzed muscles
frequently resume their susceptibility to the faradic.

3. A far more potent clectrotonic, electrolytic, and thermic action.
The chemical power of the galvanic current is most markedly seen
when used for the purposes of galvano-cautery or electrolysis. The
superior efficacy of the galvanic current to the faradic, so often
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observed in the treatment of neuralgia, of atrophied muscles, rheumar
tism, is probably due to its greater *catalytic” action. It probably
induces more rapid and more important molecular and other changes in
the tissues. This superiority of the galvanic current is supposed to be
due to its more continuous duration ; it moves constantly in one direc-
tion, and thus produces more powerful electrolytic effects than the fa-
radic current with its rapid interruptions can possibly produce.

The advantages of the faradic over the galvanic current are these :—

1. By virtue of its frequent interruptions it more easily produces
muscular contractions when passed over the muscles or the nerves that
supply them. In order to produce full muscular contractions with a gal-
vanic current of moderate strength it is necessary to interrupt the cur
rent, and, unless it is quite powerful, to localize at least one of the
electrodes over the motor nerve by which the muscle is supplied—that
is, over the so-called “motor points.” On the contrary, the faradic
current is in a condition of rapid interruption and produces contractions
when indifferently passed over the surface of the muscle, as well as when
localized on the main motor nerve that supplies it.

This advantage of the faradic current is best appreciated in general
faradization, the powerful tonic effects of which, as will be seen, are
partly and quite largely due to the passive exercise and consequent
oxidation and other important changes of tissue that result from the
several thousand muscular contractions that take place during an ordi-
nary sitting. In localized electrization this advantage is not so clearly
and strongly marked, since, in this method, by a proper knowledge of
electro-therapeutical anatomy and sufficient care, it is possible to direct
one of the electrodes on the “motor points;” and yet even here the
faradic current is much more convenient, because its employment re-
quires no arrangement for interruption, and less minuteness of attention
to the situation of the motor nerves. The exceptional cases of paraly-
sis, where the muscles have lost their susceptibility to the faradic cur-
rent, do not interfere with the general rule.

2. It produces grealer mechanical ¢ffects. These mechanical effects
of the faradic current are due to its rapid interruptions, which cause
contractions not only of the muscles, but also of the contractile fibre-
cells, thus stimulating the circulation, and with it the processes of
waste and repair. In this respect its action is similar to that of rub-
bing, pounding, movements and vibrations. These mechanical effects
are especially indicated in the treatment of diseases of the abdominal
viscera, which are supplied with contractile fibrecells ; anzsthesia, and
general muscular debility.
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3. It is less likely to produce unpleasant or harmful cffects, when
incautiously used, than the galvanic.

To confirm this statement we rest mainly on the evident results
of clinical observation. We may indeed refer to a number of cases of
severe constitutional neuralgia and excessive nervous exhaustion where
the faradic current invariably relieved, and where the galvanic current
as invariably aggravated, the symptoms. For this reason it is better to
begin the practice of electro-therapeutics with the faradic current, and
for those families who desire a scientific plaything, the faradic machine
is safer than the galvanic apparatus.

In all applications to the head, neck, and spine especially, applica-
tions of the galvanic current can rarely be protracted without injury,
while in many cases the spine and neck may be faradized through very
prolonged sittings, with positive benefit to the patient. To the head,
also, a faradic current of a proper quality may be applied much longer
than a galvanic current, before unpleasant dizziness or headache is
excited. The belief, pretty generally entertained in Europe, that the
faradic current cannot be applied to the head without injury, is to be
accounted for by the fact that most of the electric machines there em-
ployed are separate-coil machines, and do not furnish a current of suffi-
cient smoothness for faradization of the head. Most of those who at-
tempt this method of treatment use too small electrodes, and thus give
the current greater density than the brain can bear. Galvanization of the
eye or ear, or of the cervical sympathetic, must always be shorter than fara-
dization of the same parts. These considerations, however, need not inter-
fere with the use of the galvanic current to these parts, in all cases where
it offers a positive advantage over the faradic. There is no real danger
in using either current on any patient, provided it be used properly.

A consideration of some practical importance with general practi-
tioners is, that the faradic apparatus is more convenient, more portable,
than even the compactest galvanic apparatus that has yet been devised.
It is impossible, however, for any practitioner to realize anything like
the full benefit of electrization without apparatus for the galvanic as
well as the faradic current.

The general differential indications for the use of the two currents
may be thus summed up. The galvanic should be used—

1. 70 act witk SPECIAL ELECTROTONIC AND ELECTROLYTIC POWER 971
the brain, spinal cord, sympathetic, or any part of the central or periph
eral nervous system.

2. 7o groduce contractions in paralyzed muscles that fail to respona
10 the faradic.
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3. In electro-surgery, to produce electrolysis or cauterigation.

The faradic should be used—

1. T act MILDLY on the brain, spinal cord, sympathetic, or any part
of the central or peripheral nervous system.

2. To excite muscular contractions wherever the muscles are not so
much diseased as to be unable to respond to it.

3. Z0 produce strong mechanical ¢ffects.

Both are essential in electro-diagnosis—the faradic especially for the
muscles, and the galvanic especially for the nervous system ; and both
are adapted for general as well as localized electrization, although in
general electrization the faradic current is chiefly used. It logically
follows from what has been said that very many—perhaps the majority
—of diseases are best treated not by one current exclusively, but by
both cuirents, either in alternation or succession. Special indications
will be given under the special diseases.

The two currents compared to bromide of potassium and hydrate of
chloral. i

We are accustomed to compare in a rough way the differential action
of the currents with the differential action of bromide of potassium and
hydrate of chloral, the faradic current being the bromide of potassium,
and the galvanic the hydrate of chloral.

Bromide of potassium is a safer remedy than hydrate of chloral,
but there are very many cases where it is powerless, and the hydrate of
chloral acts as a specific; so the faradic current is safer than the gal-
vanic, and therefore better adapted for general use, and, for those who
use but one current, fulfils a larger requirement ; and yet there are
many cases where it fails and the more powerful galvanic is demanded.
Except for the cases where the galvanic current is clearly indicated, it
is well to begin with the faradic current, just as we use bromide of
potassium before resorting to hydrate of chloral.

A combination of bromide of potassium and hydrate of chloral is
frequently more effective in producing sleep and relieving pain than
either remedy when used alone: similarly the combined or alternate
use of the faradic or galvanic currents will sometimes accomplish much
more than either current used exclusively.

GALVANO-FARADIZATION.

In order to secure the advantages of both currents, and at the same
time to avoid the trouble and inconvenience of employing them in suc-
cession, or alternately, as is so frequently necessary, we have devised a
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method of using them simultaneously. To this method we have given a
name which sufficiently expresses its character—galvano-faradization.
It may be either general or localized.

The method of general galvane-faradization requires a double
electrode, with one part for the galvanic and the other for the faradic
current. The copper plate may be connected at one part with the
pole of the faradic, and at another with that of the galvanic apparatus;
thus the circuit is completed for both currents.

In localized galvano-faradization it is necessary to have in use two
double electrodes; for this purpose the double excitors of Duchenne
answer very well. By a proper construction and adjustment of the
electrodes it is possible to localize the two currents very near to each
other, Whether any special therapeutical advantage arises from the
simultaneous use of the two currents, we are unable to state.

We allow the above description of galvano-faradization to stand just
as it appeared in the first edition.

Since we have used central galvanization—a method to be subse-
quen‘ly described—we have dispensed almost entirely with general
galvano-faradization.



CHAPTER V.

THE PRINCIPLES OF ELECTRO-DIAGNOSIS (ELECTRO-PATHOLOGY).

In this chapter we shall speak only of the principles on which
electricity is used as a means of diagnosis in medicine. The details
and special applications of these principles will appear under the vari-
ous diseases.

A history of the use of electricity as a means of diagnosis would very
likely be the history of electro-therapeutics itself. As soon as men
began to use the voltaic pile in the treatment of paralysis and kindred
diseases, about the middle of the last century, just so soon, probably,
they began to test the power of the electric current to diagnosticate
disease. We logically infer that electrization was used as a means of
diagnosis much earlier than the published treatises on the subject would
show, from the fact that it has been so used—in a blind and empirical
way, it is true—in this country, for thirty or forty years. Mankind,
always and everywhere, are superstitious, credulous, ready to receive
whatever approaches them with an air of mystery, much more so in the
last century than in the present ; and it is certainly not unfair to sup-
pose that the earlier experimenters in this department consulted, to a
greater or less extent, the diagnostic or prophetic power of the subtle
agent—electricity. Their experiments, we may suppose, were unscien-
tific and unsatisfactory. They were probably neither based on any
well-defined principles, nor conducted by any intelligible system. Ac-
cordingly, they secured very few tangible, or at least communicable, re-
sults, and if scientific men had not espoused the cause of electro-thera-
peutics, the phrase electricity as a means of diagnosis, would never have
been known. Nearly all that has been accomplished in a scientific
way, in this department, is comparatively recent ; though Marshall Hall
earnestly called the professional attention to the fact that Electricity
might assist us in differentially diagnosticating paralysis as far back as
1839.* Since that time the subject has been studied by nearly all the
prom'nent workers in the department of electro-therapeutics.

* Mcdico-Chirurgical Transactions, 1839.
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In order to be expert in electro-diagnosis, it is necessary to be
thoroughly familiar with the normal reaction of the different parts and
organs of the body to faradic and galvanic electricity. The founda-
tion principles, on which Electricity can be made a means of diagnosis
of disease, are simply these four :—

First. The fact that all the parts and organs of the body are more or
less sensitive 8o the electric current, and that this sensitiveness is modified
by disease. This electro-sensibility may be either increased or dimin-
ished.

If an electric current be passed through a boil, or irritable ulcer, or
the skin, like any other irritant, it excites more pain than when it is
applied over the healthy skin; and this pain which it causes usually
bears quite a direct proportion to the nature and condition of the
morbid process. This is so familiar and so apparent an example of in-
crease of electro-sensibility, that to state it is to demonstrate it. The
electric currents, during the various processes of electrization, penetrate
beneath the skin, and, as it has been experimentally and practically
demonstrated, traverse, to a greater or less extent, the principal vital
organs. It is evident, therefore, that those organs which are abnor-
mally sensitive, through disease of any kind, must feel the current much
more appreciably than when in a condition of health.

But the mechanical effects of the electric currents work both ways,
and organs which are indurated or changed into an anasthetic condi-
tion by disease are less sensitive than is normal to the electric current,
just as they are less sensitive to any other mechanical cause acting upon
them.

Accordingly, we find that when even powerful electric currents are
passed through an indurated joint, or an atrophied liver, or any part the
sensory nerves of which are paralyzed, they may produce little sensa-
tion.

Before making examinations to determine the sensitiveness of the
different parts of the surface of the body, it is necessary to know their
relative normal sensitiveness, as indicated and described in the chapter
on Electro-Therapeutical Anatomy.

No absolute Standard of Electro-sensibility.—We have no absolute
or mathematical standard of electro-sensibility by which to compare
the deviations that appear in disease. We can only compare the
sensitiveness of parts with the average sensitiveness of the same parts
in health. When half the body is diseased, as in hemiplegia, it may
readily be compared with the electro-sensibility of the healthy side.
In all these examinations into sensibility we are dependent on the
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statements of the patient, and the results will be influenced by his in.
telligence and honesty.

It need hardly be said that the diagnosis obtained by observing this
increased or diminished sensitiveness, of any part or organ, must, of ne-
cessity, be a very general one. It simply informs us of, and directs our
attention to, the fact that such a part or organ is in some way diseased.
The special nature of this disease must be determined by the ordinary
means of differential diagnosis at our comimnand.

This sensitiveness to the electric current is particularly marked over
. the prominent nerve-tracts, and in those regions endowed with great
tactile sensibility. If even a mild current be applied at those points on
the upper or lower limbs where the prominent nerves are superficial, a
feeling of tingling or numbness is felt through the branches of the
affected nerve; and if the current is very much increased in strength,
a decidedly ansthetic effect is experienced. In paralysis of sensa-
tion, or anwsthesia, this feeling of tingling, thrill, and numbness is
very much diminished under the influence of the electric current, or is
entirely absent. It is on this principle that electricity becomes a most
valuable means of diagnosis in the various stages of anasthesia. A
condition of an®sthesia or analgesia (loss of sense of pain) can readily
be detected by the brass ball employed in general faradization, or by
the metallic brush, or by any other form of electrode. To detect
analgesia the electrode should be moistened so that the current may
penetrate the epidermis.

General faradization is found to be of practical utility in aiding us to
determine the locality of certain diseases, if not their precise nature.
In dyspepsia, electrization often reveals great sensitiveness in the
epigastric region, and on the left side over the spleen. In severe
dyspepsia, accompanied by emaciation, a current is sometimes pain-
fully transmitted from the middle of the back to the neighborhood of
the epigastrium. A peculiar sinking sensation is sometimes felt at the
pit of the stomach when a strong current is applied over the seventh
cervical vertebra, or over the brachial plexus. All these symptoms,
taken together, undoubtedly suggest an aggravated case of dyspepsia,
and usually of the nervous variety. Congested or irritable states of the
liver are revealed by an abnormal and peculiar sensitiveness when the
current is applied over the right hypochondriac region. Care must be
taken, however, not to confound the normal sensitiveness of the superficial
nerves over the ribs, with an abnormal condition of the liver. There
are certain diseases of this organ in which it is less sensitive than usual
to electrization, arJ sometimes it appears to be decidedly anasthetic.
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A lady patient of ours who had suffered for years from hepatic disor-
der was very sensitive to the current excepting over the right hypcchon-
driac region, where she could bear the whole power of the apparatus
without any discomfort, except that which was necessarily caused by
the natural tenderness of the skin. The precise condition of the liver
at that time we were not able to ascertain. The evidence, however,
was sufficient to confirm our previous suspicions in regard to the exis-
tence of some affection of that organ. It may be said in general,
that those diseases which cause the liver to be sensitive to external
pressure, also cause it to be sensitive to electrization. The same
general principle will apply to the stomach, the spleen, the intestines,
and the ovaries. Our experience in the electrical treatment of diseases
of the lungs has not been large, but it has been sufficient to make it
quite probable that certain sensitive conditions of tuberculous deposit
may be suggested by abnormal sensitiveness to the faradic current over
the apex of the chest.

Electro-diagnosis of the sensory nerves requires us to examine the
condition not only of the various portions of the skin, but also of the
nerve-branches, and the plexuses.

If in cutaneous anzesthesia we find normal sensitiveness on the nerve-
branches, we judge that the disease is confined to the nerve ramifica-
tions only.

If in complete anasthesia of an extremity the nerve plexus exhibits a
normal reaction, we also judge that the disease is not central but peri-
pheral, including the nerve-branches.

For the purpose of testing the condition of sensation the faradic cur-
rent is usually 1o be preferred, for the reason that its mechanical effects
are greater than those of the galvanic.

The electro-sensibility may be normal or nearly so when ordinary
sensibility is much diminished. In some cases of posterior spinal scle-
rosis, for example, a moderate electric current may be fully perceptible
while a pin may be thrust into the flesh without causing any pain.

The Head.—In health the head is very sensitive both to galvaniza-
tion and faradization, in all parts except the posterior. This electro-
sensitiveness of the frontal and parietal regions of the head is due to
the superficial nerves, and not to the brain itself. In pathological cases
this sensitiveness may be either increased or diminished.

Spine.—In health the spine is but little sensitive to the current. In
pathological cases it may exhibit a sensitiveness to the electric current
that is not revealed by pressure or by any other method of irritation.
This cond:tion is found in neuralgia, spinal irritation, hysteria, etc. It
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is interesting, also, to know that electric examination sometimes indi
cates abnormities in the sensitiveness of certain parts of the body that
exhibit no functional derangement.*

Sympathetic and Pneumogastric.—The ganglia of the cervical sympa-
thetic and the pneumogastric may be examined electrically by the inner
border of the sterno-cleido-mastoid muscle. Sometimes there is abnor-
mal sensitiveness all along the border of the sterno-cleido-mastoid
muscle in the track of the pneumogastric. This sensitiveness is found
in a large number of pathological conditions, locomotor ataxia, muscular
atrophy, various cerebral affections, etc. We have observed it also in
spinal irritation, and during paroxysms of sick headache. This abnor-
mal sensitiveness may be frequently demonstrated by mechanical pres-
sure. We are disposed to regard this sensitiveness as due to the pneumo-
gastric more than to the sympathetic.

Electro-musculayr Sensibility.—Electro-muscular sensibility includes a
fecling of pain and a feeling of contraction. The latter may exist with-
out the former.

Success in investigating electro-muscular sensibility depends on the
condition and intelligence of the patient.

In conditions of cutaneous hyperasthesia it is exceedingly difficult,
even for the most intelligent patient, to distinguish between the sensi
tiveness of the skin and that of the muscle.

In paralysis electro-muscular sensibility is frequently