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PREFACE. 

Tuts little book is intended as a companion to the Medical battery. © 
My only ambition in presenting it to medical students and practi- 
tioners is that it may justify its title, and be found a practical guide 
to electro-therapeutics, and a suitable introduction to the study of 
the larger treatises. 
Though containing no new facts, nor original theories, a few 

words of explanation with regard to some points may not be un- 
necessary. 

In the first chapter I endeavour to give a sketch of the main 
physical facts which have a direct bearing upon the application of 
electricity to the human body. Franklinism (static or frictional 
electricity) is not even mentioned, its use being now abandoned in 
electro-therapeutics. Galvanism and faradism, on the other hand, 

are treated of in a manner which may appear somewhat novel to 
the reader. ‘‘In England” says Professor Jenkin, ‘‘at the present 
time, it may almost be said that there are two sciences of electricity 
—one that is taught in ordinary text-books, and the other a sort of 
floating science known more or less perfectly to practical electri- 
cians .... Thescience of the schools is so dissimilar from that of the 

practical electrician, that a student might have mastered De la 
Rive’s treatise, and yet feel as if listening to an unknown tongue 
in the company of practical men. It is also not a little curious that 
the science known to the practical men was, so to speak, far more 
scientific than the science of the text-books. These latter contain an 
apparently incoherent series of facts, and it is only by some consider- 
able mental labour that after reading the long roll of disjointed 
experiments, the student can even approximately understand any one 
experiment inits entirety .... The difference between the electricity 
of schools and of the testing office has been mainly brought about 
by the absolute necessity of practice for definite measurement. 
The lecturer is content to say, under such and such circumstances, 
a current flows, or a resistance is increased. The practical elec- 
trician must know how much current, and how much resistance, or 
he knows nothing; the difference is analogous to that between 

- qualitative and quantitative analysis. This measurement of elec- 
trical magnitudes absolutely requires the use of the word and idea 
potential, and of various units each with an appropriate name, in 
terms of which each electrical magnitude can be expressed.” I 
have quoted these words because they explain better than I could 
have done it, what is, or at least what ought to be, the position of 
electro-physiology, and of electro-therapeutics, with regard to the 
electricity of the schools. 

‘ The first chapter then, is intended to convey some idea of that 
“‘ practical science,’’ and point out some of its applications to elec- 
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tro-therapeutics, the rational practice of which is impossible without 

some knowledge of the physical conditions under which we act. 

The physiological and other effects of the current are also briefly 

sketched, and some diagrams introduced, which I hope will be 

found useful. | | 

In the second chapter, the reader will find a pretty full descrip- 

tion of the various apparatus, batteries and accessories, with some 

practical remarks upon their relative merits and their management. 

The illustrations have been supplied to me by the various makers 

whose names they bear. I wish to tender them my best thanks for 

the readiness with which they have assisted me in rendering this 

part of my work more attractive and useful. Special mention must. 

be made here also of Dr. Tibbit’s kindness in lending me the blocks 

illustrating his apparatus. Some of the latest improvements will be 

found figured and described in the Appendix.** 

In the third chapter the reader will find some practical remarks 

on the method of electro-diagnosis, and a succinct account of the. 

results and views which have found an able exponent in Prof. Erb, 

of Heidelberg. To his courtesy I owe the permission of reproduc- 

ing the valuable diagrams which have appeared in the volumes 

(xi and xii) he has contributed to Ziemssen’s Cyclopedia. In the 

paragraph on reaction of degeneration, I have followed as closely 

as possible Prof. Erb’s own description. 

The chapter on electrisation is intended to give a general idea of 

the art of electro-therapeutics, with special directions as to the 

details of the various methods used. . : 

The fifth and last chapter consists of a series of short paragraphs 

on the application of electricity to the various diseases in which it 

has proved a valuable agent of cure. ‘This part of the book is due 

to the pen of Dr. Onimus, who herein summarises the results 

of his extensive clinical experience, based upon his well known 

physiological researches, which will be found partly collected in his 

“Traité d’Electricité Médicale.” I have introduced but insignifi- 

cant changes in the translation, with the exception of the attempt 

I have made at an electrical posology, the sole responsibility of 

which must therefore rest upon me. Durer 

Some figures referred to in the course of chapter V. are appended 

to it, illustrating the most important © motor points” of the body. 

13 OLD CAVENDISH STREET, W. 

June, 1878. 

* Those who believe that ‘ Electricity is life” will perhaps miss the customary 

descriptions of the galvanic chains and bands. My reasons for omitting them are 

stated at page 105. Pulvermacher’s wares are, by the way, likely to be entirely 

cast into the shade by the latest efforts of an ingenious Frenchman, to whose 

inventiveness we owe the production of “‘an electro-magnetic shirt provided with a 

galvanic chain at the upper part, a mouth-piece to be inserted in the mouth, 

Another to be fixed in the anus; and if the dress only extends to the thighs a 

chain may be employed for the legs with a ring at the end to be secured to the big 

toe’’!! 

CONTENTS. 

CHAPTER I. 

THe CuRRENT., 

_ GALVANISM. Difference of potential. The galvanic element . 

Electromotive force . 

Specific resistance. Ohm’slaw. Internal and external resistance 

Current-strength - . ‘ 
Electrical units: the ohm, volt and veber ; 

FARADIsM. Phenomena of induction in straight and coiled wires 
Structure and action of induction apparatus 

THE GRAPHICAL METHOD . P F 

MEASUREMENT OF ELECTRO-MoTIVE FORCE 

MEASUREMENT OF RESISTANCE 
Rheostats ga Ataris aie Oy ah : ; 

MEASUREMENT OF CURRENT. STRENGTH. Voltameter 

Galvanometers ; : : ; 

Graduation and uses of medical galvanometer 

ARRANGEMENT OF ELEMENTS ‘ 

CONSTANCY OF ELEMENTS. Polarisation. 

High tension currents 

DERIVED CURRENTS . 

DENSITY OF CURRENT 

DIFFUSION OF CURRENTS . 

Distribution of potential . 

Tue Human Bopy As A CONDUCTOR ; 

MECHANICAL EFFECTS OF CURRENT. Osmosis 

PuysicaL EFFECTS : ; 
CHEMICAL Errects. Electrolysis 

PHYSIOLOGICAL Errects; A. of current : ; ; 

B. of changes of current.—Stimulation of nerve and muscle 

Difference between direct and indirect muscular stimulation . 

PuysicAL DIFFERENCES BETWEEN GALVANISM AND FARADISM 

EFFECTS OF POLES AND OF DIRECTION 

CHAPTER II, 

APPARATUS. 

GENERAL OBSERVATIONS ON MEDICAL BATTERIES . 

Requisites of a good battery 

’ The battery at fault. 

Large versus small elements . 

40 
4I 
42 
42 



vill CONTENTS. 

Tur BUNSEN AND GROVE CELLS . ; 

Tur SULPHATE OF COPPER CELG 

Tum CHLORIDE OF SILVER CELL . ; 

Tre PEROXIDE OF MANGANESE CELL. é ‘ 

Coxeter’s improved battery. ; ; ; 

THE PEROXIDE OF IRON CELL. : 

THE SULPHATE OF LEAD CELL : ; ; 

THE SULPHATE OF MEeRcuRY CELL ‘ " é 

SINGLE FLUID CELLS PIS > ; P . 

CoMBINED BATTERIES ; - : , ‘ 

GALVANO-FARADIC APPARATUS . . - 

Amalgamation . ; : : ; é 

Trouvé’s interruptor apparatus ; : : 

MAGNETO-FARADIC APPARATUS . : 

Accessories. Current-graduation . : 

| Plug, or pin and hole collector 

Sledge collector : : 

Dial collector . : 

Rheophores’ .- , ‘ : : j 

Connections . . . ; ; , 

Electrodes r ; ‘ ‘ ‘ , ; 

Interruptors . : ‘ 

Current reverser or commutator 5 

Current alternator . . , ; : : 

CHAPTER IIL. 

Exectro-DIaAGnosis. 

Tur NorMAL PoLAR REACTIONS . : ; 

REACTIONS IN DISEASE ; REACTION OF DEGENERATION 

Tue PRACTICE OF ELECTRO-DIAGNOSIS . ‘ ‘ 

CHAPTER IV. 

ELECTRISATION. 

GENERAL REMARKS Sere, 

GALVANISATION . x 

FARADISATION .- : 

GENERAL ELECTRISATION . 

Tue POSITIVE CHARGE . 

CHAPTER V. 

TREATMENT. 

Sensory Neuroses. Neuralgia . + «+ + 

Facial neuralgia , ; ; : Hts 

Tic Douloureux ; : , ; P , 

94 
95 

IOL 

103 

» %I05 

108 

» LOG 

LLE 

» IZ 

II3 

II4 

eee ee 

a Se he 

See Sw oy 

CONTENTS. 

Occipito-cervical neuralgia . . : ; 

~ Cervico-brachial neuralgia . ? ‘ : 

; Intercostal neuralgia ‘ : 

Lumbo-abdominal neuralgia . ‘ ; ‘ ; 

Sciatic neuralgia. ‘ , 

Uterine neuralgia . , : , 

_Vesico-urethral neuralgia ; 

Megrim . ; : : . 

Ancient Neuralgias . . 

Cutaneous Anesthesia . ; 

Facial anesthesia . , d . : 

Morory Nevuroses. Tic convulsif . ; 

S}asm of neck-muscles . : 
Cramps . ; : ; ‘ 

Writers cramp. : : ; 

-Contractures of the extremities 

Tetanus . : , : . . 

Chorea . ‘4 : > , 

Paralysis Agitans . , : ; ; i 

Epilepsy ° : : ‘ ‘ ‘ : 

Catalepsy : - : : : , ° : 

PERIPHERAL PARALYSES. Paralyses following compression or contusion 

Paralysis of motor nerves of the eye : ; é 

Paralysis of facial nerve . ° 

Paralysis ofmusculo-spiral . 

Paralysis of anterior tibial 

Various NeEurosEs. Hysteria ; 

Angina pectoris el 4 ‘ : . 

Exophthalmic goitre . : : ‘ . 

DISEASES OF THE NERVOUS CENTRES. Hemiplegia 
Spinal irritation ; : ane ; 

Myelitis . : ; : : . 

Locomotor ataxy . 

Infantile paralysis . 

Spinal paralysis of the adult 

Spinal meningitis . , . ‘ 

Progressive muscular atrophy . ; : , 

PARALYSES FOLLOWING ACUTE DISEASES OR INTOXICATIONS. 

Saturnine intoxication . : : : ‘ 

Abdominal myalgia . ; : ; : : . 

Sequelze of acute diseases ; é 

DISEASES OF MuscLes. Muscular fatigue ; 

Contractures . : ; . 
Rheumatism . ; : , : 

Simple muscular atrophy ; : 

Club-foot . ‘ ; 5 ‘ : 

DISEASES OF THE DIGESTIVE ORGANS. Gastralgia 

Dilatation of stomach . 

Nervous vomiting . . .. 
Enteralgia te ae : 

Intestinal obstruction ; 

° 



x CONTENTS. 

: Page 

DISEASES OF THE GENITO-URINARY Orcans. Paralysis of the bladder . i 

Incontinence of urine j 
| 2 

Spasms of the urethra and iyeades ‘ : a 

Spermatorrhoea 
ae 

Hypertrophy of the ee 
oe 

Amenorrhea. Dysmenorrhcea 
a 

Uterine flexions 
A 

Uterine atony in labour . ; 

DISEASES OF THE HEART AND PascineOR? ORGANS. aa 

Nervous palpitation . 
6 

Organic heart disease 
 e 

Asphyxia and syncope - : ; ° ; ; ? ; a: 

DISEASES OF THE Eye. Ptosis “ eee ; eenry 

Paralysis of the muscles. Diplopia. Paresis ot accom : i 

Mydriasis . ; < . Tener: : - 

ee of vitreous de Occlusion of pupil.. Synechize " : 

Atrophy of optic nerve 
ee 

APPENDIX 

= x. = - ie =a, G _ 

BIBLIOGRAPHICAL REFERENCES. 

For the modern theory of electrical phenomena the following text-books may be 

consulted : ; 

JENKIN, Electricity and Magnetism, 3rd edit. London, 1877. 
CuMMING, Theory of Electricity. London, 1876. 

DESCHANEL AND EVERETT, Electricity and Magnetism. London, 1873. 

KoHLRAUSCH, Physical Measurements. London, 1873. 

The excellent little book of Latimer Clarke on ‘ Electrical Measurements” is 

unfortunately out of print. . 

Much practical information will be derived from a perusal of 

SPRAGUE, Electricity, its theory, sources, and applications. London, 1875. 

The two following are especially interesting to the Electro-Therapeutist. 

ROSENTHAL, Electricitat fur Mediciner, 2nd edit. Berlin, 1869. 

ZecH, Die Physik in der Elektro-therapie. Tubingen, 1875. 

The most important works on Electro-therapeutics are: 

Autuaus, Manual of Medical Electricity, 3rd edit. London, 1873. 

BENEDIKT, Elektro-therapie, 2nd edit. Leipzig, 1873. 
BRENNER, Elektro-therapie, 2 vols. Leipzig, 1868-69. 

BEARD AND RocKweELL, Medical and Surgical Uses of Electricity, 2nd edit. 
London and New York, 1875. 

Cyon, Principes d’Electro-thérapie. Paris, 1873. 

DucHENNE, Electrisation Localisée, 3rd edit.. Paris, 1872. 

by Dr. Tibbits, London). 

Ers. No. 46 of Volkmann’s Klinische Vortrage. Leipzig, 1872. 

(1st part translated 

- HirreLsHeiM, Applications Medicales,.de la pile de Volta. Paris, 1861. 

Meyer, Die Electricitat in ihrer auwendung auf practische Medicin, 3rd edit. 

Berlin, 1868. (American Translation by Dr. Hammond, New York). 

ONIMUS AND LeGroS, Electricité Médicale. Paris, 1872. 

Poorg, Electricity in Medicine and Surgery. London, 1876. 

Remak, Galvano-therapie. Berlin 1858. 

-RosENTHAL, Elektro-therapie. Wien, 1873. 

Smiru, Lectures on Electricity. 

Tispits, Medical Electricity, 2nd edit. London, 1877. 
TRIPIER, Electro-therapie. Paris, 1861. ) 

» Applications de l’Electricité, etc. Paris, 1874. 

ZIEMSSEN, Elektricitat in der Medicin, rst part, 3rd edit. Berlin, 1870. 

Medico-Electrical apparatus will be found illustrated and described in the 
catalogues of most makers. See also: 

ALTHAuS, on Modern Medico-Electrical Instruments. Reprinted from the British 

Medical Fournal, 1872, and translated, with additions, by Dr. Darin, Paris, 

1876. 

GalFrFreE, Notice sur les Appareils Médico-Electrique. Paris, 1874. 



xi BIBLIOGRAPHICAL REFERENCES. 

atises of physiology, and the special 

Many of the handbooks of electro- 

Read also the 
For electro-physiology consult the usual tre 

works of Du Bois-Reymond, Matteucci, etc. 

therapeutics give some account of the physiological principles. 

‘pamphlet : 

Ontmus, Des erreurs qui ont pu @tre commise dans les expéri 

par l’emploi de Pélectricité, pp. 50. Paris, 1877- 

nervous system, 

ence physiologiques, 

In many treatises on the diseases of the 

ade to the application of Electricity. See among 

Anstis, Neuralgia and its Counterfeits. London, 1871. 

Erp, Diseases of the Spinal Cord and of the Cerebro-Spinal Nerves. 

xij. of Ziemssen’s Cyclopedia. Leipzig, 1876-77- 

Weir MITCHELL, Injuries to the Nerves. New York and London, 1872. 

reference is m 
others : 

more or less ample 

Vols. xi. and 
; 

A PRACTICAL INTRODUCTION 
TO 

fee DICAL ELECTRICHTY. 

Ae TER I 

dePeBeA SG CRA E NT. 

GALVANISM. 

Exectricity, like the other forces of nat 
motion. Many of its phenomena can as S a form of molecular 

ens of id n motion of svaret Hovings and order t 
as x, - y its manifestations, we may trace some sitet 
on. i ream of water and a current of electricity Sek 

or Pl ciistent ; cepa ote ES eae: oh ee galvanic cell 

« sparks,” as es Seneh se series of small currents or 

Booed a hig a case of the frictional machine, or at th 

Be which i i nee be firmly remembered that ene sdetieel 

eee cer Pa the e one 3 overn also the others. Anant 

Beccht abe al hel iy instance, we shall confine our 

constant current. phenomena presented by the so-called 

; The fundamental condition of the existen 

:  haaes ie level between two points. oa ve ee ie 7 

on 3 veomh make Mier Gan o have a oe 

ae eS oe we must create a difference 4 ee ae 
Siienita! erence of electrical level is called differenc f 

A galvanic el . Sai 
ea which two fae ae essentially of a vessel containing a 

Bayer. are ee ccd a a of dissimilar metals, say zinc and 

fixed a copper ae Tf po om pe hie: plate or electrode, is 

into c ; are successive 
—, an instrument called a quadrant penne os 
gig ence o measure differences of potential, we find th t 
—... ae between the two wires. Next, if we atta a 
Me as, en. of a sensitive galvanometer, a degen 

lees cuven tows tivcegh the aire deflec 
‘ ; Ws roum 

eo ee ae be this deflection is not sane 

Bei tess the onsiderable time. Hence, we conelade that Ae 
power not only of producing difference of caibeateat 

B 5 
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between two insulated points, but also of keeping up this difference - 

when these points are connected through a conductor. 

As in hydrostatics we take the level of the sea as standard level for 

our measurements, so in electrics we take the potential of the earth 

as standard with which we may compare the potential of any point, 

of body. In fact we assume the earth to be in a state. of electrical 

rest, as we do the sea to be at a uniform level. And as the one 

is a practically unlimited reservoir of water, so the other is of 

electricity ; small additions or subtractions of fluid having no per- 

ceptible effect in altering the level in either case. The potential, of 

a body may therefore be defined as ‘the excess or defect: of its 

potential above or below that of the earth”. In illustration of this 

conception we may adduce the thermometrical measurements of 

temperature. Our Zero point having been fixed, as that of the. 

freezing point of water, we measure the temperature of bodies by 

refering them to the standard so chosen. As then we have levels 

above and below that of the sea, and temperatures above and below 

freezing point of water, so we have potentials above and below the 

earth’s potential; the former are called positive. potentials, the 

latter negative potentials. When, therefore, we say that a point 

is at a positive potential, we imply that if connected with the 

earth, electricity will flow from it to the earth, and, conversély, 

that if a point is at a negative potential, electricity will, under the 

same circumstances, flow from the earth to the point. 

It will be observed that, so far, the expression of the potential, 

positive, or negative, of a body coincides with the statement that 

itis charged with “positive” or “ negative” electricity. But it 

frequently happens that we have to compare the potentials of two 

points irrespective of their relation to the earth’s potential ; and 

we then speak of them as being positive and negative respectively, 

though both may be, absolutely speaking, positive, or both negative. 

But this does not constitute an exception to the general law that the 

flow of electricity always takes place from the higher to the lower 

potential ; from the more positive to the less positive, if both are 

above, from the less negative to the more negative, if both are 

below the earth’s potential. Exactly the same thing occurs in the 

case of temperatures; heat flows from the warmer to the colder 

point, whether both be above, or both below zero. Between two 

cisterns at different levels, either above or below that of the sea, © 

the stream invariably follows the same direction. If, by means of 

an appropriate instrument, we test the terminals of a galvanic 

element, we find that the wire connected with the copper is electri- 

fied positively, and the wire connected with the zinc, negatively: 

hence, the names of positive and negative poles of the cell; and 

the direction of the current which flows in a conductor, uniting the 

two poles, is accordingly found to be from copper to zinc. 

When the two wires are placed in mutual contact, or in contact 

with a conductor, we say that ‘‘the circuit is closed,’ implying by 

this expression that the current of electricity does not simply flow 

from positive to negative pole in the wires, etc. external to the 

cell, but that within the cell itself there is a current completing the 

GALVANISM. | 3 

circular course. » The direction of this internal current must. th 
be opposed to that of the external; that is, must be flee 
the negative to the positive pole. Hence, we see that the ide: 
which carries the negative pole, is positive to the copper whith 
carries the positive; the rule being that the metal the meee adil 
attacked by the liquid in the cell is positive to the less ntlackiedl 
To return: A galvanic cell (and we may add a friction 

machine, an induction coil, a thermo-electric couple) is an arran 
ment for producing a difference of potentials between two ore 
This difference is exhibited at the poles, the one exhibiting a pee in 
degree of positive, the other an equal degree of feguiver afonkial 
This property of creating difference of potential depends ie on ‘an 
unknown cause at work within the cell to which the on ‘of 
electro-motive force has been given. We may, roughly ae : 
the cell to a steam engine. As we speak of the locomotive ae 
of the one as a fixed quantity, as long as its supply of fuel a 
water remains constant, so we may of the electro-motive force of th 
other. The electro-motive force of the cell depends upon the 
metals and liquids brought into contact, and remains suaeaen 3 
long as these are unaltered. But here the analogy ends; and “tt 
is a point of paramount importance to thoroughly gras the id 
that the electro-motive force of ‘a cell depends upon neti: of 
its constituents, and upon their nature only. ‘The size of the : mn 
that is, the quantity of the metals and liquids used in its manufact oe 
leaves its electro-motive force absolutely unaltered. When ae te 
medical batteries, a number of cells are united in series, the differ ae 
of potentials at their two terminal poles will be equal to the stint off 
the electro-motive forces in the cells. For all practical pur : 
* on take Sella he force and difference of patenital 

nonymous; the la Ea a areata may be considered as the external 

To sum up and illustrate this point by means of a hydrostatical 
example: The two poles of a battery are comparable to t 
cisterns placed at different levels: Connect these by means of a 
pipe, and a flow will take place from the higher into the foe 
cistern. ‘The electro-motive force of the battery corresponds to the 
saa a Alea water from the higher into the ieee 

rn, due to the difference of level. This leads us t 
lp Saletan The flow of water is the stronger, first, ihe eae 
rie x Sis ‘he between the two cisterns; second, the larger 
- | eee “a O aa pipe.* Suppose now the two poles of a 
ae ae Be means of a copper wire, exactly the 
ae cM apply: the strength of the current, that is the 
ae y electricity flowing in a given time, is proportional to the 
as force in the cell,+ and to the diameter of the wire. 

Cae ea ese oh being of copper, the wire used 
| : n at the current is 

though the diameter of the wires be exactly ihe deme. nOnder gt 

i peas the effects of friction. 
t Assuming of course the internal resistance to be negligible. 

B 2 
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their leaving the terms electro-motive force, etc., in the state of 

mere abstractions, without embodiment into actual magnitudes.— 

The unit of electro-motive force is the vol¢: we speak of a 

battery of so many volts as we would of an engine of so 

many horse power. In both cases these expressions designate 

the capacity of the machine.to overcome resistance. The most 

convenient standard of electro-motive force is the Daniell’s 

element, which has an electro-motive force of 1°08 volt. The 

bichromate of potash cell is nearly twice as powerful having 

a force of 2°02 volts. We can consider the ohm as unit of 

resistance in very much the same light as the metre as unit of 

length. To the practical electrician, the ohm is simply a standard 

coil of copper wire I m.m. in diameter, and 48°5 m. (nearly) in 

length ; or else a column of mercury I sq. m.m. in area o: 

metre in height. We need not trouble ourselves how nor why these 

units were so obtained and chosen, but have simply to adopt them 

as we do the metrieal system. A little practice only is required to 

realise the facts conveyed by these terms; and we shall be ampl 

repaid for our trouble by the clearer conception of electrical oh 

nomena, and the possibility of recording our observations in accurate 

and universally understood language. It is mere waste of time to 

speak in vague and often erroneous terms of the “high tension’ of 

batteries of the “infinite resistance’’ of the humanbody. And what 

a vast amount of useless controversy has been expended over 

matters which could have been explained in an instant by reference 

to the facts of the case! Thus for instance, it being found thatthe cur- 

rent from 35 disulphate of mercury cells vesicates the skin inaver 

short time, whilst the current from 45 Siemens’ elements can S 

borne without discomfort for a long time, it is concluded that the 

current from the latter has qualities which especially suit them for 

therapeutical purposes—whereas the facts are these. The 35 mer- 

cury cells have an electro-motive force of about 52 volts, and an 
internal resistance of 100 ohms. The 45 Siemens’ have 48 volts 
. ee ; 500 — ene happens then is this: in the 

rent flowin ee. ce, 2500 ee through the human body (whose re- 

ee 9) In the, second Be 500 secon ipteAGGD 22012, 7 ih 

other words the current in the first instance is nearly twice as stron 
as in the second. No wonder then that the effects are different 
We are thus brought to consider a little more closely the idea 

expressed by the words strength of the current.** Indeed this is th 
turning point of the whole subject. | : 
A current of a given strength, be ita current of water, or elec- 

ricity, or of any other “ fluid’? performs a certain amount of work 
eo no less. The current of water causes the wheel to re- 
volve so many times in a minute; the current of electricity deflects 
a needle so many degrees, decomposes so many grammes of water, 

same circumstances, different bodies give different results, and we.» 

are led to the conclusion that every substance does not conduct an 

electrical current equally well; ‘1 other words, that besides the 

diameter of a conductor, its speczic resistance must be taken into 

account. | 
| 

In order to make this clearer, we may Suppose our cisterns to 

be connected through a number of pipes of the same diameter, but 

packed with bits of sponge, or pumice, some very loosely, othersagain 

very tightly. It is evident that the amount of water transmitted 

by each will be inversely proportional to the degree of tightness of 

the packing, that is, to the resistance offered in each to the flow. 

Exactly the same obtains for bodies considered as electrical con- 

ductors: some transmit the current freely, some with greater diffi- 

culty, some very sparingly indeed. So besides the diameter of a 

wire, for instance, the metal it is made of, must be taken into 

account, and its specific resistance allowed for. Metals are the 

best conductors. Even the worse conducting ones among them, 

such as mercury or bismuth conduct far better than non metallic 

bodies. . Carbon conducts fairly well. Acids and solutions of salts 

have much less resistance than pure water. Bodies such as resins, 

india-rubber, silk, glass, dry air conduct so badly as to deserve the 

name of “Insulators.” The human body is a bad conductor—the 

dry epidermis almost acts as an insulator. 

Let us now put the two ideas of electro-motive force and resis- 

tance together in the shape ofa formula. The current of electri- 

city will be directly proportional 
to the electro-motive force, and , 

indirectly proportional to the resistance in the circuit. Or mathe- _ 

matically, C = = This is Ohm’s law, the foundation-stone of elec- 

trical science. . — : 

Let us consider R a little more closely. . It represents the resist- 

ance in the whole circuit. In travelling from the.positive to the nega- 

tive pole of a cell, the current encounters the resistance of the wire, 

human body, etc., which are included in that part of the circuit. 

This we call the external resistance. But inside the cell what takes 

place? The current, ‘n order to complete the circuit, must flow 

from the positive to the negative metal, and there also it encounters 

a resistance, viz., that of the liquids and diaphragms interposed. 

This we call the internal resistance, and our equation C= 5 
~ 

becomes C = ak where R’ is the resistance in the battery, and 

R” that outside. We shall see that R’ is often a most important 

clement in electrical matters, and one which is often wholly lost 

sight of. 
' . 

Before proceeding any further we must pause to consider what 

actual quantities the letters C, E, R represent in the equation just 

given. 
| 

It is a great defect in the old-fashioned text-books of electri- 

city, and with them ‘n electro-therapeutical treatises, that they con- 

vey no definite idea by the enunciation of Ohm’s law on account of * Current strength is th i e term now used instead of ‘ intensit 
. . . . . of . 

useless and misleading expression imitated from the French. _ se ame 
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salts, or animal tissue, heats a wire to such a temperature, magne- « 

tises a piece of iron to such an intensity, exerts (within physiologi- 

cal limits) such an action upon the organism. With every change 

in the strength of the current, its mechanical, physical, ‘chemical or 

physiological effects will display a proportional change in their in- 

tensity. It matters not what be the source of the current: it may 

be chemical work as in the case of the voltaic pile, or mechanical, 

as in Grammeé’s machine; its effects are the same, its strength 

being the same. It is idle, therefore, to attempt to show the super- 

iority of this or that kind of element, except on the ground. of con-_ 

venience or constancy. Electro-motive force is one, and the 

resistances in circuit remaining unaltered, the current is one, and 

the work done remains the same. To deny this is.to ignore the 

doctrine of the correlation of forces. 

From the enunciation of Ohm’s law C = = we see that the | 

unit of current-strength is determined by the strength of a current 

impelled by an E.M.F. of one volt through a R of one ohm, for - 

— 1, But what constitutes the strength of a current, that is its 

capacity for work? It is the quantity of fluid conveyed in a unit of 

time through any sectional (equi-potential) area of the channel. 

A current of unit strength, then, is a current that conveys a unit 

of quantity in a unit of time. It is a current which conveys, in the 

case of water, one gallon in the second; in that of electricity, one 

veber in the second. : 
The veber is the unit of electrical quantity, and from the defini- 

tion, is that quantity produced in one second by one volt, through 

one ohm. This quantity, again, is that necessary to set free 

o'1146 cubic centimetres of hydrogen from the electrolysis of 

water (at oC., and 760 m.m. pressure).* . 

It is clear then that when we speak of currents of °ol, ‘I, I, I'°5, 

&c., we designate currents conveying ‘OI, ‘I, etc. veber in the 

second; or conversely conveying I veber in 100, 10, I, 666 second 

respectively. 
Practically the current corresponding to the unit strength is 

comparatively rarely used. _In most cases, among which are 

medical applications, the currents used are much weaker. Hence 

a proposition has lately been made which, I think, ought to be 

adopted, viz., of adopting the thousandth of a veber as a working 

unit, and call it milliveber. As it happens it exactly suits medical 

purposes, for a current of Imv. is that given by about 3 Daniells 

through the average resistance of the human body. It is obviously 

simpler to speak of currents of 1, 5, 10, 20 millivebers, than of ‘col, 

‘005, ‘OI, 02, veber; these are the limits of medical currents. 

Hence, expressed in absolute measurement, “weak” currents in 

electro-therapeutics are currents of 1—5, “medium” from 5—I0, 

“strong” from 10—Is, “very strong” from 15 —20 millivebers. 

* The unit of capacity, or farad, need only be mentioned here, it is the same as 

the veber, and the two are often included under the same name. 

FARADISM. 7. 

FARADISM. | 

Induction is the name given to a phenomenon exhibited by a 

wire or other conductor, in the neighbourhood of which a curren. 

or a magnet is placed. As long as no change occurs in the dis- 

tance and strength of the latter nothing occurs in the wire; but as 

soon as any such change is set up, and as long as it lasts, electro- 

motive force is generated in the wire. In other words, whenever 

a current (or magnet) is (suddenly or gradually) made or broken 

near a wire (that is, whenever it is brought from an infinite dis- 

tance into its neighbourhood, or thence removed to an infinite dis- 

tance), and whenever any variation of strength occurs in the 

current (or magnet) while at rest, a certain amount of electro- 
motive force is induced in the wire. 

This amount is absolutely definite in each case, depending upon 
the length of the wire influenced and the variation in the current. 

Suppose that in one case a current of 1 unit be made suddenly, that 
is in a very short time, say ;4,th of a second, in the wire AB; and 

in another case be gradually, say in one second, made, that is 

increased from o to 1, we shall have in both instances a total 

electro-motive force X generated in CD. But itis evident that at 

any instant of its existence the second current is 100 times weaker 

than the first, and though the same total quantity of electricity is con- 
veyed in the two cases,’ the effects in the first will be much greater 

owing to the concentration of that quantity in a very short time. 
Ohm’s law governs induced currents, as we said, just as it does 

galvanic. As in dealing with a battery we have to consider its 
internal resistance, so in dealing with the induction coil we have 
to keep in mind the resistance of the wire itself. The resistance of 
wires vary directly with their length, indirectly with their diameter. 
The primary coil of faradising apparatus, for instance, being 
always made of a short thick wire has a much less resistance than 
the secondary coil which usually consists of a much longer and 
thinner wire. If we connect . Ait 
the wire CD with a galvano- Fic. I. 
meter, and changes of current 
occur in CD, we shall find 
that the needle is not always 
deflected in the same direc- 
tion. When the current from 
Bto A is made, increased, or 
brought near, the current in- 
duced in CD is observed to 
flow in the opposite direction, 
wee ironr © to D, The re- 
verse takes place when the 
current BA is broken, dimin- 
ished, or removed. If then 
by means of a key K, we 
alternately make and break 
the current, the needle 
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will alternately swing to the right and to the left as the case 

may be. | 
Now suppose the wire AB instead of straight be in the shape of 

a coil. It is evident that the con- 
secutive turns may be considered 

Tid... 2: 

wires (a, 4, c, parallel to c, d,. ¢, 
etc.). In fact, we find that every 
variation of the current in its pas- 
sage through each turn from B 
to A does induce electromotive 
force in the contiguous turns. An 
induced current is thus generated. 
in AB which obeys the same laws 
as that arising in an independent 
wire; viz., is opposed in direc- 

} rent, when the latter is made or 
increased; similar in direction 
when the latter is broken or di- 
minished. This current is known 

| as the primary or extra-current. | 

Let us suppose, as in the diagram, that AB is connected with the 

two poles of a battery E, and that the current can be made and 

broken at will by means of a key, K. Connect AB with a galvano- 

meter G. We now find that on breaking the current from the 

battery, a strong induced current is generated which causes the 

needle to be strongly deflected: But on making the current again 

no such deviation is observed; the induced current being opposed 

in direction to the battery current acts as a momentary resistance 

toit, The battery current is weakened and retarded in the process. 

Suppose now that the second wire CD be also made to assume 
| | the shape of a coil, so as 

Fie. 3. to surround the coil AB. 
, It is evident that each 

coil turnin CD may be 
considered as parallel to 
each turn in AB. : The 
total inductive influence 
of the coil AB upon the 
coil CD will be propor- 
tional to the total num- 
ber of turns in the first 
multiplied by the total 
number in the second. 
By increasing the num- 

| ber of turns, we there- 

fore increase the amount of electro-motive force generated, Ex- 

periments have shewn that this amount is independent from either 

the material or the thickness of the wire. These circumstances 

influence only the resistance of the coil. | 

as constituting a series of parallel | 

tion to the primitive battery cur- 

FARADISM. 9 

Apparatus for demonstrating the phenomena of induction: H primary coil, the 
two extremities of which are connected with AA’ and A” A”’. P is a spring 

which when pressed down closes the circuit through AA’ and the coil. O is an 
empty space in the coil for the introduction of soft iron rods, or a magnet. H’ 

secondary coil, the extremities of which are connected with the binding screws aa’. 
The wires from the battery are attached to H A’ and the circuit alternately. 

made and broken by means of the key P. The extra-current is obtained at A” 

A’, and the secondary at a a’, | : 

. The ordinary medical induction apparatus consists of : 
i, The battery E, composed of one or two elements, one of the 

poles of which is connected with the screw of the interruptor, Sc., 
the other with one end of the primary coil, A. | 

2. The automatic interruptor ccnsists of the spring hammer, H, 
which when at rest is in contact with the screw, Sc, just mentioned. 
Its free extremity impinges upon the iron core of the primary coil, 
e fixed base is connected with the second end of the primary 

coil B. 
3. The primary coil, AB, is made of a short thick wire. Its ex- 

tremities are fixed to the battery and hammer respectively, as just 
mentioned. | | | 

4. A core, O, composed of a bundle of iron rods, inside the pri- 
mary coil. 

s, The secondary coil, CD, made of a long thin wire. It is en- 
tirely independent from the rest of the apparatus, and its two extre- 
mities are connected with two binding screws, s, s, to which the 
rheophores are attached. 

6. Two wires branching from the extremities of the primary 
coil, AB, and terminating at two other binding screws, P, P’, for 
the rheophores. These wires convey the extra current. 

7. All apparatus are fitted with contrivances for graduating the 
current strength, 
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The extra current is modified by means of a draw-tube made to 
enclose more or less of the primary coil. When the latter is com- 
pletely enclosed the current is considerably diminished. 

The secondary coil is likewise made to include a desired length 
of the primary. The current strength increases with the length 
so included. 

In some instruments the wires are tapped at different lengths 
which may be taken successively by means of a dial collector: the 
current is proportional to the length so used. Or again, a water 
rheostat is included in the circuit: this is a very convenient mode 
of graduating the strength of faradic currents, | 

The action of such an apparatus is as follows: The moment the 

current begins to flow in the primary coil, the iron becomes mag- 

netic, the hammer is attracted, and the contact between the screw 

and hammer broken. The current ceases to flow. Immediately 

the iron is demagnetized, the attraction ceases and the hammer . 

flies back, in virtue of the elasticity of the spring, into contact with 

the screw. Once more the current begins to flow and the same 

succession of phenomena is repeated. It is evident that the 

rapidity of these makes and breaks depends upon the time taken by. | 

the hammer to swing to and fro, that is upon the freedom of play © 

of the spring. Provision is made in most apparatus to modify this 

by screw arrangements, etc., but usually this is quite insufficient. 

Slow interruptions have then to be made by moving the hammer 

with the finger. A Duchenne’s pedal is a most useful addition to 

the faradic apparatus. 
At each make of the battery current, then, we have two induced 

currents, one in each coil, opposed to it in direction; at each 

break we also have two induced currents, flowing in the same 
direction. | : 
We have seen that the make primary current simply retards the 

developement of the primitive (or battery) current, acting as a 

temporary resistance in the primary coil. The result is that the 

time taken by the battery current to attain its maximum strength 

is prolonged; hence, the generation of electro-motive force in the 

seconday coil is protracted, and as a consequence the make induced 
current is weakened in proportion to its longer duration. 

The break primary current (or extra-) current, and the break 

secondary current are much more rapidly induced, the whole 

electro-motive force generated coming into play instantaneously, 

so to speak; hence they alone have an appreciable physiological 

effect when a resistance, such as the human body, is included in the 

circuit. The extra (or primary break) current manifests itself as 

the spark which flies between the hammer and screw. It is due to 

the passage of the current through the air as the hammer recedes 

from the screw. Hence it is most vivid when the extra-circuit is 

not closed, and becomes fainter as the resistance in the extra-circuilt 

becomes smaller. | ae 
Hitherto we have said nothing of the influence of the core of soft 

iron in the primary coil upon the induced currents. As previously 

mentioned, the influence of magnets made or unmade in presence 
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of wires brought near or removed from them is precisely the same 
as that of galvanic currents. The magnetisation and demagneti- 
sation, therefore, of the soft iron increases the amount of electro- 
motive force generated in the coils by the make and break of the 
battery current; for as stated, this magnetisation and demagneti- 
sation occur synchronously with make and break. 

The physiological distinction of poles has to be observed in 
faradic as well as in galvanic currents: (1). This is obviously the 
case with the primary coil where the make current is neutralised 
by the battery current. (2). The secondary make current, unless 
produced by a very powerful coil, has practically no influence what- 
ever when circulating through the high resistance of the body. 
Currents produced in the same coils vary in their physiological 
action according to, (1), their absolute strength (depending upon 
the strength of the battery current used, and resistance in the 
circuit, (2), the rapidity of the interruptions (depending upon the 
arrangement of the hammer). 

The difference between the primary and secondary current 
depends upon the fact that the former arise in a short thick 
wire, the latter in a long thin one. Ohm’s law explains the 
phenomena observed. Suppose the electro-motive force generated 
in the primary coil, the resistance of which is, say, 1 ohm, to be 
equal to 5 volts; that in the secondary (resistance 1000 ohms) to 
be 100 volts. If we send these two currents successively through 
a galvanometer of say 4 ohms resistance, the deflections of the 
needle indicate current strengths, 

ee Ey In the first case: 
I+ 4 

In the second case: 22 == ‘1 nearly. 
1004. 

If the resistance of the galvanometer be 50 ohms, the two 

currents will be almost equal, for salts and cbse tis ah 
so + 1 1000.+ 50 

‘I nearly. 
If again the resistance in the circuit be 2000, as for instance that. 

of a portion of the human body, the strength of the current in the 
first case will be only -0025, in the second ‘033, that is in the pro- 
portion of 1 to 13. These numbers are only typical of course, but 
serve to illustrate the principle just stated. 

The difference between two such currents is expressed by saying 
that they are of “low and high tension” respectively. 

ON THE. GRAPHICAL METHOD OF REPRESENTING 
- KHOLECTRICAL PHENOMENA.* 

It may be found useful to represent the relations between electro- 
motive force, resistance, and current strength by the following 
graphical method. Let the length OC represent the total resistance 

* See Prof. Carey Foster’s paper in Philosophical Magazine, May, 1875. 
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of the circuit of which 

FiG. 5. OB is equal to the (in- 
ternal) resistance of the 
battery, and BC the 
(external) resistance of 
the conductor  imer- 
posed. Draw OA at 
right angles to OC re- 
presenting the electro- 

. motive force of the 

battery. Join AC. The current strength will be represented by 

the slope of AC, that is, by the tangent of the angle ACO, which we 

; . ; yo AO oy 

know is the geometrical expression for the proportion 9¢ (that is R). 

Let OA be 15 millimetres long, representing the electro-motive 

force of 8: Bunsen’s cells (15 volts), and OB be 10 m.m. long, re- 

presenting the internal resistance of the battery (10 ohms). And 

let our external resistance of twenty ohms be represented by as 

many m.m. in BC.—Join AB. The strongest current we can ob- 

tain with our battery, is when the poles are directly connected, and | 

then our current — tan ABO. If OC’ be made equal to AO, the 

angle AC'O has 45 degrees, and our current is equal to tan 45° = 

(2 volts 

15 ohms 

CC,, the slope of AC, AC; goes on diminishing until it vanishes al- 

together; we then have AY parallel to AC prolonged to infinity. 

An infinite resistance being interposed, no electricity can flow, of 

course; the circuit is broken. 

). With every increase of our external resistance, CC,, 

Now draw BD parallel to AO. The length of BD represents — 

the difference of potential between the poles of the battery when 

the current flows through the external resistance BC, that is to say, 

the “tension” of the battery, or again, the electro-motive force 

which is effective in maintaining the current through BC. With 

every diminution of BC, (BC) BD will diminish ((BD’); until BD 

vanishes altogether when there is no external resistance, the poles 

being in contact. With every increase of BC, (BC,, BC;) BD will 

increase until it becomes By = AO when contact is broken. As a 

general rule the potential of a point in a circuit is equal to the 

- ordinate of that point. 
Let us apply these principles to a concrete example: To find the 

electro-motive force and internal resistance of a given battery, with 

. ; a given tangent galvanometer, 

Fie. 6, and a given external resistance. 

er a First, connect the poles of the 

battery to the terminals of the 

galvanometer; let the deviation 

of the needle = X. Next intro- 

duce into the circuit the given re- 

sistance R, and let the deflection 

— X’, Take a straight line OA, 

and make the angle OAP=X. 

Produce the line OA to A, and 

AOC represents the strength of the 

in the diagram as full lines be- 
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let AA’ represent R; make the angle OA'’P’ = X’, Let AP, 
and A'P’ meet, as they must, at a point Q. From Q let fall QO 
perpendicular to AO produced if necessary. Then OA = in- 

ternal resistance of the battery + known resistance of the gal- 

yanometer, and OQ — electro-motive force of the battery, in terms 
of that electro-motive force taken as unit, which if it acted in a 

circuit of unit resistance, would generate a current capable of 

causing a deviation 45° upon the galvanometer employed. That is, 

if every inch, millimetre, or any other unit of length adopted for 

OA’ denotes one ohm, the length of OQ expressed in terms of the 

same unit will denote the electro-motive force of the battery in 
r volt 

I ohm volts; for — J and tan 1 = angle 45°. 

Let A and B be two points in a circuit, the two poles of a battery 

for instance, and the length of AB | 
represent the resistance of the Fia.. 7, 

conductor interposed. Let AC be | 

made equal to the electro-mo- 
tive force acting at A (@e., the 
potential of A) and BD that at B, 
the potentials of these two points 
being positive and negative re- 
spectively. Then the slope of CD, 
that is the tangent of the angle 

current; and the potentials of any 
points aécd along AB are equal to 
the ordinates of these points (drawn 

tweeen AB and CD. The point 
O, which is at zero potential, oc- 
curs at the middle point of AB. 

By means of an “ earth wire,’ that is of a wire connected with 
the earth (usually through the intermediacy of a gas or water pipe), 
any other point in the circuit may be brought to zero potential. 
Suppose we so connect the negative pole B of the battery: it is 
then at zero. But the electro-motive force of the battery remains 
unaltered, and the difference of potential between A and B, still equal 
to AC + BD, that is equal to AE. The current remains unaltered 
for ABE —= AOC; but there occurs a redistribution of potentials 
along the whole of AB; the potential of every point A, a, 4, O, ¢, d, 
B, being raised by the value of BD. Hence the ordinate AE, aa, 
bu, Oo', etc., represent these potentials which are all positive. The 
Opposite occurs if the point A is connected toearth. The potentials 
aa’ bb" Oo’ are now all negative. Any point intermediate between 
A and B being so connected, a corresponding redistribution of po- 
tentials occurs: in order to represent the state of things when the 
point a, for instance, is connected to earth, we have simply to draw 
a line through a parallel to CD; and the potentials of A, 4, c, d, B 
would be represented by the ordinates of these points. 
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MEASUREMENT OF ELECTRO-MOTIVE. FORCE. 

ELEcTRO-MoTIvE force may be measured statically, by observing the 

potential ( that is, the “tension” of the older authors) of the point 

at which it acts. For this purpose one of Sir W. Thomson’s elec- 

trometers is used. “Those instruments are of two very distinct 

forms: the “portable” and the ‘quadrant’ electrometer. The 

action of each depends on measurement of the attraction between 

two planes, one of which is electrified to a constant potential, and 

the other brought to that which is to be measured. In both forms 

the potential of the electrified plane is kept tolerably constant by 

being connected with a Leyden jar of considerable _ capacity, 

formed by the case of the instrument..... The ordinary portable 

‘nstrument will measure a difference of potential, not less than that 

of about 1 Daniell’s cell. The quadrant electrometer is much more 

sensitive, and will indicate a difference of tension of z45 that of a 

Daniell’s cell.” (For a fuller account of these beautiful instruments, 

the reader is referred to Prof. Jenkin’s Tex/-Book, pp. 203 ff). 

The electro-motive force of a cell or battery may be estimated 

by comparison with that of some known constant element, taken as 

unit, The Daniell is usually so chosen. A circuit is formed con- , 

taining a rheostat, a galvanometer and the known electro-motive 

force E. A convenient deflection having been obtained by interca- 

lation of the necessary resistance, the second electro-motive force ° 

E’ is substituted for the first, and the current brought to the same 

amount by means.of the rheostat. Let R be the total resistance in 

the first case, and R’ that in the second; then we have 
Sonat R 

nia 
By using a sensitive galvanometer and a high rheostat resistance, 

the resistance of the battery and galvanometer may be neglected. 

Other methods exist, but need not be explained here. 

In order to measure in absolute units the electro-motive force of 

a given cell or battery we may make two measurements on a 

tangent galvanometer with different rheostat resistances, Suppose 

a cell gives with R and R’ ohms, currents of C and C’ vebers re- 

spectively ; then its electromotive force E == €C ae 

The same result is obtained more simply by a single measure- 

ment with a known resistance in circuit, upon a galvonometer 

divided into millivebers. Or, again, a galvanometer may be 

used, whose dial has been experimentally divided, so as to indicate 

directly the E.M.F. in volts, provided that the internal resistance of 

the elements measured be negiigible. 

MEASUREMENT OF RESISTANCES. 

We have seen that the total resistance is made up of the internal 

R, z.e. the resistance of the battery, and the external, R’, ze. in 

electro-therapeutics the resistance of the human body and electrodes. 

In order to estimate the internal resistance of a battery, all we 
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have to do is simply to connect its poles with the terminals of a 
tangent, or any other suitable galvanometer (whose resistance we 

assume to be negligible), and note the deflection. This gives us 
the current strength C, which as we know is the quotient of E b 
R. We now introduce into the circuit a rheostat, and put in es 
sistances until the needle shows that C is diminished by half. It is 
obvious then that the additional external resistance must be equal 

E , E 
to the i | 1 pe es one xo TR! Hternal,.for'since; == 2 erp R= R’ 

If it is the resistance of a part of the human body that we wish: 
to determine, we first note the deflection given when that part is in 
the circuit. We then replace it by the rheostat, and so arrange 
our artificial resistance, that the deflection obtained is the same pe 
before: this resistance must be the same as that of the body, for 

C=gyp in both cases, hence R’ must be the same. 

A Rheostat (using this term generically) is an instrument so 
constructed as to allow the interposition of definite resistances in a 
circuit. Of the numerous forms that have been devised, only two 
or three are of importance to the medical electrician. 

Wire Rheostats, otherwise called resistance coils, consist of coils 
¢ 

Fie. ‘8; 

OE: Bern oat OR he 
> 
ite WD, 

ee 
as i 
SS — i — Seneypreat = 

a | eT, 9 . . , 

Pane een co evils resistances are introduced iuto the circuit 
o it the coils marked 1, 2,5, 10. S, S, binding scr 

A, B, C etc. handles for working the instrument. cr a 

of fine German silver wire. Each coi i i : coil a definite resistance of so 
eatk ohms, depending upon the length and fineness of the wire; 

y a ee eo can be brought into the circuit. It is 
, asy with such an instrument to int ired i hs roduce any required resist- 

Liquid Rheostats consist of a column of water, either pure or con-. 
ang 2 salt, such as sulphate of copper, in solution, The instru- 
zen is poy made of a piece of glass tubing capped at both 

S with a metallic disk. To these disks are attached the rheo- 
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Gaiffe’s liquid rheostat. 

them a metallic rod works like a 

h to touch the opposite disk when phores ; and through one of 

piston. ‘The rod is long enoug 

fully pushed in. The current, then, encounters -no_ sensible 

resistance; but as the rod is withdrawn and a layer of liquid is 

interposed, a resistance ‘s created which will be proportional to the 

thickness of that layer and to the specific resistance of the liquid 

employed, and inversely to the diameter of the tube. 

A rough but useful rheostat can be extemporised out of a nee 

of glass tubing, two corks, and some stout copper wire. e 

tube, filled with the liquid is corked up at both ends. Through 

one of the corks a short piece of wire ‘s inserted which just dips 

‘nto the liquid; whilst through the other a longer piece acts as a 

piston. ‘The rheophores are attached to the wires. When very 

high resistances are required, and the tub
e must be short, pure wa

ter 

may be used. (fig. g.) Usually, however, a solution of sulphate of 

copper is preferable as obviating the polarisation. A column of 

‘metre area, gives a 

saturated solution 1 metre high, *5 square centl 

resistance of about 6000 ohms. 

greater its specific resistance ; 

Fie. 10: 

The more dilute the solution the 

hence the shorter the tube required. 
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the brass head D. 

in the circuit, 1s read off the The rod A is regulated by means of 

Trouvé’s liquid rheostat. 

The length of the column of liquid ©, interposed 

measured scale. The current enters at E, passes through the pillars B, through 

the metallic pieces and points, and the liquid; making its exit at E’. This 

| ‘nstrument is, of course, intended not for measuring accurately, but. only for 

- interposing approxima 

heostats should be accompanied with a scale corrected 

from simultaneous readings on a set of resistance coils. Even 

then, however, they are not reliable for accurate measurements, 

though amply so when used for ‘ntroducing approximate resist- 

ances in a current for medical purposes. 

te resistances. 

Liquid r 

Casses separately, H and O 
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A third kind of r
heostat ‘ 

, which possibly ma 

ae edical practice, thoug
h ck oO gen the most 

eg oS, ie hg i
n which powdered graphite or yo ee to bring 

a vulcanite board ances may be simply spre
ad out in thi : a . 

Miced to a ‘Gd , when a resista
nce is to be extempori er ines 

on 

ducting Beh a cam % ee Naceals with ieee aanbe
d - 

° np s, in such proporti 
-con- 

eee a the requisite
 specific a ae Nae to yield hard 

e in that direction: if successful, we ma h empts -are ‘being 

in possession of a cheap and useful Retest ope to be placed 

MEASUREMENT OF CURRENT STRENGTH 

Wer have seen that the stren he strength of the cur ; 

er lee mechanical, etc. ailich as the 

the work Pioinied ill rse of this proposition is ve sean 

current flowing. I aS. always indicate the stren as f nea 

Bion this ee ee ruments for measuring ene. . eee 

Pd. the Pe rom ; : 1e two kinds chiefly used are the ae based 

which the chemical sie
 ra selbeaasig) is an ateengnaentee 

its ped teas nt is ma i anes 

a es in passing through Baia e eee 

etcerrent in a poe If then, the amount of nee it 

ie Able to ae ain time be collected and caer Bite 

oe ona veh ine the strength of this current es shall 

c.c. of hydrogen i (1 volt through 1 ohm) gives off He ane 

Voltameters i a
e that is about 69 c.c. in eta ETS 

Bey or tocether a for collecting the two gases ies Nae 

acidulated water mato tea ae prea in a vessel filled with 

num. Th 
ct two wires o ‘ 

oe 
negative, the oxygen at the Bciive eee Is given off at the 

—————— 

C 
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eS 
T OF CURRENT S TRENGTH. 

For several reasons the clan - oe s
uitable, to mei . it fig. 14. This is a convenient 

o 

i}. ractice. The galvanomerer, on the other nanqa, will be foun 3 ti ‘ 
arrangement, bu i 

eae F anvoniett and useful. Electrical currents have the 
tions which render it less accurate. | ent, but subject to varia- 

property of deflecting a magnetic | 

Fic. 13. veedie in the neighbourhood of : 

which they flow, and equal deflec- 

fey tions on the same galvanometer al- 

ee ways indicate currents of the same 

Ah strength, But it must be carefully a 

i kept in mind r°,. that - the angle of ™ ( 

iil deflection. is not proportional 10 the . 

current, and 2°, that it differs for 

the same current strength from gal- 

yonometer to galvanometer, depend- 
| 

ing upon the length (ze. number of } : | _ 

turns) and the position of the, coil. 
| 

P| ||| = i 

The galvanometer may be briefly 

described as an ‘nstrument consisting 

of a magnet freely suspended or pi- 

voted in the centre of a graduated 

disk, so as to be easily deflected by 

the passage of a, current in a coil of 

Gaiffe’s Du Bois Reymond gal- insulated wire, properly disposed in 

vanometer with 10 or 25,000 turns its neighbourhood. 

of fine wire for measuring physio- Sometimes the needle is. placed 

decease 
within the coil as in fig. 13, and is. 

rigidly connected with a pointer, both being suspended by means 

ofa fine silk thread. The pointer may consist of another magnet 

forming an “ astatic’” system of much greater sensibility. A fuller 
it = 

description of these and the following eastruments would be out of q | — = O—_— 

place here; the reader is referred to Prof. Jenkin’s Text-book tor a: 
7 => 

= 

| further details. A vertical weighted needle may be used as in 

The sine galvanometer i 
: er iS an instrument so : 

oe pie oe. of deflection produced Ae Se BEERS 

rengths, are proportional to these tienes Sheth hs 
: ; 

e g. 15 e 

Fic. Is, 

U 

Gaiffe’s sine s, galvanometer.—A . 
a rae -—A magnetic needle a, 0, carryi } 

circular frame isthe, 
Tie e fo divided into ered og as 

c, d, 

; ting oil o 
S. 

Oe he enn of the Beton. «: t,t. A spirit level h ee 

Z is the i . ; x 
2 Oo 

ith. the i aia is mainly the same as, the ta : 

remaining parts US seaneee the latter, the needle must be ngent galvanometer, 

_ the total angle of deflectio of a gradual circle C, and an inde much smaller. The 

; 
e strength of 

AN 

IN 

AANA 

With the tangent; | 
ent 

 § 

are so propo eat alvanometer
 it is the tan 

= ——_— 
i= 

| 
Pesan > tangents of the angles whi 

2 ==
 

—————— 
lute current strength; th oe. instruments, again, denoteie

 nail which 

itself. In order then at is, the results given b
y each give the abso- 

sine or n to obtain measurements in abeolttee : stent units, the 
tangent must b rat e multipli BM elor of the instrure a by a constant, called the reduc- 

—— alone r 
For i 

Vertical galvanometer. 
: enders them unpracticable 

medical purposes hats ee 

C2 
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A Fic. 16. R 

€ 

7, 
, fi : 

a YY | ie Gaiffe’s medical galvanometer with 

s ( Ie two wires, a short thick one for 

—a measuring “low tension,” and a 

= long fine one, for “high tension” 

= ) currents. The dial is divided into 

arbitrary divisions (360 degrees), or 

‘nto absolute units (10,oooths of 

BZ B.A. units). 

Galvanoscope for medical batteries. | 

meter, or rather galvanoscope, is a much 

Iso one of very little use indeed, except 

sing or not, and whether the 
The ordinary galvano 

simpler instrument, but a 

to indicate whether any current is pas 

battery is constant. 

no calculation can transform rea 

proportional measurements. It consists simply 

influencing a magnetic needle, revolving on a 

360 degrees. (fig. 168). 

dings obtained by it into even 

of a coil of wire 

dial divided into 

Fic. 17. 

nO 

Ot late years a great improve 

the dial of the galvanoscope 

divisions, indicating at once-the streng 

units. This plan has been a 

patented in this country 

As it obeys no law in the deflections. it gives, » 

ment has been achieved in having 

subdivided, not into degrees, but into 

th of the current in absolute 

dopted by Gaiffe, of Paris; and is 

by Sprague, of Birmingham. By this 

MEASUREMENT OF CURRENT STRENGTH. : 2I 

method we are put into possessi 3 : put into’ on of a most simple and 
See a estimating our current strengths. The SA 
ivided into ten thousandths of vebers (that is in tenths of milli. 

_yebers). This is done experimentally by noting the deflection 
Bes liaritics of the » currents of known strength. An idea of 

larities o e absolu > Be tascope, will be ay ee ee with the 

represents the dial of an instrument divided in its u or half j A 
degrees, in its lower half into tenths of millivebers Ph ae 
that the angle of deflection does not increase proportion ee 
current strength, is illustrated by the fact, that whilst fo y. to the 

a current of i deflects the needle to about 4c°,a ne ee 

ee ag ee it to 70°. Hitherto the only medical op 
— : n this country upon this principle, is not adapted 
o general use. It is rather bulky, and does not revol hic 
limits its application to stable batteries. It is to be oped th gs 
eee soon provide us with a more handy aeouhan ie 

ee cnstrome peat ta may, however, be turned into ‘a ver 
1 rument by having the value of its readings estimated “ 

comparison with an absolute galvanometer, and thes a “a by 

arranged in a table either on the dial itself or on aca df on 
hee ee for casual reference. _ re eg 

u 
as or instance a galvanoscope be found to give devia- 

30 Degrees for a current of I mv. 
a 38 93 99 9 2 Fe 

<e i a id ore B58 

29 ie a 5 

68 ; 
”? 9 - Eases 

73 20 J 99 9? 9 om) c 

ae eS eP to aie a table of these values, so as after 
stimate @ 4 3 vse in Bete | ppr oximately the strength of the currents 

ee es cere a ee nen in electro-therapeutics are 
merous. surer of doses; by it earé | ., 7 es; by its means we aré 
administer and prescribe quantities of electricity, as as: tS : 

ny other therapeutical agent with the help of scales and weights gehts. 
It is ae Saeed of objective and absolute quantities; it allows us 

Bence ae aoe ash to ourselves and others, for further 
d ison, the current strengths use 

ite. iF purposes of treament or deuce tice 

a eer of ces used is no measure of the actual strength of 

Bes and ee electro-motive force of the elements them 

) sista i ircul - : ‘ 
B40 time. neces in the circuit vary considerably fron, 

A gal 
| . 

Redo Poa these on the other hand, makes us entirely inde- 

used, and the ese sources of variation. Whatever the kind of cells 
sce cur resistances in the circuit, we can always make sure 

Ben Of the ie is es desired strength by reference to the deflec- 

We state of the bce urther, the galvanometer enables us to test 

| attery ; and, if used in combination with the double 
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collector, to find out instantly any defective cell or connection in the 

battery, a most precious advantage, and which will be highly ap- 

preciated by those who are in the habit of using electricity fre- 

quently. 
Again, the galvanometer is of great value in helping the physi- 

cian to obtain clear ideas about electro-motive force, resistance and 

current-strength, especially if a rheostat be used conjointly. It is 

astonishing to find the utter confusion of thought which reigns upon 

these points, even in many text-books of medical electricity ; 

and I need only remind the reader of the hopeless ambiguities at- 

tending the use of the words quantity, intensity, tension, and the 

like. Nothing is better Stted to clear them up than the practice 

of measuring electrical quantities. 
’ 

Along with the use of the galvanometer, the currents may be 

advantageously tested by the operator by m
eans of his own sense of 

touch. In many cases this will give him sufficiently accurate, at 

least subjective, information; with a little practice he will associate 

certain sensations with certain indications of his needle, and the two 

methods complete one anothe
r. There are occasions, however, whe

n 

the galvanometer only is reliable or practicable—such as when we 

wish to increase or decrease the current without interruptions, or 

when very weak currents, hardly appreciable to the touch, are to 

be used. Again, the ac quisition of the tactus eruditus requires here 

as elsewhere considerable practice and opportunities every one does 

not possess. 

Finally, it must be clearly understood that the successful use of a 

gealvanometer necessitates no electrical knowledge whatever; no 

more than the use of a watch, that of the mechanical principles 

which preside over its construction; so far from any previous 

familiarity with the laws of electricity being requisite, the intelli- 

gent use of measuring instruments is, as before stated, the best 

means for its acquisition. 

ARRANGEMENT OF ELEMENTS. 

A susysct of practical importance in itself, and which will serve to 

illustrate the principles established previously, 1s the arrangement 

of batteries. By this, we mean the mode of combining the cells of 

which they are composed. We may for instance, connect all the 

zincs together to the one terminal (negative pole), and all the 

coppers together to the other terminal (positive pole) of the bat- 

tery; or again, join the copper of the first cell to the zinc of the 

second, the copper of the second to the zinc of the third, and so on, 

then attach the negative terminal of the battery to the zinc of the 

* The subject of current measurem
ents in electro-therapeutics has been the sub- 

ject of a controversy =n the “ Lancet” (March, April and May, 1877), to which the 

reader interested in the question may refer. 
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first cell, the positive to the copper of 

combine both methods and aa for eee oes Bae ae 
nected zinc to zinc and copper to copper according to the first 
methods, each group being treated as a simple cell et sere 
with the next group according to the second method Oe 

Cells united zinc to zinc, and copper to copper are said t 
united in simple (circuit) or in multiple arc; those ed ae 
per a be united in compound circuit, or, shortly, in oer gs . 
= ccording toa now. exploded theory, the first arrangement i 
i sometimes ‘called ‘for quantity,” the second “for tension,” : 
Ee aie The truth is that both are for current stren th, 

an a is called arrangement, for “‘tension”’ might as well’ : 
eel ee tantly _when the external resistance is great. Take 
aa ie ee elements. The electro-motive force of 
eee aie ieee ae: the internal resistance may be 

electro-motive force of 20 volts; if as iin Pitas toe ea 
oe an electro-motive force of 1 volt, that is, the eee ee — 
ae “e laa onty eet being that the 20 “ae 

re. ng one la i 
times the area ofa ae are hibiren greeey eee 
we pile up 20 bricks 1 foot in all dimensions we obtain a difference of 
level of 20 feet above the ground; if we 

‘ ; ut them sid i 

— a atic e bevel trom 
the ground of I ee oale ee an 

pieces of - . ee Suppose now instead of bricks we have 

Be tok cas of the same size, and arrange them inthe same 

a Peie - i a we shall have one pipe 20 feet long and I 

ME act be e second, a pipe 1 foot long and 20 feet square 

Be cantra pointed out that the amount of water these two 

tween the Oak and ne aienpieape super icles! AAalO a es 

Mat is meant tear and our 20 Daniells, is sufficient to illus- 

Bry has an el ; y saying that, when arranged simply, the 

Dist ts total cca ip Spree an of level) of only I 

ae oad e, uctivity, is multiplied hat i again, is reane, the reciprocal ef conduct, 
tive force is multi Cees arranged in series, its electro-mo- 

by 20 (that is ae . ey ay whilst its conductivity is divided 

the first case the Sa Rane a 3 Tet BOSE ee 

CO 
nt has to pass, from zin 

Ee raily Phos ees aes the resistance (diminished forge 

them, only onc eee Mlau Beat ears eo of the liquid between 

A... age in the second it has to do it twenty times in suc- 

crement of Ree elmore tore ied a ee et anaee 

between copper and zinc, ze. of ie a ee 

E 
Let us now return to the formula for Ohm’s law, C = 

3 
R+R’ 

tea battery of 20 Daniell ok S arranged Ist in seri i : 

rou 
es, 2nd sim 

groups, will give us a current, through an external daa 

A. Arranged in series: C = OP on 
(Zo X 10) + R’ 
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it 
——— 

+R, B. Arranged simply: C = eS} 

| 20 

C. Arranged, say, in four groups of five cells each: 

5x1 
| 

C aaa 4X 10 as R! 
| 

( 5 ) 

Suppose three cases where R is respectively a part of the hu- - 

man body to be galvanised; a small portion of animal tissue to . 

electrolysed; and a piece of platinum wire to be heated for the 

galvano-cautery. ; 

ahs air irier of a human arm, for instance, may be taken at 

3000 ohms; that of the blood of an aneurism (the two hays ee 

passed in) at about 8 ohms; that of the platinum wire at % 0 

We can tabulate the results obtained in these three cases, with the 

three arrangements above mentioned : 

ARRANGEMENT. ARM. ANEURISM. WIRE. 

20: Kon 20 XI 20 X I 
een =e SECT gee Ts : 

A. Compoundor} 20 x 10 + 3000 20: X TOs 28 20X 10+ 2 

in series. 

C’=""9062 C = ‘096 C= 1 

I I I 

multiple arc. es =a an 

C= +00033 C= 2 C= 1. 

5X I 5 one 5 Xx dca, 

. ieee ee ee ae peek peewee yom Se mete TF 

C. Mixed, or in| 4 X 10 + 3000 4% 10 +3 4X 10+ 3 
4 groups of 5 each. gee oe ae 

C == "0087 C= 31 C = *59 

a
 

The relative strength of the currents obtained in the three cases 

with each of the three arrangements, shows at once which of the 

latter is to be preferred, in the particular instance given, to obtain 

the greatest effect possible from the 20 cells. How then are we to 

Gnd the best method of arranging a given number of.cells so as to 

produce the greatest possible effect with a given external resistance? 

Multiply the number of cells (N) by the quotient of the external 

resistance R by the internal R’. The square root of the number 

obtained will indicate the number of the groups into which the 

cells must be arranged. It will be found that the most favourable 

arrangement of a given number of cells for giving the strongest 

current possible with a given external resistance, 1s to make the 

—_ ——— 
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internal equal, or as nearly equal as possible, to the external re- 
* sistance. 

Let us apply our formula x = V N x R’ to the examples just 
R 

given. In the case of the wire and aneurism the result is clear: 

¥ 20x °s / 20 x 8 — / I =I group. 
“10 10 

But in the case of the arm we obtain: 
/ 20 X 3000 __ 

10 
This result seems at first sight anomalous. But what it means 

is this, that in order to obtain the most advantage from our 20 cells 
in a circuit with an external resistance of 3,000 ohms, we should 
divide them into 77 smaller cells; z.¢., that the current obtained by 
about 80 cells, each a quarter of the original cells, and conse- 
quently with four times the original internal resistance, is the 
strongest obtainable from any arrangement (including subdivi- 
sion) of our 20 cells. Here also the internal resistance is found 
to be made as nearly as possible equal to the external, for 77 x 

== ¥ 16 =4 groups. 

V 6000 = 77(nearly.) 

4 X 10 = 3080. 
Thus we may put down as a fundamental axiom that in order 

to obtain the strongest -current possible with a given number of 
elements through various external resistances, we should be able to 
alter their arrangement with every change of external resistance, 
so as to make in each case the internal resistance equal to the 
external. This principle finds a direct application in galvano- 
caustics, where provision should be made that the internal resist- 
ance of the battery, that is, the combination of its elements, be 
always equal to that of the platinum wire used.* 

CONSTANCY OF CURRENTS. 

Tue constancy of the current, that is the evenness of its flow during 
a certain length of time, depends upon two conditions: 

1. [The absence of changes occurring in the cells. 
2. The absence of changes occurring in the external circuit. 
These changes cannot be altogether avoided, but they can be 

neutralized to a great degree. 
Changes within the cells depend upon the chemical action which 

is the very condition of the existance of a current. They consist in 
(z) diminution of the electro-motive force; (0) increase of the 
internal resistance; and (c) the occurrence of polarisation. 

Polarisation is a phenomenon due to the evolution of hydrogen 
and oxygen in the cell. The hydrogen collects at the platinode, 

* In arranging a battery for the cautery, it must not be forgotten that the 
resistance of a’\yvire increases by about 54; for every degree centigrade its tem- 
perature is raised.* We must then make our calculation, not from the resistance 
of the wire when cold, but when raised to the temperature required. The resist-_ 
ance of a piece of platinum at low red heat (550°) is about twice, at white 
heat (1300°%) six times greater than at 0°. . 
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the oxygen at the zincode, and a counter current is generated from 

the hydrogen to the oxygen which may acquire such a strength as ° 

to neutralize completely the original current. | It is usual, therefore, 

to interpose between the two metals a ‘“ depolarising” substance, 

7.¢., a substance that will combine with the hydrogen and prevent 

its accumulation on the negative metal. In the Daniell this sub- 

stance is sulphate of copper, in the Leclanché peroxide of man- 

ganese, in the Grove and Bunsen nitric acid, in the Grenet 

bichromate of potassium. All these are decomposed by, and _ 

combine with the hydrogen, and so prevent the occurrence of 

polarisation. This they do more or less completely, and for a 

longer or shorter time; and as they are destroyed in the process, 

the depolarising power of the cell gradually diminishes with use. 

A fresh supply of the substance has then to be introduced from 

time to time. | 
Simultaneously with these phenomena, alterations take place in 

the electro-motive force and internal resistance. Both of these, as" 

we know, remain constant only as long as the constituents of the 

cell are uniform in composition. But as the zinc is dissolved and 

fresh compounds are set free within the cell, these constituents are 

altered, electro-motive force falls, internal resistance rises: the cell 

becomes weaker. The rate of these changes is proportional to the 

activity of the cell, that is to the strength of the current used and 

the time during which it flows, 2.2, (to the quantity of electricity 

evolved). If therefore, a large and a small cell are put to the 

same service the larger will last longer, because there is a larger 

supply of materials within it. 
For the same reason also polarisation is more efficiently neutra- 

lised in larger cells, which consequently are more constant. 

Medical batteries, unfortunately, require a large number of cells 

and must generally be made portable; that is medical elements 

must be small, and consequently less constant and durable, 

The changes occurring in the external circuit are mainly :— 

Oxidation of the wires, screws, electrodes, etc.; oxides are very 

bad conductors of electricity, hence their presence weakens the 

current. 7 : 

Differences in the nature and amount of moisture of the elec- 

trodes used. | 

Differences in the resistance of the portion of the body included 

between the rheophores depending upon the moisture and thick- 

ness of the epidermis, the nature and quantity of tissues interposed, 

the occurrence of polarisation currents in the electrodes, and in the 

body, &c. 
The importance of these sources of inconstancy can hardly be 

over-rated; the chief is the varying condition of the epidermis. 

They are difficult to avoid but can be met in two ways :—First, by 

correction; that is by the combined use of the galvanometer and 

current regulator, the number of cells in circuit being constantly 

adjusted so as to keep the needle steady. This explains itself, and 

is the system most readily adopted in medical batteries. Second, 

by elimination. This system consists in using a very large number 
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of cells and intercalating in the circuit a very large additional 

resistance ;** any oscillations in the resistances of the body, elec- 

trodes, wires, due to the causes above described, become insignificant 

_-nay the whole resistance of the body, etc., may be neglected in 

comparison to that additional resistance. ‘Thus, if I wish to pass a 

current of medium strength say of 5 millivebers through a patient's 

body of which the resistance may be taken. at 3000 ohms, I must 

use 15 Daniells (taken at 1 volt each), for aca” 005 current 
OOO 

strength. The same current strength will be obtained from 250 

Daniells through a rheostat resistance of 50,000 ohms: es 
5 

It is clear that if in this circuit I add the patient’s body. the 

whole additional assistance will only produce a difference of about 

=. of the whole current strength. Much more therefore will any 

of the oscillations spoken of above fall out of calculation, and the 

utmost constancy secured. 

For purposes of diagnosis especially, the plan of using a larger 

number of elements with an additional resistance is invaluable as 

securing a great accuracy in the results, and effecting a great 

saving of time by making the observer independent from minute 

attention to the details of the operation, otherwise indispensable. 

The large numbers just mentioned are typical; but the principle 

remains the same when smaller batteries and smaller additional 

resistances are used. The advantage derived will always be pro- 

portional to the ratio between the additional resistance and that 

offered by the body. 
As previously mentioned, currents impelled by a high electro- 

motive force through a high resistance are called “‘currents of high 

tension” in the language of the old fashioned text-books. This is a 

convenient expression, and may be preserved if it be carefully 

divested from the exploded theories with which it is associated. 

The reader interested in the subject is referred to a paper of mine 

in the Medical Times and Gazette, Sept. 28th, 1877, on The Nature and | 

Therapeutical Value of Electrical Tension, I may take this oppor- - 

tunity for correcting an error in that paper. Speaking of the wear 

and tear of the cells, I stated that it was proportional to the current 

used, This of course is incorrect, as there is obviously work lost 

as heating in the rheostat and the battery itself. But the small 

extra cost attending the use of high tension currents is of no con- 

sideration a egnce of their great advantages. | 

DERIVED CURRENTS. 

If two or more paths are opened to the current, as when for 

instance the poles of a battery are connected by two or more 

wires, the current divides itself among the wires in such a way 

that the strength of each branch current is inversely propor- 

* Part of this resistance may obviously be made internal by artificially increas- 

ing the thickness of diaphragms, etc. ; 
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tional to the resistance of the wire; that is if the wires are 
of the same metal, directly proportional to their respective dia- 
meters ; exactly the same thing occurs in a cistern provided with 
several exit-pipes, the amount of water flowing through each is 
directly proportional to the diameter of the pipes, or, if we suppose 
the pipes of equal diameter but unequally packed with pieces of 
sponge, inversely proportional to the resistance offered to its flow 
in the several pipes. 

Let B represent the battery, and let the rheophore bifurcated at D 
convey the current to a rheostat R and 
to a part of the human body R’. A 
galvanometer is included in each of the 
derived currents, G,G. Suppose the 
resistance R’ to be 2000 ohms. First 
make the resistance in R 2000 ohms, 
the galvanometers will indicate that 
the currents passing through R and 
R’ are equal. Next increase the re- 
sistance in R to 3000, 4000, &c.; the 
deflections show that the currents in 
R..and R’ become as: 2: +3; 22 4,.ete. 
Finally, diminish the resistance in R 

assume the ratio in R and R’ of 2: 1, 2: ‘5, etc. 
By inserting a third galvanometer into the portion of the circuit 

EK B D, where the current is undivided it is easily proved that in 
every case the sum of the currents in R and R’ is equal to the | 
current in E BD, , 

DENSITY OF CURRENT, 

The density of a current is measured by the quantity of electri- 
city flowing through a sectional unit of the area of the conductor in 
a unit of time. ‘Thus if we send a current of the strength 1, (that 
is conveying I veber in the second) through wires 1, 2, 5, Io, 
square millimetres of sectional area respectively, it is evident-that 
whilst in the first case 1 veber will pass through I sq. m.m. only °2, 
‘5, ‘I, veber will pass in the other wires through every square milli- 
metre. In other words the densities of these currents bear an 
inverse proportion to the diameters of the conductors in which they 
flow. Here again the analogy between. conducting wires and 
water pipes will assist in realising the nature of the phenomenon. 

If then in the same circuit there occur differences in the diameter 
of the conductors, the density of the current at any point is, c@/eris 
paribus, inversely proportional to the diameter at this point. 

DIFFUSION OF CURRENT: DISTRIBUTION OF 
POTENTIALS. | 

When the rheophores of a galvanic battery are placed in contact 
with any two points of a conductor of any shape and size, the 
whole of the conductor is permeated with electrical currents, which 

to 1000, 500, etc; and the.currents: 
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diffuse themselves in accordance with the laws of the derived cur- 
rents, z.e., which are the weaker the longer and more circuitous the course they take if the conductor be homogeneous; or, What comes 
to the same thing, the greater the resistance they encounter. It is 
evident that a conductor of any kind can be looked upon as consist- 
ing of layers of conducting substance thinning out towards the 
points of application of the rheophores. Each of these layers offers 
a passage to the current, which divides itself among them, (exactly 
as if they were wires) into derived currents of a strength inversely 
proportional to the resistance of their respective paths, and of a 
density inversely proportional to the sectional area of these paths, 
A glance at the diagram (fig. 19) where the lines of current from P to 
N subdivide the conductor into such imaginary layers will make this 
evident. 

In order that a current should flow from one point to another 
there must be a difference of potential between these two points. 
Hence different parts of a conductor through which a current flows 
are at different potentials. With a cylindrical homogeneous con- 
ductor, such as a wire, the case is very simple: such a conductor 
may be conceived as made up of a series of very thin disks, each of 
these disks transmitting the current from the disk preceding to the 

_ disk following it. Every part of such a disk would then be at the 
same potential, which potential would be intermediate between 
those of the contiguous disks. In other words, every point of the 
surface exposed by a transverse section of a wire is at the same 
potential: that is, such a surface is an equipotential surface. The 
case 1s more complicated when the conductor is not evenly pervaded 
by a current, such as in the case of the rectangular conductor repre- 
sented in the diagram. The equipotential lines will be represented 
by the curves 6.6, 5 5, etc:, 00, —I—1 etc., for which; however, I 
do not claim anything like geometrical accuracy. Suppose the 
battery C Z, (the internal resistance of which is negligible), has 14 
volts electromotive force. The points P and N will then be at +7 
and —7 volts respectively ; and the distribution of potentials in volts. along PN will be as indicated by the numbers, the middle point being at zero, whilst within the conductor itself the potentials will 
be found distributed, as indicated by the curves above mentioned. 

Fig. 19. 

4S: 
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Lxplanation of Diagram.—In the diagram ab c d represents a 
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rectangular conductor with which the rheophores of a battery C Z 

are brought into contact at the points Pand N. The whole con- 

ductor is then permeated with currents, the general direction of 

which is represented by the lines joining PN. By means of an 

electrometer or galvanometer, it can be shown that the distribution 

of potentials in the conductor is somewhat as shown by the lines 

Ure, ie, ete,,; O01 1,22, etc. If abcd represents a piece 

of glass covered with a thin metallic film and dusted over with iron 

filings, when the electrodes are applied at P N, the filings will 

arrange themselves so as to have their long diameter along the 

equipotential lines 6, GPs 55 ete.-etc. 

THE HUMAN BODY AS A CONDUCTOR. 

Looked upon as a conductor of electricity, the human body is 

composed of a variety of substances of various specific resistances. 

Except the epidermis and its appendages all its tissues are more or 

less richly bathed in saline fluids; we know that solutions of salts 

are comparatively good conductors, and experiments show that | 

the conductivity of the various tissues, muscle, nerve, bone, tendon, 

etc., is practically proportional to the quantity of liquid they hold. 

Dry epidermis is an insulator, imperfect, however, owing to the 

numerous sweat ducts which open upon its surface and act as _ 

conductors. On being soaked with water—or better still with hot. 

salt and water—the epidermis itself becomes a conductor. 

In order to explain the diffusion of the current in the body, we 

may compare the latter to a vessel bounded with poorly conducting 

material (the skin) and filled with a saline conducting fluid (the 

blood and juices generally) and unequally packed with porous 

non-conducting solids (mineral, albuminous, etc., constituents). 

Viewed in this light the following statements will be readily 

understood: 
1. The chief resistance opposed to the current, in medical elec- 

trisation, is at the points of application of the electrodes to the skin. 

2. Hence the strength of the current increases with the increased 

size of the rheophores. , 

_ The current circulates through the fluids of the organism; 

hence its distribution is not uniform as ina homogeneous conductor, 

but highly irregular and impossible to appreciate with any degree 

of precision. 
4. The bones are the worst conductors. The blood and muscles 

the best. The central nervous substance conducts better than the 

nerve trunks. | 

5. Comparatively powerful currents are required to influence 

those tissues which being poor conductors themselves are sur- 

rounded with better conducting material, such as the nerves 

among the muscles, . : 

6. “The resistance of the human body”’ is, strictly speaking, a 

meaningless expression. By that name is to be understood the 

resistance of two portions of the skin in contact with the electrodes 

if 

y 
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the resistance of the intermediate portion of muscle or other 

tissues being almost negligible in proportion to the former. 
7. Hence “the resistance of the body” will vary not so much 

according to the distance of the electrodes from one another, as to 
their diameter, the degree of moisture of the epidermis, its thickness 
at the point of application, the number of sweat ducts opened to 
the current, andthe state of the cutaneous system, ¢.g., a hot perspir- 
ing skin conducts far better than a cold dry one. ~ 

These considerations help to explain the prodigious discrepancies 
between the numbers given by various observers as to “the resist- 
ance of the body.” The only reliable method of obtaining ap- 
proximately correct results is, in my opinion, that of intercalating 
different portions of the body by means of electrodes of medium 
size into a circuit containing a large rheostat resistance, say 40 or 
50,000 ohms, and observe the proportional diminution of the current 
strength thus produced. For only in this way can a multitude of 

. sources of error be eliminated, otherwise inevitable. 
2,500 ohms may be assumed to represent the average resistance 

of the body in the usual medical applications, but no practical 
importance, except from the most general point of view, can be 
attached to this statement. 

Pie.’ 20. 

A B 

a ---TIAN is 

C 

Explanation of Diagrams.—The diagram fig. 20is intended to illus- 
trate the following facts :—Two electrodes, AB of different sizes 
being applied to the skin, 5, overlying a muscle, M, the current exerts 
the most powerful influence where it is the densest, that is under 
the smaller electrode. It diffuses itself over an indefinite area in 
the manner I have attempted to depict, but which the engraver has 
not verysfaithfully rendered. ‘The shorter the distance between A 
and B,@he greater will be the proportion of the current flowing 
through the tissues immediately between them; the longer the | 
distance, the more it will diffuse itself through the whole of M; for 
as A recedes from B, it is obvious that the difference between the 
Bee once offered by the direct path A to B, and the resistance of- 
fered by the more circuitous path, A C B, diminishes proportionally. 
Hence the practical rule that the nearer the electrodes, the denser 
the current (the more powerful the effect) in the tissues immediately 
between them.—Through the skin the current chooses the points of 
least resistance, vzz., the sweat ducts. 
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MECHANICAL EFFECTS OF THE CURRENT. 
2 

The diagram fig. 21 is intended to illus- 

trate the fact that the current diffuses 

‘tself throughout the body whatever 

the points of application of the el
ectrodes 

may be. Absolute localization is im- 

possible. If A and B are the positive 

and negative poles respectively, the 

bulk of the current flows in more 

or less curved lines from A to B 

through the tissues enclosed between 

them. Externally to this interpolar 

region, the direction of the derived 

currents will be somewhat as shown 

by the wavy lines, that is opposed to 

that of the main current in the regions 

A to a, and B to 4 Of course Wwe 

assume here, for simplicity’s sake, that 

the body is made up of a uniformly 

conducting substance. 

It is of the utmost importance 
to bear 

+n mind the diffusion of currents in elec- 

tro-diagnosis, where it is the source of 

numerous fallacies. The occurrence of 

cerebral symptoms (giddiness, flashes 

of light, the “ galvanic taste’) when one 

of the electrodes is applied to the upper 

part of the back, is to be accounted for 

on the same principles. | 

MECHANICAL EFFECTS OF THE CURRENT. 

WHueEN a current is sent through two vessels filled with a liquid and 

separated by a porous substance, such as an animal membrane, 

the level of the fluid sinks in the vessel in which the anode is 

placed, and rises in that containing the cathode. In other words, 

the current produces a transference of the liquid from the positive 

into the negative vessel. This phenomenon is known as osmosis. 

It naturally occurs between two dissimilar liquids; for instance 

between water and a solution of gum, the direction of the osmotic 

currents being from the lighter to the denser liquid; but the elec- 

trical current, when opposed to the natural direction, is sufficient 

not only to neutralise the phenomenon, but to reverse the order of 

its occurrence. : 

“The amount of electrical osmosis grows with the resistance of 

the fluid acted upon, and is thus inversely proportional to the 

amount of electrolytical action. Thus it is very marked with pure 

water, and diminishes with the conductivity imparted to the liquid 

by salts in solution, etc. | | 

When a current is sent through part of the body, we may 

readily suppose that such a transfer of liquids from cell to cell 

occurs on its path. But it is difficult to estimate even approxi- 

CHEMICAL EFFECTS, 
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matively, the therapeutical importan : pane ce of osmoti 
they must be borne in mind when we try to ee Pe Yet 

ence of the galvanic current on tissue-change ae or the influ- 

power of promoting resorption in certain cases of offusi its notable 
ion, 

- PHYSICAL EFFECTS, 

Tue current has certain characteristi eristic physical e 
production of light and heat, and the alee such as the 

force in neighbouring conductors of electro-motive 

Some authors speak of the “ thermal’’ effect s of electrici 
a oo from the warmth produced by increa ae on the 

° ae exists; medical currents are so Wolk ta ee 

a een os 4 a conductor IS SO great, that a prio it weet 
p ssi at a sufficient quantity of electricity shoul appears 

verted into heat as to raise perceptibly its tem y should be con- 

ments, however, made with the most seins 

conclusively shown that no heat is evolved at th ee 
cation of the electrodes. cabin 

Some authors, again, ha yain, have laid much st 
| ae currents inthe organism set up bi oe ie mera 
ho eae Ane current. ‘’he existence of such aOR is i at 

ut it is difficult to estimate their im See 
P oo effects of electricity. Dr sO east among 

i ute to such induced or extra currents ai goes so far 

Pe oc aes ‘ the make and break of the galvani : nie ee oF 

eck octane fo his ypothesis;. of Seatneica 
a We ee extra current that is opposed t Be 

can call rth oe ae. That the primary ae oS ee 
contractions independently of such Paled current 

currents 
accompanying its make and break. j 

phenomena of the reaction of deg lune radetitety 2) we 

Experi- 

ts. have 
points of applica- 

4 CHEMICAL EFFECTS, 

HEN the extremities of the rheo 
sage are plunged in water, a 
os 1s noticed ; oxygen is given off at the 
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PHYSIOLOGICAL EFFECTS. 

2‘ “The salts spli 

cathode. 

The former along with the nascent oxyge" oxidise the ‘neigh- 

bouring tissues 5 the latter exert their peculiar caustic action. Lhe 

tissues attacked form ‘n the one case a hard dry eschar, in the other 

a soft moist Mass, frothy by the admixt
ure of hydrogen bubbles. 

When a sufficiently 
powerful, or sufficiently prolonge

d current is 

applied to the human body, similar changes occur in the skin, at 

the point of contact of the electrodes. 
At the positive electrode an 

eschar is produced with an acid reaction ; at the negative a vesicle, 

led with an alkaline liquid. If the action is prolonged beyond 

this point, more extensive ulcerations take place, having 
the general 

characteristics of those produced b
y acids and caustic alkalies re- 

spectively. 
: 

Intimately connected with the fact of electrolysis is the existence 

of currents of polarisa
tion in the organism at the moment of breaking 

of the galvanic current. These currents are opposed in direction 

to the original current, and can easily be demonstra
ted by placing 

the hands in two basins connected with the poles of a 
battery; an 

after a few minutes electrisation transferring them (after wiping) 

‘nto two other vessels connected with a calvanometer. The needle 

‘ndicates the existence of a current flowing in a direction opposite — 

to that of the primitive current. The same phenomenon is observed 

in experiments upon pieces of animal tissue, and is obviously ana- 

logous to the “ polarisation” of inorganic substances. 

t into acids at the anode and alkalies at the 

~ 

PHYSIOLO GICA
L EFFECTS. 

f electricity naturally fall under two 

THE physiological effects 0 
t itself; B, those due to changes 

heads, A, those due to the curren 

in the current. 

A. PHysitoLoGicaL EFFECTS OF THE GURRENT. 

1. Electrotonus.—When 
a constant current has been sent for a 

short time through a piece of nerve, the irritability of the nerve is 

altered in a peculiar manner. The phenomena observed are 

designated under the name of electrotonus. Without entering in 

any details upon this subject, which which will be found fully 

described and illustrated in any manual of physiology, I shall 

simply remind the reader that when a current is sent through a 

portion of a nerve the excitability of the nerve ‘s diminished in the 

neighbourhood of the anode (positive pole), incre ased in the neigh- 

bourhood of the cathode (negative pole), and that these states are 

called anelectrotonus, an d catelectrotonus*
 respectively. 

2. Refreshing Effects —Vhe constant galvanic cu
rrent has a marked 

«¢ refreshing” effect upon nerve and muscle. More work.can be 

performed when the muscles are under the influence of the current ; 

the supervention of the sense O 

* Often misspelt cathelectrotonus. 

f fatigue, and exhaustion 1s delayed. 

= scendi ng or centrifugal (that is, the positi 

oo Curr ," ent of weak, on breakin 
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A muscle which has been tired out b 
an be again and again restored ea ae prolonged action 

These facts can be easily verified by reeet f ace of the current. 

comparing the results obtained first without of the dynamometer, 

cation of the current to the flexors. The (as ext with, the appli- 

must be frequently repeated so as to eli periments, however, 

sources of fallacies involved in the method mawaricaa tt eS 

Be. These ae current has well marked 

when ‘due to the inf p eececnbed as direct ‘gad indire ee ia 
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a parts, It is probable thi Hea 

ee iatter the anes in the same manner as the bl serie lym- 
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Be fecies ee by the redness and rate ea 

current Remak included he fe OF the, Caralrcal ei aos 

Beis Therapeuti 7 the mechanical, chemical, and Be 

these various Prices poe 
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change. In promoting’ absorption and a | 

The di 
mer 
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following table is usually given :— 
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rdinary text-books of physiology. The 

DESCENDING. 
ASCENDING. 

FE eS es eee meee TET Pe en 

Make. . | Break. Make. Break. 

i a Biel, Sat RE
E ele ee

 oy oe 

Weak se C — C — 

Moderate ... 
C C C 

Strong... +» 
— — C 

As a general deduction from this “law of contractions,” we may 

say that the descending current acts more energetically upon. the 

motor nerves. 
| 

| 

The opposite is found to hold for sentient nerves. The ascend- 

ing current acts more readily upon them, sensation being most 

marked at the make of such a current. The sensation produced is 

of the kind peculiar to the nerve acted upon ; thus, flashes of light 

are perceived when the optic nerve is stimulated; sounds when the 

acoustic; smell when the olfactory; pain when the nerves of com-_ 

The electrical stimulus, then, acts most readily 

mon sensation. 
long the nerve in the same direction as the nor- 

when travelling a 

mal nervous wave. 

Vasomotor Effects. —_\n 

well as other nerves. 

of the arterioles an 

terrupted currents- stimulate -vaso-motor as 

Hence the primary result is a contraction 

d diminution of the blood supply. But. these 

d are followed by the opposite 

effects are only temporary, an 3 

lation, and dilatation of the vessels. 

state, that 1s increased circu 

This is explained by thre
e considerations :— 

First; After the forcible contraction of the muscular elements 

of the vessels there occurs a reaction. They pass into a paretical* 

state from which they only gradually 
recover. 

Second: The voluntary muscles ‘which ma 

lated at the same time contract, an 

the circulation of the part is increased. 
| 

Third: There may have been simultaneous stimulation of the 

cutaneous nerves. It has been shown that this alone is sufficient 

to call forth hypereemia of the subjacent parts. Thus faradisa- 

tion of the skin, where the action is strictly localized to the super- 

ficial parts, 1s followed with an elevation of the temperature of the 

limb acted upon. 

— <Liffects on unstriated muscle 

Muscles of organic life are readl 

faradisation. It is doubtful whether this fact has hith 

taken full advantage of for therapeutical 
purposes. 

y have be en» stimu- 

ly stimulated by galvani
sation an 

erto been 

* Paresis is a convenient expression for partial loss of power
. 

dasa necessary con sequence, 

>—These need only be referred to here. ~ 

Ca 

DIFFERENCES BETWEEN GALVANISM AND FARADISM > 
ay 

DIFFERENCES BETWEEN Direct AND InprrEcT Muscutar STImMuULA | 
TION. 

It is important not to lose sight of the di ; Ley 

the reaction of volun
tary ee to ne 

exist in 

stimulation 1s direct or indirect, that is accordit: as:..th ing as the 

tissue itself or its nerves, be excited. In the ae of h . muscular 

muscular stimulation is unattainable, owing to the oa purely 

nerve fibres and endings in the muscular substance : Nea of 

the localisation of the current to the muscular tissu which render 

but in certain pathol
ogical states where these nervou . mpasathies 

atrophied, as for instance a few days after the trau - e ements are 

a motor nerve, and before 
the muscle has undergon atic lesion of 

change, such a stimulation is readily effected** i e hs any notable 

first, that the contraction is delayed and runs a m en observed, 

course ;. second, that in order to produce such a Rak protracted 

amplitude of the change in the current strength ma es the. 

that this change must b
e spread over a larger ee ive but 

appreciable time (2.2. a certain guantity of electricit , and last an 

‘to stimulate muscular tissue). ‘This is why in peri ‘a 4 Bye 

farado-muscular contractility is lost, and that even gcke paralysis 

tility disappears when
 the interruptions ofthe ane aan 

e ere es 

Matteuci has shown by accurate experiments that to ie requent. 

frog S ae a current of _,+,, ofa second’s duration ere ae a 

" oo ae that the quantity of electricity ee j 

Be eiths ae ed the energy set free by the oxidation of a 

1 a milligramme of zinc. Unfortunatel 
seven 

experiments upon electro-muscular irritability are et te ae 
g. 

PHYSICAL DIFFERENCES BETWEEN GALVANISM A 
FARADISM. _ es 

Tus fundamental differ 3 ence between the galvani 
: ani ; 

eo. that whilst the former consists # the sn ae ee 

; : ie latter consists in a succession of pillar nates 

oe. aa aos ). Hence, therapeutically, we eyeook soem 

Be ial, witho : as a mere series of instantaneous chan ia 

Be those Of peer electrical quantity. Its sole effects th ae ee 

ee a ae of nerves. It is devoid of atl ae si 

hs on t ete physiological, enumerated above eae 

j o this main diff 
importance Bake nated erence, some points of secondary 

Every si ; 
_ ee pe ok ee the faradic coil is really double: th 

words, the Be eniial of e, and immediately broken again, I GUE 

from 0 to x Bemiedi - the tissues acted upon is suddenl pS 
ately to fall back to 0 again. Mago 

* It is a well known f, 
motion retu act that in a traumatic : 

the muscle a 
eee ae inepance, Cee 

of lesion. It must en ie to contract by faradising the n ust be observed that 

Boe pele of cc: ae Be the freshly restored ere ine eet 

some unknow 
oe stimuli originati 

X e nerve 

tions, that intra-mu as regained this susceptibility d adic stimulation; and 

scular faradisation meets with a a QiSaEe agmrere S 
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The “high tension”’ of faradic currents is usually put down as 

a characteristic ; this of course depends entirely upon the fineness 

and length of the wire used for the coil. It is, however, difficult to 

understand how this ‘‘tension” can, aS some authors assert, have 

any influence upon muscular contraction. Owing to the exceedingly 

small quantities of electricity conveyed by the faradic current, the 

effects due to its diffusion are very slight. | 

The number of interruptions per second in the faradic current is, 

with the usual apparatus, large. Consequently during its whole 

passage, the muscles are kept in a state of contraction. . 

The alleged difference between the galvanic and faradic currents, 

due to the fact that the former flows ‘n one direction, the.latter im 

two directions constantly reversed, is more theoretical than based 

upon facts. First, it applies to the secondary {nduced current only. 

Second, the arguments used against Duchenne’s assumption that 

the difference of physical action between the primary and second- 

ary was specific, and the experimental proofs adduced to show that 

precisely the same results were obtained by the use of either coil, 

provided the physical conditions (length and thickness of wire, etc.) 

were the same, obviously apply to the subject under consideration. 

EFFECT OF POLES AND OF DIRECTION. 

Wuen we come to the therapeutical application of the data 

supplied to us by electro-physiology, we are met at once by a ~ 

great difficulty. ‘The coriditions under which: we must act are ™% 

totally different. It would seem at first that nothing could be 

simpler, for instance, than to verify the law of electrotonus on & 

living man, yet it is far from being so; and this result has been| 

obtained only by dint of carefully planned experiments and re- 

peated trials. The difficulties to be contended with depend upon 

the fact that it is almost impossible to localise the currents suff- — 

ciently in the parts to be experimented upon. This will be ‘readily 

understood by referring what has been said about the diffusion of 

the currents in the organism. The effects ascribed by physiolo- 

gists to the direction of the current in a nerve can hardly be expected 

to manifest themselves fully in therapeutical practice because first, 

the strength of the current is very much diminished owing to its. 

diffusion in the surrounding tissues ; second, because as shown in 

the diagrams, that direction is not uniform; the nerve is influenced 

under each electrode by currents flowing in the opposite senses. 

These and other considerations, among which is the great success 

obtained by the polar method of investigation, have considerably 

— strengthened the views of those who, after Brenner, attribute the 

results obtained, not to the direction of the current, but to the 

specific influence of each pole. <A bitter controversy, not yet 

appeased, has been raging between the partisans of this “ polar 

method” and the adherents of the ‘direction method.” There is 

no doubt that both sides have gone too far, and it is possible, from 

a purely practical standpoint, to effect a compromise between the 

extreme views. Considering how little we know of the pathology 
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of many diseases in which electricity is pre-eminently successful, and 

of the relative importance of electrical influences (electrolytical 

electrotonical, vasomotor, etc.) in these diseases, we must preserve, 

in therapeutical matters, an empirical attitude, and base Ant 

methods upo:i grounds of convenience and upon clinical results 

rather than upon physiological experiments andtheory. When phy- | 

siology agrees with clinical observation so much the better; when it 

disagrees, we must endeavour to reconcile them by finding the dif- 

ferences of conditions which may account for the discrepancy AS 

a matter .of fact, both methods are adopted in the following pages: 

the polar method in what concerns diagnosis, the direction method 

for treatment. 

The polar method consists in eliminating the effects of one of the 

oles by placing it upon a distant ‘‘neutral’ point of the bod 

whilst the one whose effects are sought is applied to the organ 2 

be investigated or treated. The brilliant results obtained of late 

years by the application of this method to electrical investigation 

as well as its superior practical convenience, do not allow of any 

doubt as.to its superiority for purposes of electro-diagnosis. On 

the other hand, nothing can be clearer than the almost complete 

failure which has attended, in therapeutics, the attempts to vere 

the physiological basis of the polar method. The anodyne Be 

stimulant effects, for instance, attributed to the positive and nega- 

tive pole respectively, are rarely realised in practice. In Auer 

cases it would seem that the Curative effects are due more to 

the general influence of ‘the current” properly applied both as to 

strength and place, than to any specific action of pole. The same 

remark, it must be confessed, may frequently be applied to the direc- 

fon. tt must be acknowledged also that, when considered from a 

practical point of view, the direction method and the polar method 

often differ more in name than in deed; and there seems to arise 

from some quarters a tendency to reconcile the two. What con 

cerns us more particularly here, however, is the fact that in order 

to obtain satisfactory results in electrical treatment, a systematic 

rational application of the current is absolutely necessary 
othing can be worse than the desultory, meaningless manner in 

_ which the thing is too often done. It is for electro-therapeutics 
as for all the other arts: first; master an approved method; ) 

then, but only then, pass on to experiments and original improve- 
ments. In the following pages, cle ; fo arly defined rules of practi 
a a which have been found efficient in pein any 3 
oe pee these will prove faithful guides in the practice of many ; 

ie them to the successful employment of one of the most 
powertul therapeutical agents we possess. | 
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. CHAPTER Il. 

APPARATUS. 

GENERAL OBSERVATIONS ON MEDICAL BATTERIES. 

Tur first point to consider in reference to a galvanic element is its 

electro-motive force. It is evident that this is the main circum- 

- stance which regulates the number of cells to be used in medical 

practice. The E.M.F. of a Grenet, Bunsen and Greve is about 2 

volts; that of a Leclancheé 1°5 ; of a Clamond-Gaiffe 1°3; of a 

Daniell and chloride of silver 1; of a sulphate of- lead 6." “The 

E.M.F. of single fluid cells, is difficult: to estimate as it varies 

greatly from time to time. When freshly charged the Smee may be 

taken at ‘8, the zinc carbon at I°4. It is obviously impossible to 

convey any sense by speaking of “so many cells,’’ their nature 

must be specified, and unless supposed to be in full working order 

their E.M. F. at the time. 

But this is not all. The resistance of different cells varies greatly. 

Thus for instance, the simple fluid cells have no resistance to speak 

of, 1 or 2 ohms, or less when put in presence of the body. The Rg 

of the ordinary Leclanchés may be taken at 10 ohms. A battery 

of 50 would then have an internal resistance of 500, an apprecia- 

ble factor in medical matters. Then again, we have the chloride 

of silver and Daniell, which as constructed by Gaiffe and Siemens, 

have a very sensible resistance amounting to 20 ohms or more. ‘In 

fact 1 have chloride of silver cells of 180 ohms, ‘20 of which would), 

thus have a greater resistance than the human body. \\ 

From what is said in other parts of this book, it will be readily \ { 

seen that the internal resistance of batteries for medical purposes 

is of far more practical importance than might be concluded from 

the silence of most electro-therapeutical writers on this point. 

The essential quality of a galvanic battery is constancy, and this 

depends, cezerts paribus, upon the energy of the depolarising body 

which it contains. Single fluid cells have no special provision 

made for depolarisation; the rough surface of the platinised silver 

or carbon prevents to a certain extent the deposition of hydrogen 

upon the plate; but this is imperfect. As we have said the 

Leclanché occupies a middle position between these and the true 

depolarising cells, such as the Daniell. 

Another point of view from which we-must consider medical ele- 

ments is their portability, 7.2, their size ‘and weight. By far the 

most portable is Gaiffe’s chloride of silver, which contains practi- 

cally no liquid, and can be placed in every position without ceasing 

to work. Next come the Leclanché and Daniell, the latter as 

modified by Dr. Onimus. Last the Smee and zinc carbon which 

are very heavy and exposed to irretrievable injury if upset. The 

latter danger is to a great extent remedied in Salt’s battery. 

Durability is an important item to be noticed here. What ren- 

ders the Grove or Bunsen impracticable is the necessity of a daily 

+ 

: 
| 
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recharge. A Leclanché on the other hand, and better still a Gaiffe- 
Clamond, owe their excellence to the extraordinary durabiilit 
which distinguishes them. No chemical action takes place wine 
the circuit is opened, and in the case of the larger sized cells, 
years may elapse, and yet they remain efficient. Next in order 
Gaiffe’s chloride of silver element must be mentioned, which is cal- 
culated to furnish, through the resistance of the body about 800 
hours of actual work without recharging. >Dr. Onimus’ sulphate of 

copper battery is very durable too. The Muirhead and single fluid 
cells require much more frequent recharging. The single fluid cells 
are very easily recharged. The Muirhead much lessso. The 

silver can also be recharged by the owner. The drawback attend- 

ing the Leclanché is that, when recharging is necessary, the worl 

must be done by the patentees, and several weeks may ela se b : 

fore the possessor sees his battery again. . ce 

Some minor considerations must also be kept in mind in trying 

to form a comparative estimate of the merits of the various sae 

ments used for medical purposes. Thus, for instance, if the elec 

‘trodes are left in contact, whilst the current is on a few hours will 

suffice to make a complete wreck of a Leclanché, whilst a Daniell 

said, the Leclanché like the chloride of silver does not require 

such mechanism to throw them out of action, as is peigitted foie is 

single fluid element, since no chemical changes can go on when ate 

circuit is opened. In the Daniell there occurs a diffusion of He 
- liquids through the diaphragm which necessitates recharging after 

a while, even when the battery has not been used. It must be said 
however, that the rate of this diffusion occurs in an inverse ratio to 
the i of the diaphragm. It is rapid in the Muirhead: 

ig j oe er in the Siemens Remak and Onimus sulphate of copper 

A practitioner's battery should be able to develope a force, wh 
required, of at least 60 volts. ‘The number of elements should het 
be Leclanche’s or zinc carbon 40 to 50, Daniell’s, chloride of silver 
or Smee’s 60 to 80. The internal resistance should be sufficiently 
large to enhance the constancy of the current, without howell 
detracting too much from its strength, 20 to 30 ohms per cell iad 
convenient resistance. But the i are tae e internal resistance may, with ad- 

vantage, be made higher still, provided a proportional increase in 
Fe ae of cells be no objection. When, as occasionally hap- 
pens in diagnosis, a more powerful current is required shri & 

q battery of the usual size can give, a small supplemental battery of 
ie 4 cells is conveniently put into the circuit 

-—- a should be provided with the accessories necessary 

eins & nd accurate graduation of the current strength (dial 
ee Sage ih of measuring that strength (xalvanometer), , 

mutator), a. hectic. the current (interruptor, cons 

al further on. ie other accessories are considered in 

ae be protected from accident, and at the same 

. lhe connections inside the battery must be pro- 

will be not much the worse for it. On the other hand, as we have 
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tected against any corrosive action, and thoroughly insulated. It 

will be found very convenient to have the external, metallic fittings 

silver or nickel plated. Copper fittings must have their surfaces kept 

free from oxide by scouring with emery paper or the use of fine files, 

Whilst on this subject, I think a few remarks on the chief causes. 

of failure in batteries may conveniently be added. First, if the 

failure is gradual, it will probably be found that it is due to ex- 

haustion of the cells. In this case, the remedy is obvious: they 

must be replenished. This is not the place for entering into the 

details of the operation, which vary according to the kind of battery ~ 

used. Instructions on this point are usually given by makers to 

the buyers of their instruments. , : 
Second, the failure is more or less sudden. The source of the 

mischief may be, 1, in the cells, 2, in the connection between the 

cells, 3, in the connections between the cells and the element board, 

4, in the conductors and electrodés. In order to find out which of 

these parts is at fault, a methodical investigation is necessary, and 

the best is to proceed by elimination. The electrodes applied to 

the skin do not yield any current: disconnect them and apply the 

ends of the rheophores. If nothing is felt, then apply the moist- 

tened fingers to the terminals of the element-board. If the signs of 

‘the current fail here also, apply the fingers again to the poles of 

first and last cell. Having thus localised the source of mischief, it 

must be remedied accordingly. Electrodes must be cleaned or 

mended ; rheophores must be changed; 
fied; exhausted cells replenished. \ 

The rheophores are often at fault, usually at the points of *at- 

tachment to the electrodes. With ordinary telegraph wire it can 

hardly escape immediate discovery; but in the old fashioned silk 

covered conductors, the metallic threads may be completely 
<4" 

broken, and yet nothing appear externally. 
Defects in the element-board and its connections are not always 

so readily discovered and rectified; the less so, the more compli- 

cated the structure. A certain amount of familiarity with the 

anatomy of his battery ought to be possessed by the practitioner, 

so as not to be entirely dependent upon the instrument maker for rec- “gg 

tifying every little hitch that is sure to occur at some time or other. 

This remark applies with equal force to the accidents to which 

the cells themselves and their connections are liable. 

to discover the defective point the collector may be used, so as to 

determine up to which cell the battery works; and then carefully © 

examine from that point if any connection is loose, or corroded ; if 

any cell leaks, or works irregularly, salts creeping up, zinc being 

eaten away, etc. All this of course requires some practical know- 

ledge of electrical matters in general,. as well as of the details of 

the battery used, but the labour expended in acquiring this know- 

ledgeis sure to repay amply intime. Many disappointments will be 

avoided and time and money saved by him who can dispense with 

external assistance in the management of these little matters. 

Whenever heavy work is required from a battery, and portability 

is not essential, every advantage will be gained by establishing a 

faulty connections \yecti- OS ae 

In order 

GENERAL OBSERVATIONS ON MEDICAL BATTERIES, 43 

fixed battery of large elements. It is quite true that as f 
current strength is concerned nothing is gained by the ast: as 

large elements, and that the idea, still surviving in some Hii Fi 

that their therapeutical effects are ¢reater “because the HOGS, 

greater quantity of electricity” is a mere relic of ant ae 
theories. But it is equally erroneous to attribute to eae e 

mysterious faculty of “giving more painful shocks’ than sell 
cells, As a matter of fact, all the conflicting statements sane 
merits or demerits of this or that kind of elements are based y e 

imperfect observation. As long as experimental proof is me 
forthcoming, we are bound to assume that the effects of a const “ 

electromotive force, whatever its origin may be acting through ih 
same total resistance must be absolutely the same. But to return fe 

1. Large cells are to be preferred because the surfaces of th 
plates being larger polarisation does not occur so readily e 

2. Large cells containing a larger amount of tncdeuial las 
longer without recharging. 

» last 

io 
° 

el are as a rule less likely to get out of order, being 

4. Large cells are cheaper than smal | 
amount of work they Gaeaish, ; cues Rf Opor lowell sea 

The advantages of a fixed over a portable battery are obvious 
It is not exposed to the dangers of being upset or litebeelea Te 

is less likely to fail at a critical moment, and if ack used, 
_ markedly more constant. If injured it is easier to repair. It sas 
much greater scope for a convenient disposition of the been ae S 

and element board, and allows the use of a larger numb ¥ 
_ elements with high internal resistance.* A ates 

THE BUNSEN AND GROVE ELEMENTS. 
_ Ise Bunsen element, consists of an earthenware vessel filled 

| PiG., 22; | 

_ Gaiffe’s Bunsen element isti ae ] , CONnsisting of . “egal ‘ Fine zine, Z, in the Samora a ee external earthenware vessel which contains 
the zinc stands a aor cylinder, bathed in dilute sulphuric acid.. Within vessel holding the carbon immersed in strong nitric acid < * 

eee cells have of cours s ns ut this can be artificial ~~ # Proper diaphragm, 

= } 

pew paribus, a lower resistance than small 
y Increased to any amount by the simple interposi- 
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with dilute sulphuric acid in which is plunged a cylinder of -_ eee : 45 

amalgamated zinc. Within the cylinder stands a porous cell YW In order to provide a continuous supply of sulphate of co 

of baked clay filled with strong nitric acid, and containing a | a several contrivances have been imagined; inthe Meidin aie 

prism of carbon. The action of a Bunsen is as follows: the zinc |e for instance, a vessel filled with crystals and with its ‘Mould do en 

is attacked by the sulphuric acid, sulphate of zinc being formed. - | wards 1s disposed as in the figure. 
Hs” 

The oxygen formed by the electrolysis of the water remains 

about the zinc whilst the hydrogen is transferred by the action of 

the current, through the porous cell and the nitric acid, towards 

the carbon. Before it reaches it, however, it combines with 

some of the oxygen of the acid which is reduced to nitrous acid, as 

evidenced by the evolution of the characteristic red fumes. As 

long then as there is a sufficient quantity of acid to oxidise the 

hydrogen, a constant current will circulate. | 

Grove’s cell is essentially the same as Bunsen’s, the main differ- 

ence being the replacement’ of carbon by platinum. _ Its chemical 

reactions are the same. The currents supplied by these two cells 

are very powerful, their electromotive force being about 2 volts, » 

and their internal resistance being capable of being reduced to a 

fraction of an ohm. Once charged, they work very regularly for 

a few hours. But the unpleasant fumes they evolve, and the diffi- 

culty of manipulating the strong acids restricts their use consider- 

ably. Their application in electro-therapeutics: 1s limited to the 

gealvano cautery. 

Fig, 23. 
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THE SULPHATE OF COPPER ELEMENT. a 

Gaiffe’s Meidinger element B, i ‘, Vv Ww _e& .B, is a glass vessel, with a neck dipping into the ipping 
porous vessel containing the copper pole. The crystals and sahdeate ee 
with which it is filled before being i eg 

sulphate of copper constantly A da into the cell, keep up the supply of 
Tue original form of this element is the well known Daniell, the \ 

most extensively used of all cells. It differs from the Bunsen bythe ~ 

. substitution of copper, and a solution of sulphate of copper for car-- - 

bon and nitric acid respectively. Here the hydrogen on meeting the 77 

solution precipitates metallic copper and sulphuric acid is formed. ‘The Callaud (gravitati e 

Many modifications of ee eae construction have been devised 4 ae 3 tion) cell does not contain any diaphragm. 

to meet special ends. The following have been used in electro- | ENEn: 

therapeutics. The Becker-Muirhead consists of a rectangular — 

vessel with a porous partition separating the liquids. The cells . | 

are usually arranged by tens in oblong boxes. A battery of 60— q 

89 is necessarily very bulky and suitable only for work at home. — 

The cells require cleaning every month or two when regularly 

worked; and when not in use are the seat of chemical action 

which necessitates frequent recharging. This is owing to the in- 

ternal resistance being unnecessarily small. There is then every 

reason for breaking through the traditional orthodox saying, that 

the Becker-Muirhead, (whatever its merits be for telegraphy, etc.,) 

is the medical battery par excellence. we 

The Siemens-Remak cell has in this country a historical rather : 4 

than a practical interest. The porous diaphragm is here replaced : 

by a thick layer of paper-pulp; saw-dust, sand, felt, etc., have also _ 

been used. The resistance is thereby greatly increased and the 

durability of the cell notably improved, but the sulphate sooner or 

later finds its way to the zinc and necessitates periodic cleanings 

and refilling, a somewhat complicated process. 

- 

Fie, 24. 
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Gaiffe’s Callaud , Vi 
c 

element, a copper wire ee. encased in a glass tube, in its middl ’ portion, a : 
i zinc is ae “fit Fhe: shape stands in the middle of the cell 
i level, and crystals of sulph a upper part, water is then poured to ae requisi 

' Le or layers of the liquid c fe eee dropped in. In virtue of its ert 
fr , : juid—a saturate 

e€ 
from the upper into which dips the zinc. solution of the sulphate—remains distinct 

A plate of 

. 
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The superior specific gravity of the solution of sulphate*of copper — 

‘s taken advantage of, and the two liquids are simply ‘superposed. 

Of course this precludes the possibility of using-the cell for any but 

stable battery. The chief merit of these elements is their cheap- 

ness; they do not cost more than sixpence each. 

Fie. 25. 
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A battery of 15 Callaud-Trouvé elements in a box. The rheophores are con- 

nected by means of clips to the wires binding the eléments together. 

Dr. Onimus has brought several improvements in the construc+. 

tion of medical sulphate of copper elements. He speaks very 

highly of the following cell:_-The external vessels consist of a 

large test tube, with a flat bottom upon which rests a disk of copper. 

The upper part is occupied by a cylinder of zinc. A piece of 

glass tubing closed at one end with a disk of gun-wadding, and 

filled with crystals of sulphate of copper, stands in the centre of 

the test-tube, and the whole is Glled with water. When once 

electrical action is thoroughly set up (this is effected by short- 

circuiting the battery for a few hours) the cell works steadily for 

’ 
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a very long time with- 

out any other care 

being taken of it, than 

dropping a few crystals 

+n the centre tube from 

time to time, and water
 

sufficiently to make up 

for evaporation. 

Trouvé of Paris, has 

recently made a tho- 

roughly compact and 

portable sulphate of 

copper element, which 

has the great advan- 7 ‘ 5 
| ie rouvé’s new Daniell element.—A disc ; 

tage of aa ae the top, and a disc of copper oe the pues secs 
any liquid capa € Ol rated by a thick pad of blotting paper tiie Gees 

4 

Pac) ; : ; F 
~ being spilt. It con- half is moistened with sulphate of zinc, the lower 

sists of a disk of cop- with sulphate of copper solution. 
er anda disk of zinc separated by several thi 

icknes Oe 

pus material. The pad is moistened with water, and hon idere 

half is dipped in a strong solution of sulphate of copper When 
not in use, it has only to be exposed to the air j 

; 
i 

so is not exposed to unnecessary wear. n order ta dry, and 

Pie. 35. 

Battery of . iat, : 
_ 40 Trouvé’s Daniells.—Th 

reverser, and . e element board carri 

of the tery. ieee Posed on two halves, worins (he cen ace 
elements are arran d O distribute the wear of the eleme Saabs 
— ts. The sing 

_ under surface of i as shown at the top of the plate, and ca a tre 

board, and di e element board. To rech are suspended in the 
 aghat p the lower half of th arge the battery, lift the ele 

Copper vessel (suppli nalt of the elements (after drying th a ee 

sulphat pplied with the batter One ying them in the air) ina 

sulphate of copper, The battery is the, fechianaee Ce See 
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‘le 
A simpler form of the same battery—The dial is replaced by a pin-and-h 

collector. 

THE CHLORIDE OF SILVER ELEMENT. » 

71inc and silver are the metals used as electrodes; chloride of silver | 

is the depolarising agent. 
| 

Stéhrer has made a battery of such elements. The general con- 

struction is the same as in his zinc-carbon battery. The cells 

consist of test tubes containing at the bottom some chloride of- 

silver, and filled with dilute acid. The electrodes are in the shape q 

of a silver wire fixed to the bottom, and a cylinder of amalgamated 

zinc to the upper half of the tube. a 

Messrs. Muirhead and Co. of Westminster, make chloride of 

silver elements which might advantageously be introduced into 

medical practice. They consist of a wide flat-bottomed test tube 

filled with dilute acid. The stopper is made of paraffine into 

which the electrodes (a rod of zinc and wire of silver) are fixed. ~ 

The chloride of silver is cast, in the shape of a solid cylinder, 

around the silver wire. These cells work exceedingly well, as 

testified by Dr. Warren De La Rue who has fitted up a battery 

of 10,000. 
Gaiffe of Paris, has devoted considerable pains to the improve- a 

ment of the chloride of silver element, and brought it to a very 

high state of perfection. A cylindrical box of vulcanite, with a top — 

that screws down hermetically, contains a plate of zinc, and a 

wire or plate of silv 
s 

The zinc and silver are separated by a pad of bibulous paper
, which, 

when moistened, contains all the fluid necessary to work the cell to ~ 
the@ 

exhaustion. A reference to the figures will make the details of 

construction clear. 

er surrounded with fused chloride of silver. 
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_ 7 GAIFFE’S CHLORIDE OF. SILVER E 
ag : LEMENT. 
a G, H, S, T, vulcanite cell. The top screws on, and carries two metallic pi 

‘YV, V’, forming the poles to which are fixed, Z, a plate of zinc, and Y allic pleces 

silver cup filled with chloride of silver. The two are separat nati a shallow 

moistened bibulous paper, I; the whole being fastened with an ee Bond a of 

hi 

b] 3 

In the ae form, the si > ees n, the silver electrode is in the sh 
d chloride of silver. ‘The whole is contained ia te bee ee ee 
.. ao a the Sa figure. ees Aone ths ee 

a a. (0 techarge the cell, unscrew th | 
, discon . , e top of the cell ; 

er, bait ee ane and ie peg cae fill the ioe cu with cHonaee 

on of chlori pad of blotting paper, moistened i Sp 
en at he niarnbber band, dip the Whole i eae € lid. In the other f it j 

spare silver rods and chloride ready for “ide re eee base ne S Operation tak : 

pple ae rted wie Bide few minutes. Iflong unused, the zinc is liabl 
hei: Oxide ; it is then simply necessar ‘3 c is liable 

‘ pad with a few drops of water. eh eer te ea 

E 
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5 
e > : 

I can speak in terms of the highest praise. | : 

many months the double test of acriods eAisisealtnne Rove 

activity and of complete rest; and of travels of more an great 

miles, during part of which it shared the fate of ordinar ha Ioseitighe 

and has never yet given any signs of becoming weaker f useage, 

otherwise out of order. I am not aware of any other ef or of being 

4 combines to the same extent, durability, portability Feet Pic 

| 
: y. 

-” 

The cells are made of two sizes; the larger is only 34 incnes 

long, by 1$ in diameter, and weighs but two ounces ; it is used for 

working coils, etc. The smaller size is mainly used for galvanic 

batteries. The experience I have had of these elements iS most 

favourable. Their electro-motive force is about the same as the 

Daniell’s, 1:03 volt,* and they give a very constant current, As — 

regards convenience they are by far the most portable cells ever 

| Fic, 32. constructed, and 

last a long time 

without requiring 
cleaning or re- 
charging, which 
operation is very 

simple, and can 

be carried out by 

any intelligent 

person. Theenly 

drawbacks of the 

silver cells ares 
their elevated 
initial cost (the 

workmeg is cheap . 
enough, all the 
reduced _ silver 

being recovered) 

and for this coun- 

i : try at least, the 

Hirsi] == disadvantage of 

= : not having the 

prepared mate- 

rials for recharg- Me tis then 

ine’ at hand. 4 ee pre-eminently suited to int i 

a Gaiffe has ia ie ee the very conditions met Brg canoe rk through 

made me a bat. ay fe) eer en 
4 

tery of 60 suchel- 

ements, of which 

‘ 

THE PEROXIDE OF MANGANESE ELEMENT. 
Tuts element, known as the Leclanché f 

sug 
inche Irom its pa 

; suggested by De la Rive. 
It consists of zinc aay eee was first 

trodes, peroxide of manganese as depolariser, and ae as ole 

a “ammoniac or common salt as excitant. The Mewicsl oh sent 

Me HCl and ae “ponte of electricity in the él rete 
Zn, 2 NH, Cl and 2 MnO, are changed i TA 

2 ged into Zn Cl,, H,O, 2 NH, 

and Mn,O0,;. As in the chloride of si silver 

| a change whatever occurs whilst the cell is not sees ais ‘ 

_ The electro-motive force of the cell is about 1°5 Gok hat i 
, equal to one and a half Daniell. But it must be noticed th: that Is, 

constant element only in a different sense of the word al ce nae 

_ Grove or Bunsen will give when short circuited f rdaltogether. A 

ay 
or sev 

eecry hte and absolutely constant current; a Daniell oe . 

3 2 weaker, but equally constant current for several days a Pha 

ra circumstances. They are the constant ele ys under. the 

lence. Buta Leclanché if short circuited. polari ug ee a al 

7 utes to such an extent as to lose almost Sit He oe In afew _min- 

_ Circuited through a high resistance, say 2 or egal But if 

eas . F 9 
: 

4 te a ie constant current for a reasonable ad slo Siu “ 

_when partially polarised, it recovers itself after a shake penod oe 

: ep? 

5 me therapeu- 

_ that when the circuit is "ae on nc ete ps stated  ecnirine no lift emical action spo ly 
alti lifting up of plates, etc., which is ae 
eon n the use of elements containing an acid fee: 
. = ee ciwore we He the small sized lec 

: work prope . dary Bs or thacreeping . ope and that owing t 

L aS before exhausted by use 
4 small iron cells. This Sawback 
g ag has somewhat lowered the ex 

. a ee of the Leclanché in elec 
4 i, everal modifications have bee 
; Be ehganese element. 
b. graph Company consist 

It must 
for med- 
oO secon- 

Al alts, they occasionally strike 
{his applies also notably to the 
joined to the difficulty of recharg- 
pectations raised on the first ap. 
ee neat 2 
n brought to the manufactu 

The familiar medical element ee 7 
bry ; Ss of 1 +<7] evo compartments containin a black vulcanite cell divided into 
Bre closed»; g the zinc and the carbon. <A 
Be colution with a cork at the top allows of ee. 
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GAIFFE’S CHLORIDE OF SILVER BATTERY. 

G, Galvanometer fixed on the lid, with its conducting wires. 

established through the hinges. The advantage of this arrange 

the battery is shut, the needle does not rest upon the pin, and 

out uselessly. lector with the handles, M, M’. The 

The element board carries a double col 
The 

metallic buttons are marked, 0, 2, 4, etc. The reophores are attached at B’, B. © 

Vv, V,V, V, screws fastening down the element board. When not in use the — 

handles rest on the dark buttons marked ‘“‘Repos.” The commutator 1s left out; 7 

the interruptor marked I. 
a . 

The cells F, F, etc. are arranged in rows, in trays. The positive and negative 

poles of each cell, H, H, etc. protrude through the upper part of the tray which 

is placed standing in the box. The inferior surface of the element board carries 

a number of springs, each of which presses upon one pole, and so the connection 18 — 

established. A drawer at the bottom of the battery contains the accessories. 

Size of 60 celled battery: 
i 

The connection is — 
ment is, that when 
does not wear it 

a that a b t : 

$000 ohms fc attery of 60 Leclanché : pet" Nase! 
2 MS 10F 48 hours was but slightly w ee working continuously through 17 Xx 7 & 9 inches; weight, 15 pounds. 

a e 

* According to the latest measurements of Dr. Warren De La Rue. 

: 
os 

ae 
pis? 

4 



52 
PEROXIDE OF MANGANESE ELEMENT. - ‘ Fe 

eee’, of Munich, has fitted up @ portable Leclanché 
battery, the 

cells of which consist of test-tubes; but the details need not be 

entered upon here. Both the English makers, and Gaiffe, of Paris, 

make Leclanchés in glass cells of various sizes. A late improve- 

ment has been to combine the carbon electrodes with the peroxide 

of manganese by mak
ing them into one compact cylindrical mass, 

the necessity of a porous diaphragm is thus obviated. (See fig. 40.) 

A large number of batteries are being now ftted up by different 

makers with the Leclanché element, of which some illustrations are 

here given. 
BIG, 33- 

(or Clamond-Gaiffes) 
in a plain deal box with pin and 

Battery of Leclanchés o electrise them- 

hole collector, and simple galvanoscope, suitable for patients wh 

selves. The figure. represents @ battery of 7 cells only; but large 

40 or more cells can be had, constructed 
upon the same principle. 
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Battery of 20 Leclanch 

The element-board carries a simple co 

ing screws. T he case H, is an open framework, suited for hospita 

r batteries of 20, 

és E,E, &c. (or Clamond-Gai
ffes) showing the connect

ions, — 

i lector M, a galvanometet G, and the bint ~ 

1 or house-woF* 
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- Battery of A J 

Bice: ts ee Ae ee dial and cpintiueater 

: ¢ Incnes; ‘ ‘ 

F. OS eee 9 ros 5 eee ee depth a weight:
 16 pounds. 

the element board eae” 
The letters P and N are seen th ee 

‘positive, and Shich he a at a glance which of the bi di rough a hole in 

ee A guard A on the ig ive. On moving the handle F the tee ae Slew eee 

dial has been brought i
gs the battery being shut. befo e ae: change place. 

“4 .. Interruptor. 
‘ 

| re the handie of the 
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Size: . ; Galvanoscope A 
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ize: length rr inches; breadth 83; d ae 
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Weight: 13 pounds. 
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Battery of 30 Leclanchés.—The 
element- board carties a dial collector D; a t¢- am — = 

volving galvanoscope e A; a commutator C; and a set of shunts, B, B, B, by ‘means 
, it 

of which series of cells can be cut off, so as to avoid throwing the main wear upon a = SS
 

the first few, EE binding screws. The accessories are electroplated. 
4g eS

 SSS SSS 

Size: 30 celled: length 9} inches; breadth 82; depth ro: weight: 22 pounds. 4) ee Leclanché ee ost d bee eee 

o celled: 16 eee : 
me The y’s medical batte 

50¢ 99 99 2 23 92 ae a 1 “commutator. Vaan carries a dial al bate os egies h 
uic 

e€d-w 

the purpose, anite sponge holders are kept in the soe patna x 
provide or 
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ntroduced a manganese element in which the carbon 5 replaceiaa 

i The obvious advantage of this modification, 1s that it arene of ‘ ic ia 

Beer and lighter. Fig. 1. represents the current commutator ans mo 

a howase of increasing the current-strength ue a of paneer ss . De ONaam 
ety f galvanoscope, which acts In ition, ver — 

WW break. Fig. 2is a new form o nent parts of the-interrupting handles 
ay d 4 are representations of the compor pa 

EeiGases 4 i: eee disks mounted in nickelised fittings. Fig. 5. Tin plate 
3 

Mr. Coxeter has lately i 

te 

PEROXIDE OF IRON ELEMENT. La 

THE PEROXIDE OF IRON ELEMENT. 

Turs element, known as the Gaiffe-Clamond, is mainly a Leclanché 
in which iron is substituted for manganese. 

The superiority claimed for this cell is that it is more constant 
than the manganese element, and that the peroxide of iron, 
having the property of re-oxidising itself in presence of air, need 
not ever be changed. A battery of small Gaiffe-Clamonds can 
furnish medical currents for 2 or 3 hours daily, without any percep- 
tible polarisation occurring ; if the element be middle-sized, 8-10 
hours daily work is obtainable. 
__ The construction of the Gaiffe-Clamond is in every way the same. 
as the Leclanché.* 

The Clamond-Gaiffe element. Z, zinc rod; C, carbon surrounded with sesqui- 
oxide of iron, dipping in the chloride of ammonia solution. V V’ screws for 
connection. _ E w 

Gaiffe constructs two models of batteries with iron elements. 

The one (obtainable of Mottershead in Manchester) has a simple 
pin and hole collector. The other is more complete as shown in 

the illustration. 

* I feel bound to say here, that experience has not justified the expectations laid’ 
upon the iron element. For some hitherto unexplained reason, secondary actions 
are readily set up in it which soon destroy it. M. Gaiffe has, however, lately 
introduced an improved Leclanché for medical purposes, cheaper than, and in some 
respects superior to, the English article, and which can readily be substituted for » 
the iron cell in batteries. 

I have personally a great dislike for the method adopted by English makers of 
sg soldering the intercellular connections and bedaubing the whole with a thick layer 

of tar. Gaiffe’s cells are furnished with screws (fig. 40) which allows of their being readily disconnected and examined. 
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Gaiffe’s peroxide of iron battery. 

a commutator and interruptor as 

securing the board, which is hinged so as to allow are 

The lid carries a galvanometer G- 
r facilitating the repairing or refilling 

The case is separable into two halves fo 
c, secure the two halves together. 

of the cells when necessary. The hooks c, 
ng the arrangement of the cells B, and the 

portion of the case is removed showi 

connecting. wires F. A drawer. 1s provided for containing the rheophores, 

electrodes, etc. 

__The element board carries a double collector, 

described elsewhere. V, V, are the bolts for 

ady inspection of the elements. 
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a 
lamond elements, with simple pin and hole collector, and 

red with wash leather. 

adth, 8; depth,6. Weight: 16 pounds. 
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Battery of 20 Gaiffe-C 
galvanoscope A. B, B, tin plates cove 

Size: 20 celled: length, 12 inches ; bre 
50 zs ” 18 9 9 
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SULPHATE OF MERCURY ELEMENT. 59 

THE SULPHATE OF LEAD ELEMENT. 

Tuts cell has been used, among others, b | ; o , by Duchenne but i | 
practically abandoned, though yielding a current of ee ‘fair 
constancy. Its electro-motive force, however, is very low, being 
only °54 volt, or just half a Daniell. , ‘ 

THE SULPHATE OF MERCURY ELEMENT. 

Tuis element, also called after the name of its inventor Marie- 
Davy, consists usually of a zinc-carbon pair, the carbon extending 
to the bottom of the cell and dipping into a layer of bisulphate of 
mercury. ‘The cell is filled with water which slowly dissolves the 
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Gaiffe’s sulphate of mercury cell.—A zinc | cell.— rod and a plate of carbon C, dip in < 
eee test tube filled with saw-dust, S, moistened with acidulated water Bee 
ottom there is a thick layer of sulphate of mercury. : . 

os Metallic mercury is thrown down when action is set up. 
e-cell is very constant when worked through high resistances 

and its electro-motive force is the sare as the Leclanchés. 
Shel of Paris, has made an ingenious portable mercury cell 
. Se enters into action only when turned upside down. The cell 

ermetical, and very well adapted for working induction coils. 
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60 SINGLE FLUID ELEMENTS. 
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Trouvé’s hermetical element.—The upper half of the vulcanite cell is occupied 

by the circular carbon and rod of zinc as shown in the figure. The lower half is 
filled with a solution of bisulphate of mercury. When now the cell is placed on 
the side, the liquid comes into contact with the zinc and carbon, and enters into 
action. 
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The sulphate of mercury cell is also applicable to galvanic 
batteries; but is not superior to the iron or manganese element 
for this purpose. Its great drawback, when not hermetical, is the 
creeping of the salts, and consequent destruction of the connecting 
wires, 3 

SINGLE FLUID ELEMENTS. 

Zinc platinum element.—This element, known as Smee’s, consists 
of a plate of zinc, and a plate of platinised silver dipping in dilute. 
sulphuric acid. Platinized silver is used on account of the less ten- 
dency hydrogen has to accumulate upon a surface of finely di- 
vided metal. In Frommhold’s battery platinized lead is used, being 
cheaper. 
The Smee has enjoyed considerable popularity in this country, 

but like the zinc-carbon is gradually giving way before the im- 
proved depolarising elements with higher internal resistance. 

The zinc-carbon element. —This element, known as Walker’s hasbeen _ 
popularised in the medical world by Stohrer, a pair of zinc and carbon 

_ plates dip in a weak sulphuric acid solution (1 in 10 or 20 parts of 
water). Its electro-motive force is higher than the Smee’s; and 
like platinized silver, the carbon owing to its rough surface offers 
some slight opposition to the adhesion of hydrogen bubbles, and 
thus polarisation is somewhat delayed. Messrs. Mayer and Meltzer 

whose name has been long associated in this country with the zinc-  _ 

carbon element, are very wisely endeavouring to substitute for it 

in their batteries a constant element. Whilst fully recognising their 

superiority for electrolytical purposes, we are compelled to acknow- 

ledge that single fluid cells are essentially unfitted for medical ap- 

plications. | | i 
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othe plates ate immersed into the acid.by f 
, Which are seen at each end of the batter binding screws for ey 

SINGLE FLUID ELEMENTS. a 

The Bichromate of potash or Grenet element.—This is a zinc-carbon 
element in which the addition of bichromate of potash to the excit- 
ing liquid gives a higher electro-motive force, and a higher con- 
stancy, as it acts as a partial depolariser. The Grenet is largely used 
for working induction coils and is well adapted to this purpose, as 
it gives a very powerful current for a moderate length of time and 
has a very lowinternalresistance. In Stéhrer’s induction apparatus 

| chromic acid replaces the bichromate of the usual Grenet. 
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S ar 4 4 | é tohrer’s 20 celled zinc-carbon portable battery, size, 10 inches long, 6 wide, rz 
aising the transverse bar, the ends 
The sledge collector catries th e the rheophores, and a barrel commutator, 

toirer’s 30 celled hospital battery, is 25 inches long, g wide, 114 deep, and is , ae constructed upon the same principles as the portable battery. 



62 SINGLE FLUID ELEMENTS. 

Fig. 46. 

lements. ‘The element-board carries a pin and 

for rheophores and.a commutator-interruptor. 

h india-rubber prevents any spilling of the 

gure can be drawn out individually 

Salt’s battery of 20 zinc carbon € 

hole collector; two binding screws 

When not in use, a board lined wit 

acid. ‘The vulcanite cells as shown in the, fi 

for replenishing. 
Size: length, 11 inches; breadth, 62; depth, 13. 

Weight: 24 pounds. 
The 30 celled battery is 5 inches longer. 

! / 

SINGLE FLUID ELEMENTS. 63 

—SBELLENCER— 

The Gren t pie i Ww | let element.—A plate of ZINC, Be bet een two carbons, C,Cc dips into oe) 

Ss. 
A: ; e . . . 

;_valcanite plate bearing the binding screws, B, B’ for connection By mea | ‘ ns f NK mE: 
| of the rod T, the zinc is withdrawn from the liquid when che cell is not in use 

Fig. 48. 

ay é Touve’s battery for electrolysis. 
It consist : : 
8. els ee af zinc carbon taken by twos, by means of a dial collector 

; ©, D, arrangement for the gradual immersion of the plates 

. 
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COMBINED BATTERIES. 

Combined batteries consist of a faradic and a galvanic apparatus 

‘nthe same case. Their advantages are that they form a more 

compact whole than two independent batteries, and that both 

currents may (at least in some of them) be sent through the rheo- 

phores without changing the points of attachment. — 

Their drawbacks are, first, that they are necessarily rather heavy, 

both apparatus have to be carried about even when only one is 

required; second, that they are somewhat complicated and hence 

liable to accidents; and lastly that when one part requires repair 

the whole is thrown out of use. a. 

These considerations have led me to propose a modification in 

their construction which would obviate the inconveniences Just 

mentioned. An ordinary galvanic battery has its element board 

fitted with a current reverser and alternator; and faradic ap- 

paratus lodged in a compartment or drawer in such a way as to be 

easily removed and used by itself, when required. For instance 

Fic. 49. 
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Combined Battery designed by 

and the details of the construction are main 

scribed above. 
Size of 40 celled com bined batteries: length 13; breadth 8; depth 113. 

Weight: 43 pounds. | 

Dr. Tibbits. The elements used are Leclanchés, 
ly those of the separate batteries de- 
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COMBINED BATTERIES. roe 65 

the apparatus (fig. 56) can easily be so adapted to the battery (fig. 
Ea). in this way a “combined-separable”’ battery is obtained. 

A. Batteries where both currents can be sent alternately 
through the rheophores without changing their place of attach- 
ment. Stohrer’s combined battery belongs to this category. 

B. Batteries where the rheophores have separate points of at- 
tachment. 
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Mayer and Meltzer’s combined battery.—The faradic apparatus is the same as 
that described elsewhere. The galvanic battery consists of 20 or 30 zinc carbon 
pairs. The vulcanite cells are lifted up, in sets of four, by means of rods, the tops 
of which are seen at the back of the element-board. The latter caries a sledge 
collector, with commutator, and a galvanoscope. The induced current is fed by 
4 or more elements of the galvanic battery, which are connected with it by con- 
ducting cords as shown in the figure. | ; 

GALVANO-FARADIC APPARATUS, 

Tue general principles followed in the construction of induction 
machines have already been explained in Chapter I. They will 
be found pretty fully illustrated in the following drawings of the 
chief types of faradic apparatus. It would be an invidious as well 
as an impossible task to decide as to which deserves preference. 
Each possesses qualities of its own, and has its own drawbacks. 

51, $2, 69, is to be preferred. Where on the contray portability is 
desirable, Gaiffe’s and Trouvé’s apparatus (figs. 55 to $9, and 64,) re- 
commend themselves, as they do not contain any fluid liable to be 
spilt, and are of such a shape as to adapt them to the pocket. The 
adaptation of Leclanchés to faradic apparatus, is in some respects 

_ Where portability is not an essential, an the contranhp as in figs. 

_ an improvement upon the use of single fluid cells, though open to 
F 



sistance to the passage of the battery current. 

66 GALVANO- FARADIC APPARATUS. 

the objection of not behing: very constant nor easily recharged when 
exhausted. The most familiar faradic battery is probably Stohrer’s. 
Dr, Tibbit’s instrument is mainly a Stohrer in which Leclanchés 
are substituted for the zinc-carbon elements (fg. 5 5). Fig. 64 
represents a very portable arrangement. 

The experience I have had of Dr. Tripier’s instrument made by 
Gaiffe (fig. 56) has been most favourable. Trouvé’s interruptor 
(fig. 58) is very ingenious and well spoken of. 

Defective action of a faradic apparatus may be due to several 
causes, having their seat in the various parts of the instrument, and 
is readily evidenced by the enfeebled vibration of the*-hammer. 

The cells may be exhausted; and require cleaning and recharg- 
ing. Some of the connections may be broken or oxidised. Some 
of the turns in the coil may be imperfectly insulated. But the most 
frequent part at fault is the interruptor. Sometimes a little manipu- - 
lation of the screws which regulate its action is sufficient; or it 
is necessary to clean the platinum disk carried by the hammer 
(H fig. 3) at the point where it comes into contact with the screw 
(sc.) and the tip of the screw itself. The reason for this is plain: 
oxide collects at this spot, and offers a relatively considerable re- 

to the chemical action of the battery current of itself and of the 
break extra-current (spark) through the metallic surfaces, in 
presence of air. Careful scraping with a pen-knife, or scouring with 
fine emery paper, readily removes the oxide. 

The first two illustrations show the non-portable sledge appara- 
tus, one with the original Neef’s hammer, the other with Gaiffe’s 
improved interruptor. 

Fie. 51. 

| 
1 | which are of 66 metres, 
| and thickness respectively); and with his graduation hammer, ceiving from 5 to 50 

interruptions per second. 

Siemens and Halske’s apparatus, AA’ binding screws for the battery rheophores. 
B. B’, primary and secondary coils. 
H, H, graduated scale along which B’ can slide 
C, core of soft iron. 
a, v, D, E, Neet’s hammer. 
M. Gaiffe constructs a similar apparatus with 3 secondary coils, (the wires of 

I'g¢mm.; 198m, 0°'7 mm.; 600m, 0°225 mm. in length 

This oxide is due 
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FIG. 52. 
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a ond’s sledge faradic apparatus, with Gaiffe’s improved lever and 

_Du Bois-Rey board AD jointed at c for the sake of convenience. 

BB’ are the-connecting screws for the battery. 

L, lever for graduating the interruptions. 

R ‘hammer 5 ; R’, pin for SEES slow interruptions. 
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Portable induction apparatus with battery of Leclanchés, 
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p+ Hospital faradic apparatus. Primary and secondary co Pa of the same length 
_ and size as those in the former apparatus. 

EE’. Two Leclanché elements, connected by RR’ with the coil and hammer. 
L. Lever. 
h. Primary coil; H H’ secondary coils, the second i ina compartment for the one 

- hot in use. 
O, O. Holes for the rheophores when the extra-current is wanted; for the 

pedal theotome; and for an external battery, if required. , 
F 
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Faradic apparatus, designed by Dr. Tibbits. Size: length, 13 inches; breadth 2 inches; depth, ro inches; weight, 16 pounds. 
AA. Two large Leclanché cells, united in multiple arc, and exposed by the removal of B, a drawer for accessories. aa 
C. Key for closing the circuit between the cells and the primary coils—the circuit is automatically broken by the guard R, when the lid is shut. ‘ D. Screw regulating the intermittences of the hammer E, 
F. Soft iron core protruding from the primary coil K. 
G. Screw between which and F the hammer vibrates. 
H. Rod for elevating the secondary coil, L, which is kept in any: position by the spring O. The drawing represents the. secondary entirely withdrawn from the influence of the primary—at least practically so for therapeutical purposes. The current strength will depend upon the amount of the secondary made to enclose the primary; this evidently is measured by the. protrusion of H, which is accord- ingly graduated. 

) _ M, M. Binding screws for attaching Duchenne’s pedal rheotome N. Slow interruptions are made by: pressing upon the spring P with the foot. 
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transmit the current of the whole lent h 
‘thirds; when in 2 and 3 one third of the ¥ngth. 

69, GALVANO-FARADIC APPARATUS. 

e following the battery consists of chloride. of silver ele- 

Gaiffe’s pocket faradic apparatus. 
A, B, C, D. Box containing the apparatus. 
i. Two chloride of silver cells. 
M. The primary and neon ECs See Raw 

. Milled head for pulling out the graduating tube. fRoeue Sy see 

5 a Beh fats the apparatus into action and graduates the rapidity of 

intermittences. For this purpose the lever in 0. Metallic pin for producing slow interruptions. 
P’ is pressed down with the finger so as to bring it into contact with O. £ } ing the rheophores. es EF. Block bearing the holes for fixing the ; The pins when inz and 3 : i the positive and negative poles. 1 

a ; - of the coil; when in 1 and 2, two 

Mr. Hawksley (of 300 Oxford Street)*is prepared to recharge the elements of 
this and the following batteries when exhausted. 
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cide of eigek cells, fixed by means of springs J, K; JK’, whic 

ek their respective poles ; and contained in a closed compartment G. . 

. ror. Bl ck carrying the holes for fixing the rheophores t, t'; and those for con- 

Peaks relic apparatus with an external battery, of ere an ee li pole is 

: . ‘connected at P, the negative ata corresponding point, on the other side. 

= ing tube. ; 

ae S. iments for the dry and moist electrodes respectively. 

ils, lodged in the 
Is, B, are protected by the board H, and the interruptor 

Bee are similar 3 those described under the pocket battery. 

The next two are fed by sulphate of mercury cells. 

Fig. 538. 

YON\\\\M ssn 
\ 8 ai 
ia WALT wast { i 

SSSSSS 
ZASSS SN 

FLLZAL LLL LESS 

L.GUGUET. 
SS 

Gaiffe’s portable faradic apparatus, with two induced coils, 
_ Inducting coil; length, 25 metres; diameter o mm, 7. 
Thick secondary; ,, 75 is @ mm); 7. 
Thinrsecondatys =, 450 3; ne o mm, 175. : ee. 
LL. Two chloride of silver cells. ‘ i 7 
B. Primary coil. .- po ia 
H, H’. Secondary coils, reversable according to the one required. . >» | 
C. Block for fixing the reophores. : 

t \ | il} tary Ad; oe 22] 

se x ‘ F 4 F : ——— Se ——_$_ —_— 

P, P’. Lever for regulating the interruption’, carried on the block I. | oo” | SSS 
O. Button for making the slow interrupticas with the finger. | : | a es 
E, E’. Holes for connecting the interrupting pedal; D, D’,foran external battery, + i | 

when required. 
Size: length, 10 inches; width, 6 inches; height, 2} inches; weight 33 pounds. FOO 

{’s faradic battery. %, | | 
ee B. Coil. C. ¥.. containing bisulphate of mercury. _ 
D, E, F, G. Electrodes. oe ! - : 
H. Prolongation of the interruptor for modifying the rapidity of the vibrations. 

K. Hand indicating upon L the number of vibrations. : ae 

_ When the rheophores are fixed to 1 and 2 the extra-current (primary) is ob- 

tained: when in 2 and 3, the induced {secondary) when in 1 and 3 both. | 

N, P. Negative and positive poles. | ( 

Ay 5. Holes for ving the rheophores of an external battery when desired. 
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Fic.: 61, Fig. 59. 
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: : : 
= : | hin , | Gaifte’s pocket faradic apparatus. M, coils. R, graduating tube. T, N, eléc- H ¥ : f | trodes. P, hammer. E, block for the attachment of theophores. The battery L | a | consists of two cells formed of vulcanite troughs, a plate of carbon is let in at the _ ‘ 1 | bottom, and the zinc is in the shape of a moveable cover. In order to charge the a A: im battery, a spoonful of the mercury salt contained in the bottle K is put into each eal « 

r 
cell, with a little water, Once charged it works for about. one hour, ; % is 
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4 -———s«#&tHhrrer’s single celled induction apparatus. Size: 10} inches long, 5 wide, 103 | 
] : ~ deep. | | 
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Stohrer’s double celled induction apparatus. Size: 14 inches long, 5 wide, 103 deep. The cells consist of carbon-zinc elements; the carbon stands in the 
centre and is made in the form ofa cylinder. The zine surrounds the carbon and is bathed in dilute sulphuric acid. The carbon cylinder contains y sand moistened with chromic acid.—To the right are seen the binding screws for ~ ne = the primary and secondary currents, the rods for graduating these currents, and —— 7 i . t the interrupting apparatus. Mayer and Meltzer’s small faradic apparatus. 
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The cell is a Grenet which is put into action by pressing down the rod 7, 
The graduation of the current is effected by means of a dial arrangement. An 
index serves to turn on the primary or secondary current at will, without changing 
the attachment of the rheophores. | 
ste length, 6 inches; breadth, 4% inches; height, 43 inches. Weight: 3 

pounds, 

| 
i 

| 

Mottershead’s faradic apparatus. D handle for the coarse adjustment of the cur- 
rent strength, by means of the studs “‘ weak,” “‘ medium,” “ strong.” 

A. Rod for the fine adjustment. 
G, C. Screws tor regulating the number of intermittences. . 
The primary and secondary coils are continuous, and the make secondary cur- 

rent passes through the battery. (See on this point the controversy in “ Lancet,” 
July, 1877). | 

Size: length, 5 inches; breadth, 8$; depth, 103; weight, 8 pounds. 
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AMALGAMATION. 

rh 20us ner of afly of the last mentioned apparatus to be alive to 

_ ae eine Peezitics eiiane thoroughly amalgamated
. Unless a piece of 

- Boe ok a ure and of perfectly homogeneous consistence it acts, when plunged 

ee cid: ae two or more metals and ‘“‘ secondary actions” are set up within 

Se ae that is to‘say the points where the zinc is harder, or contains Iron Or - 

pee all commercial zinc does) act as negative electrodes to points where 

fone is softer and currents are set up between such points through the liquid 

Bake ee and thus the metal is gradually eaten away. ‘Amalgamation 

Re: ae ae eis serious drawback by giving to the surface of the metal a homogenous 

pelea The modus operandi is as follows: wash the zinc with dilute ,sul- 

Be acid (2 : 4) then drop a little mercury upon it, over a plate, and rub in the 

Being drops until the whole surface is uniformly shining and smooth. A hiss- 

, ing noise heard when the plates are immersed in the acid is a sure sign that the 
> hin 

zines require re-amalgamation.
 

The illustrations here appended (figs. 64-67) show a pocket faradic 

apparatus, due to the ingenuity of M. Trouve. | 

7 a 4 ; Pie. O4. 
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_ Trouvé’s pocket faradic apparatus. ; 
Its component parts are fitted into an ordinary surgical pocket case, fig. 64. 
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The cell A is shown in section, in fig..67. The coil B is fitted with an ingenious 
current-breaker, represented (enlarged) in fig. 66. When the lever, as. depicted, 
Tests on V, the interruptions are rapid; when pushed towards L, or L’, the inter- 
Tuptions become slower. The case contains sponge holders, F, G, a pointed 
electrode, and a metallic brush. | 

Fig. 65 represents the various parts connected for action. 
The references ate the same as above. - 

=: 

GALVANO-FARADIC APPARATUS, a) 

Apparatus for producing numbered and measured interruptions in 

an electrical current. | sa | 

| Fics. 68 anp 69. 
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This apparatus has been constructed for Dr. Onimus by Trouvé, of Paris. 
_ The first figure shows the interrupting part by itself; the second shows in 
addition the inductorium. | : 

Binding screws 1, 2, are for attaching the wires for obtaining the interrupted 
galvanic current. 3, 4, for the wires of the battery for the faradic current. 4, 5, 
for the rheophores when the primary or extra-current is required; 6, 7, for the 
secondary; 5, 7, for both primary and secondary. | 

The interruptor consists of a cylinder E, made up of 20 disks carrying from 3 to 
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20 pins, in regular progression. A clock-work arrangement causes the cylinder 
to revolve. 
A fly wheel J, regulates the number of revolutions of the cylinder (from 1 to 4 

asecond), . ek 
A lever H, with mercury cup arrangement, is made to assume any position 

along the cylinder by means of the rod K. This lever every time. it comes into 
contact with a pin, breaks the current. In this way from I to 80 interruptions a 
second are obtainable. 
M primary coil, C metallic tube to regulate the extra-current; B, B’, secondary 

coils of different length and thickness; D sledge for graduating the secondary 
currents; L is for winding up the clockwork. I and G, represent the lever for 
starting and stopping the clockwork, in its respective positions. 

An ingenious contrivance not shown in the figure is added to the interruptor, 
by means of which the successive passages of the battery current are made of 
strictly equal duration. 

MAGNETO FARADIC APPARATUS. 
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Clarke’s magneto-faradic apparatus, modified by Gaiffe so as to send the cur- 
rents in the same direction, and allow of a more accurate regulation of the current 
strength. es 
ABB’. Horseshoe magnet. AS | 

_ H. Soft iron armature revolving in front of the magnet, and carrying 2 coils 
one of which only is visible. | LS eee " 

M, R. Wheel and handle for making the armature revolve. :- 
-G. Regulator, articulated at O, which according asit is pushed towards B or. 

B’, increases or diminishes the strength of the current.’ 
P P’. Supports of the apparatus. ome 

-M. Receptacle for the handle,. . 
C, C. Compartments for the electrodes. 
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na A magneto-faradic ‘machine consists mainly of an armature of 

: soft iron revolving in front of the poles Of: a horseshoe magnet, and 

a pair of coils of insulated copper wire. These coils are fixed in 

Clarke’s machine to the armature with which they revolve; in 

Duchenne’s to the magnet itself. ne ‘ 

In the first case electromotive force is induced in the coils by the 

successive magnetisation and demagnetisation of the armature due 

to the influence of the magnet in front of which it. revolves. 

“In the second case induction is produced by the variations in the 
magnet itself due to influence of the armature. 

i - In both these forms only the currents arising during the passage 

ths * of the armature /rom the magnet are collected for use. 

3 M. Gaiffe has improved the older forms of magneto-faradic 

a machines inasmuch as he has combined the two systems and pro- 

4 _ vided his apparatus with two pairs of coils, one fixed to the 

. armature, the other to the coil. ‘This increases the power of the 

} © instrument whilst it allows of diminishing its size considerably. 
. ] He has in addition fixed a commutator to the axis of the armature, 

| which combines the currents of the two pairs of coils and transmits 

fl iy them all in the same direction to the positive pole of the instrument. 
{ ‘+The fact of a magneto-faradic apparatus giving a uni-direction 

f current is a matter of considerable importance. For unlike the 

2 galvano-faradic make and break currents of which, with high re- 

sistances, the second has no appreciable physiological, and neither 

any chemical action, the to and fro magneto-currents are physio- 
logically equivalent ; and what is more they both have a sensible 

| 2a chemical effect. 
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Gaiffe’s improved magneto-faradic apparatus. It is provided with a mechanism 
by means of which the current from the 4 coils flows always in the same direction. 

This machine is provided, if desired, with two sets of coils: one of fine wire, the 
other of thick wire for producing currents of high or low tension as required. The 
Current strength is graduated by an adjustment screw seen between the poles. 
; This screw modifies the distance between the magnet and armature; and this 
1s indicated outside the box by a hand revolving upon a dial divided in degrees. 

4 
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ACCESSORIES, 

CuRRENT GRADUATION. 

The first condition to be fulfilled by a medical battery is to be 
furnished with the means of graduating the current strength so as 
to adapt it to the requirements of every case. Looking at Ohm’s 

formula C = g it is evident that C can be modified, Ist, by making 

E, that is, the number of elements used, larger or smaller; 2nd, by. 
making R, that is, the resistance in circuit, larger and smaller. 
There is yet a third method of graduating current-strength, that of 
establishing a derived current with a resistance variable at will. 

A. The latter method has been adopted by many electro-thera- 
peutists after Brenner’s example. Its theory is explained under 
the head of ‘‘Derived Currents.” It allows of very fine gradua- 
tion, but is very wasteful, and applicable only when a battery of 
Daniells is used, It is, as far as I know,. never used: in this 
country. These reasons, and the fact that better results still are 
obtained by the use of a rheostat and absolute galvanometer in the 
primitive circuit, allow us to dismiss it without further notice. 

B. In order to graduate the current by modifying the resistance 
in circuit, a liquid or wire rheostat is used, capable of interposing 
such resistances as to reduce the current to the minimum strength ever 
required ; by gradually diminishing this resistance, the strength of 
the current is gradually increased. For medical purposes wire 
rheostats, or resistance coils, are unpracticable owing to their expen- 
siveness. Nor do they offer any marked advantage, since rapidity 

_and fineness of graduation are requisite, rather than the interposi- 
tion of kuown resistances. Liquid rheostats are therefore to be 
preferred. They may consist simply of tubes filled with pure 
water, or dilute solution of salts, with a rod working like a piston 
as explained elsewhere. They need no graduation, the only datum 
requisite for intercalating the necessary amount of resistance 
being the effect produced upon the, strength. of the current as 
indicated by the galvanometer. i - 

The advantages of the rheostat as current regulator are: First, 
its simplicity and cheapress. It is obvious that the more or less 
complicated mechanism and multitude of wires necessitated by 
collectors being done away with, the battery will be less expensive 
and less likely to be out of order. | 

~ Second, the facility and fineness of graduation. Graduating the 
current strength by taking cells by twos or fives, as is often done, 
is obviously a far rougher proceeding than by the gradual motion 
of a piston. . | 

Third, the imparting to thecurrent the qualities of ‘high tension.” 
Upon this point I refer the reader to what -has been already said 
under the head of ‘‘Constancy of the Current.” | | 

Practically, there is an objection to the use of the rheostat: it is 
not to be had from most instrument makers, and. much experience 
is yet wanted in order to give it the utmost perfection of shape and 

4 

- convenience. 

THE PLUG COLLECTOR. Sr 

I am glad to say, however, that both Messrs. 

Coxeter and Son and Messrs. Mayer and Meltzer, are now en- 
axed in constructing batteries in which rheostats replace the. 

usual collector.** 
One word of caution is necessary: before applying the current 

to the patient care must be taken that the full resistance be interca- 

lated; otherwise an unpleasant or even dangerous shock would be 

given. The possibility of disregarding this rule has been held to be 

an objection to the use of the rheostat: but precisely the same might 

be said of any current regulator. In fact I have known the same 

- accident to occur with a dial collector, as happened to Duchenne 
with his water rheostat. 

i 

C. The third method of regulating the current strength is the 

including in the circuit the number of cells requisite to bring the 

current up te the requisite strength. Several contrivances have 
‘been devised. The general construction of all collectors, how- 

ever, consists mainly of wires connecting the cells of which the 

battery is composed, to metallic pieces on the element board. 

‘These metallic pieces are insulated, but can be brought into rela- 

tion with. the termination of the reophore by means of plugs, 

springs, etc. 

Two essential conditions must be fulfilled by any collector in- 

tended for a practitioner’s battery: 

1. It must proceed by small increments in the number of cells. 

2. It must not break the current with every change of current- 
strength. This is done by adopting precautions mentioned further 

on, when the various kinds of collectors are described. 

With regard to the first condition it may be laid down as a rule, 
that no collector should be made which does not allow taking cells 
by twos (if Leclanchés) or threes (if Daniells) at most. After the 

first 15 or 20, the increments may be larger. Fig. 72 represents a 
most rational arrangement. The cells are taken one at a time up 

to five; then two, up to 15; then three etc.} 

Tue Pruc CoLiecTor. 

Tuis is the simplest, least likely to get out of order, but also the 
least convenient to work, of the various collectors. Several kinds 
of it exist, which will be found illustrated among the various 
batteries depicted in this book. 

’ Brenner strongly advocated such a collector, much resembling 
the ordinary plug system of resistance coils in its external appear- 

* Since the above was written Mr. Coxeter has introduced a new patent rheostat 
which seems to fulfil the conditions of medical practice, viz., lightness, compact- 
ness and facility of handling, together with efficiency and cheapness. 

I may add here that it may be found convenient to combine the two methods, 
and have a collector taking the cells by fives, tens, etc., together with a rheostat 
for the finer adjustment of current-strength. 
: t+ Some time ago I happened to come across a battery purporting to have been 
examined and approved” by ‘“‘Harry Lobb.” It consisted of Leclanchés taken 

_five at a time, by means of a pin and hole collector. A more ridiculously inade- 
quate arrangement for current graduation could hardly be imagined. 

G 
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ance. But I am not aware that it has been adopted by any other 
electrician, and therefore shall only mention it here. 

In some batteries, as in Trouvé’s small portable apparatus, 
Beetz’s and Coxeter’s peroxide of manganese batteries, the rheo- 
phores are fixed to the cells themselves. 

In others, again, the wires from the cells are connected to 
metallic pieces, into which a pin or plug attached to the rheophore 
can be fixed, This arrangement is adopted in Gaiffe’s cheap per- 
oxide of iron battery. Another modification of the pin and hole 
collector is adopted in Salt’s battery. 
Whenever such a collector is used it is absolutely necessary to 

adopt some means allowing of changing the current strength 
during an application, without sending a shock through the patient 
whenever a plug is moved. For this purpose a double rheophore, 
that is to say a rheophore bifurcated at one extremity should be 
used, with each of its branches carrying a plug. The plug actually 
in use should never be removed before the second has been fixed 
to the hole above or below, as the case may be. A perfectly 
smooth graduation of the current is thus obtained. 

» 

THE SLEDGE COLLECTOR. . 

Tuts collector is adopted in Stéhrer’s and Mayer and Meltzer’s 
zinc carbon batteries. 
carries on its inferior surface two springs which come successively 
into contact with metallic pieces arranged into two rows. To 
these pieces the wires from the cells are attached’ The sledge 
Carries on its upper surface two binding screws, connected .with 
the springs for the rheophores, and a commutator. The cells are 
thus taken two by two; but by a simple arrangement, which con- 
sists in making one of the springs movable, Baur has improved 
the sledge, and made it possible to take the elements one by one. 

The springs are made long enough to avoid breaks in the current 
when the sledge is moved along, exactly as in the dial collector, 

The objection to the sledge collector is, that when the battery 
contains a large number of cells, it assumes an inordinate length. 

Tue DiaL CoLtector. 

Tuis is the most generally adopted form of collector. In the 
centre stands a pivot upon which revolves a metallic spring, like 
the hand of a watch. The free extremity of the spring comes suc- 
cessively into contact. with a number of metallic pieces, screw heads 
or studs, arranged in a circle around the central pivot. 
tive pole of the first cell is directly connected with one of the bind- 
ing screws to which the rheophores are attached. The positive pole 
of each successive cell, (or 2nd, 3rd, etc. cell) is connected in order 
with the metallic pieces of the dial, and through the spring and 
pivot to the second binding screw. The dial-studs are numbered 
so as to indicate the number of cells included in the circuit. The 
free extremity of the spring is made broad enough to come into 

A sledge running between two groves 

The nega- _ 

— 

atus, shunts are provided by which 3 or 

zs 

collector. 

the battery become exhausted long be- 

devised to remedy this drawback. Thus, 
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‘th the next stud before leaving the previous one, so as 
contact W 3 5 U is 

to avoid breaking the current every time it is moved. 

The obvious disadvantage of the dial Fie. 72. 

collector is that the first few cells of | 

fore the last which are more rarely 

used. Warious contrivances have been 

as will be seen in Mottershead’s appar- 

| tions of the battery can be called 

a play separately. Dr. Tibbits’ ar- 

rangement allows of beginning at either 

end of the battery. But the most perfect 

contrivance of this kind is Gaiffe’s double 
Its advantages are: 1° that 

\ HIG.’ 73, 

Dial collector arranged for 
starting from either end of 
the battery. 

COLLECTEUR DOUBLE. 
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The double collector consists of two dials, each with the same number of studs or 
screws, which correspond to the number of cells. The negative pole of the first 
cell is connected with O, the positive of the 48th with 48, and the wires connecting 
the second to the third, the fourth to the fifth cell, and so on, attached to the screws, 
marked 2, 4, etc. respectively. The screws in both dials having the same number 
are connected directly together by transverse wires. 
M M’ are handles revolving upon the dials, and connected with the binding 

screws Rand R’ respectively. It is evident then, that the number of cells included 
between M and M’ are thrown into action when the circuit is closed externally, 
and that the negative pole is on the side on which the handle rests upon the 
smaller number. When the two handles rest upon the same number, no cells are 
in circuit. Thus, in the figure, the cells in action would be 20 in number, from 3 to 
22 inclusive. Ifthe handle M’ were pushed on to 20, only two cells, 21 and 22 
would be active; if pushed on to 42, 20 cells would be again included, but M’ 
would then be the positive pole. The current reverser C C’ is described elsewhere, 
and the interruptor I, is a simple knob on a spring, which is pressed down with the 
finger. V V’ are bolts for fastening the element board to the battery. Hinges not 
hile fix it on the other side and allow of a free access to the interior of the 
attery. i . 

_* Great care must be taken never to leave the spring in contact with two con- 
tiguous studs, as it short-circuits the included cells and rapidly runs them out. 

G2 
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the cells'can be used perfectly evenly throughout, as we can bring 
into action any one, two or more, of the whole number; 2° that 
it enables us rapidly to verify the state of the battery, and imme- 
diately pitch upon the disabled cell if such a one exists; 3° that it 
allows us of reversing the current, the electrodes being in situ, 
without sending a voltaic shock through the patient, ~ Ff | 

In Trouvé’s arrangement the starting point is in the middle of 
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This figure represents an arrangement by which the two halves of a battery can 
be used independently. In the battery depicted, of 50 elements, it will be seen 
that the first 25 elements can be used by working with the left hand collector and 
pair of handles, the second 25 by working the right hand only. In reality there is 
only’ i central handle which acts as negative or positive pole according as to which 
half of the battery is used. When more than 25 elements are required, the two 
outside handles are employed, and the required number of cells made-up between 
the two collectors. A glance at the arrangement of wires in the battery will ex- 
plain better than a description the principle of the arrangement. 

the battery, the two halves of which can thus be called into play 
separately. ~ 

RHEOPHORES. 

Notuine but actual experience can give an idea of the petty an- 
noyances and loss of time inflicted by the use of bad rheophores, 
The stuff supplied by many instrument makers is perfectly useless, 
On the whole thin telegragh wire, that is copper wire encased in 
a sheath of india-rubber is to be preferred, on account both of its effi- 
ciency, and its cheapness and durability. I have been much pleased 
with Gaiffe’s improved rheophores, consisting of 12 fine copper 
wires enclosed in a double sheath of india-rubber and silk. They 
are more springy than the telegragh wire, and less apt to become 
entangled. In any case it is convenient to have the positive and 
negative rheophores of different colour, or otherwise distinguish- 
able; a knot, or other mark at the two extremities of one of them 

tha 
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-. sufficient to identify them at a glance without going each time 

through the process of disentangling. . 

The drawer of the battery should always contain a few spare 

rards of telegraph wire, besides the two pieces—each about four 

Feet long—actually used as rheophores. 

For many purposes it is necessary to have a double rheophore, 

t is one bifurcated so as to allow of two electrodes being at- 

tached simultaneously, as when it is desirable to diminish the local 

action of the negative pole; or act upon two points at the same 

time; or again as in electro-diagnosis, as will be mentioned further 

on. "A double rheophore is readily manufactured from two pieces 

of telegraph wire, about two and four feet in length respectively. 

The larger piece is attached by one extremity to the battery, by 

the other to the middle point of the shorter, the two extremities of 

«which carry the electrodes. The double rheophore mentioned with 

regard to the pin and hole collector may be made in this way, as 
well as the multiple rheophores used in electrolysis. 

CONNECTIONS. 

SPRAKING of rheophores I must advert to a very important practical 

point, upon awhich too much stress cannot be laid. Many failures 

in electrisation are due to the imperfect contact of the wires with 

the pins, screws, etc. to which they are attached. It must be” 

adopted as an invariable rule, that no connections are to be 

tolerated where a wire is simply tied to, or wound round, a 

piece of metal. The contact must be established either. by a 
screw, or by soldering. The bungling manner in which some 
makers tonnect their rheophores is simply disgraceful. When- 
ever air is admitted between two surfaces of metal conveying an 
electrical current,-oxides form, which oppose a strong resistance 
to electricity. In addition it frequently happens that loose con- 
nections produce interruptions, hence disagreeable shocks to the 
patient. It is of course necessary that where screws and plugs are 
used, the surfaces of metal should be clean to begin with. ‘This is 
best* secured by a preliminary rub with fine emery paper, a small 
provision of which ought to form part of every electro-therapeu- 
tist’s fittings. 

| ELECTRODES. 

For most purposes the handles should be 3-4 inches long, 1 inch in 
diameter, and hollowed out about their middle so as to be con- 
veniently held both in one hand, between the first and second, and 
third and fourth fingers respectively. For purposes of labile ap- 
plications to a large surface, much larger handles may be used 
with advantage. ; 

The familiar copper cups and sponges ought decidedly to be 
excluded from the battery, They are both dirty and unsatisfactory. — 
If sponges are to be used, either plated, or vulcanite, or wooden 
cups should be provided so as to avoid the formation of copper 
salts, which, besides imparting a repulsive green discoloration to 
the sponge, materially interfere with the conduction of the current. 
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Far superior, however, to any sponge-elec- 
trodes are the carbon electrodes, consisting of 
a carbon disk enclosed in a cover of flannel or 
washleather. Their advantages are that they 
conduct the current better, are cleaner and more 

convenient. The cover contains: a definite 
amount of water, hence its resistance does not 
vary as in the case of a sponge. Pressure may 
be made with the carbon electrode without 

drenching the patient with an overflow of water, 
and without the risk of touching the skin with 
the edge of the metallic cup which is very pain- 
ful. A clean cover may be slipped over the 
electrode for every fresh patient: no small re- 
commendation in the eyes of many.* | 

Metallic disks are sometimes used; but be- 
sides being heavier than carbon, they have the 
disadvantage of oxidizing rapidly unless they 
are plated. The most generally useful sizes for 
the disks are 2$-3 and 1-1L inches. The edge 

Gaiffe’shandleand fine electrode for localising the current. A 
carbondiskelectrode. Small olivary or pointed electrode is often,use- 

ful for diagnosis, and is advantageously made 
with a curve, as in fig. 79. 

I cannot too strongly recommend the use of plates of tin as 
stable electrodes, both as regards efficiency and convenience. 
‘They are pliable and can be made to fit accurately any part of 
the body; they are readily slipped under the patient’s dress, and 
are there kept in place by the pressure of the clothes, without any 
effort to hold them. 

In many cases, for instance, the positive pole is advantageously 
placed on the nape of the neck: A plate is then simply slipped 
under the patient’s collar and there remains firmly applied, leaving 
both the operator’s hands free. 

As regards the size and shape of these plates, an oval, 3 inches 
by 2, will be found generally convenient. Like the disks they are 
placed in flannel or wash-leather covers, + and moistened with water. 
In order to avoid wetting the patients clothes, one side of the cover 
is to be covered with oil-silk or india-rubber tissue. The plate is 
either permanently connected with the rheophore by means of 
soldering, or provided with an appropriate binding screw. 
An electrode which is occasionally resorted to, is the operator’s 

hand or finger; the modus operand’ will be found described under 
Faradisation. : | 

* Not long ago the child of a physician in Florence, was electrised at the hospi- 
tal for some paralytical disorder. A few weeks after a distinctly syphilitic rash 
made its appearance. It was found, on inquiry, that the sponges used had been 
employed in the case of a patient infected with syphilis. 
¢ Special care must be paid to these covers, which must be substantial, as other- 

wise unpleasant eschars will be produced. 

of the disk answers very well the purpose of a_ 

{ 
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forms of special electrodes have been devised for the n 
ede. the rectum, the uterus, the throat, ear, eye, etc., and are 

ionally required, but need no description here. 

Bre Lipclar NGacrode consists of a single handle carrying two 

bl 
oc 

Fie. 77, 

a 
ji 

4p 

af » S23 Yy 

an = rape? AES Uy, 

aa, > ——— = eS Z — ed =e 1) ———— Seo ae ee oe Soe 

: l= SS AEE 

= { 3 = == = = 

Trouvé’s bipolar electrode. 

carbon disks, connected with the two poles of the battery. 
The roller electrode allows of its being displaced without pro- 

Fic. 78. : 

Gaiffe’s roller; the handle screws in at V. 
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and olivary carbons for testing single rbon disk, ca Sponge halder, Electrodes. 
muscles. 

Fic. 81. Wire brush; ear electrode; interrupting handle. 
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PIG. 83, 2 

Bifurcated electrode and long electrodes for throat, uterus, urethra, etc. 

A few words may be added here, touching the moistening 
of the electrodes. When the battery is weak, and especially 
when sponges are used, warm salt water is requisite. Other- 
wise pure water, cold or tepid, according to the season or 
sensitiveness of the patient is enough. The addition of a 
few drops of aromatic vinegar makes it pleasant, and en- 
hances its conductivity. The prolonged and repeated appli- 
cation of salt to the skin irritates and roughens it, an ob- 
jectionable result in the eyes of some patients. The addition 
of either salt or vinegar hastens the corrosion of copper, which, 

-. faradization, and consist usually 

- latter is necessary. | 

INTERRUPTORS. gl 

as it cannot be entirely ban- Fic. 83. 

ished from the construction of 

rheophores, must always be 

strongly plated. Nickel or sil- 

ver plating ought, in fact, to be 

applied to all the accessories of 

a battery, dials, commutators, 

binding screws, etc. 
Dry electrodes are used solely 

for the purpose of cutaneous 

of a metallic brush or cylinder, 
without any covering. The 
brush is best made of nickelised 
copper wire, and has usually 
the shape of an ordinary pain- 
ter’s brush, asin fig. 81. For 
applications to large surfaces, 
it may conveniently be made in. 
the shape of a clothes brush, 
with bipolar arrangement. The 
metallic cylinder needs no spe- 
cial description. A metal or 
carbon disk, stripped of its 
cover, answers very well the 
purpose of a dry electrode. 

Electrodes may be attached 
to either end of the handle, as 
shown in fig. 85, M and M. 
For ordinary purposes it is best 
to have the connection, as at M, 
that is at the junction of the 
handle with the carbon disk. Trouvé’s roller electrode. 

INTERRUPTORS, 

THERE are two modes of interrupting the current during an appli- 
cation. First, by leaving one of the electrodes in contact with the 
skin, whilst the other is successively ap- Prevod. 
plied and removed. Second, by leaving 
both zz sz#u, and making and breaking 
the current in the metallic portion of the 
circuit. The former is sufficient for rough 
diagnosis and treatment; but for accu- 
rate work a contrivance for effecting the 

In some batteries a special interruptor 
is provided, or the commutator is used 
for the purpose. But this arrangement is 
far less convenient than the interrupting ba ae: 
handle, which I consider an almost indis- Gaiffe’s interrupting handle. - . 
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Fre. 8s. - pensable instrument for electro-diagnosis. 
aE It consists of an ordinary electrode 

handle, inside of which a spring is con- 
cealed. Pressure being made with the 
finger upon an ivory button protruding 
externally, the spring is depressed and 
contact broken. The contact surfaces are 
to be, of course, kept clean, and are best 
made of platinum. Other shapes of inter- 
rupting handles have been devised, which 
need not be described here. <A rough 
interruptor may be improvised by con- 
necting the end of the rheophore with an 
ordinary sewing thimble capping the in- 
dex finger. By then touching with the 
latter any metallic part of the electrode 
held in the hand, the circuit is closed and 
the current flows. Fig. 54. 

Pedal interruptors have also been de- 
vised, and are mainly used for producing 
slowly interrupted faradic currents. 

Toothed wheels for obtaining rapid 
interruptions are provided in some bat- 
teries.. The objection to them is, tha 

h they often give double shocks, and are 
iM very liable to get out of order. : 

Trouvé’s interrupting handle. Automatic interruptors, as the toothe 

wheel moved by clock work, the metro- 
nome and mercury cups, etc. have hitherto been rarely used for 
medical purposes. Brenner’s interruptor is an ingenious appli- 
cation of an electrical contrivance adopted in some telegraphs. 
Dr. Onimus’ interrupting apparatus will be found described along 
with the induction batteries. | 

SS i {( 
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CURRENT REVERSER OR COMMUTATOR. 

Ir is often necessary for purposes of diagnosis or treatment to. be. 
able to reverse the current through the electrodes whilst 27 s¢tu. 

For this purpose several contrivances have been devised. The 
most familiar is the barrel commutator and its modifications, . 
depicted in the illustrations of some of the batteries figured in 
this book. The only observations to be made here are, that the 
handle of the commutator should be large enough to allow of its 
being worked comfortably; and that when the full effects due to 
‘‘voltaic alternatives’? are desired, the commutation should be 
immediate, z.e., that there should not be an interval during which > 
the current is opened in the act of commutation. 

Another convenient commutator is made in the shape of two 
springs playing upon three studs, similar to those used for the dial 
collector. 
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Fic. 86, 
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Gaiffe’s current reverser, or commutator. A B, binding screws receiving the 

heophores from the battery, and connected with E F respectively, which are the 

pivots upon which the two handles E e, F f, revolve. The hands consist of a 

spring, e f, fixed to the inferior surface of a rigid piece of brass; a transverse piece 

of ivory, surmounted by a handle connects the two brass rods, and serves to move 

them laterally. . 

C D, are the binding screws for attaching the external rheophores, C being 

connected with c, D with d’. The latter are metallic heads upon which e and f 

are made alternately to rest. A glance at the picture will show that the direction 

of the current is changed in C D, according as to the position of e f, on dc, orc d 

respectively. 

The see-saw mercury commutator may be used for stable 

batteries; but has hitherto been mainly confined to the physio- 

logical laboratory. 

CuRRENT ALTERNATOR AND COMMUTATOR. 

An instrument for passing the galvanic and faradic currents alter- 

nately through the same rheophores is described by Benedict in his 

Fig. 87, 

ra 8, Bb ana Nh 
2 ee a 

The wires from the galvanic battery are attached to a,b; those from the faradic 
toc, d; the rheophores to e, f. When the index rests on G as in the figure, the 
instrument acts as a commutator, the current being direct, (¢.e., according to the 
signs + and —) through the rheophores when the double handle encloses G as 
represented, indirect when it encloses F. When the index is on F, the correspond- 
ing positions of the handle allow the galvanic and faradic current to pass 
respectively, both being direct. 
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Electro-therapie. But it does not seem to have been satisfactory, 
and he has abandoned its use. 

It is, however, frequently convenient to be able rapidly to pass 
from one current to the other; and I have accordingly devised a 
little instrument that supplies this want, and at the same time acts 
as current reverser and interruptor, so as to avoid the undue 
multiplication of accessories to the battery. : 

The instrument is adapted either for stable batteries, and is then 
best made of full size; or for portable apparatus, to the element 
board of which it may be fitted. A ‘‘separable-combined” battery 
may thus be obtained, which possesses the advantages of the usual 
form of combined instruments, without their inevitable drawbacks, 
such as of both the component parts being thrown out of use when 
one requires repairs... A separable-combined battery may be 
readily made out of any galvanic battery by simply supplying it 
with the alternator, and a compartment into which a faradic 
instrument of appropriate size can be lodged. 

CHAPTER III. 

ELECTRO-DIAGNOSIS. 

THE NORMAL POLAR REACTIONS. 

Contractions occur only when the current is made or broken. | 
Hence it is evident that we can distinguish 4 kinds of such contrac-. 
tions according as to which pole is on the muscle, and which 
change occurs in the current :— | 

1. The cathodal closure contraction (C. C. C.) occurs when the 
negative pole (cathode) is on the muscle, and the current is made 
(circuit closed). | 

2. The anodal closure contraction (A. C. ©.) occurs under the 
same circumstances, when it is the positive pole (anode) instead of 
the negative. : | Are 

3. The cathodal opening contraction (C. O. C.) occurs when the 
negative, and the (4) anodal opening contraction (A. O. C.) when 
the positive pole being on the muscle, the current is broken (circuit 
opened). | | 
Now these several contractions do not occur all at once, that is, 
with the same strength of current. Fix one of the electrodes on a 
neutral point of the body, the sternum or sacrum, and hold the 
other upon some muscle of easy observation, such as the abductor 
of the index. Now try gradually increasing the current, and mak- 
ing the poles alternately positive and negative, which of these con- 
tractions manifests itself the first. You will find that the C. C. C. 
is the first to appear. Increase the current still further, and soon 

> . 
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the A. O. C. appears, followed closely by the A. C. C. Last of all, 
and only with a current so strong as to be unbearable, unless un- 

polarisable electrodes be used, the C. O. C. manifests itself. It is 
also observed that the previous contractions tend, as the current- 
strength is increased, instead of being transient, to become pro- 
longed, tetanic. 
By ‘‘the normal formula” of muscular contraction, we then under- 

stand that contraction in healthy muscle occurs in the order just 

stated, viz. :— | 
ti, ey GC 
2. A.O. C 
vr Ay CoG 
4. C.O. C 

REACTIONS IN DISEASE: REACTION OF DEGENERA- 

TION. 

In many cases of disease, the reactions of nerves and muscles to 
electrical currents are found to differ from those observed in health. 
Such variations may be, 1, quantitative, that is to say, consist in an 
increase or a diminution in the response to a given current-strength, 
faradic or galvanic; 2, qualitative, that is, display an alteration in 
the order of occurrence of the contractions, as given in the normal 
formula. 

Quantitative variations are often observed by themselves; but 
qualitative never occur without coincident quantitative modifica- 
tions. 

I, We must first mention the cases of motor disturbance where 
electro-muscular and nervous investigation does not give any 
positive results.* Such are paralyses from cerebral hzemorrhage 
andtumours; paralyses from chronic myelitis; a few peripheral 

_ paralyses, such as light cases of traumatic and “rheumatic” origin 
(compression of musculo-spinal, slight facial palsy; and some 
other more severe “ rheumatic” paralyses. 

In such cases then the reactions of the diseased organs do not 
‘differ from those given by the sound ones, and allowing us to draw 
only a negative inference, and to exclude in doubtful cases a num- 
ber of possible causes. 

This is to be borne in mind when shamming is suspected. The: 
absense of electrical-diagnostic symptoms is no proof in itself of 
the unreality of the disease. The converse of this proposition, 
however, is true, and we are enabled from the presence of altera- 
tions in the electrical reactions of nerves and muscles, to conclude 
to the reality of the alleged lesion. } 
I. Mere guantitahive variations, though sufficient to prove that 
there must be some change in the nervous or muscular tissue are 
not of great diagnostic importance. 

_ The term electro-itritability, should be carefully restricted to its generic sense, 
including within it both galvano and farado-irritability. 
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A. Simple increase of response to the electrical currents is rarely 
met with. It has been observed in some cases of hemiplegia; of 
spinal diseases, such as locomotor ataxy; and transiently in some 
peripheral paralyses, such as the very early stage of facial paralysis. 
It is also observed in some cases of chorea. 

B. Simple diminution may culminate in total abolition. It is ob- 
served in the later stages of bulbar paralyses; more frequently in 
spinal paralyses from myelitis, when it is accompanied with atrophy 
of the muscles; and in certain paralyses appearing as sequele of 
acute diseases. It also accompanies progressive muscular atrophy, 
where it is proportional to the amount of local wasting. 

III. We now pass to the group of diseases which are character- 
ised by both qualitative and quantitative changes, or as it is called, by 
the ‘‘Reaction of Degeneration.’”” The phenomena exhibited by 
nerves and muscles must be considered separately. 

1. In a typical case, where the invasion of the disease is sudden 
(such as traumatic lesions), two or three days after the paralysis 
has declared itself the reaction of the nerve to both currents begins 
to diminish rapidly, and becomes extinct by the tenth to twelfth 
day.** In incurable cases it never re-appears. In the others it 
re-appears, remarkably enough, only after the return of volitional 
impulse has manifested itself in the nerve. It then slowly increases, 
and likewise reaches its normal point after the full power of the 
will over the paralysed parts has been re-established. 

2, The muscles behave absolutely like the nerves with regard to 
their farado-contractility ;+ by the end of the second week it is lost. 
The galvano-muscular contractility is at first somewhat lowered, 
but soon ascends again to its normal level, and beyond it, so that 
a much weaker current is sufficient to stimulate the diseased mus- 
cles than the corresponding sound one. At the same time gquali/a- 
five changes manifest themselves. The order of the normal 
formula is disturbed and the positive pole becomes as powerful 
as, or surpasses, the negative at the closure, whilst the opposite ob- 
tains at the opening of the current. The ACC occurs as soon as, 
or before the CCC, and the COC as soon as, or before the AOC. 

The muscles do not contract as forcibly and rapidly as in 
health, but more slowly; the closure contractions become tetanic ; 
and rapid interruptions of the galvanic current do not elicit any 
contraction at all. The evolution of the different stages in the 
reactions correspond to definite histological changes at the seat of 
the disease. The appended diagrams will help to make this more 
evident. The disappearance of farado-contractility is due to the 
degeneration of the nerve-endings in the muscles. 

The reaction of degeneration accompanying the following peri- 
pheral paralyses. Traumatic (from pressure or wound) where 

there is complete interruption in the continuity of thenerve. ‘“ Rheu- 

* When the invasion is slow, this period naturally extends over longer intervals. 
+ There is absolutely speaking no such thing as farado-muscular contractility. 

The term is a convenient one, however, and must:be taken in the sense of reaction 

to faradisation of the muscle itself, that is of the intra-muscular nervous fibres and 

endings. . 
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matic” (especially facial) when there-is compression at some point 
of the nerve. It is found also in some cases of neuritis, and where- 

ever the nerve is seriously interfered with by pressure, as from 
tumours, cicatrices, etc. | 
Jt also characterises lead palsy, infantile paralysis, and all spinal 
diseases where any part of the grey matter is gravely affected, 
such as spinal apoplexies. It appears in progressive muscular 
atrophy, bulbar paralysis, and some paralyses following acute 
diseases. | 

The diagrams here appended are designed to show by means of 
curves, the course of the phenomena presented by the reaction of 
nerve and muscle to electrical stimulus in the cases above men- 
tioned, and their correlation with the accompanying histological 
changes. Three categories of cases are depicted; one of rapid 
recovery, one of slow recovery, one of no recovery. The curves 
of course, do not pretend to convey any idea of definite proportion of 
the amplitude of the changes—but simply of their mutual chronology 
and general rate of progress. 
The first ordinate, marked O, indicates the first manifestation of 

the paralysis, the sudden loss of voluntary motion. Motility is 
indicated by the dotted line; and the star points to the time of its. 
reappearance. 
The following numbered ordinates indicate the time over which 

the phenomena extend in weeks. The galvano-contractility of 
muscle is represented by a continuous line, Wavy to indicate the 
period of qualitative alterations; the curves, of course, denoting 
the quantitative changes, as in the other lines, which need no 
further explanation to be understood. : 

In the diagram A the following facts are illustrated: during the 
first week the reaction of both nerve and muscle falls to all currents. 
In the course of the second week the galvano-muscular reactions 
begin to rise and show signs of qualitative alteration. The farado- ~ 
muscular and electro nervous irritability continue to sink till they 
vanish altogether, The course of the quantitative and qualitative 
phenomena of galvano-muscular reaction is easily followed, and 
their dependency upon changes in the muscular and nervous tissues 

_ appreciated by a glance at the curves. It will be observed that 
motility, the loss of which is synchronous with the invasion of the 
disease, reappears before either farado-muscular or electro-nervous 
irritability, and heralds corresponding regenerative changes in the 
ae eo ' 

rom the explanations given for di ni 
and C will be oa made a peed is 1s as 

It must be remembered that these diagrams are not meant to 
illustrate any particular cases, but the 3 types of cases, these types 

_ being the fruit of generalisations from a large number of observa- 
tions. Further there occur departures from the typical course of 

phenomena presented by the reaction of degeneration, of these 
anomalous cases no explanation can yet be given, though they 
Bey In time throw some light upon the problem of trophic in- 
uences. For instance, cases are met with where the quantitative 

H 
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Fic. 88. ae 
jvano-muscular changes are not observed, the qualitative being 

. a 1 . ra ° . eqe . 

Degeneration Atrophy of, and multiplication of Cirrhosis. Pe ecent along with nervous unirritability. Again the electro- 
. ofnerves. - ~ nuclei in, the muscular fibres. 

ous irritability may be only slightly diminished, whilst the 

oa les conspicuously display the usual phenomena of qualitative 

A : uantitative alteration. This anomaly may persist for a time 

Bn recovery, and points to muscular disturbance without corres- 

Regeneration. 

ope onding nervous changes. This incomplete form of the reaction of 
S (Galv. degeneration, is observed in amyotrophic lateral sclerosis, the 
an d ‘middle form” of facial paralysis, the earlier stages of bulbar 

‘ Galv & aralysis and of progressive muscular atrophy. In the last two it 

eae Bact be noted, however, that the quantitative deviation takes the 

form of a diminished irritability to the galvanic current, and that 

the utmost care is required to recognise the abnormal reaction of 

the diseased fasciculi, surrounded as they are with still healthy 
tissue. Prof. Erb has lately carefully examined a case of lead 

poisoning, where some muscles presented similar phenomena: 

there was no paralysis; the galvano and farado-nervous irritability 
was fully preserved; yet the reaction of the muscles offered the 

characteristic quantitative as well as qualitative alterations. 
The following diagram is intended to assist the reader in realiz- 

Diagram A, RECOVERY RAPID. 

[N.B. The slope of the line indicating the fall of farado-muscular. contractility should 
have been made more abrupt so as to end near the bottom of line 2]. 7 

Fig. 89 ing the interdependence of certain pathological changes with the 

i phenomena degenerative reactions. It is, of course, purely imagi-. 
Dee, ofnerve, Atrophy, &c., of muscle. Cirrhosis. Regeneration, nary. Not only the locality of the trophic centres has never been 

demonstrated, but their very existence is disputed by some. Still 
as a provisional hypothesis, assisting to group together new facts. 
as they are discovered, it may be found useful to assume not only 
the mutual independence of the motor and trophic centres, but of 
the trophic centres presiding over the nutrition of muscles and 
nerves respectively. We start from the well established facts, 1. 
that trophical changes occur in nerve and muscle independently 
of paralytical phenomena, and wice versa; 2. that such trophic 
changes occur in both muscle and nerve, or in muscle only. 

The point of convergence of the trophic, as well as of the volun- 
tary and reflex influences, is’ supposed to be in the multipolar 
ganglion-cells. : 
The interpretation of various morbid states by means of this 
diagram may be found interesting. 

Thus if the lesion be at c, or what comes to the same thing in 
the cerebral centres above, we have as characteristic symptoms, 
paralysis (loss of motility), but no atrophy, and no loss of electro- 
irritability of either nerve or muscle, The disease is cerebral 
hemiplegia, or lateral sclerosis. ; 

If the lesion involves both c and m we have paralysis with 
atrophy of muscle, but not of nerve. Electrical reactions: quali- 
tative and quantitative changes in galvano-muscular irritability ; 
no change in nerve, which responds to both galvanism and fara- 
dism. The disease is amyotrophic lateral sclerosis. | 

The lesion is confined to the trophic centre (m) of the muscle: it’ 
atrophies, but is not paralysed. It presents the qualitative altera- 
tions of reaction of degeneration; the quantitative changes are in 
the direction of a diminution of galvano-contractility.. These 
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phenomena occur in progressive muscular atrophy and bulbar 
paralysis. 

When. G is destroyed there is loss of motility, loss of reflex 
action, atrophy both of nerve and muscle, The electrical pheno- 
mena are those of the reaction of degeneration fully developed. 
The same obviously obtains when N is completely (zz., including 
m’ and n’) destroyed at one point. G is destroyed in anterior 
poliomyelitis (infantile paralysis) ; N in severe peripheral paralyses, 
whether from traumatic, rheumatic, or any other cause. 7 

There are, however, many instances of peripheral paralysis, 
where the loss of voluntary motion exists, and yet the other symp- 
toms are not those of the “‘severe’’ forms just mentioned; they 
may be conveniently classed under the heads, as the “light”? and* . 
the ‘‘ middle” form. 

In the light form paralysis is the oly symptom. All the reactions, 
are perfectly normal, we must then assume that N is interfered 
with only in its conductivity for metor impulse. 

In the middle form there is atrophy of muscle and ‘qualitative 
changes of galvano-contractility. Electro-nervous irritability is 
perfect. Here there is in addition a lesion of the path m-m’, 

In lead palsy, which is characterised by atrophic changes in nerve 
and muscle, the reaction of degeneration is most fully developed. 

Fie, of. 

LE’ xplanation of Diagram. 

M. Muscular fibre. 
N. Nerve fibre. with its ending, e. 
G. Multipolar spinal ganglion-cell,, 

from the anterior horn of grey matter. 
c. Path of‘impulse from the brain 

(lateral fasciculi). 
r. Path of reflex stimulation from the 

sensory sphere. 
m. Trophic centre for the muscle. 
n. Trophic centre for the nerve. 
m-m’. Path of trophic influence 

to the muscle... 
n-n’. Path of trophic influence to 

the nerve, 
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ELECTRO-DIAGNOSIS. Io.[ 

SHOWING THE CONNECTION BETWEEN CERTAIN 

PATHOLOGICAL STATES AND THE ELECTRO-DIAGNOSTIC PHENOMENA 

ACCOMPANYING THEM. 

ELECTRICAL NAME OF ENT 
SEAT OF Fe souss REACTIONS. DISEASE. 
LESION.| © 

) Paralysis Lateral sclerosis 
c No atrophy. eooures (and cerebral disease). 

|  ———_- 

Paralysis Nerve: Normal. Amyotrophic 
ec & ™M) puscular atrophy. |Muscle: Reactiom deg. lateral sclerosis. 

————" 

Nerve: Normal, later |; 
i _ diminished. Pp 

At first no paralysis; |ypyscJ, ; Qualitative al- nogressive 
m muscular (later ner- | ee ane muscular atrophy. 

vous) atrophy. Quantitatively Bulbar paralysis. 

diminished, 

Paralysis ¥ 
Atrophy of muscles and{y7,,,,. Poliomyelitis 

G nerves. Weare ; Reaction deg. anterior. 
Abolition of reflex ac- (Infantile paralysis). 

tions. 

Paralysis Light form of 
N No atrophy. sples oe e Peripheral. 

Palesis Nerve: Normal. 
N &m Muscle: Qualitative and Middle form. | Muscular atrophy. ana ataleer: 

¥ ge Bere Reaction de Severe form a! Muse. and nerv. atroph.|Muscle : } 8: ‘ 

ON THE PRACTICE OF ELECTRO-DIAGNOSIS. 

Method.— Owing to the labours of many distinguished observers, 
the art of electro-diagnosis has begun to assume an important 
position in medical practice. Pathologically it offers many points 
of interest, and will amply repay the trouble of mastering the 
details necessary for its successful application. 

In studying the reactions of muscles and nerve to electricity, the 
following points are to be noted. The disease is either unilateral 
or bilateral. 

A. If unilateral the state of the muscles and nerves on the para- 
lysed side are to be carefully compared with that of those on the 
sound side. For this purpose it is absolutely necessary that the 
conditions be exactly the same on both sides. : 
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First: The muscles must be in a state of absolute rest, and equal- 
ly relaxed on both sides. , 

Second: The points to which the electrodes are applied must 
exactly correspond on either side. 

Third: Absolutely the same strength of current must be used in 
comparing the muscles on either side. 

In order to fulfil these conditions, we must first take care that the 
patient be comfortably sitting or lying, and instruct him to avoid 
any voluntary movement. Care must be taken that the light be 
good, and fall so that the shadows do not interfere with the obser. 
vations. When the arms are tested it is convenient to let them rest 
across the back of a chair on which the operator sits astride. 

2nd. Use a bifurcated rheophore ‘and two interrupting handlés |: 
with small carbons. The latter are to be placed carefully on the 
corresponding points, and. held firmly in situ, the current being 
alternately made and broken on either side. Slight differences 
are thus much more quickly and accurately observed, than when 
‘the same electrode is dabbed now on one muscle, then on the other: 
When strong currents must be used, as is frequently the case, dab- 
bing is a very painful process. In any case sponges are utterly to 
be rejected for accurate diagnosis, 

3rd. Use for the other pole, a metal plate which is firmly fixed 
to a point in the middle line of the body; the nape of the neck and 
the lumbar region do very well when the upper or lower part of 
the body is affected.. Care must be taken that no displacement of 
the plate occur during the operation. A turn of bandage must be 
resorted to, when the pressure of the patient’s clothes is not suffi- 
cient. The skin on the two sides must be thoroughly moistened ; 
and care taken that the metallic contacts of the interrupting 
handles be not oxidised. 

For the reasons stated above, whenever practicable, a high ten- 
sion current is to be preferred for diagnosis, and the galvanometric 
readings recorded, so as to be able to compare accurately the re- 
sults obtained by future examinations. : 

B. The paralysis is bilateral. It is very difficult in cases of para- 
plegia, for instance, to discover a slight quantitative alteration of 
electro-contractility on account of the want of a point of exact 
comparison. The operator must then appeal to his experience of 
what average current-strength is required to excite contractions in 
the given muscles. The two sides are at all events to be com- 
pared, as frequently they differ in the amount of disease present, 
the same rules being followed as before, Qualitative alterations, 
on the other hand, must obviously be as easy to discover in bilateral 
as in unilateral paralysis. 

General directions.— Proceed carefully and deliberately.. Though 
in the majority of cases a mere superficial examination may be ~ 
sufficient to demonstrate the nature of the disease, still the habit of 
performing electro-diagnosis in a slovenly manner is to be depre- 
cated. The finer gradations present in all cases escape notice, and 
great difficulty is experiented afterwards, whena more obscure case 
happens to turn up, in obtaining Satisfactory results. It is owing to 

for this purpose t 
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; as m as to defective apparatus, that many 
faulty aerg ee on of degeneration has so long escaped 
pacnomen’ oo, And i t not be thought an easy notice of observers. nd it must not be g 

me to obtain evidence of it wherever it exists. Accuracy of 
aetd bticn and of observation are indispensable. _ 
een? ae d out the minimum current-strength which is capable of 

ine contraction in the healthy muscle, and compare it with 

en tsar to stimulate the diseased one. The effect of both 

isa d ‘if both poles in the case of the galvanic is to be tried ; 

baie he current-alternator and commutator will be 
‘ent in the absence of a combined battery. . 

ae Be cradiem. If a powerful current is required to excite 

ion rapid interruptions must be avoided, and not more than 

Be ae twenty in the minute made. In the absence of the pedal 

Precio e this may be done by working the hammer with the fin- 

ee must be remembered that the so-called negative pole of 

fief radic current has a more powerful effect than the positive, 

a that they cannot, therefore, be indiscriminately used for pur- 

| iagnosis, 

Eo ccrninations are often necessary in order to attain cer- 

tainty and completeness. It is also useful to repeat them at poe 

vals so as to watch the progress of the case, and note the evolution 

of the degenerative reactions if they manifest themselves. 

When the effect of faradism has been observed the same Ee 

is repeated, first with the negative, next with the positive ees O 

the galvanic current. If the mere interruption of the current 69 

not produce contractions, the effect of voltaic alternatives must be 

tried. Note also whether rapid interruptions fail to produce con- 

er eWhen "strong currents are used, great care must be taken = 
discriminate the effects due to stimulation of neighbouring muscles 
masking or counteracting any contraction of the muscle observed. 

Precautions must be taken not to mistake effects due to the 
diffusion of the current in testing the electro-nervous irritability. 
Numerous observations are on record, the results of which are 
entirely fallacious from want of attention to the physical conditions 
of electro-diagnosis. 

CHAPTER IV. 

ELECTRISATION. ~ 

It is to be feared that, for many people still, the idea conveyed’ by 
the term “ electrisation” is that of holding a copper cylinder in 
either hand and receiving tremendous shocks through both arms. 
Nay, it is but too probable that this mode of torture is still occa- 
sionally inflicted upon patients. It is not, therefore, wholly unneces- 

— 

a eee eee 
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sary forus here to protest against this relic of barbarism, and inform those who might be tempted to put it irto practice, that it is as use- less as it is irrational. It should not be .orgotten that itis not so much “electricity” that cures as ‘‘electrisation,”’ that is, the rational application of electricity. The choice of the current to be used, its dosage, and the general methods to be followed in different cases are of primary importance, The often-used expression “trying electricity”’ conveys about as much meaning as to speak of “ trying water” without specifying whether the water is to be hot or cold, in the shape of ice or steam, applied externally or internally, and so forth. Exactly as the soothing influence of a hot bath, for instance, differs from the exciting action of a cold douche, so does the_ sedative influence of a mild, continuous galvanic current differ from the stimulating effect of an interrupted faradic current. Where the one is beneficial, the other is useless or hurtful, It is certain that in many cases where, injudiciously treated, the patient has, besides suffering much unnecessary pain, found his symptoms aggravated; the fault then lay not so much with electri- city, as with the electriser, Every one who prescribes or applies electricity must pay the same attention to the administration of this powerful agent, both as to quantity and mode of application, as he would to that of any other therapeutical means. 
It may be put down as a general rule that whoever will apply electricity rightly to others, should have first tried it upon himself, This practice is doubly useful. It teaches far more quickly and surely than anything else, both what to avoid, and what to do jin order to be a successful operator, It is indeed difficult to under- stand how galvanism and faradism can be intelligently, painlessly, and even sometimes safely, applied by one who has no personal experience of the sensations produced by the currents. A general idea of the art of electrisation is very speedily obtained by a few trials upon oneself. The different sensibilities of different parts of the body, the motor points of muscles, the mode of applying the rheophores to the skin, of graduating the current, etc., will be vividly realised and readily mastered.. The numerous details in the application of electricity conducive to the comfort of the patient and efficiency of the treatment, can be learnt by experience only, and above all by personal experience. | 
Avoid all unnecessary pain. The seat of pain is chiefly in the cutaneous nerves, and it will be found that where a strong current must be used, the application will be much less painful if the elec- trodes are held firmly pressed upon the skin; the more lightly they touch the surface, the more intolerable the sensation produced. In nervous or thin skinned patients, in children, and whenever the head and neck are to be electrised, it will be found advisable to place the rheophores 7 sz/z before the current is turned on; and then to bring it very gradually up to the desired strength. Like- wise at the end of the sitting it is best not to remove the electrodes suddenly, but gradually to diminish the current So aS to avoid an unpleasant shock. It is a good policy with children, and nervous 
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at first especially, the very contact of the eee 
to wait a short time before turning on any current a ae 

agitates, tO W ly makes patients more confident, but enables em 
Habit not ob currents comfortably. Electricity in this respect 

ne Be ther therapeutical agents. In fact it is often neces- 
ieuke many © e the doses as tolerance becomes established. One 
he cr must be borne in mind, that the skin never gets 
thing, ae the chemical action of the current; and though the 
et may not complain, unpleasant eschars are sure to follow atien 

too strong or too prolonged applications. 
lied with the current the electrodes are to be app . 

eee ned’on, it should be made an invariable rule for a 

Beer to try iton his own hand, or face, as the case may be, 
Op 
before touching the patient. 

GALVANISATION. 

is el i i tinuous. on is either continuous or discon ) 

yp nuous-—This has been called the s/adile method. During 

the whole appplication the rheophores are immovably held upon 

oints of the body, so as to include between them the oe 

ee acted upon by the current. The main point to be P A 

Sow is the perfect steadiness or constancy of the current. 
9 

* secure this the following rules must be observed :— 
i he skin before the heophores must be firmly applied to the | 

ee. nade. The current is to be gradually pacientes bye 

the desired strength, and at the end of a ae pee pee 
is the rheophores are removed. is implies 

i a Ce battery ‘of a rheostat, or of a collector een ~ 

Be case without jerks the current by two cells af mos‘). : Rt 

the whole application, care must be taken that the rheophores 
: in place, and that no interruption occur. 
ae Epecially applies to applications about the head and neck, 

and whenever the patient is at all nervous. If not actually danger- 

ous, sudden variations in the strength of the current lO eae 

I cognfort has to be studied by the medical elestrician ients’ comfort has to be studied by | ct . 
ae Pe ortant reason for paying attention to eae alga 
is the fact that any shock oe hive alas sedativ 

ught when the stabile method is gin B yiesthes Ht 
Bn vai of stabile applications we may Ser & 2 t 
temporary galvanisation which is the method now universally > be 
The time taken by an pete sitting ate a 2 or 3 to I 

i ually repeated daily or every o1 day. 
ee Pormanmi Sale airs ion consists in using a Las eg 
for many hours at a time. Experience has shown : sie oe 
advantage over temporary applications, whilst its ei a a oe 
many, such as the production of very troublesome esc oe ee 
skin. The only survival now extant of this practice - é oe 
galvanic chains and other such paltry inventions. me at en} y eg 
an ephemeral success, these wares have sunk into ee ey’ ahs 
“‘ patent medicines,’ where we are glad to leave them. 
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anxious to learn their virtues will find them fully described in: the advertisement sheet of most daily papers. 
If, however, permanent electrisation should appear advisable in any special case, recourse may be had to Gaiffe’s small chloride- of silver elements, arranged as in the figure. Two to eight such 

(e——| 

Small batteries for permanent applications. A, B, bag containing the cells. EL, E, electrodes; N, P, indicate the positive and negative poles. ' 

cells are disposed in a leather bag which is carried next to the skin with the electrodes properly disposed. The current is very constant, and flows continuously from 100 to 150 hours. 
B. Discontinuous.—The labile method forms a transition between the stabile just described, and the interrupted. It consists in keeping the positive pole applied to one point, whilst the negative is used for “ sponging”’ the diseased limb, or portion of the body. This is effected by passing the electrode all over the surface to be acted on, with a moderate amount of pressure. Without necessarily pro- ducing any marked muscular contractions, labile applications are much more stimulating than the stabile. The current is not actually broken at any moment, but is subjected to numerous small varia- 

tions of strength, owing to the unevenness of the skin, etc, and acts with an always changing density upon the underlying muscles, the current being densest in the part immediately beneath the 
electrode. The amount of muscular contraction produced by labile applications is then dependent as much upon the rapidity of the motion, as upon the strength of the current used. Labile currents are indicated where, in addition to the chemical action of the 
stabile current upon the deeper structures, we wish to call forth 
moderate contractions of all the muscles, and increase the cutane- ous circulation over a wide area, and thereby stimulate the nutri- | 
tion of a limb. 

There are two ways of using the enterrupted galvanic current. 
One of the poles may be held immovable on some points of the 

body, while the other is dabbed over, or made to touch lightly, the skin at the part to be stimulated. 
Or the two poles may both be kept in contact with the skin, whilst the interruptions are made in the metallic part of the circuit 

-by means of one of the contrivances we have described. When 
strong currents are to be used, the latter method must be preferred, 
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, i is the only reliable one for obtaining 
being apc na ec torwods: ” The interrupted current is 

aaa aot is chiefly used for causing contractions of the muscles. 

| ana re, and bifeaks succeed rapidly to one another, 800- 

ee ninute the muscle is thrown into a state of permanent or 
10 ) 

° 1 nN. 
j ° = 

Drie Pave pole is to be applied over the muscle to be stimu 

 Jated, being much more active than the positive, at least MOEN EY ated, 
1 ] cular reactions are normal. 

Be naptions are never to be used about the head and neck 

‘thout the utmost caution; giddiness, nausea, flashes of light are 

Be gnced very easily, to the great discomfort s nadlgtea ier 

) being held in co ersed current.—The two poles 

h ents body, the direction of the current is suddenly edness 

. Sans of the commutator. The effects produced are muc ieee 

Prrerful than those obtained by mere ee aes of es pela 

ical state of the tissues perva | 
In the latter, the electrica och ede 

nt simply oscillates between 0 and x p ; 

rae by a cieenpth of the current used). When the current a 

reversed, the change is twice as great, hi noe ates pe te eae 

iti i i t be kept in — 2 n to this, two considerations must be 

ce a current has flowed for a short time eres ie gene 

isation 1 in the opposite direction, w urrent of polarisation is set up in . 

BF Snothers the reverse current; second, that under ie Soe 

circumstances, the nerves react more ee to a current 1 

ite directi ing toi d irritability. osite direction owing to increase 

‘ Voltaic alternatives, as such current reversals are called, = 

indicated, when a still more stimulating application than meee 

tions is required, and a corresponding degree of caution m 

exercised in their use. 

GALVANISATION OF THE SYMPATHETIC. 

A good deal of discussion has been spent over the eee 

“‘xalvanisation of the sympathetic,” which has found aes K 

supporters and passionate detractors. According to the gree 

would seem that miracles could be wrought by the pio saree 

“to the sympathetic ;” according to the latter, it woul age i 

the sympathetic, by some extraordinary property, ir ly en 

the action of the current. The method consists usua 1 in p te 

one pole in the auricular-maxillary fossa, and the ot “i gee 

seventh cervical vertebra. It is evident that, owing to the dl 6 

of the electrical current, we influence by this means many es 

ant nerves, the medulla oblongata, the base of the brain, etc. a 

good results have so been obtained, it is impossible to Se ae 
it is equally impossible to ascribe all such results to pantie iene 

On the other hand, those who object to the possibility o ga va : s 

‘the sympathetic because they do not observe marked c wie be 

the circulation of the corresponding part of the head, and 1 ms 

state of the pupil, might, it seems to me, deny the ina een 

sage of a galvanic current through any nerve, because it cal 

2S SS 
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108 | eee. 

| ver the whole 
| heophores are then eeonanyeis Roa ‘cdnbaabelon of 

rne 
re : 

Fac a the muscle, so as erdoine this it will be observed that, suriace 
! sae the effect is all its a. Se ascles there is one point where se ol ma in the ca - is upon f the rheophores is y at when one 0 week ch more al ae at once into a powerful contra a uscle i 

d corresponds to 
= it, the ee ‘motor point” of the receer of these points, This point is the of its nerve, The know ffect with the mini- the point of Be is to obtain the maximum effec bles us 

neither sensation nor motion. And there is nothing irrational in 
the supposition that the repeated action of weak : their chemical and Physiological] influence, be followed by the- 
rapeutical consequences - we need only advert to the valu 
atropia, strychnia, ete. in medicinal doses. It must be granted; 
however, that only weak currents can safely be used in this neigh- 
bourhood, and that but a fraction of the current passing through the. 
neck touches the Sympathetic, surrounded as it is by better’ con- 

importance as enabling us 

ductors of electricity than itself, z.2., blood-vessels and muscles, therefore, ena trength. This is of some re pa amount of pain to 

he question is stil] am open one as Ziemssen Says; and we look mum current eed results with the sma 
| tive 

: . ° : 7 : . 
aes ‘ O lace the nega 

Investigations this me to obtain * ae this purpose hs tee a held over some 

ate years. In the = the patient. 1otor point, whilst the l part of the body. 

» We retain the expression « galvanisation of the SyMpa- 
pole upon ati ee or over some ae hee important in 

thetic” to indicate a mode of application and nothing more, 
other part Pr current at the motor poin ys 

: actly the muscles 
; or ee cnosis when the task hee ea oe ~ 

a 
= 1 d 7 

‘ re) m 

FPARADISATION, 
| electro he relative amoun 

, r and mainly for 

; injured, oh. eee s is rarely resorted to, 
oO heads, according as to - : Faradisation of the net i t to be les, or in muscles not to_ i in groups of muscles, 5 ee 
ed tissues that are to be 7}. ) ei, Ag Pee ph wi elation fe: the 

| excited directly. A 
e ° ° ° e f . 

. cribed in the 
| phragm. | of special organs will be oe se saplicatile. 

done by means of some violet or other powder. The electrode | Faradisation he different diseases wher 

ic, either in form of a solid cylinder, or of a ecial part under the i urpose are 

a q ale forms of electrodes necessary for this purp 

wire-brush. The method is as follows place the positive pole (an a The ae Bore) 

ordinary moist conductor) upon some neutral part of the body, in | described elsew 

the hand, for instance, or on the back, or sternum; then light] 7 
pass the metallic electrode Over the dried skin graduating the f ’ 

NERAL ELECTRISATION. | 

current so as to produce a lively crepitation, Indicating the passage q 
oe 1 galvanisation, general fara- 

of sparks between the Skin and electrode he current, however, 7 his head we include central ga | 

must not be strong enough to Produce any Contractions of the . iE Une this d electric baths. bicaeaie’ ther tnhieles. Gre nae 

underlying muscles, | 
7 eon, an lvanisattion consists in bringing The negative pole 

his mode of precedure is necessarily somewhat painful. When 3D eb the influence of the ee ean ch.or the.sacrum, the 

Sensitive patients, or sensitive Parts of the body, such as the face I aa bh ld stationary over the pit of the s d and vertex, then along 

are to be so treated, it is advisable to use the hand instead of a 
being ‘ le is held first upon the forehea ic in the neck, lastly, 

metallic rheophore, he operator then takes the negative pole il me ve po a sympathetic and pneumogas aca the cord succes- 

(Moist) in his left hand and with the back of his right hand, dried I ee ourseio ical, dorsal, and lumbar regions n of current strength 

and powdered strokes gently the patient’s skin. The same crepi- | een peer’ as usual, a very exact bor iy d neck. Stronger 

tation is heard; and if the current is properly graduated, the q| ey a the application to the hea “ks The duration 

sensation to both parties is rather pleasant than otherwise, | ee eae applied to the spine agent aoe and 10 to the 

Laradisation of muscles and nerves —In the great Majority of cases — : ae end to 2 minutes to the head, a: = i d in cases of general 

faradism is applied directly to the muscles through the skin, with 
ey Central galvanisation IS ipaica etc.. and is useful as 

well moistened rheophores. The easiest way is to hold the two t al depression, of nervous insomnia, ‘9 

handles in the right hand, the one between thumb and index, the | — } 

Other between middle and ring fingers, the 
an adjunct to other modes of treatment. 

handles resting in the palm. The left hand is then free td siete Tone nging the whole, or the S te peer! f Oe coe electrode vanhilet tho positon Bee! the body 26 insensitive part of the body, ee oe ee on som er plate upon which the soles o ute ont aed ee ee a ae Pe plieniol lies in the Sulla Sioa pain, 

current well borne on the back of the forearm, for instance, will 9 a Bec scary to stimulate fully, withou 

| Cause pain if applied to the front, 

if | 
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the different parts over which the: sponge is being carried. will best be learnt by personal experience. , | General faradisation by its action upon the muscular system pro- motes tissue change and nutrition. 
the refreshing effects of such an application will fully appreciate its value. 
evidenced by a rise of temperature sensible to the thermometer. The application is to last about 10-15 minutes, or longer, special attention being paid to the thorough stimulation of the muscles of the neck and back, | 
An-easy method of practising general faradisation by the patient himself, is to put the positive wire in the water of an ordinary hip _ or other bath in which he sits, and connect his sponge with the negative. Ifthe coil is not strong, salt water must be used. This simple application will be found a very useful substitute for the faradic bath, which, whatever may 

a process to find general acceptance. 
The galvanic bath has been lately extolled for its virtues both as a tonic, and also as an eliminator of metallic poisons from the blood. Much has yet to be done before its efficacy can be estab- lished either theoretically or practically. Both galvanic and faradic baths consist in immersing the patient in an ordinary warm bath through the water of which the current is sent. One question obviously arises: how much electricity penetrates through the skin and actually passes through the body? This has never been answered by actual experiment. 
Combined electrisation.—A curious blunder has been made by some. electro-therapeutists, (see for instance Beard and Rockwell, L.c., p. 302) who recommend combined galvanisation and faradisation, They overlook the fact that electrical currents choose the path of least resistance, and that their currents: instead of passing through the patient’s body, circulate through the battery and coil used. A glance at the figure at P. 390 given by the authors just mentioned, will be enough to render the mistake palpable. The two batteries should be placed in series, so that the break induced have the same direction as the galvanic current. 
Combined galvanisation and voluntary movement has been used by Dr. Poore in cases of writer’s cramp, and deserves more exten- Sive trial. In some cases where the stimulus of the will was deffi- cient, I have tried galvanisation of the whole limb, and simultaneous faradisation of the individual muscles with apparently good results. The rationale of combined electrisation is, that under the catelectro-. tonic and refreshing influence of a galvanic current, nerve and muscle react more readily to stimuli, and can be worked longer without being tired. It is a good plan, in all cases, to have recourse to the refreshing effect of the galvanic current after the faradisation of a set of muscles. The full benefit of the enforced exercise is reaped without exposing the patient to the feeling of fatigue which is occasionally complained of, especially if the application has been somewhat too energetic or protracted, 
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Dr. RapciirFe’s Positive CHARGE. 

lectrisation has been proposed by the distin- 
THIS method of = ec it bears. he Esenede 1s intimately 

uished hee eculiar theory of muscle and nerve, for which 
d Becca to Dr. Radcliffe’s ‘‘ Vital Motion as a vee 

es sca Motion.” I.shall confine myself here to the “modus 
ales An earth wire is attached to the negative pole of the operandi. d the patient electrised in the usual way, that is, the two 
poy, an laced in contact with the diseased parts of his body. 
etre et to insulate the battery and patient, by placing 

.. a a thick piece of india-rubber cloth. 

In the absence of sufficient clinical evidence, it would be prema- 

ture to pass any judgment upon the therapeutical superiority of 
tur 

ble results; and its d. Some observers report favoura a | 

o Bee wont by no means imply that of the Sep agass Se 

th ae which have suggested it. Some remarks from a physica 

rt of view are, however, required, as there seems to be con- 

siderable misapprehension as to the nature of the phenomena 

implied; and the point is of-considerable theoretical interest. ‘The 

5 “charge” is somewhat misleading. It is not a charge in 

a other sense than ordinary galvanisation: for ria ave : 

Be gat simply the fact of a body ati ee Saar pee de 
ce a different from that of the earth. glan 

eating the effect of an earth wire shows that by cone 

the negative pole to earth, we merely effect a redistribution o 

potentials which become all positive, instead of being some positive 

d some negative.** Ey 
The use Eemailating the battery and the patient is more than 

~ doubtful: we have to dowith very low electromotive force (or ‘‘ ten- 
sion”) indeed, seldom exceeding 50 or 60 volts, far too ne 
overcome the resistance of the cells and wooden casing, o 
clothes and boots which are all very bad conductors. { . ‘7 

It is often said that the earth wire ‘‘carries off : e nega 
electricity.” This is a most clumsy, if not eon y whe 
explanation of facts. We have a certain point, , e eee oe 
given negative potential, and we connect it witn a practi % 
unlimited reservoir of elasticity at zero. What waltibe . oe 
this: enough of the earth’s electricity is decomposed to _ pa: _ 
potential of N to zero; the flow then takes place from 7 i ear a 
NV. Once N is reduced to O, that is to the same level as ae earth, 
no more electricity can possibly flow from the one Gee rd er. : 

An advantage claimed for the positive charge, is that the ae re 
effects of the negative pole are done away with; this is a confusion 

. isati ial is at a point in the body 1 ordinary galvanisation the zero potentia a . ae way neliacn the electrodes. If the positive pole is thet ve oo 
hand and the negative in the left, the right ie s 4 charged” positively the le 

h being at the mesial line of the body. ' “Seed "if He ri were to stand with naked feet on ng eater cs ake 
none the less be “charged” positively, only two points of - ee ea 
zero, viz., the soles of his feet, and the part in contact with the cathodes. 



II2 RADCLIFFE’S POSITIVE CHARGE, 

between ‘negative electricity” and “negative pole,” which of course are completely different; the former is a mere theoretical assump- 
tion; the latter a reality. The cathodal effects are identical, whatever relations the potential of the point at which they manifest them- selves bear to the earth’s potential. 

The diagram, fig. 7, illustrating the action of earth wires will make it readily understood, that in the plan advocated above, of intro- ducing into the circuit a large rheostat resistance and increasing the number of cells, the patient is “charged” with positive or negative electricity, according as the rheostat is connected with the negative or positive pole respectively. Suppose a circuit of the total resis- tance AB of which a part of the human body A a, makes about one eighth (3000 ohms) and a rheostat a B, seven eighths (21,000 ohms), the rheostat being interposed between the body and the negative pole of a battery with an electromotive force equal to AB + DE. Then the zero potential will be at the point o in the rheostat, and the body “charged” to potentials measured by, the 
ordinates of the points along A, a, (AC. Otte) na x 

It will be seen that by this method, not only patients are ‘“‘charged positively,” but that they can easily be made s0 to far higher po- 
tentials than with the earth wire method, where the number of cells cannot be made large enough, without unduly augmenting th- 
current-strength, 
Though I have now been sometime in the habit of using rheostat _ resistances in medical applications, and thus of “charginy” the patients, 1 am not conscious of having obtained any better results on that score. Asa matter of fact I have used the rheostat so as to “charge” positively sometimes, negatively at other times, without having observed any special advantages of the positive over the negative charge, 

| 
“ 

‘Faradism.—Tw 

 yery strong 

TREATMENT. 113 

CHAPTER V. 

TREATMENT. 

ee ES 

SENSORY NEUROSES. 

NEURALGIA. 

o general ae can ne adopted in ne ance 
7 st, called osthenizing, consists in using 

. nc. with very cata intermittences. The extra- 
ent must be used, and wet electrodes are to be placed, the 

Dave on the point of the-nerve nearest to the centres, the 
Motive upon the painful branches of the nerve. Pei 

Bi is evident that after a while such a current must diminish the 

<citability of the nerve, and extinguish the pain; at first the pain 

i ery acute, but is soon followed by a feeling of numbness which 

Be ically increases until it is complete. After the application the 

eve recovers gradually its excitability, and, as is usually the case, 

ains may reappear. ; ae 
hc Pectd method, called revulsive, consists in faradising the 

skin. Either the metallic brush is energetically used, or the solid 
ic electrodes are applied over the painful spot, with very 

BU eeinittences. Tie carver must be graduated according 

to the strength and sensitiveness of the patient. The eri we 
lasts 5-8 minutes. This treatment sometimes gives good results, 
and can be explained physiologically: we know that the electrisa- 
tion of the sensitive nerves determines a more active flow of pig: j 
and as neuralgias are usually accompanied by modifications 2 the 
capillary circulation it follows that the augmentation and acce ee 
tion of the flow of blood may lead to the removal of the painfu 

symptoms. These two methods have the disadvantage of being 
very painful, and may offer some danger on account of the er 
excitation they produce. We therefore believe that in nearly a 
cases of neuralgia it will be better to use the galvanic current. 

_ Galvanism:—Very constant currents of moderate strength are to 
be preferred. The skin is not to be excited. Broad electrodes 
wetted with simple water are therefore to be used ; and the mode 
of application will vary according to the kind of neuralgia to be 
treated. | , 

FacraL NEURALGIA. 

We place the negative pole over the point 1 in figure 94, and the 
positive at the periphery on the painful branch : at 4 when the 
frontal branch is affected (a case frequently mistaken for megrim) ; 
at 2 and 3 where there is neuralgia of the supra or infra orbital 
branch; and over the course of 7 when the dental nerves are also 

I , 
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affected. In these various cases a current of 6 mv. (10-12 El.) 
is used, the electrodes being held immoveable for 6-8 minutes, ® 

Tic Dovtovurevx. 

In this disease the positive pole (which must be a rather narrow 
electrode) is held over the points of exit of the nerves, 2 and 3, andthe 
negative pole over the cervical ganglion, (10, fig.94). The strength of 
current and time as given above. When the movements of mastica- 
tion call forth violent pains, the negative pole must also be held 
for 2 or 3 minutes over the masseter. When a cure is to be effected, 
the amelioration begins after the very first sittings; and sleep, 
often disturbed or impossible to the patient, returns; this is a 
good sign, auguring a definitive cure. 
We must add that frequently the disease is due to a central 

cause, and then a cure is very rare. In6 cases we have had the 
opportunity of treating, success has been obtained in 2 only. 

OccipiTo-cERvicaAL Neuratcta.: 
Positive pole on the nape of the neck, over the upper cervical 

vertebra, and the occipital nerve (9, fig. 94); negative pole held in 
supra-spinous fossa, Current strength, 6-8 my. (from 10-25 El.), 

CERVICO-BRACHIAL NEURALGIA, 
With excitable patients the same current as above must be used ; in other cases the strength may advantageously be increased to 12 mv. (35 or 40 El.). The positive pole is to be held over. the cervical vertebrae, and the negative placed in the axilla, or lower down at the level of the elbow, if the neuralgia extends into the forearm. According to the seat of pain it will be easy to tell 

which nerve is affected, and the electrode must also be applied to the points (1 and 2, fig. 95) where the nerves are most superficial, 

INTERCOSTAL NEURALGIA. 

The positive pole is placed over the point of emergence of the diseased nerve behind ; and anteriorly the negative must be held in the intercostal space along which the nerve runs. Current of 8-10 mv. (20-35 El.). With fat patients a stronger current may be used in this as in the preceding neuralgia, especially at the begin- 
* With reference to the unit of quantity here used, I need only refer the reader to what has been said in pages 6 and 20. The milliveber (my.) is to the physician one subdivision of his galvanometer, as the degree is one subdivision of his ther- mometer. I have preserved, however, in the text the indications given by Dr. Onimus in elements (El.) for the convenience of those who are not prepared to adopt the more exact method. The elements here referred to are always the sulphate of copper or Daniell’s cell, the electro-motive force of which may be taken as 1 volt.’ When Leclanchés are used, it will then be necéssary to take a proportionally smaller number, i.e., 2 Leclanchés for 3 Daniells. Of single fluid elements the Smee must be considered somewhat weaker than the Daniell, the _ Stohrer stronger, though it is difficult, owing to their inconstancy, to give any but approximate determinations. 5 Smees (3 Stdhrers) are equal to about 4 Daniells. The chloride of silver cell may be considered as equal to the Daniell. The internal resistance of the elements here used may be taken at 20 ohms. 

SENSORY NEUROSES, I1§ 

he sitting ; rrent must always the sitting ; but towards the end, the curren 
ee aually diminished, and localised near the nervous centres, 
fA older neuralgias, and where the pain is not well localised, 

a few interruptions may be made at the beginning of the sitting, 

and the skin excited by drawing the negative rheophore over the 
surface (labile current), But towards the end, again, any sort 

of interruption must be avoided. 

LuMBO-ABDOMINAL NEURALGIA. 

The positive pole being held a little outside the upper lumbar 

vertebree, the negative is placed over the middle of the iliac crest 

if the pain is confined to the posterior region; but if it extends 
more anteriorly, as far as the scrotum or vulva, the negative pole 
must be placed in that region. Current of 10 mv. (20-40 El); 
duration, 10 minutes. 

Scratic NEURALGIA. 

Faradisation has been used sometimes with success in sciatica; 

but generally the violent excitation produced by the methods above 
described, so far from diminishing the pain, only increases it. 
We always use galvanism in this way: the positive pole is placed 

over the sciatic notch, and the negative over the course of the 
nerve, so that the painful points be included between the two poles. 
During the latter part of the sitting, the positive pole is to be 
placed higher up, over the lumbar vertebree and the negative 
successively on the points 1, I, fig. 98. If, as is often the case, pain 
extends along the peroneal nerve, the negative pole must also be 
held over the nerve at the point 2 below the popliteal space. A 
current of 10-15 mv. (25-50 El.) is to be used according to the 
tolerance of the patient; the duration to be from 12-15 minutes. 

If the pain be not too great, it will be useful to make a few 
interruptions, or even voltaic alternatives. But this is to be done 
only in the middle of the sitting, and during the last part of it no 
shocks are to be given. 

UTERINE NEURALGIA. 

~ Certain neuralgias, when occurring in women, present at once 
symptoms of a more general state; these so-called hysterical 
neuralgias are often the result of a constitutional disturbance. In 
some cases, however, they are not the result but the cause, or at 

_-any rate keep up the hysterical state; they then must be treated 
independently. The most important neuralgias of this kind are 
those of the neck of the uterus, and of the parts around, In such 
cases the galvanic current has a very beneficial influence. It is not 
indispensable to apply the current to the uterus itself; the electrisa- 
tion of the lower part of the spinal cord has given us excellent 
results. For this purpose the positive pole is placed over the tenth 
dorsal vertebra; the negative over the sacrum. Begin with a 
current of 5 increased to 10 mv. (15-30 El.); duration, 8-10 minutes. 

In some cases, however, especially if one of the ovaries is the 
Seat of the disease, we must act locally. One of the poles, gene- 

12 
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rally the positive, is placed upon the cervix, and the negative upon 
the walls of the abdomen over the painful ovary. Duration, 4-6 
minutes, beginning with a weak current of 4, which may usually 
be gradually increased to 10 or 12 mv. (10 to 30 El). 

VeEsiIco-URETHRAL NEURALGIA, 

This is one of the rare cases of neuralgia for which it is difficult 
to give precise indications as to the direction of the current to be 
used, 
We usually place the negative pole over the spine at the level 

of the sacral plexus and the positive over the pubes and the peri- 
neum. Current of 8-12 mv. (20-40 El.). Several conditions are to 
be taken into account, and especially the sensitiveness of the skin in 
the perineum. This is one of the reasons why we apply to it the. 
positive pole, which is less painful than the’ negative. 

In vesical neuralgias accompanied by spasms and contractions, 
if no result be obtained from external electrisation after a few sit- 
tings, a small electrical sound must be introduced into the bladder, 
and connected with the positive, whilst the negative is held exter- 
nally over the pubes. Here we must always use a moderate cur- 
rent of 5 or 6 mv. (15-20 EI.) and never beyond 3 or 4 minutes, 
Care must be taken not to use too large a sound, and not let the 
current flow whilst it passes through the urethra. 

MecrrIM. > 

We have used two methods equally successfully in the treatment 
of this disease. The first consists in placing two electrodes, one 
on each side of the forehead, with a current of 3 or 4 mv. (8 El.) at 
most, during 6 to 10 minutes. The second, which we generally 
adopt, is to place the electrodes below and behind the mastoid pro- 
cess on either side, at the point 10, with a current of 5 or 6 mv. (10-14 
El.) ' 

Ancient NEuRALGIAS, AND ConsEcutive to NevrItis. 

Here there is always a more or less marked organic lesion. 
Hence it is plain that a much longer time will be required to cure 
them. Recovery can take place only when the alterations in the 
nervous tissue have been arrested and modified. We must there- 
fore act chiefly upon the nutrition. of the tissues, and neglect the 
element of pain. Galvanism is then to be preferred; but it may be 
useful at the same time to apply a faradic current, with slow intér- 
mittences, to the muscles which suffer from incipient atrophy. 
This must be done at the beginning of the sitting, The galvanic 
current is next applied, the positive pole being held over the cen- 
tral origin of the nerve and the negative passed over the points 
where it is superficial at the peripheral, and over the muscles 
affected. A rather strong current (10-12 mv.) must be used, and 
a few interruptions are to be made, 

This treatment will usually effect a cure, as our experience has 

MOTORY NEUROSES.. I17 

oht us whenever the neuralgia and neuritis are not symp- 

Pe ctic of other affections; here indeed our results have been 
tom | 

remarkably constant and successful. 

CuTaneous ANESTHESIA. 

i ends upon various causes, and generally accom- 

i. hes the eae centres. In this case the treatment 

frust be directed to the disease of which the anesthesia is a symp- 

iO The eripheral causes may be a traumatic lesion ; compression 

bya Pronith or exudation; defective nutrition of a nerve; a pre- 

y neuralgia; a diminution of circulation ; prolonged exposure 

FF cold This last cause is perhaps the only one which gives rise 

: En anesthesia limited to the distribution of a sensory nerve 

Peiout any other complication of motor or central nature. This 

Rc of anesthesia is chiefly met with in persons who have their 

hands almost constantly in cold water, such as washerwomen. 

In the latter cases faradism, especially applied with the wire- 

brush, is to be used. In the other forms of anzesthesia pears 

is preferable and less painful. A current of 12 or 15 mv. (aoe a 

is to be used when the limbs or trunk are the seat of the disease. 

The current must in all cases be ascending, that is the negate 

pole must be applied over the central origin of the nerve and the 

positive over the peripheral seat of the anaesthesia. If for instance 

the ulnar nerve is affected (the most common instance) the negative 

pole is placed on the nape of the neck and the positive at the elbow, 

and drawn along the course of the nerve (2, 2, fig. 95) at the inner 

‘side of the forearm. 

FactaL ANESTHESIA. 

It occurs as a rule after, as a sequela of neuralgia but may also 
be caused by traumatism (blow, fall, or cold). Faradism is always 

dangerous to use here on account of its exciting effects upon the 

neighbouring centres. Galvanism on the other hand offers no such 
risk, even when a strong current is used. A. strength of 6-8 mv. 
10-14 el.) however is sufficient, the negative pole being placed over 
I or 10 and the positive over 5, 6, 7, fig. 93. The electrode is 

also to be passed lightly over the whole of the anzesthetic surface, 
_ care being taken however to avoid sudden interruptions. 

MOTORY NEUROSES. 

Tic Convutsir, oR HistTRIONIC SPASM. 

Tuts affection is not very rare, and may be limited to one or more 
branches of the facial. When limited to the palpebral branches, it 
gives rise to more or less rapid contractions in the upper lid, or to 
a complete closure of the eyelids. It then receives the name of 
blepharospasm and ‘is the most common instance of the disease. _ 
_In most cases of tic every treatment is powerless. Faradism is 
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entirely contra-indicated. Galvanism often produces a great im- 
provement; but unfortunately this frequently is but temporary. 
We have, however, obtained. very satisfactory results relatively 

speaking, and have noticed that such results were usually obtained in cases where the compression of the facial nerve suspended, for 
the while, the spasms. We apply a centripetal current of 6 to 10 mv. (12-15 El.) during 5 or 6 minutes, Positive pole: on'5, 6, Fire and negative on 1, fig. 94. Bis 

SPASMS OF THE Neck MuScLEs. 

The trapezius and sterno-mastoid (f), 
are most commonly affected. The spas 
lateral. We have no instance of the co 
either by galvanism or faradism. Co 
is given by an ascending current of 8-1 
tive pole being placed over the na 
10 or 13, fig. 94. 

and often the second only, 
m is usually tonic and uni- 
mplete cure of this disease 

nsiderable relief, however, 
O mv. (20-30 El.), the nega- 

pe of the neck, the positive over 

CRAMPS, 

These are painful muscular contractions, but of short duration, 
Occurring spasmodically in certain people whose general health, 
however, is otherwise satisfactory. , 

These cramps usually affect the flexor muscles of the limbs, 
chiefly of the legs. They occasionally occur in trunk muscles 
and thus seem to constitute real neuroses. A current of 8-10 MV. 
must be used (20-30 E1.), the positive pole being placed over the 
central origin of the nerve, and the negative passed over the pain- 
ful muscles. 

WRITER’sS Cramp. 
This disease usually appears in people who have much writing 

to do, and here it is difficult to cure or improve. Sometimes very 
nervous people are affected, though they do not write much. The 
same form of disease is met with in jdraughtsmen, engravers, tele- 
graphists, violinists, &c. 
We have had a few cases of improvement; but this disease is 

most obstinate. If there are at the same time paretical symptoms, 
a cure is more easily effected. This is the method we follow: For 
IO minutes the negative pole is placed on the nape of the neck and 
the positive over the muscles of the forearm, especially those of the 
thumb; current of 10-12 mv. (30-40 el.) Then a moderate current 
of 6-8 mv. is sent upwards through the cervical portion of the cord. 
Lhis is repeated every other day. During the treatment the patient 
must give up his usual occupations, and on the other hand exercise 
the muscles habitually little used. | 

CONTRACTURES OF THE EXTREMITIES. 

In these affections there is increased excitability of the motor 
nerves, whilst that of the sensory nerves is diminished. Descend- 
ing currents, during their applications, augment the contractions. 

_ The best plan is to send a weak ascending current of 3 or 4 mv. 

method is to 

» ¢hus to procu 

I 
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art of the spinal cord. The same 

pe el:) Bt Nhen the contractures are due to trauma- 

ae ular fatigue is to be avoided. 
(10 

fem, ony must 
TETANUS.. 

| 7 ; lways iments made upon. animals, has alw. 

ee ikely cn good in.tetanus. Applied to the Rees 
been thought 6 t - cause relaxation of the contracted muscles, an | 
their effect 1S a =e relief to the patient. lanes NS: eee 

time with advantage, calms t ; 

administ a fo Taeaaes not prevent the contractions ae on ici be applied: descending along the cord, the ears 
current. It m the cervical, the negative over the pagan : 
ole being Ts trength must be moderate, weak rather t ae O 
oe pe (15-25 El.) It must be continued for longer 
strong, 5 eS ee y the 

iod than in the other cases ; and must be ver constant, 
er1ods 

electrodes being not too often moved. 

CHOREA.. 

Faradism has no influence over chorea; and nes even, accord 
: e observations, increase the movements. iy dai 

ne the other hand. galvanism is, beyond all. doubt, e f the OF ave seen this disease give way to § or 6 applications 0 : 
peeve Be rietice has proved that the ascending current, si 

ee A an ‘reater exciting influence, or perhaps on ipettont 
withstanding Riek d effect than the descending. It may 

a a Phe cord only, or to the cord and limbs. eee a = 

cs Becencth, 4 to © mv. Oe aren ee onobae 

SS. Be ctor chorea there occur sometimes paralyses 
pe ; ae Baie ee 

of the affected limbs; herve galvanism 1s of the greatest use 
itive ical 

i j d: the positive on the cerv 
dine current is to be used; AE ee 

Dcbre: ilie negative pole on the paralysed muscles 
*) ; A 

i d the 
beginning of the sitting some interruptions must be bisa an 

rode drawn along the course of the motor nerves. 

PaRALysis AGITANS. 

: | is tobe 
A rather strong current of 10 to 12 mv. MCs a are 

lied to the spine, the negative pole being Sie 

Bc ‘tal region, and the positive over the lower cervical ge 

Bac ; ical anglion 10. Ifthe paralysis be localised in 0 ee 

the Ger Be shies, we also place for a few ae the ve pe 

pole a the brachial plexus, and sate ane eke ee ae 

k. Considerable improvement ir . eee 

Pcs of complete recovery. Faradism must palanaee oe kee 

Generally speaking, the pathological facts pro eee 

chronic affections the galvanic current has given i Be os 

and is one of the most efficacious and least dangero 
ay be 

tical agents. If the disease is recent, a complete cure may | 
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An | 

SSS ee ——— -- = = 

——— 

= SSS SS 



120 PERIPHERAL PARALYSES. 

effected; and in the immense maj advance of the disease May be arr ested, often for a considerable time, 

Epirepsy. 
_ Electricity has often been used for the but almost always without any marked result. only to oppose certain symptoms which occasio it, such as tremors, pareses, contractions, etc. 

It must be used 
nally accompany 

The treatment 

tory muscles, and to produce a sort of artificial respiration general stimulant. 
Galvanism must be appli 

cases of syncope or asphyxia. Under the influence of this applica- 
heart beats We have seen in a cataleptic woman the con- 

urrent. On 

PERIPHERAL PARALYSES, 
PARALYSES FOLLOWING Compression or Contusion. 

When paral 
treatment is to be used only when the cause of the c 

But then, even if the nerve is profoundly altered, it is always followed by most Satisfactory results. In such cases there is always more or less muscular atrophy. The treatment must therefore embrace both nerves and muscles, Galvanism wil] be used for stimulating the general nutrition, and especially for 
faradism to promote the 

In using galvanism, the positive pole must always be placed upon the cord, or at least above the _ Seat of the lesion and the negative over, or a little below that seat 

ority of cases, the progressive | 

treatment of this disease, 

care must be | 

Se toe 

a 

Wotan aa 

wt ne ea 

* so as By nes a current of 10-15 to o C The muscular atrophy 
a” use ° 

either of 
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j tween them. According 

pres seine ites (30-60 El.) may a 

being almost always simple, the 
lly. tagiously applied loca 

Laas especially of the fags eke 
: 1 paralysis, and consecutive she nes ee 

eer’ eas just described must be applied. p 
m . : low. me trea : induced current must be s ee See uptions of the in 

+ the interrup at first ti | 
VES OF THE EYE. : 

Brees are fre gain aggre of a central affection are fee eer Piece) or of the cord Cuecaineien 

' however, they are idiopathic ; and Eats & oe : 
Ea a comparatively short time. For Saas 

Hi eS (8-10 El.) is used, the positive pe eine 

oat the eye-ball ‘the negative ot ae bgt a : two. or near the ‘ a sal ganglion. Duration, 5- | 
or over the cervica 

: 

three sittings every week. 78 

| Paratysis OF THE Factat, NERV , ne 

he method of merch is weet me 

‘< is of central or peripheral origin. W ah a ns 

aan P the effect of cold or pressure, a neo Ee pre 

ee ceria ly obtained by means of the galva peraraniey 

oo ee -20 El.); the positive pole is place ” ri 

oe : as ne the negative on the sqrera) he en hit 

ee erruptio e upon each of 

ae ics overy te aiher day. It Bee not to 

Baie faradic current during the first period of the disease. 
use 

PaRALYSIS OF THE MuscuLo-spiraAL NERVE. 

he musculo spiral nerve is often ee 

If the cause be due to circulatory 
to their be easily restored he vascular phenomena irculation Beene’: akc. agent which acts directly upon o ‘ frictions ee Be iout’ 2 cure. Thus blisters, cold age pertur- 

may oe .. slixht cases result in a cure. If Sneha of the nerve even, asc i Daath AE fines excitability of a port werless, and 
i. letely gone seas G dayne EP e pmsive heen ctrical current. 
e comp aie sful except the ele i 

is likely to be success ) placing the Bre usc here a ue a of 10-15 mv. (30-50 El.) p 2 Je the 
| ial plexus, and the negative upon 

ee nervo an ene internal border of the supinator 
ace . t 10 7 eo Goes fig. 96). Each sitting is to last abou 

Ongus ? 

minutes. 
trophy is present, alo | a 

di Boe sanenety applied to the affected muscles, whl ism 

cles which are so made to contract. 

comprise the 

adic current may P 
Simple porision>, 

| ralyses These a brain (tumour, h 

ataxy): 
.. Eaally obtai 

We describe elsewhere t 

Rheumatic paralysis of t 

put in different degrees. 
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PaRALysis or THE ANTERIOR TIBIAL. | a 
Both currents are to be em 

vanic alone with interruptions 
is placed in the 
the external bo 
minutes of suc 
singly by mean 

ployed simultaneously ; 
as just described. The 

popliteal space, and the negative on 
rder of the tibialis anticus tendon, - 

h an application the muscles are mad 
s of the faradic or interrupted galvanic 

positive pole 
the ancle, at 
After 5 or6 

current, 

VARIOUS NEUROSES. 

Hysteria, 
ELEcTRISATION will be found of but little 
ease; but excellent results may be obta 
ment of many of its hysterical phenom 
contractures and anzesthesia. 

faralyses. It is best to act si 
centres and paralysed muscles. 
moderate strength is to be passed 
Same time the muscles are to be sub 
gymnastics, either by a rapidly inte 
current.. The intermittencies of the 
and it must be applied to the limbs 
vous centres. 

Anesthesia. 
galvanisation, 
brush, 

Contractures. Galvanisation of the s 
with a rather mild current of 5-8 mv. (15-30 El.) but giving sittings of longer duration. In such cases permanent currents may be used successfully, a current of 1 or 2 mv. (4 or 5 El.) being used | for an hour or two, instead of applying a stronger current for a quarter of an hour. Individual sensitiveness to electrical applica- tions must, however, always be taken into account. The direction of the current is not so easy to determine in hyster- ical paralysis and contractions as in other affections. In a general way, however, it is better to begin with the more sedative descend- ing current, and try the ascending later on. 
At the end of the sitting we cautiously galvanise the sympathetic ; and when the symptoms are variable and momentary it is the only mode of electrisation we employ. 
The successes obtained b 

and if after a few sittin 
stage is reached after 
treatment must be susp 

avail for the general dis. 
ined from it in the treat. 
ena, especially paralyses, 

multaneously upon the nervous 
For this purpose a current of 
down the spine; and at the 
mitted to a kind of artificia] 
rrupted galvanic, or a faradic 
latter must not be too rapid; 
only, and never near the ner- 

In cutaneous anzesthesia, faradisation is superior to and is successfully practised by means of the electric 

pine must be resorted to, 

y this method are often very rapid; 
gs no progress is made, or if a stationary 
some improvement has been obtained, the 
ended for a few weeks and then resumed. 

AnGINA Prcrorts. 

Duchenne relates two cases where h 
arrest completely and instantaneously 
to retard the progress of the disease 
completely to cure it. 

e has been able not only to 
an attack of angina, but also 
and perhaps even, he says, 

or the gal. 

e to contract — 
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; i the i doleniz, that 1s under 
. he applied Joco ; eke: 

ese two Be oper att of the’ sternum, nts iagidherrete> an 

le and @ e with his faradic apparatus woncss sip et 

a aan rapidity. This is an applicatio 
: e n 

intensity a ° 
eo 

° 

iolent i sto us that such a vio 
eis | E atment ; and it seems to ig 

general an Pe cordial region is not without dang 
on oO ‘mulati stimu EXoPpHTHALMIC GOITRE. 

1 
2 i n good 

ive de- In our cases have arrested the progress 
ently we, siderable results. eres and often have obtained 2 ee ae 

- yelopment ot aa severity of the symptoms, so muc 
current of diminution ° r the patient practically cured. Weuse a 

nside des on us to CO (5-20 El.) during 8-10 minutes, applying the electrode 
ical ganglion, 10. 2-8 mv. ¢ the neck at the level of the cervica 

both sides © 

DISEASES OF THE NERVOUS CENTRES. 

HEMIPLEGIA« 
Te ‘ods must be distinguished in cases of cerebral haemo 

Two perio ard to the use of electricity. lvanisation may 
Sith et period about a week ee et ene lees on the 

n the 3 ae is place ay be resorted to. ogra oe eat as the nape of the sora eae 
side of the lesion, mv. (6-8 El.), is allowed to pass ae with a a current of 3 or i athetic is then galvanised for 5 on to begin minutes. The sy 6 mv. (10-12 El.) It is ee : ment it stronger Cu Be tic minimum current strength only, peas see finish 
« De tually The same pennants nike 1s. prone by 
an ra : : clot wl ; 
Ee dually. ae Be al circulation ; aia ee ae acting poet “et useful in cases where the hemip ni oe 

a Diitecstion of the vessels, or pressure due to sta | to an 

inni vessels. d period, that is a few weeks after the beginnieie 
In ss oe ih. the sympathetic and. the limbs are ene whilst the disease, bo the positive pole is placed. on ie pide, 10-12 For the latter, lowly drawn over the limb. Curr ie aa 

the negative EL) for 10-15 minutes every seytia A boey almost 
mv. (30 to 60 E os some increase of the mere en Ts ne ae 
2 ow When the lesion is considerable, re ; but it is . Be ihe ‘estoration of motion cannot be nope nd momen- contracted, t s a cases to calm the pain if it exists, aes) Be: 

7 Bi lieve the contractions. de mere used, the Ee : in 
: i 

eo. See Told be acted on, and the intermi- mus 
tences should be very slow. 
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Spinal Irrrration, 
This name has been given to a collection of 

; In some cases 6-8 | 
The positive pole is 

w the tender spots, MV. (30-40 El.) is to. be used for 10-12 minutes eac a part of the sitting the positive po the vertebrae, but without any inter 

A currrent of 10 
h time. Durip le may be drawn slowly along 

ruption, ‘7 

Myetiris, 
Though electricity has a decided influen and the inflammatory phenomena, it wo Ploy this agent in the acute diseases o 

possible apply it to the 
lowever, and a very con- 

ght the current must be descending, and of a strength of 8 my. (20-30 El.), | __In chronic myelitis 4 descending current of 10 to 15 Mv. (30-60 El.) may be employed, and during part of the sitting the positive pole may be left on the spine whilst the negative is held on the Hiabs, jv. : 

Locomotor Araxy, 
Experiments made upon a lar 
that 

its progress. But here more th 
consider the direction of the current to be used the body to be acted upon. Galvanisation of the limbs is, to say the least of it, useless ; it is the spinal cord which is to be treated. It is important to use 

iti 
an ascending current, that is the positive pole | 

lumbar vertebrae, Even in these cases, however, it is never neces- Sary to act upon the peripheral nerves of the leg. During the congestive periods all electrisation must: be carefully avoided, : 

negative upon the 

 paralyse 

INFANTILE PARALYSIS. 

) isati f the ee te galvanisation o i. : nsist in the modera 
the a The treatment iekaed, whence start re nee ae Hae Mee. of the spin as of the limbs themselves. parts © limbs, as well =e pass the electrodes over the affected 

ed: we ; - then we place the positive 7s. ally prove vy interruptions; then 
~ i cies ee a Reser on the course of the nerves of the mu e 

° & d 0a eae influence the circulation, and te on the- spine, ly. in order to influ Bs pole ff cted rd last y; 
ly a ; e been produced, we app _ par excitation which may hav ee minutes to the yemove the 8 mv. (10-25 El.) during two other day, and to current aaa sittings to be repeated aire 

mepord itse"’ | minutes. ks it is wall to suspend the treatment for a 
. . S 

Beiter os te during which time other therapeutical mean 

, ee on such as sulphur baths, ‘frictions, etc. 

the acute he current as_soon as Bas hat the use of t t symptoms 
ae id Bn cared, that is 8-10 days after he, SSA ’ plage Hes tisfactory results. 

cord only yields the Be, ae it is necessary to act ag Udall to _ erent of § or 6 mv. Ay ate ak : ea 
imb. al atment to the nerves of.the ae t to the muscles. But extend ne useful to apply the faradic curren ts with slow inter- ae? Se lly we recommend the use of currents faradic appara- 

here . y The current given by the: ordinary nerves, greatly ruptions EE they merely excite the Sea a ee ieee me i uch profit to the ee : child, without m - f the over-exciting excite the c ; ts complaining o ; 
me e hears paren ! is is owing to the . Poradism upon their sick children. ese S - ati, Coe ; ht unsatisfactory apparatus is used. ng induced currents, fact Bee cate children bear very isp arial ah ee even few and far . : es are lew 

— than when ie Bee applied they bear it almost Ay ee bene! th 

eis, Be perience from it neither pain nor exc adults, 

SprnaL PARALYSIS OF THE ADULT. 

71.) down the: i t of 10-12 mv. (40 E | a descending curren RN 

id Petition; to prevent muscular ele bets uP th 

the i es ‘with induced or interrupted galvanic ‘ the limbs 

cases of progressive muscular atrophy. 

MENINGITIS. SprnaL MENINGITIS; PACcHYM 
are We 

| iN | results in this disease. isation has given us gooc eee 

Bes the spine a descending current of ae Hl AS ae re 

fie ; itive pole being on the upper eee the neg e pos . i ‘ 
i lumbar vertebrae. Duration, Io minute 

Procressive Muscutar ATROPHY. : he 

i . 1 e galvan- In the treatment of this affection, the cord only is to g 
A ae Ae ° t of 10 MV. 

ized during the first part of the sitting with a current 
—) , . 
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126 PARALYSES FOLLOWING ACUTE DISEASES, 

» with interruptions Farad;_ zation may be used for the muscles; but then the applications must be short, and the intermittences very slow, 

PARALYSES FOLLOWING ACUTE D 
CATIONS, 

é 
v SATURNINE INTOXICATION. ABDOMINAL Myateta, 

Lead palsy is a common disease. 
the application of a descending galvanic current to the cord; anq of an interrupted galvanic current to the attacked muscles. These may also be faradised strongly. 

The treatment must consist in 

aniza. 

Many cases of abdominal my 
faradisation, loco dolenty. 
this mode of treatment. 

Most acute attacks have been cut short by 
_and the disease itself sub 

The symptom only is modified, however, sists, and renewed attacks of pain may 

, and the negative over the pubes; if tive on the side at the level of the last upon the lower part of the abdomen, 

SEQUELE or AcutrE DiIsEASEs. 
In all paralyses following eruptive fevers or other acute diseases galvanisation of the cord and sympathetic must be resorted to. _ _ According to the nature of the case, and if undue excitement has not to be feared, it is better to use ascending currents, They give greater impulse to the general nutrition, which js deficient; they stimulate the nervous functions; provoke molecular changes in the tissues, and arouse and strengthen the organism. Diphtheria.—One often observes as sequelze of this disease para- lysis of the soft palate; and loss of mobility and sensibility of the vocal cords, which produce suffocative attacks, especially during the act of drinking, and alterations of the voice. This state may be very persistent unless remedied. | Paralysis of the soft palate yields e vanism. Galvanisation is practised b de of the larynx the rheophores, an (15-20 El.), 

qually to faradism and gal- 
y placing exteriorly on either 
d using a current of 10 my. 

ISEASES OR INTOX]. _ 

algia have been relieved by cutaneous _ | 

; . especially . 

— 8 mv. (20-25 

DISEASES OF THE MUSCLES. 9 

a 

ic’ j is best Galvanism bp : in them that “‘galvano-tonic contraction 
for it 1S i i time of ry ; n during the whole Selaryns > hat is, a semi-contractio g eee Ghia 

’ observed, 4 # continuous current. In cases w ~) t e 

e Oo ive efforts fatioue or excessive 
ae inging, are modified. after e 

f con- d results from the use o have obtained goo hus recover of the ee applied externally. The vocal cords t 
mecurrelm~ © iological action. peer 3 S ha onic maybe periormed «iter indirectly by cutaneous . 

icati to the Faradoc directly by the application lly at the Bealabon, Faode the other pole being eeigen ile - ete 
laryngea, © tria-thyroid muscle. In this case it 1 
level of t a slow intermittences. 

it diseases have sometimes as current Wl Bayi. andi other acute , = 
a il a of the flexors of the legs. These sometim 

| ntr lly lead to serious infirmities. sequelae CO ntaneosly, but usually 
ass away Spo f i xcellent results. If the flexors 

Galvanisation ee ie contracted, a descending pee 

pe ien Mor nist be sent along the course of i eet he 

in ‘a few minutes the positive pole snes ‘a oh ae 

ear v on the negative upon Scarpa’s : Sat se 

Be avs up: the triangle, and the negative on the pete 

vor ca oe Hic thigh. If the flexors of the leg are con ae 

Sa ine current along the sciatic as = ae eee i 

..., he sciatic notch, the 

. ea ae est behind the external malleolus. eee 

a Ree nis lication, the muscles of the anterior reg Sic 

Bet 2) oe be galvanised also, some interruptions g 

ae 0 as to excite contractions. a et one ae ote 

Pe The painful cramps tormenting | Release 

| ae ssfully treated by galvanism. A descen ng ee 

Be. (20-30 El.) or more, is sent through the muscles — ei 

Bee oicntce, The pains rapidly decrease, and rest 1s ne a 

eat, Whenever cramps recur the application mu 
the pa . 

ie frequently has sequele such as pala es Pe wae 

ics f Rain muscles, especially in the ne om ae 

Bons st be promoted by means of the ee eee nutrition mu ised with the interrupted galvanic, or taradic ae 

indications equally apply to paralyses consecutive 

tive Pers, such as scarlatina, variola etc. 

DISEASES OF THE MUSCLES. 

MuscuLaR FATIGUE. 

in it a certain The protracted contraction of a muscle aa a ia ren 
d of rigidity, and thus renders its turthe dite: dicanpaee 
otal U : lly after a few hours rest this rigidity ieee 
es the Bea te ce is frequently ae, to - siti rigidity: 
protracted exercise, there occurs a state ol per 
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128 DISEASES OF THE MUSCLES, 

called muscular fatigue. The treatment of this often very painfy] affection consists in simply sending through the muscle a descenqd- ing current of 12 my. (30-40 El.) for four or five minutes. After the first application there is a marked amelioration, and a complete cure soon follows on repeating it a few times. | é 

CONTRACTURES. 

Contractures may be due to permanent irritation of a motor nerve, or to the want of circulation in the muscles. 
It is evident that the faradisation of the affected muscles can only excite them still more. Duchenne recommended the faradisation of the antagonists. This method gives sometimes good results, but is not in any way preferable to galvanisation, which, in oyp opinion, is decidedly the best mode of treating contractured mus- cles. Galvanism augments the circulation without exciting con- tractions, and diminishes the irritability of the nerve, where this js the cause of the disease. A descending current of 12 my, (30-40 el.) is used along the nerve and muscle for 10-15 minutes, 

Muscutar RuEvMATIsm. 
Faradism often gives good results. It is especially applied with the brush over the painful muscles. But this is a painful process ; and frequently enough the pains reappear after the first effect has passed off, 

6 Galvanism is less painful and acts more powerfully upon the local circulation; in addition it has the advantage of counteracting _ the reflex phenomena of contracture in the muscles, | We must, in muscular rheumatism, use the labile method, apply- ing the positive pole on the course of the nerve supplying the muscle, and the negative pass over the whole muscle itself, with a strong current of 12-15 mv. (40-60 Fl.). At the end of the sitting the current must be diminished, and the current allowed to flow continuously through the nerve and muscle for a few minutes. In lumbago for instance we first place the positive pole upon the dorsal region, to the right or left of the spinous processes and the negative pole is passed up and down the sacrolumbar muscles. After 5-6 minutes of this application, both poles are left immoveable for the same length of time, | 

Muscurar Arropuy. 
In simple muscular atrophy due to want of exercise or to altered nutrition resulting from inflammatory processes in the neighbour- hood, faradism applied directly to the muscles is better than galvanism. Indeed it is in such cases that faradisation is pre- eminently indicated. Each muscle is to be faradised indepen- dently, and the intermittencies must not be too rapid. | When, however, the atrophy depends upon a central or peri- pheral nervous affection, galvanisation must be resorted to. A labile current of 12 my, (30-40 El.) is then to be applied to the cord downwards, or to the nerve, according to the seat of the 

- 
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During the latter part of the sitting, which is to last 12-15 

Baesion: he electrodes must be applied to the muscles themselves, 
' Be erruptions made so as to cause contractions. 
yan in | 

CLUB-FOOT. 

ee | i é it restores tonicity to : atment is very useful here as i ! 
eG nccles, whose weakness may be considered as a main 

the re ity. ; 
Bause of the delorm'y lways due to a disturbance in the functions is almost a 

f Beccles be it paralysis or atrophy, be it contracture, of some 
oO e ’ 

. Contractures are rarer than atrophies and 
ee? OF ae pon cerebral aftections. ‘The muscles most 
a Be ed are the tibialis anticus, the extensor pollicis, and 
usually disea The electrodes of the induction current must therefore 
2 fe nad on a, a, fig. 99 for the tibialis, on @, c, d, for the extensor 
pe piace x ’ As much as possible slow intermittences must be 
Bee the skin is to be well moistened, so as to avoid irritating the used ; 

taneous nerves. As this treatment generally applies to children cu 
it is important not to produce any general excitement; and then j 

are sure to follow. 

contrary the flexor muscles are affected, the rheophores 
i i derate current used. lied to the points ¢, f, g, and a mod od 

EG: Bacon must always be carried on parz passu; the ae 
fe-rnust be placed upon 1, or upon the lumbar vertebree, and the 

the atrophied muscles. _ 
BR doscibic here to speak of the varieties of club-foot; but in 
a general way it may be said that, in addition to the use of proper 
instruments, the main point is to fix upon the oe muscles, 
and frequently submit them to the action of both ower 5; Rages 

In the case of contractures, however, galvanism a shi ager 
used. The strength of the current must be suited to the ag Bis 
sensitiveness of the patient. Children bear ape currents, 
strong, admirably, if but few interruptions are made. 

DISEASES OF THE DIGESTIVE ORGANS. 

GASTRALGIA. 

This term has been used to designate disorders of the stomach of 
very different kinds, but should be confined to a nervous disorder, 
with symptoms of pain, more or less acute, but without any organic 

' legion of the viscus. 
The treatment of this affection by galvanism is es very 

successful, The positive pole is to be placed upon the lower 
cervical vertebrae, the negative over the stomach pit, below a 
painful spot. A current of 8 mv. (20-30 El.) is to be used for 6- 
minutes daily. 

. DILATATION OF THE STOMACH. 

This may be consecutive to organic lesions, and then electricity 
has no beneficial effect. But when resulting from atony or paraly- 

K 
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sis of the muscular fibres of the stomach, this mode of treatment 
gives better results than those obtained from any other therapeu. 
tical agent. The positive pole must be placed on the abdomina] 
walls over the distended organ, the negative upon.the third dorsa] 
vertebra. After using in this way a current of 8-10 mv. (30 El.) 
for five or six minutes the poles will be placed over the greater or 
lesser curve of the stomach, and some interruptions made so as to 
excite contractions of its muscular walls. For this purpose a faradic 
current of medium strength may also advantageously be used; one 
or two interruptions only in the second are to be made. The elec. 
trodes must be placed on either side near the false ribs. The 
sittings to take place daily. | | 

Nervous VomITING. 

This affection, also called essential vomiting, is characterised by 
the frequent bringing up of mucus or food, without the presence of 
any pain nor any organic lesion in the stomach. 
action of a descending current will prove useful; the positive pole 
is to be applied at the level of the lower cervical vertebrze, the 
negative over the stomach pit. A current of 5 mv. (12-15 El) ig 
to be used at first, gradually increased to 10 mv. (25-30 El.) ‘The 
sittings must be repeated daily. 

‘ 

ENTERALGIA, - 

A descending galvanic current is to be applied, the positive pole 
being held over the tenth dorsal vertebra, the negative below the 
umbilicus. Current strength 8 mv. (20-30 El.) | 

| INTESTINAL OBSTRUCTION. 

The stoppage of feecal matter in the intestinal tube may be due 
either to its constriction, or a dilatation of its walls. 

1. Constriction.—When this is due, independently of any lesion, 
to a spasmodic contraction of the circular fibres, a galvanic current 
of 10-12 mv. (30 El.) is to be sent through, the positive pole being 
on the abdomen, the negative in the rectum. Or a faradic current 
with very rapid intermittences may be used in the same way. 

Usually it is in real cases of constriction that recourse is had to 
electricity, and sometimes this mode of treatment may save a 
patient otherwise doomed to certain death. In such cases, we 
begin by faradising the intestines during 3-4 minutes with a current 
of 2-3 intermittences a second, but very powerful, the electrodes 
being placed on the abdomen and in the rectum respectively. 
Secondly, the interrupted galvanic current is to be applied in the 
same way. Lastly, a powerful continuous current is applied to the 
walls of the abdomen. Two or three sittings daily. 

2. Dilatation.—When the muscular elements of the intestines are: 
paralysed, the tube looses its tonicity and becomes distended with 
the accumulation of feecal matter. The peristaltic movements are 
abolished, and symptoms of persistent constipation appear. _Elec- 
tricity is of the highest value in restoring their tonicity to the 

The sedative 

TREATMENT. 131 

lar fibres. The treatment must be the same, but much 

ser than that just described. The peristaltic movements become 

al Hive and often, after a few sittings, the normal tonicity of 
mo Dc 
the organ has returned. 

DISEASES OF THE GENITO-URINARY ORGANS. 

PARALYSIS OF THE BLADDER. 

+ and galvanism have both been used in the treatment 

a Be iccase; but the latter has given the best results. There 
s of application:— | 

as Be ceteris is not painful, one of the poles (negative) is 

introduced into the bladder by means of a flexible wire in a gum 

catheter, whilst the positive is held over the spine. Current 

strength, 8 mv. (20-30 El.) duration, 5 minutes. Water is to be 

injected into the bladder so as to prevent any electrolytical action 
Gi upon any point of mucous membrane, and to expose the whole 

5 surface of the organ to the electrical action. st ie 

g 2, When catheterism is painful, it is enough to apply the positive 
; the lower dorsal vertebree, and the negative above the ie ole to \ 

| , Babes. Current strength 10-12 mv. (30-40 EI.). Duration, 8 

minutes. The positive is during the latter part of the sitting to be 

placed upon the peritoneum, whilst the negative is left in place. 

When faradisation is resorted to, one of the poles must always be 

placed in the bladder. 

INCONTINENCE oF URINE IN CHILDREN. 

Galvanisation of the lower part of the spine almost invariably 
brings about a radical cure. A descending current from 5-12 mv. 

(15-40 El.) according to the strength and sensitiveness of the patient 
is to be used daily for to minutes. The advantage of this method 

is very apparent in children where catheterism is to be avoided. 
There is less indication for faradism, but it may be applied also 

where there is weakness of the muscles of the bladder. One of the 
poles is then placed on the perineum, the other over the pubes, 
and a medium current is sent through for only 2 or 3 minutes. 

a When galvanism is used, the electrodes may be applied to the 
"~~ same spots for a few minutes, at the beginning of each sitting. 

| | VESICAL AND URETHRAL SPASMS. 

7. Here the influence of galvanism is most remarkable, and there 
gf are few diseases in which their usefulness is so marked. We have 

, observed several cases in which the patients complained of a sensa- 
tion of weight in the bladder, of frequent desire to make water, of 

_ tenesmus, painful erections, and where all these symptoms have 
a been removed almost completely after a very few sittings. A des- 

> = cending current of 10-15 mv. (30-50 el.) is applied for 8-10 minutes 
along the spinal cord; and during a few minutes a current of 8 

| mv, (15-30 El.) may be sent from the perineum to the pubes. Of 
1 Ko 
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course where these symptoms are the result of organic lesig 
durable cure can be effected ; but galvanism is of the highest 
to the surgeon, as it calms the spasms for a while, and all 
more or less considerable distention of the bladder. 

value 
OWS a 

SPERMATORRHEA. 

Galvanism has often given us very good results. We first apply 
a descending current to the spine; then for a few minutes we place 
the positive pole upon the perineum, and the negative upon the 
Sacrum. Current strengths and duration, as above. | When 
a rapid improvement is not thus obtained, a small electrica] 
sound is to be introduced into the urethra, and brought in the 
neighbourhood of the vesiculae seminales. It forms the positive 
pole, Current of 6-8 my. (12-18 El.) for 2 minutes. 

HYPERTROPHY OF THE PROSTATE. . 

In the pure hypertrophy, electricity has not given us any very 
Satisfactory results. But when the sequela of an acute prostatitis, 
or of a congestive process, the currents can bring back the organ 

to its natural size, Faradisation must be used first, one of the 
poles being applied per rectum; a moderate current to be used 
for 2 or 3 minutes. A little later, or at once if any spasms exist, 
galvanism must be used. The negative pole is placed over the 
pubes, the positive on the perineum or in the rectum as before, 
Current strength, 8 mv. (20-30 El.) Duration, 5-6 minutes. 

AMENORRHEA. DYSMENORRHEA. 

Galvanism has a decided action upon the menstrual flow. In 
numerous cases where we treated other diseases in women, we 
have been struck by the increase in the amount of blood lost. In 
a chlorotic girl who had not menstruated for 5 months, the menser 
reappeared after 6 sittings. It is necessary not only to act locally 
by sending a current of 10-12 mv. (30-40 El.) from the lumbar 
region to the abdominal walls, but also, and chiefly, to galvanise 
the vaso-motor centres at the upper part of the cord. 

UTERINE FLEXIONS AND CONGESTIONS. 

Several physicians have treated these affections electrically. 
Faradism is used, one of the electrodes being placed above the 
pubes, the other in the anterior or posterior cul-de-sac, according 
as we have to do with ante- or retro-flexion. 3 

This mode of application may restore their tonicity to the re- 
laxed fibres, and correct even old flexions. 

In circulatory disturbances, and congestive states of the uterus, 
galvanism may be of the highest use; but we never had any Satis- 
factory results in true flexions. 

Uterine ATONY IN PARTURITION. | 

Electricity has been used in cases where ergot is usually given 
to cause or increase the contractions of the uterus. 

ns no 

: x The electrodes, 

ty. upon eit 

lumbar Vv 

; labour. 
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with a moderate faradic current, are placed 

her side of the lumbar region, or better, the one on eet’ 

ertebra, the other a little below the umbilicus. i 1S 

e" ton of the current is held to be much preferable to the use 

aan roduces the contractions instantaneously, whilst ergot 

Erie to act; these contractions are more normal ee 

— d of definite duration, whilst those produced by ergo 

— Eaed sometimes permanent, so as to endanger the life of 

— Electricity may be used conjointly with other means ; 

- fee ecakness, vomiting, etc. prevent the absorption of internal 
or W 

of ergot; 

remedies. 
for producing premature 

rents have also been used 

aM But here it is desirable previously to dilate the os with 

_tents or other means. The contractions then are sus 

BD icly produced by faradisation, and at once assume a norma 
i 

course. 

DISEASE OF THE HEART AND RESPIRATORY ORGANS. 

Nervous PAuPItATIONS. | 

frequently symptomatic of chlorosis, and their 

Be cs is that of ie Hieease ‘éself If pean very violent they 

iminished by the galvanic current. 

ay BREF nose a weak 7 aegotding current of 6 mv. (10-15 el.) 

is Peolied to the pneumogastric, the positive pole being OTe 

back of the neck, the negative on the preecordial a titas . 

sitting to last 3-5 minutes only. After the first the patien a 

feels a marked improvement, and five or six sittings oe usually 

sufficient to obtain a considerable diminution of the symptoms. 

Orcanic DisEases OF THE Heart. 

Some physicians have used electricity in organic ae a 

heart. Here, evidently, a cure can never be effecte = u Wea 

patient feels considerably relieved, respiration becomes — oe 

quent, and dyspneeic, and the action of the heart sab eo i 

Faradisation is to be applied over the precordia eae ri 

only two interruptions a second be made, it may also be oUF a 

the pneumogastric nerve. We have performed opera wea 

several cases without ever meeting with the slightest ade ah 

When galvanism is used, a moderate current 1s to be = pee 

We know several patients suffering from heart disease $e : ne . 

travel without taking with them a galvanic battery. eg 

they have an attack, they derive much benefit from an application. 

ASPHYXIA AND SYNCOPE. 

The methods of electrisation in these cases vary according to the 

kind of current used. : 

Faradism.—The best way is to faradise the phrenic nerve in 

order to produce artificial respiration. The current eette ee 

but bearable. The two electrodes are placed on the sides of the 
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| ; tur Virrzous Bopy.—OccLusion OF THE 

BOPacitiE E SyYNECHIE. 

i bsorption of beneficial effect upon the reabsorp 

EC uell as upon synechize following 1rlus, and 

neck at its lower part, between the anterior scalenus, and the 
external border of the sterno-mastoid. The current must be allowed to pass for 2 seconds at a time. The expiration is facj]j_ - Galvanism has tated by proper pressure upon the thorax. But this process ig ver opacities, lusion of the pupillar Se ate . se. OP omplete occlusion dangerous in the hands of persons not familiar with the method. _ Bich produce a ah ae hin eee by influencing the encepha- Another way is to faradise the skin over the preecordial region. aperture This result ye ositive pole may be placed upon the so as to act reflexly upon the centres of innervation of the heart either P lic circulation ; gative upon the superior cervical ganglion; or both and respiratory organs. A fine metallic conductor is placed over the cervical ganglion on either side. A current of 6- the left nipple, whilst the other is placed over the region of the 
apex. The current must have rapid intermittences. 

The same process may be used in cases of apparent death of 
new-born children; and it is a good plan, between the intervals of 
faradisation, to place them in a hot bath. 

Galvanism.—The numerous experiments we have performed, and 
elsewhere reported, show that the galvanic current is preferable 
for the restoration of the respiratory and cardiac movement in 
cases of asphyxia by chloroform and other anzesthetics, and espe- 
cially in cases of syncope following abundant losses of blood, 
These currents have the further advantage of offering no danger in 
their use; and never cause any-arrest of the heart’s action, aS is 
frequently the case in the unskilful application of even a moderate 
faradic current. The method consists in galvanising the whole 
body by putting the positive pole in the rectum, and the negative | : in the mouth. A current of 10 my. (20-30 El.) is to be sent through © Fig. 93. until respiration be completely re-established. If a stronger | v current be used, the poles may be placed upon the neck and pree- : ia | ut 

voles over 

8 mv. (10- 

- Arropuy oF THE Optic NERVE. “a 

toms of grey atrophy and is then 

ale dg eidaly diffused spinal disease, such as tom of a more wl : : the cord pily 2 Sy™mP ine current is to be applied to the cor 
locomotor ataxy, an aeean nies: nto the galvani- 

d bed vi y ying icular attentio 
4 i pre iously, paying particu 

i 

. at i. cervical spine. If on the other hand the atrophy is 

zation 
y 

j trition, or is consecutive to a 
is due to a lesion of the nutr 

ests the encephalic ESE must * 0 nee a 

Be inglia i d as under the preceding 
3 

‘cal canglia influenced as : 

e Be oc coressive development of the disease will be ee 

in Eizood many cases a very marked improvement, 1 no 
and in a 
cure, will be obtained. 

cordial region. The electrisation is not to be suspended until a aime respiration is quite normal, otherwise the respiratory movements a in Te gradually become weaker again, and disappear completely and Z TT i for ever. 
| lll | = 

’ 

‘ 

{had 

ih 
shee 

AFFECTIONS OF THE EYE. 

Prosis oF THE Upper Eve ip. 
5 

Usvatty this paralysis is consecutive to a disease of the third pair 
and is accompanied with paralysis of some of the eye. muscles, Ga 

_ with mydriasis, Galvanism is here far to be preferred to faradism ; 
the more so that induced currents frequently have gravely injured 
the optic nerve. The positive pole is to be placed upon the eyelid, 
the negative upon the superior cervical ganglion, below the mas- 
toid process. Current of 6-8 mv. (10-12 El.) Interruptions must 
be avoided. 

~~] 

PARALYSIS OF THE MUSCLES OF THE Eyvre.—Dr1prorra.—Paresis OF 
ACCOMMODATION. —M ypRIasIs. 

These diseases being due to a lesion of the third pair, are to be 
treated as just described under ptosis. 

i e page 142. 
Gaiffe’s peroxide of manganese element, see page 14 
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Extensor carpi ulnaris 

Extensor minimi digiti 

Extensor longus pollicis 

Abductor minimi digiti 

Extensor indicis 

Dorsal interossei 

\ — 4 Ulnar nerve 
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Fic. 95. 

8 

Abductor indicis h 

i 

Supinator longus 

Extensor indicis 

Extensor radialis longior 

Extensor radialis brevior 

Abductor pollicis longus 

Extensor brevis pollicis 
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Fig. 94. 
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Peroneal nerve 

External head of gastrocnemius eC 
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APPENDIX, 

Galrrr’s PEROXIDE OF MANGANESE ELEMENT, 

The objections to the Leclanché as us the following :—It cannot be recharge 
It is liable to get out of order Owing to 
tion of its salts, and the evaporation of the water it contains. These drawbacks appear to be completely new element, fig. 33. It consists of the usual] glass cell, V, which contains, as exciting liquid, a 20 per cent solution of chloride of zinc instead of chloride of ammonia. The carbon, C, is in the shape of a cylinder, into which one or more holes are bored along its whole length; into these holes granular peroxide of manganese is packed. The zinc, Z, and the carbon, carry binding screws for connection. 
In order to recharge this element, all we have to do is to pour out the liquid, and shake out the manganese, and replace them— an operation which obviously is neither long nor difficult. There Is no creeping up of salts, and the oxide of zinc formed does not adhere to the zinc rod, but falls to the bottom ina pulverulent State. 

| | | The affinity of the chloride for water considerably diminishes the amount of evaporation. The electromotive force, and I may add the cost, of this much improved element, are the same as those of the usual Leclanché. 

ed except by the patentees, 

CoxeTer’s PrroxipE or MANGANESE Battery, anp Ruzostar. 
Reference has already been made to Coxe platinum replaces the carbon of the Leclanché. Experiments seem to show that this cell is a decided improvement both as to con- Stancy and durability, otherwise it closely resembles the usual Le- clanché both as regards size and external aspect. It consists of a vulcanite cell and the connections are made by soldering. Its cost is not more elevated than that of its prototype; altogether it deserves extensive tria 
The new rheostat shown in figure 100 consists of a rectangular box carrying a number of studs taken one by one by means of a switch, as in the ordinary dial collector. Each stud is numbered so as to indicate the number of ohms (in thousands) included in the cir- The resisting medium is a compound of a metallic powder 

ter’s element in which 

ually constructed are mainly 

the creeping up or incrusta- 7 

obviated in Gaiffe’s 

eayeenst 

CPATENTED FERY 
2 1878 

In the appended fi 

COXETER & SON, 
LONDON, 

PATENTED AUCT 1877 

Hig. 102. 

gure (fig. 101) a battery is represented 

APPENDIX. 143 

with a non-conducting substance, | 

as described at page 17. ‘The size 

of the rheostat here figured oe 

inches square by 1 inch in sal 

and it weighs but a few ounces. | 

price is low. Of course it is not in- 

tended as an accurate measuring 

instrument, but simply designed to 

introduce such resistances, appre 

mately estimated in thousands “i 

ohms, as to regulate the curren 

strength for medial purposes sa8 

of 30 Coxeter elements. pea. one 

taken by tens by means of | ie 

ing screws and wires as depicte : 

the finer regulation of es 

strength is effected by man es 

a rheostat (not shown, but : oe 

may be inserted in the hand me 

one of the electrodes). On the Ii 

is fixed a vertical galvanometer, 

and on the element board a commu- 

tator to the extremities of which pe 

screws for the attachment of - . 

rheophores. Size of 30 celled eg 

tery: 9+64+6 inches. Weight; 

114 pounds. 

3 | : TE OF COPPER 
Maver AND MELTZER S SULPHA 

BATTERY. 

ent fio. 102, is made of an ordin- 

ee ths S oaltive pole consists ee 

facalaied wire C plunging to the bottom i se 

it is connected ee ae copper eee oe = 

j ole, Z, 1S ; 

a ee ee in a bag of strong neice ae 

lower half of the tube is ets sess ok P a a 
oured in 

a itcets oo stuited for this arrangement are 

ee when at rest, there is but ngee 

tion of the sulphate of copper; Bet fl = a 

ment is exceedingly portable; <4 Rape 

all the characteristic constancy or the | 

Daniell. | cota 
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Fig. 103. 

ri am HN | 

or 7, Me 

The cells are arr ae a es ; 

out from the box ea in trays of five each, which can be lifted ; pection, the connection being mad means of springs. The case opens in two places Sa ey er access to the cells, fig. 103, | ° he latter carries a galvanom : eter : 
and a dial collector, » 4 commutator, P, an interruptor, 

Fig, 104. 
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and to the element-board, fig. 104. The 
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SyipHATE OF Copper Battery or Dr. Onimus anD M. Mancenor. 

This battery (fig. 105) consists of elements one of which is repre- 

- sented in the figure. A glass cell contains in its upper part a cylinder 

Fie. 105. 

4 
of zinc. Within this cylinder isa porous cell of parchment contain- 

ing a spiral of copper wire, and partially filled with bits of sandstone. 

Water is poured into both compartments so as to cover the sand- 

stone; anda few crystals of sulphate of copper dropped into the 

porous cell, the quantity being regulated by the work to be done 

by the battery. In this way all action is avoided in the cells whilst 

at rest; the operation of charging is a very simple one; and the 

battery is not liable to get out of order, and very easily repaired 

when it does so. ‘The figure represents a simple battery in which 

the elements are taken five at a time by means of a pin and hole 

collector; for practitioner’s use the battery is fitted with dial col- 

lector and galvanometer. 

- Farapic APPARATUS WITH GERMAN SILVER COIL 

The physical differences between various metals considered as 

‘conductors, are naturally followed by physiological differences in 

the effects produced by currents induced in coils made of these 

metals. Hitherto copper has been universally employed in the 

manufacture of medical coils. Dr. Onimus, however, prefers for 

some purposesgcoils made of metals with a higher specific resis- 

tance. Experiment shows that coils made of lead or german 
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silver, ceteris paribus, give currents which excite the muscles as 
powerfully as copper coils, whilst they do not produce such painful 
cutaneous impressions. 
The appended figure (fig. 106), shows a faradic instrument with a 

Pie, 100: 

. VG ESE Z = — : 

“1 EG. MANCENOT?E 
} Rue S Jacques 

ee 2G 
= SSS 

coil of german silver. The cell used is a bisulphate of mercury ele- 
ment, whichis put in and out of action by inserting into it, or remov-. 
ing from it, a zinc rod. Once charged it acts for three months 
without care. The current is regulated by means of the draw-tube. 

This apparatus measures 4 x 5 x 44 inches; and weighs about 
2 pounds, 

POLARISATION CELLS AND TROUVE’S POLYSCOPE. 

WuEN two plates of platinum are dipped in water and attached to 
the poles of a battery, they become 
polarised, that is, the anodal plate be- 
comes covered with bubbles of oxygen, 
the cathodal with bubbles of hydrogen. 
If now the plates are connected with 
the terminals of a galvanometer, it is 
found that a polarisation current is set 
up from the hydrogen through the 
liquid to the oxygen (ze. in the oppo- 

p ! 

weet ewww ~ oy 

are large enough. This property has 
been made use of in the construc- 
tion of what are now called secon- 

2 ',, dary cells. For instance in fig. 107 
SED) "$ ~=we have a representation of Planté’s 

am Hl 
Ht ] 

<== =S9 —=- 7 = 

s RN 
TOT Tee Seer mmm nn mmm ee eee ee enw wn ee WY 

S 

eee ee ae of lead, L, rolled into spirals, one with- 
in the other, but kept fygm contact by 
means of strips of vulcanite, 77 s, they 

are connected to the polarisi 

and to two terminals, C D, w 

set the battery in action, we have si 

water containing 10 per cent. of sul 

binding screws, 

. A while the cell is charged ; if now a wire 

C D, the polarisation current will flow t 

until the electro-motive force stored up 1s expended. 

to the producti 
named electrica 

cil site direction to the battery current) 
A | and that this polarisation current may 
S6 last a considerable time if the plates 

eh nr”, Cell. .It consists mainly: of two platems 
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ng battery by means of two wires E PF, 

hich give the polarisation current. To 

imply to fill the secondary cell with 

phuric acid, and sue the 

tt of 4 Daniells or 2 bBunsens. 

te coped oes be attached to 

hrough it and keep it hot 

; LAr S il 
! 3 hh ery ingeniously applied the polarisation ce 

FS roduc on of light for medical purposes. The instrument, 

1 polyscope is illustrated in the following figures. 

Fic. 108. Fic. 109. 

Fig. 108 represents the instrument at work. The secondary wr 

is contained in a rectangular case about 12 inches high, by 64 

inches in breadth and depth. It weighs 5 or 6 pounds. At the 

bottom are seen the points of attachment for the wires of the 

charging battery (+ and—). E, is the handle for carrying it. ; 

A, is the rheostat or current regulator; B, the galvanometer ; 

C and D, clips for fastening the rheophores conveying the current 

to a handle (fig. 109). This handle here carries a sliding piece R, 

for making and breaking the current with the finger, and screws, 

V, to which the various terminals for illumination or cauterisation 

are attached; the one here figured is in the shape of a galvano- 

caustic knife for minor operations. Figs. III and 113 represent 

reflectors for the larynx. Fig. 110 is adapted for the examination 



of the mouth and teeth which appear translucent. The same is 
said to be the case with the stomach when this powerful illuminator 
is introduced into it by means of an cesophageal bougie. Fig. 112 
represents a reflector adapted for the examination of the pharynx, aE INDEX nose, vagina, rectum, etc. The great advantage of it is that the ag ‘ source of light can be closely approximated to the part to be _— 

| examined, whilst the observer is protected from its rays. There 
| are also special illuminators for the eye and ear. 
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Catelectrotonus, 34. 
Carbon electrodes, 86. 
Cathode (or negative pole) effect of, 34, 

38; in diagnosis 94; in reaction of 

Abdominal myalgia, 126. 
Accessories, 80. © 
Accommodation of eye, 134. 
Acid reaction at anode, 34. 

Fre. 140, Bie, iat... Fie. rg. Fre. 11. 

a Acute diseases, 126. degeneration, 94 (see Poles). 
i Alternatives, Voltaic, 107. canter arrangesneit for, 24. 
8 E Alternator, 93. ells; see Elements. 
f . Alternator of current, 93. Central galvanisation, 10g. 
tt Amalgamation of plates, 75. Centrifugal and centripetal currents, 35. 

3 a Amenorthea, 132. Cervico brachial neuralgia, 114. 
;) a Amyotrophic, lateral sclerosis, rol. Changes, histological in nerve and muscle; 

“: : Anesthesia, 117. see Reaction of degeneration. 

x | Anelectrotonus, 34. Charge, Radcliffe’s positive, I1I. 
be | Angina pectoris, 122. Chemical effects of current, 34. 
a Anode, 34, 38; see Poles. Cholera, 127. 
- Anodal closure, contraction, 94. Chorea, diagnosis, 96; treatment, IIQ. 

oy: & Apparatus, 40. Circuit, 2; closure contraction, 94, 
Appendix, 142. Circulation, effects of currents on, 35, 36. 

™ Application; see Electrisation. Club-foot, 129. _ 
i | _ Arrangement of cells, 22. Coils, induction in, 8. 

Eg Lao, £5. ¢ pf $3.6 pi Ss Artificial respiration, 133. Colic, lead, 126. | ; 

im im. im im ° a Asphyxia, 133. Collectors, or current selectors, 81; double, 
aa Astatic galvanometer, 18. 83 ; batteries, 64. 

Se Hu ! | a Ataxy, locomotor, 124. ' Combined electrisation, I10. 

it Hi Ti TTI Arena Hie Atrophy; see Reaction of degeneration; | Commutator and alternator, 93. 

te _/| progressive muscular, 125; simple, 128 ; | Compression and contusion of nerves, 120. 

4 ba . of optic nerve, 135. Conducting wires; see Rheophores. _ 

x F- Aural rheophore, 89. Conductivity ; se of specific resist- 
OM . ance, 4, 23; of body, 30. 
\ ee ecttic, FLO: : onanceie: see Rlicophares: i = Batteries, Coxeter, 54, 143. Coritiections, 85. 

|) @ Gaifie, 49, oe 58: | Constancy of currents, 25; of cells, 40. 
oo Mottershea » 34° | Constant current ; see Galvanism. 

pene Bares | Constipation, 130. 
t - Br ar 4 Moe 6 | Continuous galvanism, I05. 

i: : ie eitzer, 05, 144+ | Contractility ; see Irritability. 
|) a lla a Contractions, opening and closure, 94. 

Pl Tibbits, <3, 65. Contractures, 118, 128. 
1 a Prouve, 47, 63. Coxeter’s element and battery, 56, 142. 

i) oe General remarks on medical batteries, Host niin 85 

| sat ae Current, galvanic ‘com ared to stream of d »8 , p 
} : ) | . See oitheat Renters » 446 water, 1; governed by Ohm’s law, 4; 

- ae meatal ne One Spe faradic, 7; primary and secondary, 11 ; 

) ee Ones, 87, 20- galvanic and faradic, their difference, 
| Bladder, paralysis of, 131, spasms, I3I. 2 21 Giada Medeor a os: ae eae 

ue Becker, Muirhead battery, 44. | tha ag 8 Ai P | 

ah) en, dda Of, 123» | Current strength, 5; unit of, 6, 21: faradic “ei Brenner’s collector, 81; interruptor, 92. io; tepkesented sefaphically: by the 

= hie ied 97 slope of the hypothenuse, 12; mea- 
. | om Bu oa on aa ortae: surement of, 17; arrangement of cells 

S. i 2unsen element, 43. for, 23; modified by derived current, 
in @ Callaud’s gravitation battery, 45 28; graduation of in medical batteries, 
")  @©~——CCatalepsy, 120. 80. 
a = eee 
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Daniell’s element, 44. 
Decomposition ; see Electrolysis. 
Degeneration, reaction of, 46. 
De la Rue’s battery, 48. 
Density of currents, 2. . 
Derived currents, 27. 
Descending current, 35, 38. 
Diagnosis, theory, 94; practice, ror. 
Dial-collector, 82. 
Difference between galvanism and fara- 

dism, 37. 
Difference of potential; see Potential. 
Diffusion of current, 28, 31, 32. 
Digestion, organ of, 129. 
Dilatation of stomach, 129. 
Diminution of electro-irritability, 95. 
Diplopia, 134. 
Direction of current, 35, 38. 
Discontinuous galvanisation, 105. 
Distribution of potentials, 29. 
Dose of electricity, 6, 20. 
Duchenne’s pedal, 10, 68; durability of 

cells, 40. 
Dyspepsia, 129. 
Dysmenorrheea, 132. 

Earth’s potential, 2; earth-wire, 13. 
Effects of currents, mechanical, 32; phy- 

sical, 33; chemical, 34; physiologi- 
CAl,.34. | 

Electricity 1; positive and negative, 2; 
quantity of, 6. 

Electrisation 103; general, 109; com- 
bined, 110. 

Electrolysis, 34. 
Electrodes, 85. 
Electro-diagnosis, 94. 
Electrometer, 14. 
Electro-muscular and nervous irritability, 

95: 
Electro-motive force, its nature, 3; of 

elements, 40 (et passim); 114 (note) ; 
measurement of, 14. 

Electrotonus, 34. ’ 
Elements, the galvanic, 1; arrangement 

of, in batteries, 22; polarisation of, 26; H 
electromotive force of, and general re- 
marks on medical, 40; Bunsen and 
Grove, 43; sulphate of copper, 44; 
chloride of silver, 48; manganese, 51; 
iron, 57: sulphate of lead and mercury, 
59; single fluid, 60; large and small 
compared, 42. : 

Enteralgia, 130. 
Epilepsy, 120. 

Fatigue, muscular, 127. 
Faradic apparatus, construction of medi. 

cal, g; general remarks on, 65; gal. 
vano-faradic, 66 ; magneto-faradic, 78, 

Faradisation of skin and of muscles, 108 : 
direct and indirect of muscle, 37; rene- 
ral, 109; combined with galvanisation, 
IIo. 

Faradism, 7; 

ism, 37, 
Feigned disease, 95. 
Fevers, sequelz of, 126. 
Finger as electrode, 86. 
Flexions of uterus, 132. 
Flow of electricity, 1. 
Formula for arranging elements, 25; nor- 

mal of muscular contraction, 96. 

difference with galvan- 

Gaiffe’s silver element, 48; manganese 
el., 52, 143; iron el., 57; galvano-faradic 
apparatus, 66,67, etc.; magneto-fara- 
dic apparatus, 78; galvanometer, 20. 
alvanic batteries, 40; bath, 110; cell, 
2; taste, 32. 

Galvanisation, 105; central, 109; of sym- 
pathetic, 107; combined with move- 
ment and faradisation, 110. 

Galvanism, 1; effects of; see Current. 
_ Differences with faradism, 37. 

Galvano-faradic machines, 65. 
Galvanometers and galvanoscopes, 18; 

advantages of, in electro-therapeutics, 
24) 

Galvano-muscular irritability, 96. 
Gastralgia, 129. 
General electrisation, 109. 
Genito-urinary organs, diseases of, 131. 
Graphical method of representing elec- 

trical phenomena, 11. 
Gravitation battery, 45. 
Grenet’s element, 63. 
Grove’s element, 43. 

Hammer, or automatic interruptor of 
faradic apparatus, 9. 
and as electrode, 108. 

Head, galvanisation of, 123. 
Headache, sick, 116. 
Heart, diseases of, 133; heat developed 
by current, 33. 

Hemiplegia, 123. 
Histrionic spasm, 117. 
Human body as a conductor, 30. 
Hydrogen, cause of polarisation, 25; 

evolved in electrolysis, 34. j 
Essential (or infantile) paralysis, ror, 125. Hysteria, 122. 
Exophthalmic goitre, 123. 
Extra current; see Primary current. 
Extra muscular faradisation, 37. 
Eye, diseases of, paralysis of muscles, 121. 

Hypertrophy of prostate, 132. 

Ileus, 130. 
Inconstant elements; see Single fluid. 

Facial neuralgia, 113; anzsthesia, 117; | Incontinence of urine, 13% 
paralysis, 121; spasm, 117. 

Failure of batteries, causes of, 42. 
Farad, 6 (note). 

Induced currents; see Primary, Secon- 
dary, and Extra-current. 

Inducing (or battery) current, 7. 

Induction, 7; apparatus, see Faradic; 
in tissues, 33. 

Infantile paralysis, 100, 125. 
Intensity ; see Current-strength, and 

note, 5. 

Intercostal neuralgia, 114. 
Intestinal obstruction, 130. 
Intra-muscular; see Direct faradisation. 
Involuntary muscle, 36. 
Interrupted current; see Faradism; gal- 

vanic current, 107. , 
Interruptors, 91; Trouvé’s, 77 (see Ham- 

mer). 
Iron, peroxide of, battery, 57. 
Irritability, electro, of nerve and muscle, 

35; altered in disease, 95. 
Irritation, spinal, 124. 

Key; see Interruptor and Commutator. 

Labile galvanisation, 106. 
Labio glosso pharyngeal, 

paralysis. 
Labour, faradism in, 132. 
Laryngeal electrode, go. 
Larynx, electrisation of, 126. 
Late rigidity; see Contracture and Hemi- 

plegia. 04 
Law of contraction, 36. 
Lead palsy, 126. 
Leclanché element, 51; Gaiffe’s, 142. 
Local action in cells, 75. ; 
Localised galvanisation, 105; faradisa- 

tion, 108. 
Locomotor ataxy, 124. 
Lumbago, 128. 

see Bulbar 

Magnets, inductive power of, 7, Io. 
Magneto-faradic apparatus, 78. 
Make and break (closure and opening) 1n- 

duction at, 7; contractions, 94. 
Malingering or shamming, go. 
Mangenot’s batteries, 145. _ 
Matteug¢i on nerve stimulation, 37. 
Mayer and Meltzer’s batteries, 65, 73, 143. 
Measurements, importance of, 22; me- 

thods of, 14, 17. 
Medical galvanometer, 20. 
Megrim, 116. 
Methods; see Electrisation and Electro- 

diagnosis. * 
Milliveber, 6, 21. . ia aes 
Mobility returns before electro-irritability, 

373; see diagrams, 98. 
Motor points, rog (see figs. 94 to 99). 
Mottershead’s batteries, 54, 74. 
Multiple arc, 23. 
Muscle, reaction to currents, 35, 37; 1n 

health, 95; in disease, 96; diseases of, 
127; instriated, 36. 

Muscular atrophy, 128; 
electrisation, 37. 

Muscular spiral, paralysis of, 121. 
Myalgia, abdominal, 126. 

fatigue; 1275 
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Mydriasis, 134. 
Myelitis, 124. 

Negative electricity, and potential, 2; 
pole (see Pole and Cathode). 

Nerves, reaction to currents, 35. 
Nervous vomiting, 130. 
Neuralgia, 113. 
Neuritis, 116. 
Number of elements in battery, 41; for 

high tension currents, 27; no certain 
indication of current strength, 5, 21. 

Obstruction, intestinal, 130. 
Occipital neuralgia, 114. 
Ohm’s law, 4. 
Ohm, unit of resistance, 5. 
Onimus’s cell, 36, 145. 
Opacities of vitreous body, 135. 
Open or broken circuit, 12. 
Opening contractions, 94. 
Optic nerve, atrophy of, 135. 
Osmosis, electrical, 32. 
Oxides, causes of failure of batteries, 35, 

66. | 

Palpitation of heart, 133. 
Paralysis, diagnosis, 101; et passim; 

treatment, 120, 123, etc.; see special 
heads. 

Paraplegia, 125. 
Paresis, 36. 
Pathological changes in nerve and mus- 

cle, their electro-diagnostic expression, 
rol. 

Pedal, 10, 68. 
Peripheral paralysis, 120; diagnosis, 96, 

gg, IOI. 
Phrenic nerve, 133. 
Physical effects of currents, 33; differ- 

ence between, 37. 
Physiological effects, 34; facts not reli- 

able guides in practice, 38. 
Pile; see elements and batteries. 
Pin and hole, or plug, collector, 81. 
Pneumogastric (see Heart). 
Polar method, 38, ror; reactions, 94, 95. 
Poles of cell, 2; effects of positive and 

negative, 33, 35, 38; distinguished 
in faradic machines, II. 

Polarisation in battery, 25; in tissues, 34. 
Portability of batteries, 40. 
Positive pole (see anode and pole); elec- 

tricity, 2; charge,.11%. 
Potential, 1, 3, 12, 14. 

Distribution of, 29. 
Practitioner’s battery, its requisites, 41. 
Primary coil and current, difference be- 

tween it and secondary, 11 ; Duchenne’s 
views on, 38. , 

Primitive, or battery, current, 8. 
Progressive muscular atrophy, 125. 
Prostate, hypertrophy of, 132 
Ptosis, 134. 
Pupil, synechiae of, 135. 
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Quadrant electrometer, 14. 
Quantity, 6; arrangement for, 23. 
Qualitative Soh ce ie of galvano-mus- 
Quantitative cular contractility, 96. 

Radcliffe’s positive charge; views on 
induced currents, 33. 

Rapidity of interruptions, 10, 96. 
Reaction of nerve and muscle, 35; in 

health, 94; if disease, 95; of degenera- 
tion, 95. 

Rectum, electrisation of, 130. 
Refreshing effects of current, 34. 
Redistribution of potentials, 13, 111. 
Regulation of current, 8o. 
Resistance, external and internal, 4, 23; 

unit of, 5; graphical representation, 
II; measurement of, 14; additional 
27; in derived current, 28; of body, 
30; of elements, 40. 

Respiration, artificial, 133. 
Reversed current, or voltaic alternatives, 

107. 
Reverser; see Commutator. 
Rheophores, 84. | 
Rheostats, 15, 80; Coxeter’s, 142. 
Rheotome ; see Interruptor. 
Rheumatism, 128. 
Roller electrode, 87, or. 

‘ Salts, electrolysis of, 33. 
Salts’s battery, 62. 
Sciatica, II5. 
Sclerosis, ror (see Spinal diseases). 
Secondary coil and current; see Primary. 
Sensory neuroses, 113. | 
Sentient nerves, 36. 
Sequelz of acute diseases, 126. 
Series, arrangement of, elements, 23. 
Sick headache ; see Megrim. 
Siemens and Halske induction coil, 66; 

element, 44. 
Sine galvanometer, Ig. 
Single fluid elements, 60. 
Size of cells, 3, 43:;.0f-electrodes;.30; 35. 
Skin, conductivity of, 30, faradisation, 108. 
Sledge collector, 82. 
Smee’s element, 60. 
Soft iron core, 9. 
Spark, ro. 
Spasm, muscular, 117; of bladder, 131. 
Specific resistance, 4. 
Spermatorrhcea, 132. 
Sprague’s galvanometer, 20. 
Spinal paralysis, diagnosis of, ror; dis- 

eases, 124. 
Stabile galvanisation, 105. 
Stimulation of nerve and muscle, 35. 
Stohrer’s battery, 61 ; induction coils, 72. 
Stomach, diseases of, 129. 
Strength of current; see Current strength. 

Sulphate of copper element, 44, 143, 145 
of lead and mercury, 59. 

Sympathetic, galvanisation of, 107. 
Syncope, 133. 
Synechiae of pupil, 135. 
Tangent of angle represents current 

strength, 12; galvanometer, 18. 

Telegraph wire for rheophores, 84. 
Temperature, affects conductivity, 25, 

(note). 
Tension, old ambiguous term for poten- 

tial, which see; currents of high and 
low tension, 27; arrangement for, see 
Series. 

Testing battery, 42; muscles, see Diag- 
nosis. Nl 

Tetanus, IIg. 
Thermic effects, 33. | 
Throat, electrisation of, 126. 
Tibbits’s dial, 83; battery, 35, 64; fara- — 

dic apparatus, 68. 
Tibial nerve, paralysis of, 122. 
Tic douloureux, 114, convulsif, 117. 
Toothed wheel; see Interruptors. 
Torticollis, 118. 
Traumatic paralysis, 96, 120. 
Trembler; see Hammer. 
Tremor; see Paralysis agitans. 
Trouvé’s Callaud element, 46; portable 

battery, 47; hermetrical cell, 60; fara- 
dic apparatus 71, 753 
apparatus, 77. 

Unit of resistance, or Ohm, 5; of electro- 
motive force, or volt, 5; of current- 
strength, or veber, 6, 21. 

Urethral spasms, 131. 
Urinary organs, diseases of, 131. 
Uterus, diseases of, 132. 

Vasomotor effects of currents, 35, 36. 
Veber, 6. 
Vertical galvanometer, 18, 56. 
Vesical spasms, 131. 
Volt, 53 
Voluntary motion; see Motility. 
Vitreous body, opacities, 135. 
Voltaic alternatives, 107. 
Voltameter, 17. 
Vomiting, nervous, 130. 

Walker’s, or zinc carbon, battery, 61. _ 
Water, decomposition of; see Electroly- 

sis. 
Weber; see veber. 
Wires, telegraph; see Rheophores. 
Work done by current proportional to its 

strength, 5. | 
Writer’s cramp, 118. 
Wry neck, 118. 

interrupting 
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