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PREFACE.

THE writers of this manual lay no claim to originality.
Some of the most distinctive points elucidated at great
length in the exhaustive works of Erh, De Watteville,
v. Ziemssen, Beard and Rockwell, and others, have been
partially digested, and an effort made to place them before
the undergraduates in such a manner that they may form a
general idea of the diagnostic and therapeutic value of
electricity, concerning which they hear so much, and, many
of them, know so little. If, in addition, a few post-graduates
find their labors lightened, and points of practical utility
stated in a sufficiently brief and intelligible form, then the
object of this little digest has been fully attained.

The experience of the writers in teaching rather indicates
that many students evinee peculiar difficulty in grasping
certain points of this subject, therefore an effort has been
made to clear away some of the stumbling-blocks, even at
the risk of being considered guilty of prolixity and reitera-
tion. The apology offered ig simply that the hope has been
éntertained that hy bringing the same points before the
reader in different connections the desired result may be

more readily achieved,

(v)







- ESSENTIALS OF MEDICAL ELECTRICITY.

PARTT
GENERAL ELECTRO-THERAPEUTICS.

THERE exists no one topic in the boundless expanse of scien-
tific investigation that has encountered more earnest and per-
sistent inquiry than the one now proposed for consideration.
Notwithstanding the vast amount of research and experimental
work accomplished, and the brilliant results thereby achieved
in its application, no satisfactory definition of electricity has as
yet been announced ; furthermore, it would appear that, how-
ever desirable such a result may be, its attainment seems still
quite remote. As a partial approximation thereto the assertion
is made that galvanic electricity is a form of molecular motion,
and galvanism is probably the most important branch of medi-
cal electricity. Minute and painstaking experimentation has
placed certain facts beyond dispute. While old theories may
be overturned and new ones dominate in turn, many constitu-
tional laws as now fixed must always remain unchanged, It
has been long customary to look upon electricity as a fluid, and
it must be allowed that in many important characteristics the
resemblance is well sustained. Electricity exists in three forms
—Galvanie, Faradie, and Franklinic or Static electricity.,

2 (17)




18 ESSENTIALS OF MEDICAL ELECTRICITY.

Discovery of Galvanism.

Galvanie or Voltaic electricity receives its name from the early
observers Galvani of Bologna and Volta of Pavia, between whom
an earnest controversy existed as to the origin of the phenomena.
Volta held that the galvanic current was caused by the contact

- of two dissimilar metals ; but this theory is rejected by scientists

of the present day. On the other hand, Galvani elaimed that
the results produced by him were due to electricity aenerated
in the animals on which he operated. It remained for Fabroni,
of Florence, to first intimate that chemical action was really its
source ; and he enunciated this opinion whilst observing the
action taking place in the pile invented by Volta about one
year before the latter’s death.  Many eminent scientists of that
day supported this view, and among them was Sir Humphry
Davy. About the year 1807, Sir H. Davy obtained by electro-

lysis the elements potassium and sollium ; and thereafler dis-

coveries followed in rapid succession, owing to the labor of such
tireless workers as Dulce, Zamboni, and Qerstead, until a cul-
minating point was attained in 1827, when Olm announced the
law which has since borne his name. Mathematical accuracy
as applied to electricity then for the first time assumed its posi-
tion.

The phenomena of aalvanism can perhaps be most clearly
demonstrated by constructing a cell of simple form and observ-
ing its action. For this purpose there should be provided a strip
each of copper and zingc, a class jar, some copper wire, and hy-
drochlorie acid. The jar being filled with a dilute solution of
the acid, the zine plate is immersed therein, with one extremity
to which a wire may be attached projecting above the surface.
Chemical action at once ensues, the acid acting upon the zinc,
the result being zine chloride and hydrogen gas. The gas
collects in fine bubbles upon the metal plate, and as ra pidly as
they are evolved arise to the surface of the solution ; the zine
chloride of course remains dissolved. Afler a time the zine
plate, if weighed, will be found to have lost precisely in weight
the amount of zine found combined in solution as zinc chlo-
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ride. The second step in our demonstration involyes the im-
mersion in the same vesscl of the strip of copper, It should be
placed near and parallel to the zine, but should at no point come
In contact therewith., One end, provided with means for at-
tachment of a wire, should, like the zine, remain above the
surface of the fluid. Upon this being done, an immediate and
decided change is observed. Bubbles of hydrogen are no longer
seen to collect upon the surface of the zine, but they do appear
upon the copper plate ; zine chloride, however, still continues
to be formed. Now let the plates be weighed, and the copper
will be found intact ; the zine still diminishes, and the loss is
found to bear the same relation Lo the amount of the clement
combined in solution. We will now proceed to remove the zine
plate and substitute therefor one of iron. Precisely the same
action will be observed, except that iron chloride will result
in place of the same salt of zine y hydrogen will collect, just as
before, upon the surface of the copper element, Now let the
copper be removed and zine take its Place : a change will at
once occur, the hydrocen bubbles now being evolved upon the
iron, Thus it would appear by the first experiment that hydro-
gen and zine chloride are both formed at the zine plate, but that
the former is transferred to the copper upon the latter being
placed in position : it likewise is evident that zinc is more act-
ively attacked by the acid solution than copper. A proper test
would also show that zine is more assailable than iron, which
in turn is more susceptible to the solution than copper ; hence
we conclude that the gas is formed chiefly at the plate most
acted upon, but is evolved at the other—i, e., we may perhaps
be permitted to say i flows from one element to the other, I
4 magnefic needle be brought near a wire connecting the two
elements, it (the needle) will at once be defloctod from its nor-
mal position and tend to assume one at right angles to the wire ;
the needle will also be found to move in one direction or the
other, depending upon the position of the wire and the relative
connection of the two clements, 1, e, metal plates,
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Production of Heat,

If a portion of the connecting wire consists of fine platinum
wire, its temperature will be raised, and, under favorable circum-
stances, will become very high, approaching often the point of
fusion.

Galvanic Couple,

The arrangement of two metallic plates in a solution which
acts chemically upon one of them is called a simple vollaic or
galtanic couple (Fig. 1). When the plates are disconnected—

Fia. 1. Fic. 2.

i. e., not joined externally by a wire or other conductor—the cir-
cuit is said to be open (Fig. 2). When the plates are joined ex-
ternally by a conductor, the circuit is said to be closed.

When the circuit is closed, the current is said to flow from the
metal most actively acted upon by the solution o the other
metal through that and the connecting wire back to the first.

It is by no means requisite, in order to generate a galvanic
current, that one melal should be impervious to the action of
the acid ; but it is necessary that one of the elements should
be acted upon to a greater extent than the other. The ele-
ment which is most susceptible to the action of the acid solution
has been called the positive plate, and the other the negative plate.
Besides the cffect, already noted, upon the magnetic needle, a
conducting wire connecting the two elements will be found to
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possess other definite and remarkable qualities, the most im-
portant of which, in this connection, being sensory and motor
influence upon animal tissue.

Potential.

The scientific definition of this peculiar quality of bodies,
electrically considered, is somewhat difficult to conceive. Let
it suflice to say that the difference of potential of two bodies
is the peculiar electrical relation they bear to each other, and
this relation is purely one of degree, for a substance which is
electro-positive Lo one body may be electro-negative to another,

Fia. 3.

This is most happily illustrated by DeWatteville, who compares
the potential of different bodies to reservoirs of water placed at
unequal altitudes and communieating by means of pipes.

If the upper tank is filled with water. the {luid, obeying its
own law, seeks a lower level and flows through the tube into
the lower receptacle ; hence the upper vessel represents the zine
or positive element, the tube the chemically acting fluid, and the
lower vessel the copper or negative element, It is plainly to
be perceived that € is negative to Z; but should we establish
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and connect a still lower reservoir, €' would become positive
to it. The upper reservoir is of a higher potential than the
lower. In the one case, the force of gravity is acting; in the
other, the difference of potential,

For convenience of comparison the earth is considered to be
of zero potential, and all bodies from which electricity flows to
the earth are said to be of positive potential ; while, on the
other hand, all bodies to which electricity flows from the eurth
are of negative potential. Potential really represents work done,
The potential of a body at a certain point is the amount of work
expended in transferring one unit of positive electricity from an
infinite distance to that point.

- yis
B
R S o5
.

o

Electro-Motive Furce_.

Electro-motive force is the inherent force that starts the cur-
| rent and maintains it ; it is the difference of potential between two
i bodies. It depends not upon the size of the elements, but upon
| the peculiar inherent quality possessed by each.

Current.

The result of this chemieal action is a phenomenon ealled the
electric or galvanic current.

A cell consists of a proper vessel containing a fluid capable of
acting chemically upon two metal plates of different potential
immersed therein.

Poles.

In general, the metal most acted upon by the ehemieal fluid
is called the positive plate, and the electrical current flows from
it to the other or clectro-negative element. If to each element
a conducting wire is attached, the current will be diffused
through them. The extremity of ecach wire is a pole, and inas-
much as the positive current generated by the zinc flows from
it to the copper, the conducting wire from the latter becomes at
its extremity the positive pole. The conductor attached to the
zine, or most active element, always terminates in the neyaiive
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pole, When the zinc and copper plates are immersed in the
chemical fluid just mentioned, they at once become polarized,
i. e., assume opposite electrical conditions ; the zine becomes
positive and the copper negative. DBut it must not be forgotten
that, although this is the fact, still a conducting wire leading
from the copper plate becomes the positive pole, for the preyi-
ously explained reason that the positive current flows from the
zine through the fluid and on out through the copper and wire,
thence back to the zine ; therefore if a wire connecting the two
elements externally be broken in any part of its extent, the end
leading from the copper or negative plate will be found to be
the positive pole. When a copper and zinc plate are immersed
in dilute hydrochloric acid, the compound molecules of the so-
lution are assmued to take on a highly polarized condition, 4. ¢.,
the chlorine or negative part is attracted by the zine, and the
hydrogen or positive by the copper. The chlorine unites with
the zine to form zine chlorvide ; the hydrogen, however, forms
no combination with the copper, but rises on its surface in
bubbles. The fact that hydrogen leaves the fluid here and
not at the zine plate where it is formed can only be explained
upon the hypothesis that an interchanege of constituents in the
fluid takes place between the two elements. Thus—

Fic. 4.
C Z
I EECL Gl H CL

A difference of potential really exists between the acid solu-
tion and the zinc—likewise between the copper and solution ;
but the difference of potential is greater between the former
than the latter; therefore the electric current is said to be
established from the zinc to the copper. The positive element
possesses a higher potential than the necgative, and it is the
difference of potential between the two elements that sets the
electric current in motion and sustains it.
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Resistance.
-

The resistance encountered by the diffusion of a current of
electricity generated by a galvanic battery is of two kinds,
viz. i—

1. The internal resistance, or impediment offered by the fluid
contents of the cell through which the current passes and by
the elements themselves,

2. The external resistance, or that offered by the connecting
wire and all other substances whatsoever through which the
current flows outside the cell. This is a subject the importance
of which cannot be overestimated, and should be thoroughly
arasped before further advance.! It is in this relation also that
electricity bears a peculiarly striking resemblance to a fluid.
Thus :—

1. If the surface of the elements is enlarged, the resislance
oftered by the intervening fluid will be found to be diminished,
just as the resistance to the flow of water from one reservoir
to another at a lower level will be diminished by enlarging the
sectional area of the pipe connecting them,

9. The resistance will be less if the elements be brought close
together. This is equivalent to shortening the connecling pipe
of the reservoirs.

3. The external resistance will be diminished by increasing
the sectional area of the connecting wire and by decreasing its
lencth.

4. A good conductor offers less resistance than a bad one.

Hence the electrical resistance depends—

1. Upon the length of the conductor; a long wire will offer
more resistance than a short one.

2. Upon the thickness or sectional area of the conductor; a
thick wire will offer less resistance than a thin one,

3. Upon the peculiar or specific resistance of the conductor
itself ; glass will offer greater resistance than copper.

1 The student unfamiliar with the physics of electricity will find all
gubsequent reading decidedly facilitated by a careful study of * Elec-
trical Resistance.”




CONDUCTORS—DENSITY. 25

Conductors.

Metals are the best available conductors of electricity., Zine,
tin, and iron, named in their order of merit, head the list, Among
those not conducting so well must be classed mercury, Carbon
is a good conductor. Saline solutions and acids are muech better
conductors than pure water, and hot water than cold, Glass,
silk, India rubber, ete. are very poor conductors, and are even
used to insulate good conductors. The human body, exeepting the
gkin, is a good conductor, owing to the fact that it is chiefly com-
posed of saline solution. The skin is a very bad conductor ; its
conductivity may be much enhanced, however, by means of a
cood conducting solution applied to the surface,

Capacity.

Electrical eapacity may be looked upon as the greatest quan-
tity of electricity which may possibly be acquired by a conductor
when in contact with a body that charges it to unit electrical
potential. Wemay have a large electrical capacity, and yet a very
low electrical potential, and wvice versa. This may be illustrated
by comparing potential to temperature, A certain amount of
heat will raise the temperature of a fine wire to a very high decree.
The same qufmtlt} of heat, however, will not materially elevate
the temperature of another body less easily heated ; for instance,
a jugof milk. The latter will require much more heat to pro-
duce in it the temperature attained by the fine wire: that is,
the eapacity of the jug of milk is much greater than that of the
fine wire,

Density.

The electric density means the compnactness of electricity
existing upon the surface of a body. Upon a sphere the den-
sity is equal at all points. TUpon an ellipsoid the density varies
at different points. Thus, in Fig. 5, the electric density would
be found greatest at @, not so great at e, and least at b, If a
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rs:apresents a point, it would possess the utmest attainable den-
sity, and, in fact, might be considered to have reached infinity.
As density increases the tendency of the electricity to overcome

Fia. 5.

the resistance offered by the air increases, and when finally that
resisiance is overcome the clectricity escapes. If the escape
oceurs in the dark, it appears luminous,

Ohm.— The wnit of measure of vesislance is called an Olm.

Volt.— The unit of measure of electro-motive force is called a
Volt.

Ampere.— The wnit of measure of current strength is called an
Ampere.

One Ampere is the strength of current fi urnigshed by the elec-
iro-motive force of one Volt passing through one Olm of resist-

ance ; that is, by Ohm’s law and using units we have %= 1 In

practical work the Ampere is mensured by the amount of water
the current will decompose into oxygen and hydrogen in one
second at 0° C. temperature, and 760 mm, pressure; under
{hese conditions one Ampere will set free 114.6 c¢.mm, of
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hydrogen and 37.3 c.mm. of oxygen. It also performs other
delinite qualities of work, such as deflecting the magnetic
needle, ete.

One Volt is equal to about the electro-motive forece of a newly
charged Daniel’s cell. The Volt bears the same relation to an
electric battery that the horse-power does to an engine,

One Ohm represents nearly the resistance offered to an elec-
tric current by a coil of copper wire 1 mm. in diameter and 48.5
mm, in length,

Current Strength,

From what has been said above it must be evident that the
strength of every electric current must bear an unalterable reli-
tion to the amount of resistance it encounters ; and to Ohm we
are indebted for the law governing this problem. He found that
any current of electricity is equal to the electro-motive force
divided by the sum of the resistances ; that is, if

¢ = the current,
¢ = electro-motive force,
ir = internal resistance,
er = external resistance,
thelaw will beexpressed thus : 0= o :—E This law is of vital
Importance, for it is the basis of all electrical calculations,

A GALVANIC BATTERY isa collection of two or more calvanie
cells connected together in such a manner that the electricity
aenerated by all can be conducted through one wire,

The strength of current under v arying circumstances depends
greatly upon the manner in which the eells are arranged.

Measurement of Currents,

Startine with this data the measurement of an eleetrie cur-
rent and the proper arrangement of cells can be accomplished

with facility. This in medical electr icity is a matter of much
moment,
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Milliampere, e milliampere, or one-thousandth part of an
ampere, has been universally adopted as the working unit among
physicians, and it has very great advantages in practice ; for in-
stance, the current generated by three Daniel’s cells through the
average resistance of the human body with moderate-si zed
electrodes equals about one milliampere.

Simple Circuit Arrangement. This is an arrangement of
cells in which the positive plate of one cell is connected to the
positive of the next, and the negative plate of one to the nega-
tive of the other, and finally all the positives to all the negatives.
This is practically forming one large cell with elements equal in
size to the sum of the areas of all the elements, but the electro-
motive force remains the same as for one cell. See Fig. 6.

Compound Circuit Arrangement This is an arrangement of
cells in which the positive plate of one cell is connected with the
negalive plate of the next, and so on through the whole number
of cells to be used ; the final connection being that of the posi-
tive of the first cell to the negative of the last cell. In this
arrangement we possess a batlery with an electro-motive force

A 1"-"1“_‘;'5'% g4 A

i o - et it . g b e . .,:
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increased as many times as we have number of cells and with an
internal resistance also increased in the same proportion. See
Fig. T.

Arrangement in Sets, If it is desired to arrange fifty cells
in sets of ten, the cells are divided into five lots; each lot is
arranged in simple circuit which gives as a result five separate
batteries, the elements of which are ten times greater in area
than the elements of a single cell ; the five batteries are now
looked upon as five large cells, and these are arranged in com-
pound circuit. The resulting battery has an electro-motive force
five times greater than a single cell ; the internal resistance of
each resulting large cell is ten times less than a single original
cell, but in the compound circuit this fraction is multiplied by
five.

Effect of the Resistances upon the Current,

This ean be understood very readily by means of a few simple
caleulations. In the first place, it must be remembered that
any current is, by Ohm’s law, equal to the electro-motive force of

the battery divided by the resistance—thus ¢ = . B hence,
-+ er

to render the result greater, we must do one of two things :
increase the numerator—i. e., electro-motive force ; or diminish
the denominator —i. e., resistance ; eifher will result in an in-
creased answer or current.  To render the result of our fraction
smaller, the reverse must be accomplished—i. e., the numerator
must be diminished or the denominator increased. This, in a
nutshell, is the object of the different arrangements of cells,
to adapt the current to greater or less external resistance,

Arrangement of Cells for Great External
: Resistance,

When, for instance, the electrical current is used for medieal
purposes, the resistance met with in penetrating the human body
1s very great. We will proceed to determine which arrangement
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of cells will produce the greater strength of current under these
circuimstances, lLetl us assume that our electro-motive force
equals 1 our internal resistance 20, and our external resistance
(human body) about 3000 ohms ; our current for one cell stands
1 etk
50 < 3000 — 3020°
Now let us take forty cells arranged in compound circuit,
1 < 40 i 40 =i 00 S
20 > 40 4- 3000 800+ 3000~ 8800~ 9572 VY
creat increase in current strength ; for in this arrangement the
electro-motive force and internal resistance are increased as
many Ltimes as we have cells,

By connecting our forty cells in simple circuit we have—
1 - ih e Sl , a current that is inappreciably

20 = 3000.
4U+JDUU +3um BULY

thus :

which will give

increased nnl_',r over a single cell, because in this arrangement
we have practically one large cell of the same electro-motive
force and an internal resistance forty times less than the single
cell ; but the external resistance is so enormously out of pro-
portion to the internal that we may diminish the latter very
much without making any appreciable impression on the cur-
rent. In fact, were such a thing possible, the internal resistance
could be abolished entirely with but little effect upon the current,
as seen in the example,

A very slight modification of the above will demonstrate the
effect of an arrangement in sets, With the same external re-
sistance let us assume an arrangement of [ifty cells in sets of
1X5 = i !
2 X 543000 O s

thus or a much larger cur-

rent than a simple circuit arrangement would produce, which
L. 1

+ -']{]'U[} .}IJGLI

The effect of the internal resistance upon the current when the
exlernal resistance is very great may be illustrated by an ex-
ample ; thus, if one drop of water be added to a pail-full, the

ia
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increase would pass unnoticed j but if one drop be added to one
drop the quantity would be doubled. It is entirely for the same
reason that the internal resistance may be decrcased to any
extent without evident effect upon the current if the external
resistance is large. Hence, all galvanic battervies for therapeu-
tical purposes are arranged in compound circuit. For other
purposes, however, such as cautery, ete., the internal resistance
assutnes proportions of Imminent importance,

Arrangement of Cells for Slight External
Resistance.

Let Lhe electro-motive foree and internal resistance remain as
above ; let the external resistance be very small =1, From
_-J:.._= _1; by increasing the number
2041 21
- - - * 1 41..
of cells —t. e., compound cireuit of forty cells, we have X4 2.

20 X 4041

— 40 — im =—_"__, While for one cell the result, as

300 4.1 801  20.002

1

20+1 21

external resistance is slight, but little is gained in eurrent strengcth

by inereasing the number of cells, but a very different result is

achieved under similar circumstances if the internal resistance

be diminished, 4. e, a simple circuit of forty cells, thus,
1 1 1

— =— T

_1+ 1 1 1.5 Or a very considerable increase of cur-
5 :

Ohm’s law we have ¢ =

above, is , demonstrating distinetly that, where the

20
Tl
rent strength. This arrangement is, we repeat, equivalent to
the construction of one large cell with elements forty times
greater in area than the original single-cell elements, and there-
fore having an internal resistance forty times less,

Equal External and Internal Resistance.

The external and internal resistances being equal, the cur-
rent strength will be increased to an equal degree by enlarg-
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ing the plates, or by increasing the number of cells; thus,

s (e

(@10 - 10 r:?':l; by making the plates forty times larger
(

L 1 1
; —=e=rilh
(simple circuit), we obtain 1U + 1{] +]D 10 Y
multiplying the number uf' L:E:llB [cmulmuml circuit)—
e e el R e el
10 X 40410 400+ 10 — 410 — 10.205 — 41 — 104
4

Recapitulation. A thorough comprehension of these princi-
ples is of such paramount importance that a brief restatement
in as simple a manner as possible may, perhaps, be not out of
place. In order to increase the current, we must, it is evident,
make the electro-motive force greater in proportion to the sum
of the resistances ; if the external resistance is very consider-
able, as when the human body forms part of the circuit, it is
obvious that but little can be gained by decreasing the internal
resistance. To make this plain a very simple fraction may be
assumed,.

Lete=1
ir=2
(human body), er = 3000 ;

1 e
2 4 3000 — 3002

sistance, one-half would give us, ¢ —=

Now to diminish the internal re-

1 1l
1+ 3000 — 3001
gain as to be inappreciable. There is but one other resource—

e., to increase the electro-motive force ; instead of dividing the
internal resistance by two, let us multiply the electro-motive
force and internal resistance by two,' and we have % li i j‘[}l}lj

or nearly double strength of cur-

then e —

,soslighta

2 2 1
= £+ 3000 3004~ 1502’
rent. Therefore, it follows that the best results can be obtained
from a battery when the internal and external resistances are
as nearly equal as possible, and the following facts may be enun-

1 Which may always be done by arrangement in compound circuit.
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ciated : To oblain an increase of current, when the external resistunce
is great in proportion to the internal, the number of cells must be
increased (compound circuit), To oblain an increase of current,
when the external vesistance is slight, the size of the plates must be
increased (simple curcuit),  When the object to be attained s heat,
as in the electro-cautery, the external resistance is very slight ;
hence, every object is gained by a few cells in simple circuit
having elements with large surfaces. When the inlernal and cx-
ternal resistances are equal, the current may be equally modilied
by either inereasing the number of cells or by enlarging the area
of the elements.

Batteries,

Many batteries of various construction
have been advocated by different ob-
servers, and present their several poiuts
of interest to the student. One of the
earliest is the vollaic pile.

The Voltaic Pile.

Upon a wooden base a plate of copper
islaid, and upon that a strip of cloth, sat-
urated with dilute acid or saline solution ;
upon the cloth in turn is placed a plate
of zine, and so on until a sufficient number
of sets are secured in position, each set
beginning with copper and ending with
zine, the order of copper saturated cloth
zine being maintained. The current
flows from the zince through the saturated
cloth to the copper, and if the first zine
and last copper are connected by means
of a wire, the current will flow through
it from the latter back to the former,
forming a circuit. It is important in
constructing the pile that the zine and
copper plates between which no satu-

3
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rated cloth intervenes should be soldered together, otherwise
some acid solution would interpose and tend to set up an elec-
trical current in the reverse direction. Fig, 8§ shows the voltaie
pile. Crepresents the copper plate resting upon a wooden plat-
form, w; a, the acidulated strip of cloth, and Z the zinc plates,

The Trough Battery.

This is merely a modification of Volta’s pile, but much more
convenient, and may be constructed thus: A trough of wood,
hard rubber, or class, is divided into several compartments,

Fig. 9.

Trough battery. A& represents cover with Z, zine, and €, copper plates
attached. a,d, cells containing dilute acid.

which are filled with an acid solution ; to this a cover is fitted,
on the under side of which are arranged copper and zinc plates,
so connected in pairs that when the cover or lid is lowered into
position upon the trongh a zine and copper plate is emersed into
each compartment, thus forming a number of galvanie cells.
By a very simple device all the cells may be connected together
into an extremely useful galvanic battery. See Fig. 9.

S —
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Daniel’s Cell.

One of the earliest so-called constant cells was constructed by
Dauniel about the year 1836 ; it has for a long time sustained its
reputation as one of the most counstant, though not most power-
ful, of cells. It consisis of a glass jar, containing dilute sulphuric
acid ; into this fits a cylinder of zine ; within the cylinder is
placed ap earthenware porous cup, which is filled with a satu-
rated solution of copper sulphate, and upon a shelf arranged for
the purpose within the cup are placed crystals of copper sul-
phate, or they may be contained in a little copper basket ; into
the solution a copper plate, also cylindrieal in shape, is immersed;
when the circuit is closed by means of binding screw attach-
ments upon the plates and a wire, the acid acts upon the zine
forming zine sulphate and liberating hydrogen, the latter, as we
have previously seen, is transferred to the copper, and there
liberated only to meet copper sulphate, which it at once acts upon,

Fig. 10.

Daniel's Cell,

forming sulphuric acid and metallie copper, the latter being
deposited upon the copper plate. The porous cup is useful to
prevent the transfusion of the saline solution 5 at the same time
it allows the acid formed by the action of h;,drﬂ;_rcn upon the
copper solution to permeate it and flow out into the acid solu-
tion surrounding the zine element: this solution, weakened by
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its constant action on the zine, is as constantly replenished by
fresh acid flowing out through the porous cup. See Fig. 10,

The electro-motive force of a Daniel cell is a little over one
volt (1.12).

Grove’s Cell.

This cell differs from Daniel’s in that the sulphate of copper
solution is replaced by nitric acid, into which is immersed a
platinum instead of a copper plate ; by this meauns a greater
electro-motive force is secured.

Fic. 11.

Grove's Cell.

Here the hydrogen generated by the action of sulphuric acid
upon the zine and transferred to the platinum element meets
the nitric acid and decomposes it ; hyponitrous acid is formed
and passes off in fumes, constituting one of its chief objec-
tions. The platinum is not acted upon by the acid, but the
zine is liable to be rapidly consumed ; careful amalgamation
will tend to prevent this, The value of the Grove cell lies
in its low internal resistance and high electro-motive force ;
but, on the other hand, the acid fumes are both annoying and
dangerous ; Morenver, the electro-motive force will be found to
diminish as the concentration of the acid solution grows less,
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The Bunsen Cell.

This cell was constructed in 1843 ; it is practically a Grove
cell with a carbon cylinder in place of the platinum plate. The
.arbon used is that found deposited in gas-retorts or made from
coke and bituminous coal ; it is a good conductor. A common
Bunsen cell will give a current strength on short circuit of about
12 Amperes.

Fic. 12.

Bunsen's Cell.

The chemical E‘L[:tify‘l of a Bunsen and Grove cell is identieal,
and they are of equal power, but the Grove is less costly at first;
this, however, is nearly equalized by its being more expensive
to work and less convenient in its application,

Bichromate Cell.

In order to obviate the danger and annoyance incidental to
the fumes of nitrous acid thrown off by the nse of nitric acid, par-
ticularly when used in a confined atmosphere, chromic acid has
been substituted, or, what answers still better, potassinm bi-
chromate and sulphuric acid,

Battery Solution.— An excellent solution for a battery of this
gort is as follows: Four ounces of potassium bichromate, sul-
phurie acid four ounces, water eighteen ounces, Into this
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solution is immersed the carbon plate, and the sulphuric acid
surrounding the zinc element may be replaced by a saturated
solution of common salt. The chemical action of this modifi-
cation of cell is a little more complex than any of the preceding,
Of course, the action of sulphuricacid on the salt of ehiromium
produces potassium sulphate and chromic acid, hydrogen be-
ing evolved ; that gas, acting with the cliromie acid, forms
water and chromic oxide ; the latter combines with sulphurie
acid to form chromium sulphate. This cell possesses higl
eleetric-motive force, and a battery composed of them is often
preferved, owing to its convenience and the general satisfaction
resulting from its use.

Smee’'s Cell

Is composed of a sheet of platinum between two of zine im-
mersed in dilute sulphuric acid ; its peculiarity consists of the
roughening of the platinum plate by a layer of finely divided
platinum deposited upon its surface, which has an extraordinary
ellect in facilitating the escape of hydrogen from the plate, thus
reducing the internal resistance and increasing the eleciro-
motive force ; it has been suggested that silver similarly treated
with platinum would answer as well, and be less expensive.

Le Clanche Uell.‘

This cell is in great demand when continuous use is not re-
quired. It consists of a porous cup, in which is placed a car-
bon plate, tightly packed in manganese peroxide and gas graph-
ite ; o block of lead is soldered to the top of the carbon and
attached thereto is a binding serew ; the cup is then immersed
in a vessel one-third full of a strong solution of sal ammoniac 3
the positive element consists of a rod of zine having a copper
wire attached. This cell develops an electro-motive force one-
third greater than Daniel’s, and a resistance of from 2 to 3
ohms. Continuous use soon polarizes it, but rest promptly
restores its original power ; for this reason, it is much used in
the construetion of eleetrie bells,
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Disadvantages of Carbon.—Embarrassment is sometimes caused
by the formation of loeal currents at the junction of this ele-
nlgm and the binding screw. - This is due to the porosity of the
carbon, and may be remedied by previously soaking the plate in

Fia. 13.

Le Clanche Cell.

hot parafline, thereby closing the pores, but not impairing its
conductivity. Of course, the surface should be thoroughly
scraped to remove the external parafiine.

The Law Cell.

This is merely a modification of the Le Clanche, two eircular
carbon plates and a zine rod being used ; the resistance is thus
reduced, and, thercfore, the current increased. This cell is now
used by many in preference to any other.

Galvanic current developed by the action of one fluid on another.—
This can be demonstrated by carefully filling one extremity of a
U tube with nitric acid and the other with sulphuric acid ; both
acids should be concentrated and care exercised not to permit
admixture. If into each fluid a platinum plate is immersed and
connected with a galvanometer, a eurrent will be observed pass-
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ing from the sulphuric acid to the nitric through the galvan-
ometer.

Amalgamation of Zine Element.—Zinc¢ is an element of so
much importance in the construction of batteries that it would
be improper to leave this subject without referring to the neces-
sity of having that plate well amalgamated. Pure distilled
zine is not attacked by sulphurie acid dilute, but, on the other
hand, impure commercial zine is frecly acted upon and quickly dis-
solved in that solution. - This is due to the fact that the ordinary
zine of commerce contains more or less iron or lead, and these
metals, being electro-negative to zine, set up small local eur-
rents, which hasten the chemiecal action, but do nat result in
any increase of the current in the connecting wire. To remedy
this the plate is amalgamated, by means of which all impurities
are removed from the surface. To accomplish this the plate
should first be immersed in a solution of sulphuric or nitric acid

to remove all extraneous matter, and then a small quantitly of

mercury dropped on the surface and thoroughly distributed over
it by means of'a brush, the plate will at once become amalgama-
ted and assume the bright appearance of mercury. It is really
coated with a solution of pure zinc in mercury ; by this means
it is given the advantage of not being attacked by the solu-
tion of the cell =0 long as the circuit is open ; and when it is
closed the eurrent will be found more regular and stronger,

Dry Cell.—This cell has been much spoken of recently, and
owing to its portability and convenience it is to be hoped that
it may ultimately prove satisfactory and suitable to the various
requirements of the practitioner. It is composed of a glass jar
less than an inch in diameter and about three inches deep, hav-
ing a double stopper, the lower one of resin-oil and resin,
the upper one of plaster of Paris. The jar is filled with zinc
sulphate made into the consistency of paste with flour; into
this are dipped two plates of zine, and between them a plate
of silver chloride. The zine is, of course, the positive plate,
the silver chloride the negative, the connecting wire passing
out through the stopper. These cells are claimed to give a con-
stant current for quite an extended period, and to have an elee-
tro-motive force of about one volt. The resistance naturally

-'-J_-.-.
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varies with the size of the plates. Thus far, the preponderation
of evidence within the personal knowledge of the writers is
decidedly against the practicability of this form of battery, it
having been found in their hands unreliable. Fig. 14,

Fic. 14.

Galvanometer,

It is a matter of paramount importance that the physician
should know exactly, or at least approximately, the size of the
dose of electiricity administered, and for this purpose a galvan-
ometer must be used. This is an instrument which depends for
its usefulness upon the principle that a current of electricity
will deflect a magnetic needle from its normal position, The
galvanometer will not only show that a current is passing, but
it will measure its strength and indicaté its direction. Observa-
tions upon which this discovery depends were first announced
by Oersted in 1819. He found that if a copper wire was ex-
tended in the magnetic meridian—i. e, north and southy and a
magnetic needle suspended immediately beneath it, in a condi-
tion free to revolve, so long as no current of electricity passed
through the wire the needle remained stationary and parallel
to the wire, but so soon as the wire was included in the circuit
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of a galvanic battery the needle was deflected and assumed a
position at an angle with the wire, and the stronger the electric
current, the greater was the deflection, the luililun{:y of the
foree acting being to cause the needle to take up a position at
rizht angles to the one occupied whilst at rest,

Fig. 15.

Deflection of the Magnetic Needle.—This is entirely governed
by the direction and position of the current and by its streneth,
1f the current passes parallel to and above the needle from south
to north, the north pole of the magnetic needle is deflected to
the west, if the current is flowing in the same direction, but
below the needle the north pole deflects to the east. When the
current flows above and from north to south, the north pole of
the needle is forced toward the cast, and if below in the same
direction the needle swings to the west.

Ampere's rule is a most excellent and ingenious method of
memorizing these facts. He fancies himself floating in the cur-
rent of electricity, with his face always toward the magnetic
needle, and in such a manner that the current flows in the direc-
tion from his feet to his head. In this imaginary journey the
north pole of the needle is constantly on his left. It need not
be added that as the swimmer turns with the current and finds
himself under instead of above the needle he must of necessity
turn himself and float upon his back i order to preserve the
position of his face to the needle.

If a magnetic needle is delicately poised in the magnelic
meridian, free to move and surrounded by a wire parallel to the

4
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same (above and below), through which a current of electricity
is passing, it will be seen that the portion of wire above and
the portion below the needle tend to defleet it in the same direc-
tion, because the lower wire, of course, exerts an opposite force
when the current flows in the same direction, but in this case
the upper wire current flows one way while the lower one Aows
directly back in the opposite direction. Thus, the encircling
wire exerts a double-power influence upon the needle, and it
may be increased indefinitely by increasing the number of turns
in the wire. This, however, is not without limit, for the resist-
ance increases with the length of wire.

Fiz. 16.
ar /___} i ,f
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Let a b0 a' represent wire with current flowing in direction
indieated by arrow ; it 1s plain, if the current were flowine from
a to b, 1. e, in the same direction as in the upper wire, the two
currents would oppose each other and the needle would remain
unaflected 5 but the lower carrvent flows from ¥’ to ¢’ ; thus, both
the upper and lower currents exert their forces ulmn Lhe needle
in the same direction.

The Astatic System.

Let e f and g h (Fig. 17) represent magnetic needles immova-
bly affixed to the strip j k and delicately suspended by a filament
of silk ; let f be the north pole of e f and gof g b5 let abed repre-
sent the conducting wire of a battery, the current Howine from
south to north, as indicated by the arvows (of the upper portion
of the conductor). By this arrangement the power of the earth
to resist the effect of the current upon the needle is eounterbal-
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anced and the power of the current increased ; for the effect of
the current « b would be to deflect the needle ¢ f to the east, the
effect of the current d ¢ would be to deflect the same needle, to
the opposite direction, both currents being below the needle and

Fig. 17.
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flowing in opposite directions, but the current d b being nearer,
and consequently acting with greater force, the former deflection
ocenrs. As the curvent a b deflects the north pole g of the
lower needle to the west the current ¢ d does the same, or, what
is equivalent, his deflected to the east the same as f.

This arrangement is employed in the construction of an
instrument of great delicacy. If the needles are exactly paral-
lel, and have equal magnetic force, they will counterbalance each
other, so that the earth will exert no influence ; in other words,
when only acted upon by the earth’s magnetism, they will
assume any position indifferently. However, it is practically
impossible to arrange Lwo needles precisely parallel; conse-
quently, if their magnetie force be equal, they will come to a
rest only when at right angles to the plane of the magnetic
meridian,

The Multiplying Galvanometer

Depends upon the principle that magnetic needles are acted
upon by a force multiplied by the number of turns in the
coil of wire surrounding them (nearly), 4. e., only diminished by
the resistance of the wire. It is important Lo bear in mind the
fact that galvanometers vary with circumstances, 1. e., the num-
ber of turns in the coil, the thickness of the wire, and the varia-
tion in magnetism of the two needles ; it is not desirable to

e o e




THE MULTIPLYING GALVANOMETER, 45

have the latter absolutely equal, because in that.case the force
exerted by the earth being entirely neutralized an exceedingly
minute current of electricity would cause the needle to assume
a position at right angles to the conducting wires, Hence, the
power of the current under measurement to deflect the needle
would depend in some degree upon the diflerence of magnetism
between the two needles used in the galvanometer.

The Milliampere Meter has become the standard for measure-
ment of electrical currents. It is practicable and convenient both
as to name and ealculation ; its multiples accord well with the
strength of current as used in medical application. The resist-
ance of the human body is, under ordinary circumstances,
about 3000 ohms, One milliampere is about the weakest cur-
rent useful in practice through that resistance, and it is yielded

Fic. 18.

Miliampere Meter,

by from two to four Daniel’s cells, a larger number of celis
yielding a stronger current in proportion ; hence, the current
strength can be estimated in multiples of the milliampere, a
convenient unit by which to express the amount of eleclricity
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necessary to produce muscular contractures, ete., in electro-
diagnosis, In this manner the important advantage is achieved ;
of being enabled to compare results obtained by use of the same
instrument or others of the same standard.

Fig. 15 represents a milliampere meter ; the scale, it will be
observed, extends from o in the centre to either side, the space
between the divisions of the scale decrease as these divisions re-
cede from zero, This is owing to the fact that the magnetic
needle, or the earth through it, interposes a vesistance to the
defleeting power, which increases in strength directly in propor-
tion to the amount of deflection ; hence, each additional unit of
strength of current will cause the needle to traverse a shorter
spawe for each additional milliampere as the current increases,

Galvano-Therapeutic Outfit.

First in order of importance is to construct a good battery.
For this purpose, perhaps, no cell will render more continued
satlisfaction than the Law. Itis peculiarly fitted for a physician’s
use, owing Lo its quality of not becoming exhausted during dis-
use, and its power of recuperation, if allowed an interval of
rest after use. It only requires an oceasional supply of waler
or solution of ammonium chloride and at long intervals a re-
newal of the zine plate. A battery consisting of about fifty of
these cells will supply a eurrent fully adequate to all therapeu-
tic purposes, and answers admirably for office work of all kinds.
The battery cells may be conveniently placed upon shelves in
the cellar and connections “made to the desired apartment,
The cells should be arranged in series ; that is, the zinc element
of one cells connected to the carbon of the next, and so on
thronghout the number. The wires from the carbon of the first
and the zine of the last should terminate in the operating-room
with a bindine serew, and to these should be attached the cords
of the electrodes when in use,

' Elecirodes.— An electrode is an instrument by means of which
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a dose of electricity may be administered to the patient. The
variety is limited only by the imagination or ingenuity of the
inventor. A style much used in electro-diagnosis is shown in
Fig. 19, and is called an interrupting electrode. A is a copper

F:c. 19.

plate surface which, when covered with absorbent cotton, is
to be applied to the surface of the skin; €, a binding screw
for the attachment of the conducting cord ; D is the interrupter ;
D C'is a copper wire ; the spring, D), when pressed down by the
finger of the operator, comes in contact with the wire, thus
closing the connection between the wires C D and D A, the
point D on which the finger presses heing surmounted by an
insulating button. This supplies the operator with a most
convenient mode of closing and opening the cirenit. The elee-
trodes may be of any size and adapted to different purposes,

Commutatr,—Iu is necessary to the successful use of any bat-
tery in therapeuties that it should be supplied with an arrange-
ment by means of which the current may be rapidly reversed ;
that is to say. if the patient holds in his ri 1zht hand the elee-
trode connected with the carbon plate, and the one connected
with the zine in his left, the current flows in through the richt
and out through the IL-f'L By means of a commutator this can
be at once reversed, and the current made to flow in through the
lefv and out through the right, The right, which, in the first
instance, was the positive electrode, becomes by means of the
commutator the negative electrode. The details illustrating
the requirements of this arran: gement will be enlarged upon
Lter,

The importance of measuring the dose of electricity ean
scarcely be overestimated, No scientific applieation of this
valuable agent can be made without it.  Without it no record
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of any value can be kept of previous treatment, for a battery
giving one current strength to-day will probably give another
to-morrow ; resistances will also vary. These variations render
the old system of estimating current strength by the number of
cells employed utterly unreliable. By means of the meter an
accurate egtimate of the amount of electricity used can be made
and recorded for exact comparison,

The Current Controller.—By means of this excellent device
the operator holds the electrie current completely under his con-
trol, The minutest dose can be given, and it can be increased or
diminished by almost imperceptible degrees. Several styles of
current controllers or rheostats are in use. One of the best, if
not the best, is that devised by Dr. G. Betton Massey, who de-
gcribes it in ** E ectiicily in the Diseases of Weomen,”

Fic. 20.

Massey's Current Controller.

¢t Tt consists of a ground-glass plate, provided with a taper.ing
area of soft pencil-mark, broadening into thick eraphite, im-
bedded in the glass, which is joined to lead. These act as

=
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resisting materials, over which a brass contact attached to a
crank can be made to pass. When the crank is placed to the
right of the hard-rubber button the contact rests entirely on the
elass, and the circuit is broken ; moving it slightly in the direc-
tion of the arrow, it soon touches the graphite mark and permits
the least amount of current to pass through, since the current
must pass through the whole length of. the graphite, a fairly
conducting medium., As the crank is slowly brought down
from the point of rest and up the other side, there is a progres-
sive eradual inerease of current, until finally the thick graphite
and the lead at the left of the rubber button is reached, when
the whole power of the battery is turned on, there being no
resistance remaining in the controller, A reverse action turns
the current off., If this motion is made slowly, the increase and
decrease is exceedingly eradual. The screw is for breaking the
circuit, and should be screwed in when using the nstruoment.
Special attention should be paid to the following points in order
to prevent mishaps and to retain the full working capacity of
the controller : —

*“1. Always place the turning crank to the right of the rubber
button before applying the electrodes to the patient, so as to be
sure that the full resistance is interposed, otherwise an un-
pleasant or even dangerous shock to the patient might result.

*2, After the electrodes are in place, turn the crank down
and toward the left slowly until the meter shows the desired
strength of current,

3. If using an incandescent current, never bring the metallic
part of the cords or electrodes together unless the crank is well
over to the right,

4. Prevent all dust from settling on the glass plate.

** 5. Renew the graphite covering on the glass plate as often
as marks of wear are visible by rubbing graphite over the cir-
cumscribed area from a very soft pencil,

*“This instrument is chiefly valuable in enabling us to use an
incandescenl-electric light current for all strengths of medico-
galvanic needs.”

Water Rheostat.—This is an arrangement by which the elee-

trical current is passed through water by means of a movable
4
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condueting rod ; the stretch of water through which the eurrent
flows is increased or diminished, a long stretch of water, of
course, offering greater resistance, and thereby resulting in a
weaker current than a short stretch. By inserting or withdraw-
ing the rod the current strength may be very gradually in-
creased or diminished.

Fia. 21.
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Water Bheostat,

The condueting wires from the battery should be located in a
convenient part of the apartment, and the current controller
attached thereto:; from the controller the current should pass to
the milliampere meter, and thence to the object of treatment.

Several objections may be. nated as applying to the employ-
ment of.one-fluid cells.

e
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1. The acid solution, by its continued action upon the elements,
becomes constantly more and more dilute, and as a result evinces
a progressive loss of power.

2. As the solution inereases in dilution the internal resistance
of the cell also increases, a saline or acid solution being a better
conductor than pure water.

3. The action of the solution upon the positive plate results
in an accumulation of deposit in some instances ; thus, where
sulphuric acid, zinc and copper are used, zine is gradually de-
posited upon the copper plate, resulting in impairment of
current strength, 4. e., the potential of the copper is increased,
consequently the difference of potential is diminished, which
signifies less electro-motive force.

Polarization is another cause of objection to the single-fluid
cell ; it means the collection of hydrogen upon the copper plate.
Hydrogen being a poor conductor, its accumulation upon the
copper would tend to decrease its conductivity, and as a direct
consequence the electro-motive force is diminished, owing to
the fact that copper has the same kind of potential to hydrogen
that it has fo the acid ; therefore, the electro-motive force being
the difference of potential, the difference of their combined potential
and that of zinc would be less than the difference of potential of
one of them and the potential of zine. To avoid these objections
the two-fluid cells may be used.

Faradism,

In 1832 Faraday discovered that electricity or an electric cur-
rent could be produced in a conductor by the mere proximity of
another conductor through which a galvanic current was flow-
ing. To this he gave the name of induced electricity or cur-
rents of induction. The same effect is produced by the influ-
ence of magrnets.

The peculiarity of the induced current is notable ; 4. e., it is
only apparent at the moments of making or breaking the cirveuil in
the conductor through which the galvanic or inducing curvent flows.

To demonstrate this, let us assume a copper wire conductor,
both ends of which are connected with a galvanometer; 1, e.,
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including the latter in a circuit ; a similar wire connects the
elements of an ordinary galvanic cell; if the latter be rap-
idly brought near to and parallel with the first conductor, the
galvanometer will indicate an electrical current passing through
it, but in a direction opposite to the flow of current in the other
or induecing conductor, If now the conductors are permitted to
remain stationary in this position, the galvanometer will show
no evidence of a eurrent continuously flowing through the wire
with which it is connected ; but if the wire attached to the gal-
vanic cell be rapidly removed from its proximity to the former,
the galvanometer will again momentarily indicate a current, and
it will now be in a direction opposite to the first, or in the same
direetion as the current flowing through the conductor just
removed.

From these observations we obtain the following very im-
portant facts :—

1. If a metallic conductor, through which a galvanic current
15 flowing, be rapidly brought near to and parallel with another
metallic conductor, a current will be induced in the latter, but
its direction will be opposite to that of the former.

2. If the conductors remain stationary and the current of
constant strength, no such induced current will be observed to
continue,.

3. Il the inducing conductor be removed from its position in
proximity with the other conductor, a current will again be
observed, but it will now flow in a direction opposite to the
first—i, e., in the same direction as the current in the inducing
conductor.

4, If the current in the inducing conductor be of very de-
cidedly decreasing strength, a direct current will be observed in
the adjacent conductor.

5. If the current in the inducing conductor be of very de-
cidedly increasing strength, a reverse current will be observed
in the adjacent conductor.

6. If the circuit of the inducing conductor be broken, a mo-
mentary direct current will be observed in the adjacent con-
ductor. If the circuit of the inducing conductor be closed, a
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momentary reverse current will be observed in the adjacent
conductor.

The * faradic?’ current is the induced current.

The faradic and galvanic currents are practically the only
important ones in therapeutics. Some observers, however, of
late have been attaching increased interest Lo static electricity.
The eurrent flowing through the conductor connected with the
galvanic cell is called the primary cwrrent; the current induced
thereby in an adjacent conductlor is called the secondary current.

At each closure of the primary circuit a current is developed
in the secondary circuit, momentary in duration and opposite in
direction. At each opening of the primary circuit a current is
developed in the secondary circuit, momentary in duration and
in the same direction. Instead of straight parallel conductors,
coils of insulated wire, one within the other, may be used ;
a current passing through one inducing a current in the
other,

Generally the inner coil is connected with the galvanic cells,
thus forming the primary coil, and should consist of a compara-
tively small number of turns of a thoroughly insulated, rather
laree, copper wire.

The secondary coil should be made to slide over and completely
encirele the primary coil, but at no point to come in contact
therewith. It should have many more turns than the primary
coil, and the wire should be much finer. It also must be well
insulated.

The primary coil, when encireled by the secondary, is practi-
cally parallel thereto. Opening or closing, the primary circuit
will be followed by an induced current in the secondary coil,
governed by the statements above made. If the opening and
closing of the primary eurrent occur quickly and continuously,
they will be followed by a recurrence of rapidly alternating
currents in the secondary coil. It is by this method almost
exclusively that the faradic currvent is utilized in medicine,
The strength of current in the secondary coil is proportionate to
the number of turns in the primary coil, multiplied by the num-
ber of turns in the secondary.

Ruhmkorff's Coil.—This apparatus was constructed for the
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purpose of producing induced currents by means of alternately
opening and closing in rapid succession the primary eircuit.

The primary coil is cylindrical in shape and hollow, for the
reception of a soft iron bar or bundle of iron wires ; the second-
ary coil, also eylindrical in shape, is hollow for the reception of
the primary coil and iron contents. The primary coil is con-
nected with the poles of a battery, and the current therefrom,
alternately opened and closed, by means of an automatic ap-
pliance, whereby a current is induced in the secondary coil.
The wires should be well insulated. and to attain that end great
care is observed. The primary wire, about four times greater
in diameter than the secondary, is coiled first on a eylinder of
cardboard and surrounded by one of glass or other good insu-
lating material ; upon this is coiled the secondary wire. Nof
only should the wire be carefully insulated, by means of a silk
covering, but each separate layer of coil well coated with melted
shellac. The potential of the induced current varies with the
length and diameter of the wire.

Avrmament for Ropid Interruplion.— DBy this contrivance the
circuit of the primary current is completed by a hammer-tipped
spring capable of vibrating, resting upon a plate called the anvil,
and subject to the influence of the soft-iron bar within the coil.
When the circuit is made, the bar becomes a magnet, attract-
ing the hammer to itself, thus drawing it away from its resting-
place upon the anvil. This immediately breaks the circuit, the
bar is demagnetized, the hammer is released, and again assumes
its original position resting upon the anvil. This instantly re-
stores the circuit, and the process is repeated. So rapidly is the
eurrent made and broken by this means that the vibrations of
the spring hammer produce a sustained musical note. The
strength of current in the secondary coil depends largely upon
the number of turns in the wire which surrounds the primary
coil. If the coils are so arranged that the secondary may
oradually be drawn around the primary coil, the induced cur-
rent will be found to increase gradually in proportion to the dis-
tance traversed by the secondary coil in surrounding the primary,
and vice versa. The induced current will decrease proportion-
ately as the secondary coil is withdrawn from the position

R i
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encircling the primary, until finally a large diminution occurs
suddenly, when the primary coil is entirely unencircled by the
secondary, and the two coils stand end to end. This phenomenon
s much utilized in the construction of faradic batteries, for the
purpose of increasing and diminishing the current.

The same object may be accomplished with perhaps equal
facility by means of a metallic cylinder of sufficient diameter to
allow of its being inserted between the soft-iron bar and the
coil. The eurrent can be readily controlled by simply inserting
and withdrawing the cylinder. This phenomenon is of course
due to the fact that the metal intervening between the primary
current and the ivon bar prevents the lines of force from acting
upon it. When the cylinder extends over the entire surface of
the iron bar very little magnetism occurs, and the coil becomes
one without a core. The magnetic core intensifies the current.

Batteries,

One of the best is Otto Flemming’s make of the Du Bois Rey-
mond battery.

Fic. 22.

Du Bois Reymond.

The secondary coil is supplied with an appliance by means of
which it may be propelled over the primary coil. It is also pro-
vided with a double scale and a pendulum ; by means of the
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latter a slowly interrupted current may be used. It is not
portable, and for that reason is suitable chiefly for oflice and
hospital work. (See Fig., 28.)

Any cell of high electro-motive force and litile internal resist-

o
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ance may be used to furnish the primary current of a faradic
battery. It should admit easily of being cleaned and replen-

Fig. 28.

i

Slow Interrupter.

ished ; it should have an arrangement by means of which the
elements can be withdrawn from the fluid when not in use. The
current resulting from the pendulum or slow interrupter differs
somewhat in its character from the quick interrupter. When
the latter is used the current is reversed so rapidly that there
exists practically no choice of pole. The current associated
with the slow interrupter, however, approximates in character
the galvanic, and we have actually a ecathodic followed by an
anodic effect at each interruption. Figs. 26 and 27 combine the
galvanic with the faradic ; either may be employed at will.

Franklinic or Static Electricity.

This, as a science, may be said to treat of peculiar phenomena
exhibited by bodies when subjected to certain mechanical forces,
and of the results of these phenomena,

As a physical agent it is capable of developing immense
power, exhibiting itself chiefly by the properties of attraction
and repulsion,

Statical electricity is electricity in a state of rest, and 1s com-
monly developed by means of friction, being sometimes called
frictional electricity, Before the Christian era it was known
that amber when rubbed with silk assumed certain properties,
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such as that of attracting light bodies, Thales of Miletus
asserts that this power was due to the presence of a soul in the
amber which when under the influence of excitement left it and
returned with the lizht bodies. Tourmaline is the substance we
suppose the ancients to have meant by *¢ lupis lincurius,”® a sub-
stance possessing like properties. The functions of the electric
fish were also known, but that any relation existed was not sus-
pected by the early philosophers. But little advance in the
knowledgze of this subjeet can be traced until the reign of Queen
Elizabeth of England is reached, when Dr. Gilbert of that
country showed by aseriesof experiments that amber did not alone
possess these characteristics, but that other substances, such as
sulphur, glass, ete., claimed a share. To Dr. Gilbert, perhaps,
as much as to any one, may the credit belong of having founded
this science, crude, few and isolated though the facts were at
that early day.

The common experiment of rubbing a rod of glass with a frag-
ment of dry silk and the property it thereby develops of attract-
ing small pieces of paper, ete., is known to every schoolboy ;
likewise the fact of the paper after remaining in contact for a
certain length of time with the rod, suddenly seeming to be re-
pelled and flying off,

For many years it was supposed that only certain substances
possessed the quality of becoming electrically excited and they
were called electries, all other bodies being named non-electrics.
Now. however, it is known that the * electrics 7’ were simply non-
conduetors, consequently the ‘“mnon-electric’ are conductors.
Conductors, when ecavefully insulated, readily develop the
qualities of non-conductors, hence under certain circumstances
all bodies are electrics. The classification into conductors and
non-conduetors ‘is practically corrvect, so great is the diflference
of bodies in this respect. Dry gas is, perhaps, the only perfect
non-condunctor.

When a scrap of paper, after having been attracted by the ex-
cited olass rod, drops off, it is said to have become electrificd.

If an insulated conductor, having been electrically excited,
be placed in contact with a similar conductor, it will be {'mnrﬂ
to losec a portion of its electricity and both conductors “'311
be equally electrified, 1If the electrified body be very large in
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proportion to the other, but little of its electricity disappears ;
if, on the contrary, it be small compared with the other body,
much of its electricity will be lost ; while if the difference be
infinite or very great, as in the case of the earth, all evidences
of electrical excitement will be seen to disappear from the
smaller body.

Poor conductors are utilized to insulate good conductors, and
dry air is one of the best of insulators. Wlhen air becomes moist
it is much improved as a conductor hence experiments, ete, ;
with frictional electricity are best carried on in dry weather.

Conductors and Non-conductors,

When a rod of glass is thoroughly dried and briskly rubbed at
one extremity with dry silk the portion subjected to friction
will be found by means of the electroscope to be electrified, and
the other portion unchanged. This fact applies not only to
glass, but to many other substances, such as shellae, sealing-wax,
etc. But a rod of metal subjected to the same treatment will be
equally electrified over ils entire surface. From this experiment
it is evident that we have in nature good and bad conductors of
electricity, just as we have good and bad conductors of heat,
An important application of this principle consists in utilizing
the poor conductors to insulate good ones. The conductivity of
bodies is entirely relative and really constitutes the qu:niit_v
treated of in the article on galvanism under the head of Resist-
ance. The best conductor of electricity is not perfect, and the
worst does not entlively insulate,

The following substances compose a list of electric conductors,
the best being named first and the others following in order of
merit :—

All metals, Snow,

Well-burned charcoal, Living vegetables,
Plumbago, Flax,

Concentrated acids, Hemp,

Dilute acids, Living animals,

Saline solutions, Flame,

Spring water, Moist earth and stones,

Rain water,
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The following are non-conductors, in order of nron-con-
ductivity :—

Shellae, Wool,
Amber, Feathers,
Resin, Dry paper,
Sulphur, Leather,
Wax, Baked wool,
Jet, Porcelain,
Grlass, Marble,
Mica, Camphor,
Diamonds, Caoutchoue,
Ebonite, Chalk,
Gutta percha, Oils,

Silk, Metallic oxides.

Noperfect insulating substance is known ; electricity willsooner
or later escape by means of the insulating supporters and seek
its common reservoir, the earth. Glass is quite commonly used
as an insulator, but the moisture which accumulates upon it
offers a passage to the electricity which is eventually traversed.
It may here be noted that glass can be much improved as an
insulator by a coating of shellac.

Two Kinds of Electricity.

It has lone been known that different bodies seem to develop
different qualities when electrically excited. For instance, a
glass rod, after being electrified by means of rubbing with HLH-\
if approached to and brought in contact with a pith ball sus-
pended by a silk thread, the ball will, as we have seen above,
at first be attracted ﬂl‘ll‘i, to be afterwards repelled ; the ]niter
being now electrified will continue to be repelled by the glass rod
go lone as they both retain their electricity, but if a stick of
sealing-wax (electrified) be brought toward the ball immet diately
after it has been repelled by the glass, the former will be at-
tracted thereby more strongly than at first it was attracted by
the glass. Different explanations have been advanced to
account for this phenomenon, among them the theory of two

_
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fluids, but so far as absolute knowledge is concerned we are
perhaps as far from enlightenment as the ancients,

Theory of Fluids.

Franklin supported the theory of a subtle indefinable fluid per-
vading every substance and capable of a peculiar repulsive action
upon its own particles, each substance possessing a quantity
peculiar to itself in ils natural condition, By means of friction
this quantity increases in some substances, and is said (o be
positively electrified, DBy the same means other substances lose
a portion, and are said to be negatively electrified thereby.

Positive electricity attracts negative and repels positive.
Negative electricity attracts positive and repels negative.

The kind of electricity which may be developed upon a body
depends not only upon the substance of the body itself, but
upon the substance of the body with which the friction is
applied. For example, commonly glass assumes positive elec-
tricity, but if it be rubbed with the fur of a cat negative
electrification will result. The character of the surface is
also of much moment. A piece of rough glass rubbed with a
smooth piece of the same will result in the former developing
negative and the latter positive electricity. Silk ribbon rubbed
together will result in negative electricity being developed upon
the piece fransversely rubbed, and positive upon the piece
rubbed with its grain. Also, if portions of the same substance
having similar surfaces, but being of a different temperature, be
rubbed together, negative electricity will result upon the warmer.
Color, also, governs the kind of electricity in some instances :
thus, a piece of black silk rubbed with white will assume nega-
tive electricity, while the latter acquires positive.

Other Methods of Generating Electricity by
Means of Mechanical Force.

Some minerals, when pressed between the fingers, develop
electricity ; for instance, topaz, fluor-spar, and cale-spar, Tear-
Ing apart strite or laming, as of minerals, cardboard, ete., will
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produce the phenomenon, as will also vibrations. Other methods
not necessary to detail here produce the same results.

It is interesting to note that when two bodies are rubbed to-
gether two kinds of electricity arve developed at the same moment,
the one being positive and the other negative in an equal degree,

Electrical Induection,

It can be demonstrated by a well-known experiment that a
posilively elecirified globe, supported upon an insulator, will
electrify a neighboring eylinder (also insulated), even though
they be not in contact, the cylinder previously having been
neutral. It can also be shown that the portion of the cylinder
nearest to the globe will exhibit negative, and the most remote
extremity positive electricity. The ends of the cylinder will ac-
quire the greatest electrification, and this will diminish towards
the middle until a point is reached where no electricity exists.
If the globe be removed to a great distance from the cylinder, the
latter will again assume its previous unelectrilicd condition.
This phenomenon is entirely analogous to the facts already set
forth and observed in regard to galvanic induction, and is pro-
bably caused by the separation and induction of the combined
electricity upon the cylinder. If, now, while the globe is near
the eylinder the latter be connected with the earth, the positive
electricity will flow thereto and an equal quantity of negative
electricity will take its place upon the cylinder, and by means
of the force of attraction exerted upon it by the positively
electrified globe will increase the negative charge upon the end
near it. Then, if the connection with the earth be broken and
the globe removed, the cylinder will be found to be negafively
electrified and the whole cylinder will be equally charged. This
is sought to be explained upon the same theory as the polariza-
tion of molecules in the galvanie cell, the molecules of the air
being the intervening medium. By careful experimentation
Coulomb demonstrated the two following laws :—

1. Two electrified bodies attract and repel each other with a
force which varies inversely as the square of their distance.

9. Two electrified bodies remaining at a consiant distance

.. e
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from each other, repel and attract each other with a force which
varies directly with the product of the quantities of clectricity
with which they are charged.

It is also established that the electricity of a body occupies
the surface only, and is kept in that position by means of the
resistance offered by the air to its escape, and is driven from
the centre by its own self-repulsive force. This fact would
naturally lead to the conclusion that a hollow wire would at
least be equally serviceable as a conductor of a galvanic cur-
rent, but the relation is not borne out, for in the case of currents
the capacity depends upon the cross section of the conductor, a
fact important to bear in mind. A hollow wire is not so good
a conductor as a solid one.

The first frictional electrical machine was invented by Von
Guericke, the constructor of the first air-pump. Improvements

Fig. 29,

were subsequently added by Hawksbee, Winckler, and Rams-
den. In the first machine the hand was used as the source of
friction, imparting negative electricity to a globe of sulphur
revolving on an axis, the positive flowing through the body to
the earth,

5
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A modern modification of Ramsden’s machine is shown in
Fig. 20. It consists of a glass plate and two pair of rubbers
made of leather stufted with horse-hair, and coated with bisul-
phide of tin ; they produce the friction and are connected with
the earth by means of a chain. The reservoirs consist of two
cylinders of metal, hollow, and supported by glass pillars, their
ends being globular. From the end near the glass plate pro-
jeets a curved Y-shaped rod, armed with points to facilitate
the reception of electricity from the plate—ihe poinis, or comb,
extending to both sides of the plate, as in Figure 29 ; the other
ends of the cylinders are connected by a rod of metal, from the
cenfre of which projects a short additional rod, terminating in
a knob for the discharge of the electric spark. A brief ex-
planation of the phenomena exhibited by this machine is as
follows : When the glass plate is reyolved the friction of the
leather rubber upon it decomposes the electriecity, the posi-
tive seeking the glass, the negalive the rubber; the positive
electricity upon the glass plate as it approaches the brass
comb is attracted thereby, and passes thence to the cylin-
drical reservoir, which is called the prime conductor; negative
electricity passing from the comD in return is carried by the
glass plate to the rubbers; these being connected with the earth
receive positive electricity, which is atiracted strongly by the
necative they already contain. But this union is only made to
l}ﬁuﬂgﬂil‘l immediately disrupted by friction, the positive elec-
tricity flowing to the prime conductor, and thus reinforcing the
charge there contained, until, finally, the tension becomes so
high that it is discharged in sparks with a characteristic sound,

The Holtz Machine.

Many forms of electrical machines have been constructed.
Some are charged by friction and some by induction. The
Holtz machine, perhaps the best known of all, is of the latier
form, and develops great power. It was invented in the year
1865. in Berlin. Uncomplicated, this machine consists of two
uhmﬁdisks. varnished, one of which is made to revolve, the
other 1‘cmaining stationary. The stationary disk contains two
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openings, through each of which passes a paper strip with
pointed end, the base of each strip being fastened to the plate
above the opening; they are called the inductors. The plates
are close to and parallel with each other ; opposite to the open-

Fia. 30.

ings, but on the other side of the revolving plate, is placed a
pair of metal combs, joined by conductors to the poles ; the
revolving plate is made somewhat smaller than the stationary
one, and the paper points project in an opposite direction to the
motion of the revolving plate ; the latter has no openings. The
combs are connected with insulated conduetors, which are so
arranged that they may be approximated to each other ; they
terminate in knobs to facilitate the discharge of sparks,
Tooperate the machine the knobs of the conductors are hrought
together, and one of the paper armatures electrified by bringing
in contact with it, for instance, a negatively-electrified body ;
the glass plate revolving, both armatures become electrified,
one with negative the other with positive electricity. The
first armature being negatively charged tends to repel similar
electricity near it and attract the opposite ; hence, neeative
electricity will depart from the face of the revolyving plate near
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the armature to the metallic comb placed there to receive it,
while from the comb-points will flow to the plate positive elec-
tricity ; the other (second) comb, of course, also becomes nega-
tive, as it is in connection with the first, as above mentioned ;
thus, the glass plate passes from the first comb to the second
positively electirified. Upon reaching that point the second
comb discharges upon it neeative electricity, and receives from
it positive in return, and so the second armature also becomes
positively electrified by the discharge through its points of
negalive and reception of positive electricity ; the plate passes
on to the first armature negatively electritied, hence the first
comb will discharge positive eleetricity upon the plate, the
latter giving negative in return ; the armature will also attract
more negative electricity from the other side of the plate, owing
to its having a higher tension. Each time the revolving plate
passes the first comb it has im parted to it an additional supply
of positive electricity ; the same thing follows in relation tfo
the second armature; hence, both armatures become charged
with opposite electricity of constantly increasing tension. A
current of positive electricity flows from the second to the first
comb, and a negative current in the opposite direction. Upon
separation of the knobs electricity will leap from one to the
other.- The working of the machine requires that every portion
of the revolving plate must be charged with a diflferent kind of
electricity from that of the armature it leaves, and with the
same kind as that possessed by the armature it is nearing. To
accomplish this the conductors must be near enough to each
other for communication. The Holtz machine is extremely
sensitive to moisture, and works best in a very dry room. The
original machine has been improved by various additions, sug-
cested by different observers.

Effects Produced by Induction Machine.

The two rubbers of Ramsden’s machine being connected by
means of metallic conductors with the earth, and the insulators
and plates having been well dried with a warm cloth, the plate
is rapidly revolved, and the machine is in operation. If a finger
is presented to the prime conductor for a short space of time,

L
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a spark will be the result, accompanied by a sharp stinging
sensation in the part presented ; this is the result of induction,
the finger possessing induced negative electricity, as a result of
positive electricity contained by the prime conductor, the tension
increasing until the resistance of the air is overcome, when the
spark occurs. In a darkened room the latter is plainly visible.
By employing a hollow-metal conductor of globular shape, with
a well-insulated handle, long sparks may be obtained, because
a greater quantity of negative electricity may be thus accumu-
lated., Through a short distance the spark will take a straight
course ; through a -long distance a zigzag course, resembling
lightning, Under favorable civcumstances, 1. e., dry air, ete., the
machine will emit a peculiar hissing sound, and bright, luminous
so-called brushes may be seen issuing from points of the con-
ductor. When the electricity is not otherwise conducted away,
bright sparks frequently tly across the plate between the con-
ductor and the rubbers. It has been observed that positive
electricity affords larger brushes than negative. If a person be
placed upon a platform supported by glass feef, 4. e., insulated,
and connected with the prime conductor, he will become elec-
trified, and sparks may be obtained from any portion of the
body, even through the clothing ; the resistance offered causes
the spark to emit a distinct report, together with a stinging
sensation. The hair of the subject, if of the proper length, will
stand on end and separate. If a point be made to terminate a
portion of the conductor, as in

F1e. 31,

Candle with flame deflected.
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the electricity will create a distinct breeze or current of air,
easily distinguished upon the open palm, and well illustrated by
the figure, which shows the flame of a lighted candle swept
from its natural course by the current. The discharge of elec-
trie sparks also decomposes the atmosphere forming ozone, which
is readily recognized by its odor.

The Leyden Jar,

Electricity may be condensed until extremely large charges
accumulate., This is accomplished by means of two conductors,
separated by a glass plate or non-conductor, one of the con-
ductors being connected with the earth, the other with the
prime conductor of a machine, as in Fig. 31 ; the conductor

Fia. 32.

in eontact with the machine becomes charged with one kind of
electricity, while the other becomes charged with the opposite
kind, which is held in position and drawn from the earth by the
power of the glass plate or dielectrie. It is upon this prineiple
that the Leyden jar is constructed ; a glass jar 1s coated or lined
both inside and outside with tinfoil, sufficient space being left un-
coated above to prevent union of the opposite charges taking
place ; the mouth is closed with a well-baked wooden cover,
~perforated by a rod suspending a metallic chain, which exiends
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to the bottom, thereby connecting the rod with the inner lining
of the jar. The upper or external extremity of the rod consists
of a knob, by means of which connection may be readily made
between the inner and outer coats, the common means of com-
munication being a jointed discharger with an insulating handle.

To charge the Leyden jar, one of the coatings
should be connected with the prime conductor
of the ordinary electric machine, and the other
with the earth, it being immaterial which, If
the Holtz machine be in use, it is evident that
one conductor should connect with the inner
coating of the jar, the other with the outer.
A battery of Leyden jars can be constructed
by arranging several jars upon a sheet of any
good conducting metal, and connecting all the
inner coatings by means of chains or rods ex-
tending from one knob to another. It may be
charged by connecting one jar with a machine,
as above directed. The usefulness of the Ley-

Fic. 33.

den jur is best displayed where great intensity is desired, its

Fia. 34.

Patient being treated with Static.

capacity depending upon, within limits of course, the thickness
of the glass, the intensity increasing with the thinness of the
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glass, and upon the size of the jar and the extent of surface coated,
The Leyden jar may be discharged by bringing the outer and
mner coatings into connection with a conductor. Combustible
matters may be consumed by means of the Leyden jar, and a
fine metallic wire may be heated and even fused thereby. After
discharge and a short interval of rest, one or two additional,
though diminished, discharges may be obtained, and are called
the residual charges. Lightning and the discharge of the Leyden
Jjar possess the same characteristics—even a small jar commu-
nicating a very perceptible shock to a subject, a large one being
capable of producing death.

Fig. 35.

Patient being treated with Static.

Morton, of New York City, writes concerning a “‘new sys-
tem of therapeutic administration of static electricity.” By
means of cerfain ingenious apparatus he claims to transform
the old spark effect of the influence machine into a current
capable of most, if not all, of the uses formerly supposed to be
possessed by the galvanic and faradic currents only. The
application may be made by means of moistened sponge or
cotton electrodes, precisely similar to those already described in
a previous page. The spark feature is not abolished entirely,
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Fia. 36.

Patient being treated with Static.

Fic. 37.

Patient being treated with Statie.

but is arranged to occur at a distance from the subject under
treatment, but of course forms part of the circuit with the
patient. The electrode, which the author calls the static uni-
versal electrode, is represented in Fig, 38.

The spark occurs between the two balls ; the latter may be
separated or approximated by means of a trigger.

The advantages claimed for this method are strone contrac-
tions of muscles with little pain ; while the motor filaments are
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excited, the sense of pain seems abolished. Morton claims that
in this relation it may prove a valuable substitute for ordi-
nary massage. If further research confirms this view, it would
amply reward the investigator, massage as a factor in modern

Fig. 38.
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treatment having assumed such pre-eminent importance in its
proper sphere, In this connection the author claims that no
form of electricity acts as a ** more energetic’’ stimulus to nerve
and muscle than this. If this ¢an be demonstrated, consider-
able advance has been made, nerve and muscle irritability being
of course different in character,

‘¢ The second prominent characteristic” is its power of alleviating
pain, the author claiming a ‘‘specitic analgesic quality for the
current’’ entirely separate from its influence upon the circula-
tion and lymphatics ; sciatica, ovarian pain, and the pain due to
tonsillitis acuta, are, he states, quickly subdued. In this respect
he believes his system will prove decidedly more efficacious than
either faradism or galvanism ; the latter, however, he concludes,
may, in certain cases, succeed in relieving pain where the ** new
system fails,” owing to its superior electrotonic, polar, and elec-
trolytic qualities. The author advances a theory by way of ac-
counting for the analgesic effects of his system, in which the
results are attributed to a vibration set up in the sensory nerve-
filaments, whereby the power of transmitting impressions is
suspended, the alternations of this current being extremely
rapid. The author also hopes at a future time to be able to
show that this current is capable of penetrating quite as deeply
into the human tissues as the galvanic—perhaps more deeply.
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Dr. Morton has named his discovery *‘ The Franklinic inter-
rupted current.”

Many different methods may be employed in the treatment of
diseases by static electricity, a great advantage being claimed in
that the patient need not disrobe. One earnest advocate of its
value as a therapeutic agent writes of having relieved a female
patient from the suffering induced by a bunion—he drew a spark
(not the bunion) through the shoe.

The Physiological Effects of Electricity.

Having now given within certain limits anextremely condensed
and, we trust, simplified outline of electricity as it exists and is
generated, we pass on to the important subject of its physio-
logical bearing and application to medical diagnosis and treat-
ment. We have not made even an attempt to discuss theories
or mathematical demonsirations ; the scope of this little work
being simply to lay before the average medical student and prac-
titioner, unacquainted with the more advanced physics, sufficient
knowledge of the subject to construct a battery and use it in-
telligently, both in treatment and diagnosis. First in order of
importance the physician’s equipment should be discussed ; but it
will be more convenient to describe the instruments in detail in
connection with their application. Ina general way, a physician
should be supplied with a galvanic battery of a sufficient number
of cells, fifty Le Clanche cells or modifications thereof answer-
ing every ordinary purpose. These should terminate in binding
screws, located in a convenient part of the office for the attach-
ment of reophores—i. e., insulated copper-wire cords or conduc-
tors, by means of which the current may be conveyed throuch a
current controller, thence by additional cords through a milli-
ampere meter ; from the meter reophores should conduct the
current to electrodes, by means of which doses may be adminis-
tered, The chief qualities of a battery, as stated previously,
are convenience and cheapness. The requisite of being able to
bring into use any stated number of the battery cells is, to a very
great extent, obviated by the use of the eurrent controller. All
the cells may be in circuit, yet only a certain quantity of cur-
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rent can pass through the instrument at the will of the opera-
tor. For electro-cautery work, it may be desirable to utilize
the full current of a few cells arranged for the purpose. For

outside work, great advance has been made in construction of

portable galvanic batteries, but it is probahle that more or less
inconvenience will always attach to this branch of the subject.
As has been stated, a commutator, or polarity changer, is of the
utmost importance. A good one is represented in Fig. 39, It

Fig. 39.
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consists of a *“split button’ or circular disk of rubber or olher
suitable insulating material, the circum ference bound with brass,
which is entirely cut away at two diametrically opposite points,
¢ and y in Fig. 39. Four conducting wires, with binding-screw
attachments, lead to four springs, b, ¢, d, b, resting upon the brass
circumference in such a manner that a positive current entering
at n will take the course to b, and by way of brass circumference
through b to p; the electrode altached to the binding screw p
consequently being the anode, or positive pole. If now, by
means of a shaft, the disk be partly revolved so that the cut-
away portions occupy a position corresponding to the points a1,
a positive current entering at n would take the course n, b, d, 0;
thus. an electrode attached to the binding post o becomes the
anode. By this simple device either electrode may be changed




PHYSIOLOGICAL EFFECTS OF ELECTRICITY. T7T
L ]

from positive to negative instantly. It is equally important
that the commutator should not only be capable of reversing
the current, but also of rendering the circuit closed or open as
desired. _

The galvanometer, at first only recognized as a means by
which the passage of a current could be kuown, is now useful
in the form of a milliampere meter to measure the quantity of
the current. It is absolutely necessary for exact scientific diag-
nosis and treatment.

The effect of a certain current strength differs with the size
of the electrode.

The reophores should consist of well-insulated flexible copper
wires about 2 mm. in length. They are commonly insulated by
means of rubber covered with silk. The rubber protects them
from moisture, which would interfere with perfect insulation.
The connection between binding screw and reophore should be
as thorough as possible,

Metallic electrodes are of unlimited variety and should be pro-
vided, when necessary, with insulated handles for the grasp of
the operator. The applied portion should be covered with
sponge, or preferably, owing to cleanliness and facility of re-
newal, with absorbent cotton moistened with a warm saline
solution to promote conduction.. This covering was suggested
first by Massey of Philadelphia.

For precise localization, such as nerve-branches, motor points
of muscle, etc., electrodes terminating in a small knob should
be used. Erb denominates an electrode of this sort, the cover-
ing of which does not exceed (} inch) 4 etm. in diameter, a *‘fine”
electrode ; one not exceeding (¢ inch) 2 ctm., a *‘ small’’ elec-
trode ; one of (2 inches) 5 etm., *“mediwm,;”” one not exceeding
(21 inches) 6 ctm. wide by (4} inches) 12 ctm. long, ‘ large.”
Electrodes.of greater size than this are called by the same emi-
nent authority ‘* very large.” These, he states, will rarely be
required,

The electrodes should be readily adjustable by means of a
screw to the handle, and a handle, such as previously described
with interrupting arrangement, is often useful. The covering
of electrodes should always be moistened with warm saline
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water, because salt renders the fluid more conductive, and
without moisture the epidermis is an extremely poor conductor,
Warm water is a better conductor than cold, and is also much
more agreeable to the feelings of the patient, Erb, however,

Fig. 40.

Various Electrodes,

remarks that he has long discontinued the use of salt, owing to
its cansation of more marked burning of the skin, production of §
stains upon clothing, and destruction of electrodes by electrolysis.
Special electrodes for special purposes will be required, among
which may be mentioned the faradic brush, often an extremely
effective agent, and electrodes applicable to diseases of the rec-
tum, uterus, pharynx, larynx, bladder, and, in fact, of most of

the organs of the human body.

The field of usefulness occupied by electro-therapeutics ex-
tends over the ground of both treatment and diagnosis. In
the latter it may, indeed, with safety claim infallibility within
certain limits.

For the purpose of treatment the human body may be looked
upon as a conductor, subject io all the laws bearing upon the
distribution of the current through a conducting mass.

Organic tissues are poor conductors and may be looked upon
as saline solutions, which vary in amount of dilution, supplied

e
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by the fluids of the body. Muscular tissue conducts much better
than bone, the latter being one of the poorest conductors in the
body. The transverse resistance of muscle and nerve tissue has
been found to much exceed the longitudinal resistance—a fact
leading to the assumption that moisture alone does not govern
its conductivity. The skin of the human body offers by far the
areatest resistance to the flow of the current ; so much so, in-
deed, that all besides may almost be ignored. The cellular con-
stituents of the mucous layer may be considered to resist the
current to the same extent as other animal tissue, but the dry,
horny epidermic layer possesses an extremely high degree of
resistance and is practically a non-conductor, which can be ren-
dered pervious only by the application of moisture. If the
human body were indeed entirely covered with the horny epi-
thelium, our apparatus, as now used, would be inadequate. It
is the various gland-ducts, hair-follicles, ete., containing fluids,
which afford a means of ingress to the mucous layer and thence
to the internal tissues and organs. This readily accounts for
the different rates of resistance met with in different portions of
the body and in the same portions upon diflerent individuals, -

Occupation, sex, nationality, and age all influence to a greater
or less extent this resistance. Portions of the surface habitu-
ally exposed to the atmosphere differ from those commonly
covercd. With precisely similar circumstances the galvano-
meter will indicate a different deflection of the nn:u::die for dif-
ferent portions of the skin in the same individual and for the
same portion in different individuals, the latter being the more
striking. The conduetivity of the skin increases with the dura-
tion of the application of the moist electrode, owing to the
increased congestion of the part, the moisture, and perhaps to
the LlLLLlUtﬂ-l‘llL effect of the current—a fact very important to
bear in mind. Anything promoting the increase of blood in
the locality will increase its conduetivity. A marked difference
exists in the conductivity of the integument between the young
and the aged. The skin of infants and children, however, offers
considerable resistance. For these reasons it is evidently a
matter of paramount importance in the treatment of every
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patient to make a careful preliminary trial with the milliampere
meter,

It has been observed by Erb that more resistance is offered to
a current from scapular region across to scapular, with the elec-
trodes nearly approximated, than from nape of neck to popliteal
space—a point worthy of note. The depth of the cuticle is
pretty much the same at all points, and as it is the sur-
face extent chiefly that governs the resistance, the size of the
electrode becomes an important factor, A certain density of
current is necessary to produce desired therapeutical results.
The density of a current may well be likened to the strands of
a cord. If these are unwound and permitted to form a loose mass,
they represent a current of little density, but if, on the other
hand, the strands are tightly gathered together into a compact
mass, or cord, they then represent a current of great density.
The strands are the same in constituency and number in cither
case, but the results obtainable from them in their different con-
ditions are far otherwise. Many more strands of electricity
may be applied to a given space, if the current be of consider-
ble density, than if the reverse obtains, and the effects will be
proportionate. If the current of electricity enters the body
from two ordinary electrodes, the number of threads of elec-
tricity depending upon the streneth of current diverge from
the electrodes and extend over the entire body. The greatest
density, however, exists In the immediate neighborhood of the
electrodes. If the electrodes are equal in size, the current
will be of equal density at either pole ; 1f not, the greater den-
sity will exist at the smaller electrode. Decper in the body, the
oveatest density will naturally be found to exist in a straight
line between the two electrodes. Of course, the density dimin-
ishes enormously almost immediately after penefration of the
skin, the strands bellying out in their diffusion through the
body. (Figs. 41 and 42.) All portions of the body are said to
contain some threads of a current passing through any part of
it, but outside of the zone of greatest denmsity—i. e., siraight
line between the electrodes—they are so few and unimportant
as to become unworthy of consideration, A clear conception of
this is necessary to the proper application of this force to thera-
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peutics and the accomplishment of desired results. A glance at
Figs, 41, 42, 43 and 44, will render the idea more simple. If

Fig. 41. Fig. 42,
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the part under treatment is deep-seated, the electrodes should
be large and placed far apart, for the nearver the electrodes to
each other, the greater the proportion between the threads of cur-
rent of greatest density and those of least, the greatest density
being superficial. If the part to be treated is of considerable,
size and near the surface, two equal medium-sized electrodes
should be used, applied close together, and in near proximity
to the spot. (Fig. 43.)

If it 1s desired to treat a point near the surface with a cur-
rent of certain density, Lwo electrodes should be used, one quite
simall, the other as large as possible ; the small one applied to
the immediate vicinity, the large one as far distant as possible.
The effect depends largely upon the difference m size of the
electrodes ; if one should prove so small that its resistance ob-
struets the current, it must be overcome by increasing the
strength of the current.

For the treatment of any deep-seated organ the electrodes, as
just stated, should be large and located far apart. A typical
illustration may be cited in the treatment of the spinal cord, the
object being to apply the electrodes in such a manner that the
diseased part will, so far as possible, be situated in a’straight
line between the two electrodes. (Ilig. 44.)

It has been observed by Helmholtz that the galvanic current
disperses more effectively through deep-seated parts than the
faradic. This fact is important,

Electrolytic Action of Electricity.

The physiological and therapeutic action of the currents can
be better appreciated with some knowledge of this subject.
Electrolysis is simply the decomposition of any substance by the
galvanic current, the electrodes themselves remaining intact.
This action was first demonstrated by Carlisle and Nicholson
early in the present century by the decomposition of water. It
has been found that a molecule contains two constituents, one
electro-positive and the other electro-negative, and that when
it is subjected to the action of the galvanic current one of them
will be attracted to the cathode and the other to the anode.

_
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Faraday named the negative electrode the cathode (written Ca.)
and the positive the anode (written An.) or the descending and
ascending currents respectively. The substance decomposed is
called an electrolyte and its constituents are desiguated ions, the
one attracted to the anode being an anion, the one attracted to
the cathode a cathion. This phenomenon is due to a chemieal
change occurring at the points of entrance and departure of the
galvanic current. In some cases gases are liberated at one or
other of the electrodes, in others metals or solutions of them,
When the electrodes of an ordinary galvanic battery consist of
platinum plates and they are immersed in a vessel of water, if
the battery be of sufficient power bubbles will soon appear upon
both plates, oxygen constituting those upon the anode, hy-
drogen those upon the cathode. If a saline solution be substi-
tuted for the water, the alkaline element will be attracted by the
cathode, the acid by the anode ; in other words they will be set
free at the above-named poles. A substance must exist in solu-
tion in order to be susceptible to decomposition by electrolysis,
so that the molecules may be readily separated. Assuming the
platinum electrodes to be immersed in a solution of copper sul-
phate, we would find that the plate through which the current
enters the fluid remains unchanged while the plate through
which the current departs is coated with a deposit of copper.
The copper in the solution would be found upon examination to
be diminished by a quantity precisely equal to the amount found
upon the electrode. This is simply an illustration of a very
general law that in similar cases the plate through which the
galvanic current departs, and that plate only, is the recipient of
deposit, and the amount of deposit isin direct proportion to the
strength of current of electricity.,

It is a fact worthy of mention, though perhaps of no peeuliar
importance to the therapeutist, that not only a separation of the
molecular consfituents takes place but also a movement of each
to its proper pole. Davy demonstrated this years ago by means
of a solution of sodium sulphate contained in two vessels and
connected by a bundle of asbestos previously well moistened in
the solution. Into one vessel was immersed the positive and
into the other the negative pole of a galvanic battery. After a
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time he found that one vessel contained the sulphuric acid and
the other the sodium, The same phenomena will oceur if the
two vessels contain any number of different saline solutions, all
of the metallic bases oceupying the vessel in which the negative
pole is immersed, and all the acid radicals the other. This will
take place through any number of similarly connected vessels,
limited only by the accumulated resistance, if all the resulting
compounds of molecules are soluble ; but if, in any one of the
vessels, molecules combine to form an insoluble compound, it
will simply be precipitated and thus cease to form part of the
solution.

It should be observed that in electrolytic as in all other elec-
trical phenomena, like attacks unlike, the electro-negatives going
to the anode and the electro-positives to the eathode.

Electrolysis also oceurs in the human body, . e., animal tis-
sues. The galvanic current possesses decidedly the greatest
amount of eleetrolytic power, so much so indeed that the
faradic and static currents may in this connection be oyer-
looked. This is explained by the fact that the induced current
is so momentary in duration,

Cataphoresis.

This is a purely mechanical effect of the galvanic current, and
is simply electrical osmosis. It is necessary that the student
should have at least an outline of its action, for experiments
tend to show that medication may, to some extent, be facili-
tated by its use. The direction of the osmotic action is with the
um*rn.-m; but solid particles suspended in the solution have been
ohserved to take an opposite course. Tt isof evident importance
to hold this peculiar phenomenon of electricity in mind as further
developments are heing sought.

‘Effect Upon Nerve.

Anv worker in the physiological laboratory can without diffi-
culty study and verify the unvarying effects of the agent under
discussion upon themervous system,

L e R |
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An electrode, through which a galvanic or faradic current is
flowing, applied to a normal motor nerve will result in the con-
traction of the muscles supplied by that nerve, provided the
current be sufficiently strong and interrnptions made.

This effect of the galvanic current occurs practically only at
the moments of closure and opening of the circuit. A gradual
increase or decrease of the current strength will ecause no mus-
cular contraction, but a sufficient increase of current made sud-
denly or a similar decrease of the same will produce this result.
Therefore a galvanic current applied to a motor nerve will pro-
duce no muscular contractions if constant or very gradually in-
creased or diminished even if it be increased to great strength.
T he galvanic current is effective in causing muscular conlraclions
only at the moment of opening and closing the circuil.

The faradic current also causes contractions of the muscles
supplied by the nerve stimulated, the contractions being stronger
following the opening than the closing current ; but if the cur-
rents succeed each other with the rapidity of ordinary batlteries
employing the rapid interrupter, no distinction is possible, and
the muscles assume a continuous tetanoid contracture. Much
labor has been devoted to the subject ¢ of museular contractions
caused by electricity,”” and very accurate and definite resulls
have been achieved. The same may be said as to its action
upon nerves, In order to test the effect of thus *‘ stimulating™
motor nerves, one electrode should be placed upon the isolated
nerve, the other upon an indifferent point, e. g., the sternum or
spine. A sufficiently strong galvanic current will, as we have
seen, cause contractions of the muscles controlled by the nerve
if both be in a normal condition. The important point, however,
to remember is that under these circumstances both poles do
not possess equally the power of producing this effect : the cath-
ode is stronger than the anode; that is to say, the weakest current
capable of inducing the slightest contraction with the cathode
in place will cause no contraction whatever with the anode in
place. This above-mentioned contraction oceurs upon closing
the circnit. The result is written thus : Ca. Cl. C., 4. e., ealhodic
closing contraction. IF the poles be now reversed, making the
anode active, the current being increased to a certain point,
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a contraction will oceur upon opening the cireunit : Ca. CL C. being
also obtained, and stronger than before, The second contrac-
tion is called anodic opening contraction, and is written An. O, C.
(T'his contraction occurring in this sequence refers only to gal-
vanic stimulation as applied to the isolated nerve direct; when
applied to the muscle tissue as ordinarily practised, anodic
closing contraction (An. CL C.) follows Ca, Cl, C.) The current-
strength being still further inecreased to a certain puint, mus-

- cular contraction will follow closure of the cireuit with the
anode in contact with the nerve, both of the previous contrae-
tions also occurring more vigorously than hefore and the more
markedly in their order of occurrence ; finally, a contraction will
occur if the circuit be opened with the eathode in nervous con-
tact, but the current required to produce it is unbearable., The
peripheral portions of nerves are less irvitable than their cen-
tres. The above reactions assume the nerve laid bare and the
glectrode applied immediately thereto, This gives, for a nor-
mal galvanic nerve reaction, formula—

Ca.Cl,C_>An.0.C. > An. Cl. C.>Ca. 0. C.

When the electrode of a galvanic battery is applied to mus-
cular tissue, contractions also occur ; but the normal sequence
or formula differs somewhat from the normal nerve reaction,
and will be found as follows :—

With the weakest current, contractions will oceur with the
athode in position upon closure of the cireuit (Ca. Cl. C.) ; upon
increasing the current, the next contractions will ensue upon
closing the circnit with the anode in position (An, Cl. C.) : this
will be followed by contractions upon opening the circuit with
the same pole in place (An. O. C.) ; but, like the final contraction
(Ca. O. C.), this requires a very strong current— too strong for en-
durance. This gives, for a normal muscle reaction, formula—

(a. 0l C. >An. CGLC >An 0.0, >Ca0. G,

With a very strong current, the ensuing contractions, instead
of being short, sharp, and quick in character, as they always
are in health to moderate stimulation, become long in duration,
slow, and tetanoid. After the electrodes have been applied for
a considerable length of time, the current flowing, it has been
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observed that the nerve irritability has decidedly inereased, and
that contractions more readily take place. Experimenls upon
the healthy human being are naturally surrounded by many
and often insurmountable obstacles ; therefore, it can be readily
understood how much more certain and accurate are the obser-
vations of the physiologist. To observe the normal muscle re-
actions of a subject, the anode should at first be placed upon an
indifferent point, as the sternum or spine, and the cathode upon
the epidermis where the entrance into the muscle of the motor
nerve is most superficial ; the current is now gradually turned
on by means of the controller and interruptions occasionally
made with the button upon the interrupting electrode handle :
when the requisite current-strength has been obtained, contrac-
tions will oceur at each closure of the circuit (Ca. Cl. C.). Now let
the current be reversed by means of the commutator— the former
cathode thereby becoming the anode—and interruptions will
produce no contractions; but, upon increasing the current to
a certain point, contractions will follow each closure of the circuit
(An. CL C.), the first contraction (eathodic) also oceurring, and
stronzer than when first observed. With a still further increase
of current, contractions will appear when the circuit is opened
with the anode in place (An.O.C.); and with a very strong
current—indeed unendurable—ecathodic opening contraction
(Ca. O. C.) may be noted. To obtain the anodic opening contrac-
tion the eurrent should be permitted to flow uninterruptedly
through the tissues for a brief period of time and then the in-
terruption made, the continued action of the current having been
observed to facilitate the occnrrence of this contraction.!

In all examinations it should be an invariable rule to make
use of the milliampere meter and cavefully register for future
reference the amount of current required to produce the various
contractions. In this way as much scientific accuracy may be
attained as our present knowledge permits ; without it all re-
sults must be inaccurate and unreliable. It is superfluous to
state that in order to transmit a current through the human
body both poles must be brought in contact therewith. The pole
in proximity to the nerve which supplies the muscles under ex-
aminationis called the active pole; the other, placed at a distance

1 See last paragraph of Preface.
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—i. €., the sternum or spine—called the indifferent pole : this
constitutes the polar method of examination. A long-existing
controversy as to whether muscle tissue in itself is susceptible
to the influence of electricity, or whether it contracts solely in
response to irritation of the nerve-filaments supplying it, seems
Lo be satisfactorily settled, independent muscular irritability
having been thoroughly demonstrated. This is a fact of con-
siderable diagnostic and prognostic importance. It lhas been
observed that the faradic current has less influence upon mus-
cular tissue than upon the motor nerve supplying it, due per-
haps to the short duration of each faradic current. The gal-
vanic confraction of muscular tissue takes place chiefly upon
closure of the circuit ; in exceptional cases opening contractions
occur, but generally only from an increase of current, and after
a continued interval of closure during which the current is Aow-
ing and rendering the tissues more irritable, The muscles re-
tain a certain amount of contraction for an interval of time
following both closure and opening of the cireuit if the current
be sufficiently strong ; this is called closure and opening dura-
tion contraction, indicated by D. To the rapidly interrupted
faradic current the muscles react with a steady tetanic contrac-
tion, depending for strength upon the amount of current and
the proximity of the active electrode to the motor nerve, i. e.,
the entrance-point of the nerve into the muscle,

i Normal muscular tissue should react with a prompt, quick,

| lightning-like coniraction to the moderate stimulation of the
galvanic current upon closure of the circuit,

Electrotonus,

When a galvanic current is passed through a motor nerve it
exerts an influence throughout its entire extent, but most de-
cidedly in the region of contact of the electrodes : in the neigh-
borhood of the anode this influence is decreased ; at the cathode
the reverse takes place and the irritability is increased: the
former is called anelectrotonus, the latter catelectrotonus.

Satisfactory results have by no means been attained by inves-
tigation of this subject as applied to living human beings ; never-
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theless, it may be assumed that the phenomenon of electrotonus
has been, in the human being, definilely established. This
phenomenon is most intense throughout a straight line from
pole to pole.

Effect of the Galvanic Current upon Sensory
Nerves.

The application to a healthy subject of a certain sirength of
the galvanic current produces a peculiar, characteristic sensa-
tion, as of innumerable pin-pricks, which is soon followed by a
steady, burning pain ; this is thought to be largely due to the
electrolytic action of the current. This effect of the current is
apparent both at the point of application and throughout the
distribution of the mnerve. The sensory impression, in its
strength and action, follows a rule very analogous to the
motor eflect—1i. e., it is felt most decidedly at the moment of
closing and opening the circuit, the cathodie closure being the
strongest.

Faradism produces at each opening and closing of the cireuit
a burning, pricking sensation, which is also distributed to the
peripheral extremity of the nerve within touch of the electrode ;
if a dry electrode be applied, as the faradic brush, very severe
and painful sensations of burning will result. Experimentation
upon isolated sensory nerves has been unsatisfactory in exact-
ness of detail ; but it seems to be agreed that every distinct
muscular contraction carries with it at the same time a peculiar
sensory impression altogether separate from that of the integu-
ment. |

Experiments upon the Nerves of Special Sense in the healthy
human subject have proved quite satisfactory, the faradic cur-
rent possessing little or no influence; the galvanic very con-
siderable. Application of the electrode to the eye causes a
sensation of flashing light upon making and breaking the cur-
rent, the color of the light varying in a manner somewhat
analogous to the rule of muscular contractions—i. e., Ca. CI.
being the strongest ; moreover, the pupil may be made to con-
tract and dilate in response to the current.
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By stimulating the auditory nerve characteristic results may be
obtained of sound, varying in intensity. The sense of taste can
likewise be elicifed by galvanism, and is present continuously
during the flow of the current and not only upon making and
breaking the circuit. The sense of smell has only heen slightly
brought into play by means of electricity. The secretions and
vaso-motor nerves are both affected by electricity. The sym-
pathetic system, obscure in itself, is also responsive to the
action of electricity. It is believed that faradization of the
cervical sympathetic results in dilatation preceded by contrac-
tion of the vessels upon the same side of the face, together with
other physiological actions, such as increased rapidity of the
heart’s action, dilatation of the pupil, ete.; while galvanism
produces much less marked phenomena. Application of elec-
tricity to the skin causes redness—hypersemia produced by
dilatation of the capillaries ; this effect is much more marked
following the use of the faradic brush than from moistened
electrodes, The galvanic current creates distinct redness and
even a papillary eruption of the skin, followed by desquama-
tion ; while stronger currents produce still more decided re-
sults, Faradization of the brain is ineffective, but galvaniza-
tion is followed by posilive rvesults. Vertigo is very generally
observed as one of the earliest effects of galvanism of the brain,
and with sufficient current may extend even to staggering and
falling, the effect being greater with a transverse current than
an mitem—posteriﬂr one ; but this is much more important as a
subjective than as an objective symptom. Vertigo is often con-
tinuous with the flow of the current. Nystagmus may also occur,
accompanied by a certain amount of confusion of thought. The
spinal cord should be reached by means of large electrodes. Ex-
perimentation upon the lungs has not resulted satisfactorily.
Galvanism may produce contraction of the aall-bladder if ap-
plied externally over that region. Many of the functional ac-
tions of the muscles of the pharynx, larynx, and cesophagus
may be brought about by electricity, as also those of the stomach
and intestines. Contraction of the bladder promptly results from
properly applied stimulation of the neck and walls of that organ.

The cataphoric effect of electricily may prove of considerable
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service, and has been utilized to promote the passage of salts
through parts of the human body. '

The action of electricity in disease is obscure and not yet
susceptible of elucidation ; it is, however, probable that changes
of different nature take place in the tissues of the body, there-
by altering its nulrition,

Electrical Examination of Nerves and Muscles.

To examine nerves and the muscles they supply the current
should be applied as directly and in as circumscribed a space as
possible ; the milliampere meter should invariably be used and
the current carefully measured, the object being to bring the
current into localized action upon the nerve-trunk with as little
dispersion into surrounding tissue as practicable. Toaccomplish
this, a small electrode should be selected for the active one,
greater density being thus secured, but this is of course not
without limit, for, if the electrode is very small, the resistance
becomes too great to permit a proper flow of current. A con-
venient size for diagnostic examinations will be found be-
tween the diameters of one-half and one inch. The indifferent
electrode, upon the other hand, should be quite large, the only
limit being convenience of application ; by this means the cur-
rent is practically only effective at the point of application of
the active or denser electrode. The large electrode should be
placed upon an indifferent point, 4. e., the spine or sternum, the
latter being commonly preferable because of the comparative
absence of merves and muscles which might otherwise more
or less interfere with the examination, and also because Lhe
patient may, with facility, assist the operator by holding the
electrode in position.

The normal parts should, invariably, be examined first, and
comparison made with the diseased parts. The examination
should always be conducted in precisely the same manner, and
it is often desirable to use the same battery and appliances if
results are for comparison,
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Quantitative Examination of Nerves and
Muscles.

The method in use with the faradic current is simply to note
the amount of primary coil necessary to cover with the sec-
ondary in order to produce the slightest contraction of the
muscles under observation, or, in another form of battery, the
length of cylinder withdrawn in order Lo cause the same result
with the proper electrodes in position. Symmetrical portions
of the body should be compared, the current being the same, 1t
the disease be unilateral, but when parts localed in different
portions of the body must be compared, great uncertainty enters
into the result ; the uncertainty is considerably enhanced where
comparison is made with another and a healthy body, as the
resistance of individuals varies greatly. In order to still further
eliminate the elements of uncertainty from electrical examina-
tions, Erb entered into an extensive line of investigations, from
which he has established the fact that a constant relation exists
between resistance offered by the four principal portions of the
body, and he avers that any very appreciable variation from his
standard may be looked upon as pathological ; consequently,
changes may be noted in a patient froman individual examination
without further comparison. Toillustrate this, the same learned
writer selects certain nerves, and with a medium-sized electrode
notes the amount of eylinder withdrawn, or the amount of coil
covered, necessary to cause the minimum m uscular contraction
with a faradic current. The faradie current should always be
used first because it promotes no change in resistance.

With the same electrode now attached to the galvanic battery
and well moistened, the deflection of the milliampere meter needle
is next noted ; a definite strength of current being used and not
interrupted, i. e., ‘*stabile.”” Application is of course made
to ihe same localities previously examined- with the faradic
battery, the cathode being used as the aciive pole. The points
selected should be corresponding nerves on both sides of the
body. The current noted should be the weakest capable of pro-
ducing museular contractions. One set of notes shows the
relative faradie irritability of the different pairs of nerves; the
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other the relative resistance to the flow of the galvanic current.
The same observer claims that these bear a constant relation in
healthy individuals under similar circumstances of age, society,
SeX, and physique. The nerves selected by Erb for comparison
were the frontal, spinal accessory, ulnar, and peroneal. Ina
table prepaved from a number of these experiments he shows
that the results ave practically the same for both sides of the
body, and that the four pairs of nerves are almost equally
irritable to the same minimum current. A record of the current
strength, as indicated by the meter or rheostat, is only reliable
in reference to both sides of the same subject. TFor comparison
with different subjects, it is entirely unreliable, owing to the
difference of resistance to conduetion in different persons.

In order to obtain accurate results, the current should be of
the same density ; that is, the electrodes should be of the same
size, and the current of the same strength, The pressure and
manner of application generally should be as nearly similar as
attainable. If all these qualifications are fulfilled, and the cur-
rent necessary to induce minimum contractions deflects the
needle to a greater extent, irritability may be considered as
impaired ; it to a less extent, irritability is increased. Anoma-
lous distribution of nerves contributes one important source of
error to this form of examination,

Voltaic Alternative.— The effect of the galvanic eurrent will
be found to be grealer with either pole if the opposite pole has
been permitted to remain in position for some time immediately
preceding ; and the longer it has been in position the greater will
he the observed effect if the poles be reversed. Also, the effect
will be found much greater if the poles be reversed quickly than
if reversed slowly. Reversal of the poles is termed * the vol-
taic alternative.”

By Qualitative Electrical Reactions

of muscles is meant whether or not the contractions occur in
normal sequence, possess the same characteristic manner of
contraction, the same duration, and the proper strength. To
determine this, the method above described is employed, and
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Erb very justly insists that, in order to work intelligently, the
practitioner should be familiar with the peculiarities presented
by the contractions governed by the more important nerves, at
least. This, of course, can only be obtained by experience.
The manner of contraction is sometimes referred to as ** modal,”

Muscle and Nerve Degeneration.

Qualitative changes occur in both nerve and muscle, though
they react differently to the galvanic and faradic currents. An
increase of irritability to both currents is evinced by a more
easily induced contraction of the muscles. Diminished irrita-
bility of both nerve and muscle is characterized by the neces-
sity of employing stronger currents, both faradic and galvanice,
to produce the requisite contractions.

Increase of electrical irritability is looked upon as a condi-
tion involving no particular importance. Decrease of electri-
cal irritability, on the other band, is highly serious and involves
grave issues. It may be slight, or it may extend to entire ** ex-
tinetion of faradic excitability.”” Bare muscular tissue will pre-
serve its excitability fora considerable period of time after all eflect
of stimulation through the epidermis has disappeared. This
can be frequently demonstrated by puncturing the skin with the
active electrode, and by thus bringing it in direct contact with
muscle tissue. In certain diseases the muscular contractures to
calvanic stimulation disappear in regular order: Ca. O. C.
vanishing first, followed by An. O. C., and that by An. CL C. and
Ca. Cl. C., respectively. The contractions, which in health are
always quick, sharp, and lightning-like, assume a slow tetanoid
character, which is extremely significant. :

In other diseases the sequence of the contractions is changed,
An. CI. C. occurring before Ca. Cl. C., and alsoslow and tetanoid
in character. This is a point of vital importance in electro-diag-
nosis, constituting, as it does, the essence of ‘‘the 7eaction of
degeneration.”’

In the peripheral portion of nerves a decrease of electrical
irritability is generally present only when degeneration is in
progress. It constitutes a symptom which, if carefully ascer-
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tained and clearly established, may be safely relied upon as a
forerunner of complete faradic and galvanic extinction, The
muscles, however, act differently. Entire loss of faradic irrita-
bility may be present ; but the galvanic current induces an irri-
tation which undergoes an entire series of changes, both quali-
tative and quantitative. Frequently, total extinetion of reaction
is the final condition. In some muscular conditions irritability
is merely diminished, and no graver electrical symptoms super-
vene. These facts oceasionally assume proportions of extreme
prominence and importance. Erb reports a case in which he
was enabled to establish the honesty of an invalid who was sus-
pected of malingering, and to protect him from grave injustice,
the nature of the case being so obscure that quantitalive elec-
trical symptoms alone could be relied upon, all others being in
doubt,

The diagnosis of the central spinal lesions may be particularly
aided by meuns of electricity,

Reaction of Degeneration.—This term, now in such universal
use, was first utilized by Erb, and was intended to mean the
series of changes occurring in electrieal irritability, both quali-
tative and quantitative, owing Lo degeneration or disease of
healthy nerve and muscle. The effect of the faradic current
diminishes and disappears. The effect of the galvanic current
undergoes various decided changes, but preserves its power of
irritating muscular tissue. In some stages this oceurs even to
an increased degree. The qualitative changes of the gal-
vanic current in disease of the nerve are invariable and most
important.

A lesion of a motor nerve, either at the spinal centre or in
the course of its peripheral distribution, of sufficient importance
to cause paralysis, will commonly be promptly followed by marked
electrical changes, both faradic and galvanic. The nerve will
evince a progressive decrease of electrical excitability, while at
the end of a week it will have ceased entirely. In rare casesthe
period of decline may extend over two weeks. The point of
departure is always at the extremity nearest the injury or
lesion, degeneration proceeding thence toward the periphery.
When the lesion results in incurable disease the nerves remain
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forever inert. In trifling cases.recovery takes place early. In
many recovery only ensues after a more or less prolonged
interval.

When reparative action has commenced, and the nerve ad-
vanced sufficiently toward health, electrical excitability returns,
both faradic and galvanie, recovery being first noticed at the
point of beginning degeneration, and slowly extending toward
the periphery. Recuperation proceeds slowly and gradually,
months frequently elapsing in the process. Both the galvanic
and faradic currents recover effectiveness pari passu.

Frequently, muscles may respond to voluntary effort, while
electricity continues without effect, tending to show that, while
the nerve is in condition to transmit one kind of impression
(voluntary), it by no means follows that all are transmittable,

In degeneration muscles do not show electrical reactions
similar to nerves. This, however, is not true in relation to the
faradic current, for bere the reactions are identical both in
quantity and quality. It is in the use of the galvaniec current
that the chief difference between nerve and musele reaction of
degeneration is apparent. To the faradic current both muscle
and nerve become gradually less sensible as degeneration pro-
gresses, ending in complete insensibility, as stated above, The
faradic current has no effect on muscle tissue except through
the nerve supplying it. Thus if the nerve be paralyzed by
curare, the muscle remains inert to this current. To the
galvanic current, however, muscular tissue for the first few days
contracts, with a somewhat diminished activity. It does not re-
spond so readily to a certain strength of current as it would
were the condition normal, After this, and for several days suc-
ceeding, the irritability of the muscle increases, sometimes
to a great extent. This may last for several weeeks—three or
four ; and some time during this condition a change in the nor-
mal sequence of contractions occurs ; the contractions change
also in character as well as in quality. They assume a slow
tetanoid form in place of the sharp, quick, lightning-like, nor-
mal reaction. The tetanic condition continues during the flow
of the current, the strength of current required being notably
small. This slow tetanoid contracture, accompanying a weak
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current, is considered by Erb thoroughly characteristic of de-
seneration. The alteration in the sequence of contractions is
also remarkable and of equal importance, Soon in the stage of
degeneration the An. Cl. C. becomes equal to the Ca. CL C, ; a
little later it exceeds it. This is accompanied by changes in the
condition of the suceceeding-contractions Ca. O. C., gaining upon
An. 0. C., but never equaling it ; so that we have, for the normal
muscular reaction to galvanism, the formula—

Ca.Cl.C.>An. CLC. > An. 0. C. >Ca. 0.C.
For the reaction of degeneration formula we have—
An.Cl. C. =Ca.CL C.or An. Cl. C.>Ca.CL.C. > An, O.C.
diminished, but always >Ca, O. C,

This state remains for several weeks, after the lapse of which
a change takes place in the irritability of the muscles, but not
in the quality of the contractions. The sequence remains the
same ; but the contractions gradually require stronger currents,
until at last, in grave cases, the An. Cl, C. takes the place of
Ca. Cl. C. entirely, the latter having totally disappeared. The
contraction remaining at this stage is extremely weak. It
may require months to reach this point of degeneration; in
fact, several years of gradually decreasing electrical irritability
is by no means rare. In cases less grave in character, and
where a cure results, the course is one of an entirely opposite
nature ; the muscles, with various degrees of promptitude, re-
gain the normal character and quality of irritability. The
difference observed between the action of the galvanic and
faradic currents may all be due to the instantaneous duration of
the latter. The galvanic current itself, if subjected to equally
rapid interruptions, seems to lose much of its distinguishing
characteristics.

Electrical currents seem, beyond reasonable doubt, to bear a
peculiar and reliable relation to the functions of muscle and
nerve-tissue both in health and disease. While they remain
healthy, normal electrical reactions are certain. When degene-
ration begins, coincident change in the reactions may be con-
fidently looked for,

(]
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If a lesion occurs in the continuity of a nerve, whereby the
periphery is cut off from the central communication, Wallerian
degeneration soon takes place. The nerve undergoes degenera-
tion from the lesion towards its peripheral distribution (motor
nerve), the sheath of the nerve suffering first a granular breaking-
down and a nuclear proliferation, which is followed by a denud-
ing and consequent degeneration of the axis cylinder. The pro-
cess runs a rapid course, only a few days being required (three
or four). The effect of this upon the muscles supplied is, of
course, disastrous, their elements undergoing fatty and granular
degeneration with increase of connective tissue. :

If the lesion be traumatic and capable of reparative action,
the nerve in due time recovers its normal condition, the restora-
tion being followed by a like change in the muscles. In case of
permanent nervous destruction, the muscular tissues gradually
waste away until finally nothing remains save a mass of con-
nective tissue. Even in favorable cases recuperation of the
muscles is a slow and tedious process.

Destruction of the nerve and reaction of degenevation occur
simultaneously, the latter depending upon the former. During
the first week no degeneration has been found in the muscle
fibres themselves, but it is rarely delayed beyond that period.
Some confusion may arise in cases where reactions of degenera-
tion have existed in both mnerve and muscles. Subsequent
examination shows the nerve to respond normally, while the
musecles still evince degeneration. This adniits, nevertheless,
readily of explanation—i. e., the nerve has undergone reparative
process, and has regained its normal standard of health, but
the muscles have not as yet been regenerated. FPathological
changes and reactions of degeneration begin together and ad-
vance at the same rate.

Partial reactions of degeneration occur. They are character-
ized by more or less diminution of irritability to galvanic and
faradic currents. It has been noted, more especially in connec-
tion with the maximum contraction, that a very strong current
produces a decidedly weakened response, the muscles preserv-
ing unchanged the normal sequence. These cases may generally
be given a comparatively favorable prognosis.
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Between normal reaction and total disappearance of electrical
excitability all grades and conditions will be found. Even the
same muscle may, in certain conditions, show diflerent electrical
reactions in different parts (progressive muscular atrophy).

De R (reaction of degeneration) will be found typically in
:ases where the peripheral terminations of motor nerve-fibres
have for any reason ceased to connect with the centre in the
anterior cornu of the spinal eord, whether this be caused by
destruction of the centre itself, or by the existence of a lesion in
the continuity of the nerve, such as pressure, injury, inflamma-
tion, ele,

Conclusions as to the existence of reaction of degeneration
will often -be difficult to arrive at, and many apparent contra-
dictory results will confuse and discourage the tyro. As in
other branches of the medical sciences, typical cases are more
rarely met with than perhaps generally supposed. Experience,
careful work, and, above all, acute accurate observation, will, in
the end, achieve for the conscientious worker results which will,
in the field of diagnosis, notably reward him. Often the changes
are so slight that the experienced observer alone is capable of
estimating their significance,

When degeneration has advanced a considerable extent. it is
often necessary to employ a current of great strength in order to
obtain any conftractions at all. This is accomplished, of course,
by recourse to the means already stated, i. e., by rendering
the skin as conductive as possible, employing large indifferent
electrodes, and, in order to isolate muscles, bringing the two elee-
trodes close together that both may be within the muscles area.
Erb remarks a manner of distingnishing contractions of adjacent
healthy muscles due to diffusion of the eurrent, which the writers
have frequently verified. Tt will be found that sound neighboring
muscles will respond to the closure of the cireunit by a sharp, quick
contraction, and immediately thereafter a slow, feeble character-
istic degenerate contraction will occur in the muscles under-
going pathological changes. During the last stage of degenera-
tion slight contractions may be obtained after repeated failure
in previous examinations ; hence, no patient should be dismissed
without several separate examinations, if the circumstances of
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the case admit of doubt. The slow, feeble contraction of certain
diseased muscles, following the quick normal contractions of
contiguous muscles from circuit closure, is well and typically
illustrated in some cases of lead wrist-drop. Erb speaks of this,
and the writers have under treatment now, in the neurological
department of Jeflferson Medical College Hospital, a man who
has been for many months suffering from this disease. Rather
strong galvanic stimulation of the extensor muscles of the
forearm produces well-defined normal contractions of the flex-
ors, followed by an extremely feeble slow reaction of the exten-
sors. In the first stage of degeneration, it may often be ob-
served that Ca. Cl C. is very strong and guick, but an ensuing
An, Cl. C. is tetanoid, tardy, and characteristic of degeneration.

Sensory.

It is searcely surprising that our knowledge of the action of
electrical currents upon the sensory nervous system is imperfect,
the physiology and pathology relating thereto being still so ex-
ceedingly obscure and unsatisfactory. Electricity, although of
incaleulable value in the scienlific management of diseases in-
volving the motor system, must as yet be considered unavailable
in our efforts to throw light upon the irritability, location, con-
ductivity, and other functions of Lhe sensory nervous system.
That all this may eventually be realized should not be doubted.

The cutaneous filaments of the sensory nerve-fibres convey
the impressions created by the electrical currents, and we re-
cognize an increase and impairment of this function, correspond-
ing to a certain extent with the definite reactions of the motor
system.

This constitutes electrical ancesthesia and hyperceesthesia of
the epidermis. In some cases these symptoms are important,
The diagnosis of diseases involving the sensory tracts of the cord
is materially aided thereby. It has been remarked that in
posterior sclerosis of the spinai cord, if tactile sensation remains
normal and analgesia exists, then the minimum sensation Lo
pain requires a great increase of the faradic current. Much
contradictory evidence, however, is adduced.
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Speeia‘l Sense,

Auditory.— The results of research in this direction have been
interesting, and somewhat satisfactory and definite both as to
dingnosis and treatment,

Insensibility of the auditory nerve means a sluggish reaction to
galvanism ; ordinary Ca. Cl. producing no effect, and an extra-
ordinary strength of ecurrent merely meeting with feeble, if any,
response. Diagnosis of this condition is somewhat difficult and
uncertain, inasmuch as even in health it is not always possible
to obtain reactions of this nerve.

Increased sensibility of the auditory nerve means that it re-
gsponds to the stimulation of galvanism with greater promptness
and celerity than in health, The qualitative or normal sequence
is preserved, an infinitesimal current being frequently suffi-
eient to produce the entire range of auditory reactions. Ca. Cl.
reaction is followed by An. Cl. reaction with currents of almost
equal strength, and so exceedingly weak that the milliampere
meter can, with difficulty, be detected as registering any current
at all.  The sensation of sound is much exaggerated, and con-
tinues longer than in health.

Auditory sensibility in a heightened condition is far from un-
common, and frequently exists with little or no disorder of the
hearing function, On the other hand, it accompanies many of
the minor as well as some of the most serious lesions of the ear
and adjacent structures. It also exists in connection with vari-
ous central diseases, as cerebro-spinal meningitis, locomotor
ataxia, ete. It has been claimed that many cases of tinnitus
aurium originate in the nerve itself, and that such may be
promptly relieved by application of the galvanic current An.
Cl.and An. D. Ca. Cl. and Ca. D. have been found to ageravate
the complaint. Tinnitus, due to lesions external to the nerve, is
unaffected by electricity in any form. This fact is not without
importance in a diagnostic point of view. The auditory re-
actions now being discussed, it is needless to repeat, arve entirely
those of the special sense of sound, and are obtained by placing one
“medium” electrode properly moistened upon the tragus, press-
ing it gently inward, butnot sufficiently to obstruct the external
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auditory meatus; the other, or indifferent, electrode may be
placed upon the sternum or spine. It should be larger, and also
well moistened. The current then should be gradually increased,
and the sensations of the patient following occasional closure and
opening of the circuit carefully noted, both qualitatively and
quantitatively. The latter refers to the intensity of the sound,
the former to its character. As in all other electrical applica-
tions irrvitability will increase with the duration of the treatment.
Exhaustive experimentation has been made in connection with
this subject, and the peculiarities of the sounds caused by
electrical stimulations carefully analyzed. It has been well
established that both qualitatively and quantitatively the re-
actions preserve a certain constant relation in health and disease.
A more extended discussion of these reactions, however, would
exceed the scope of this work.!

Optic Nerve.

Researches in this direction have thus far proved without
adequate reward, and but little definite information has been
recorded. A few facts, however, should be noted. The active
electrode of a galvanic battery when applied to the vicinity of
the orbit, and the circuit made and broken—the indifferent
electrode being in position upon the sternum or spine (nape of
the neck)—producesin the healthy subject remarkable sensations
characterized by luminous spectra varying with the current
employed.

In diseases of the optic nerve changes have been shown to
exist in the electrical reactions ; but either sufficient data have
not been secured, or the results of experimentation have proved
contradictory. Thus, no classification of the optic nerve reac-
tions of degeneration has as yet been well established.

In some diseases of this nerve its irritability to galvanic
stimulations is impaired, and not infrequently entirely destroyed.
In optic neuritis, followed by atrophy, the sensation of light, as
caused by interruption of a galvanic application, is lost to a

1 See Erb and De Watteville on Electricity.
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areater or less degree, depending upon the amount of involve-
ment of the nerve. Amaurosis in its last stage, from whatever
cause, traumatic or tumor, entails entire loss of galvanic reac-
tion.

Taste.

The sense of taste may be stimulated by placing an electrode
upon each cheek of the patient, and interrupting the current as
it lows transversely through the mouth. In disease of the nerve
coverning taste, its electrical irritability undergoes changes,
but no definite results have thus far been formulated. It may
be still better, in order to observe this reaction, to place the
active pole upon the tongue and the other on the mastoid
process.

Vaso-Motor,

But little advance in the knowledge of the effects of electricity
upon the vaso-motor system can be noted since Hitzig recorded
his observations in cases of palsy of the axillary nerve. He
stated that in the resulting area of angesthesia the skin assumed
a pallid hue when subjected to the influence of the galvanic cur-
rent. The effect of electricity in health is to promote congestion
of the capillaries. A strong labile current is the one em-
ployed.

Stabile application of electricity is accomplished by placing
the electrodes in the desired position and gradually turning on
the current. The electrode should not be moved from its place,
nor should the cirenit be interrupted. After sufficient time has
elapsed, the current of desired strength, having flowed con-
tinuously, is graduoally turned off and the electrodes removed
when it has entirely ceased to flow, and not before.

Labile Application signifies a galvanic current slowly inter-
rupted. It is often applied by placing one electrode at the in-
different point and by slowly passing the other or active one over
the parts requiring treatment—stroking the part,

The Direction of the Current is probably unimportant, and
simply refers to the location of the eathode; the current, of
course, proceeding in a direction fo the cathode from the anode,
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An Ascending Current flows from the periphery toward the
nerve-centre,

A Descending Current flows in the direction from the centre
toward the periphery.

As a Curative Agent,

The value of electricity as a curative agent is a subject to be
approached with eaution, and, above all, diserimination. That
electricity ranks high as an aid in the establishment of cor-
rect diagnosis is indisputable ; that it is capable of achieving
much good as a therapeutic agent, few fair-minded physicians
will be inclined to gainsay. Its range of usefulness is praeti-
cally unlimited, and to its intrinsic qualities may be superadded
the psychical influence it so frequently and pre-eminently pos-
sesses. The marveilous, almost miraculous, cures recorded by
so highly-respected and honored authorities as Ziemssen and
Erb must be, and are, fully eredited by a preponderating pro-
portion of all physicians of every nationality.

The recent utterances of reliable authorities go far to estab-
lish the opinion that in the treatment of paralysis the ultimate
benefit of electricity depends entirely upon its power of causing
contraction of the muscles involved. Our comprehension of the
modus operandi of electricity as a therapeutic agent is exceed-
ingly limited, and must naturally remain so until our knowl-
edge of pathology and kindred sciences shall have advanced far
beyond its present limits, and until brighter light has been
shed upon the obscure causes of functional diseases of the nervous
system in their various manifestations. So close, indeed, does the
analogy seem in many ways between nervous functionation and
electricity, that the hope may, without optimism, be cherished
that the elucidation of the former will lead to a thorough, com-
prehensive, and useful application of the latter, and vice versa.

Gyneecologists are to be congratulated most cordially as hav-
ing occupied the van in obtaining therapeutic results from elec-
tricity—results which, at first almost discredited by the profes-
sion at large, all fair-minded observers must now admit. If
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this really invaluable agent has been retarded in its mission to
relieve pain and to restore the priceless boon of health to many
miserable women—miserable, alas, only because of its want—
the censure should not be placed upon the so-called skeptics
only. To the enthusiast, who, for want of proper brain bal-
ance, has persistentlyrexaggerated results (who will doubt it ?),
and to the charlatan possessed of enough but for his own selfish
purposes, should be accorded their full quota of blame, if blame
there be.

In this city Dr. G. Betton Massey, to whom the profession is
indebted for a most valuable treatise upon this subject, appears
to the writer to have earned appreciation and confidence by his
earnest and conservative work in this extensive field,

From what has already been stated regarding the relative
effects of faradism and galvanism in health and in disease, it
follows that the former is of much less value as a therapeutic
acent than is the latter. Faradism possesses practically no
catalytic or cataphoric power, and, as far as is known, produces
but little chanee of nutrition in the tissues. Its value is chiefly
apparent as a counter-irritant, and in the treatment of anses-
thesia by means of the dry electric brush, ete. As an exciter of
muscular contractions it has undoubted value, but is far inferior
to galvanism, for the important reason that it induces contrac-
tions only in those fibres of the musele which arein healthy ac-
cord with the motor nerve governing them ; whereas calvanism
will invoke muscular contractions even in cases where the motor
nerve is entirely cut off’ from its functionating centre, and will
continue so to do until the muscle-fibres themselves degenerate
into fibrous tissue, ete., and thereby lose their distinetive quali-
ties. Consequently, in paralysis depending upon a lesion of the
nerve, the rule should be to employ galvanism, even where
faradic excitability apparently has not been entirely lost, or,
having disappeared, has returned, because thereby we may feel
assured that all the muscular fibres will respond to the stimu-
lation, as well those nutrified by nerve-filaments in a state of
healthy action as by those which have, and still remain, degene-
rated. Moreover, the influence exercised by this current over the
nutrition and circulation of the paralyzed part cannot fail to be
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gencrally favorable. Galvanism should be preferred in all cases
of atrophie spinal and peripheral paralysis, while faradism may
be used for paralysis of functional or cerebral origin, It should
be impressed upon the student’s mind that the wide difference
existing between the effects of galvanism and faradism, the
voltaic alternative and the quickly interrupted faradic, upon de-
generated nervous conditions, is not due to any special physical
difference in the character of the currents, but to the difference
in the rapidity of interruptions, the polarity of the faradie cur-
rent being changed too quickly to allow certain effects to take
place. We believe that it has been demonstrated that the gal-
vanie current, if interrupted, i. e., voltaic alternative, more fre-
quently than twenty times to the second, ceases to elicit re-
sponse in muscle tissue supplied by degenerated nerve-fibres, and
that the contractions grow progressively less, after the interrup-
tions have reached five to the second. Consequently, it would
appear that a galvanic battery fitfed with a mechanical device
whereby the current could be reversed with suflicient rapidity
would answer all purposes, and that the induced current could be
dispensed with. This, however, as a practical point, is hardly
important, inasmuch as the chief advantage of the faradic bat-
tery lies in its portability and cheapness.

But little attention is now paid to the direction of the current
in treatment, for physiological experimentation as well as ex-
perience indicates, that the various effects of galvanism are more
satisfactorily explained by the polar influence of the current,
i. e., cathelectrolonus and anelectrotonus. In the former the cathode
is used as the active electrode, and we obfain at the locality
treated an increase of excitement or stimulation. On the other
hand, if a sedative influence be desired, we employ the anode
and obtain anelectrotonus, or quieting influence. The former
should be used, and is theoretically indicated where there exists
a diminution in irritability of the muscles and nerves, in par-
alysis and anssthesia, and in lowered cerebral and spinal tone—
the latter, in condition of increased irritability of muscle and
nerve, in spasm and neuralgia, and in heightened irritability of
the central nervous system, as headache, insomnia, ete. It is,
however, very questionable whelher even the theory of the




AS A CURATIVE AGENT, 107

“ polar™ method rests upon more than a slender basis, for
whichever pole is applied to a nerve the effect of the opposite
pole cannot entirely be eliminated because of the creation in the
area of the electrodes, both anelectrotonus and cathelectrotonus,
Moreover, at the moment of withdrawal of either electrode, the
opposite condition at once supervenes, and of course tends
largely to neutralize the desired effect. To obviate the occur-
rence of inereased irritability or cathelectrotonus subsequent to
the application of the anode or sedative pole, Erb suggests that
the current be gradually diminished to zero before the electrode
is removed. It is, however, generally agreed that the polar
method itself has a limited applicability, and if the eflect
desired is not obtained by the electrode theoretically indicated,
the other pole should be substituted. Of more importance,
therapeutically, is the effect of the current known as catalytic,
i. e., the chemical, molecular and osmotic changes induced
thereby.

Stabile application gives the best catalytic results, the elec-
trodes being placed in position before the current has been
started. Then it should be gradually turned on to the desired
strength, and allowed to flow a few minutes, when it should be
again gradually turned off, and the electrode removed. After
this, the pole should be reversed by means of a commutator, and
the same process undergone with the changed pole in position,
Polarity should never be changed with the current flowing, ex-
cept it be desired to induce musecle contractions. If no com-
mutator be attached, the electrodes themselves must be changed.
Over very sensitive skin areas the anode is better endured than
the cathode.

In all treatments where a sedalive effect is desired, the Sta-
bile method should be employed, and all sudden shocks and
reversals of current avoided, and the current should invariably
be turned entirely off before any reversals are made. DeWatte-
ville suggests that, where no current controller is at hand, the
active pole may be applied at first at some distance from the
locality to be treated, and gradually approximated thereto, by
means of which procedure some extent of shock to the diseased
point is avoided. Of course, in withdrawing the electrode, the
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reverse order must be observed. In such applications to the
face, with one electrode at the nucha, the same writer suggests
that the active electrode be first placed upon the hairy sealp
and very gradually drawn down over the face, thereby producing
a gradually increasing eflect. In treating very nervous sub-
jects, as well as children, who often have a dread of electricity,
it is often well first to apply the electrode with no current flow-
ing, and thus allow the fear to subside.

Unnecessary pain must always be avoided, and to this end, as
well as for other important reasons, the electrodes should be
frequently well moistened with warm water.

Labile application, we have already said, consists of keeping
one electrode upon an indiflerent point, while the other is
slowly stroked about the skin of the diseased part with a mode-
rate and constant amount of pressure. No decided muscular
contractions are indueced, because the current is not at any
time entirely broken, but a very stimulating effect on nutrition
is obtained. This method combines the chemical effect of the
stabile current on deep paris with the stimulating effect of an
interrupted current on muscular contractility. The cutaneous
circulation is also improved by stimulation,

The interrupted galvanic current, which has for its object
muscular contraction, may be used in two modes. In one
the indifferent electrode is held stationary in position, and the
active (zenerally the cathode) arplied and withdrawn alter-
nately ; each time it is applied the circuit is made, and each
time withdrawn the circuit is broken. In this way contractions
occur.  But a much better way is by means of the interrupting
electrode handle, whereby the circuit may be closed and opened
with great facility. Strong contractions may also be caused by
inducing voltaic alternative by means of the commutator, the
electrodes being held in position. This is the most powerful, and
often has been found to induce strong contractions in muscles
the seat of atrophie paralysis, where response had almost en-
tirely ceased to ordinary interruptions.

Faradization.—If we desire a local effect upon the skin, it
should be well dried, and application made by means of the
dry brush. The indifferent pole should bean ordinary large elec-
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trode, well moistened. The brush should be slowly stroked over
the part.

For faradization of muscles, ete., the handles of the elecirodes
should be held by the operator, or both electrodes may be held
in one hand, leaving the other free to regulate the current, This
is very necessary, as certain portions of the body are much more
sensitive than others ; thus, all bony prominences are peculiarly
sensitive.

Central Galvanization.—One pole, preferably the cathode,
shiould be placed at the sacrum ; the anode is then applied to the
forehead for a length of time varying according to circum-
stances—but five minutes will generally be found quite long
enouch, The pole should then be drawn to the vertex, and from
there along the pneumogastric and sympathetic route in the neck,
thence down the entire length of the spine. The current must
be carefully regulated, much more care being required about the
head than along the spine.

General Faradization may be accomplished by placing one
electrode at an indifferent point—any parl of the trunk, or, using
a large copper plate, at the soles of the feet, and drawing the
other about the body generally. The application may last ten
to fifteen minutes.

Subaural Galvanization,—This method is said by DeWalte-
ville to be purely empirical ; and yet the results obtained in dis-
eases of the brain and spinal cord are admitted by him to be
very gratifying. It is used by placing the cathode, a medium
electrode, under the ear, and a large negative electrode over the
lower cervical and upper dorsal vertebree,

Galvano-Faradization. —This method was introduced by De-
Wadtteville ; he unites the secondary coil and galvanic battery
in one circuit by connecting, by means of wire, the negative
pole of one to the positive of the other,

A slowly interrupted faradic current is obtained by means
of a mechanical device, described in a previous portion of this
work. It is useful for the purpose of stimulating muscular con-
tractions, and in its effects must be akin to galvanism.

By the kind permission of Dr. Rockwell, and of his publishers,
Messrs, Wm, Wood & Co., of New York, the writers have the




110 ESSENTIALS OF MEDICAL ELECTRICITY,

valuable privilege of inserting the following plates (Figs. 45 to
06), illustratiye of Galvanization and Faradization, as well as
of the method of Isolated Muscular Stimulation (Fig, 50).

The writers have also particularly to thank the same gentle-
men for additional courtesy in supplying them with the new and
improved plates, which are about to appear in the forthcoming

fresh edition of an exhaustive work upon this subject by Beard
and Rockwell.
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GENERAL FARADIZATION.—Application to the stomach. (Beard and Rockwell.)




AB A CURATIVE AGENT. 111

Fic. 46.

GENERAL FARADIZATION.—Application to the spine. The hand of the operator
is on the metallic tube, in a position to increase or diminish the current, as may be
needed. (Beard and Rockwell,)
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GENERAL FARADIZATION,—Application to lower extremities. (Beard and
Rockwell.)
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Fia. 48.

GENERAL FARADIZATION.—Application to the head by the hand of the operator.
The patient may be protected from cold by a shawl or other convenient covering,
(Beard and Rockwell.)

8
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FARADIZATION OF POPLITEAL NERVE AND PERONEAL Muscres.—Foot brought

upward and outward, (Beard and Rockwell.)
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Fig. 50.

FARADIZATION OF MuscLES oF THIGH, CONTRACTION OF QUADRICEPS.—(Beard and
Rockwell.)

Fig. 51.

FARADIZATION OF FACIAL NERVE AND Muscres,—Eyelid firmly closed and mouth
drawn to one side. (Beard and Rockwell.)
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GENERAL GALVANO-FARADIZATION —Application to the spine by a sponge-holder.
A double electrode is used, one part of which is connected with the faradic, the
other with the galvanic. The copper plate is also connected with both, und applied
to the feet. (Beard and Rockwell.)
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Fia. H3.

CENTRAL GALVANIZATION.—One pole over epigastrium or abdomen, and passed
beneath the loosened clothing up and down the spine from seventh cervical verte-
bra to coceyx., (Beard and Rockwell.)
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CENTRAL GALVANIZATION.—One pole to epigasirium, the other along inner border
of sterno-cleido-mastoid muscle, labile. (Beard and Rockw ell.)
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Fic. bb.

CENTRAL GALVANIZATION.—One pole at epigastrium, the other at back of neck.
The first to seventh cervical vertebre. (Beard and Rockwell.)
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Fia. 56.

I k ¥

GENERAL GALVANIZATION.—One pole at the epigastrium, the other on cranial
centre, the hair being moistened. Previously, the electrode may be applied, labile,

to the forehead. (Beard and Rockwell.)

Electro-Diagnosis,

One source of error in electro-diagnosis consisis in the varia-
tion of resistance to the electrical current offered by the skin.
We may find that a muscle on one side of the body requires a
considerable increase of current to induce confraction, and
therefore may assume degeneration when in reality perfect
health exists: careful employment of the milliampere meter

will alone guard against this,
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Change in excitability of nerves; due to previous and pro-
longed application of currents, is an important source of error,
and may be 'gu;u'ded against by refraining from testing a nerve
until suflicient time has elapsed during which all previous elec-
trical excitement may subside,

The diffusion of currents Lo neighboring muscles and nerves
is another annoying complication and source of error in diag-
nosis, and cannot always be guarded against. In all cases, the
muscles under examination should be relaxed as much as pos-
sible, and the others restrained, if practicable, by mechanical
means.

A muscle may be partly healthy and in part degenerated ;
here the maximal contractions are diminished ; the serial, or
qualitative contractions, may appear normal, yet following the
An. Cl. appear slow, tardy contractions, typical of degenera-
tion.

To make a proper electro-diagnosis, the patient should be in
a position insuring good light, relaxation of muscles, and facility
of examining symmetrical parts of the body. The patient should
be told to abandon all volition over the muscles involved. The
indifferent electrode should then be fixed in position, the
sternum being generally preferred ; the other electrode should
be small, with an interrupting handle held in the hand of the
operator. Water should be used freely both upon the skin of
the patient and upon the covering of the electrode. The cur-
rent should not be allowed to permeate the tissues longer than
absolulely necessary, for the reason given above, irritability
increasing in proportion to the duration of application.

The faradiec current should be used first in examination of
nerve-trunks and motor points, and the fine or small electrode
employed according to circumstances. Symmetrical points must
be carefully selected, and, when properly located, had best be
marked. It is then noted how much of the primary coil must
be covered by the secondary to induce contractions, or how
much of the eylinder must be withdrawn. If strong currents
are necessary, the interrupting handle may be employed, in
order to limit the duration of pain. The diffusion of currents to
other muscles will often cause embarrassment, but this difficulty
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may be much reduced by care. Upon finding the minimal con-
traction of muscles upon both sides, we may determine the
character of contractions to both medium and strong currents,
for the purpose of comparing contractions, DeWaltteville sug-
gests the use of a Dbifurcated reaphore, and thus alternately
caunse contractions first on one side, then on the other; he
thinks better observations may thus be taken.

From the faradic, the same learned writer instructs, we ad-
vance to the galvanie current, and for the active electrode em-
ploy the small one, about % inch in diameter ; by means of a
dead-beut milliamperc-meter we note the strength of current
required to produce a response. Always begin with the
cathode active, interrupting the current occasionally, as re-
quired, and with this current particular care should be used to
guard against electrotonic eflects causing fallacies. In this way
we, with considerable facility, determine whether or not the
normal formula prevails, 4. e. :—

Ca.CL G, >An, CL.C. > An. 0. €. >0a. 0. C.

All suspected muscles should be examined. The character
of reactions, as well as their series, should be carefully com-
pared with each other and with those of the opposite side,
whether they react with a sharp, quick contraction, as in health,
and whether they occur with a proper strength of current.

From what has now been laid before the student we trust
it is fully understood that reaction of degeneration occurs only
when the muscles are cut ofl from nervous communication
with the spinal centre in the anterior cornu, whether the cause
be in the cord itself or in the distribution of the nerve. In
hysteria the electrical irritability is often exaggerated. Likewise,
in disease of the lateral columns of the cord, and in cerebral
lesions, the muscular contractions may be found e:-:a:ggem.teﬂ—
i. e., respond vigorously to slight stimulation. This is owing to
the fact that the path from the brain to the cord is preventing
the transmission of one of the highest functions of the fc?rmer
organ, inhibition, the same cause operating asin e_:-:aggerahqn of
reflexes. The diagnosis of certain cord and peripheral lesions
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of nerves from those of the encephalon is by no means least
important in the various applications of this still obscure agent.

To Erb, more than to any one, we are indebted for a very com-
plete scheme of **local faradization’ of the molor nerves and
of the muscles. The following illustrations and explanatory
descriptive matter are taken from his work chiefly :—

Fig. 57. This illustration gives an idea of the situation of the
face and head motor points ; the dotted points indicate the chief
positions of stimulation. Fine active clectrodes should be used,

Fie. b7.

1. Frontalis. 2. Facial nerve (super.). 3. Corrugator supercil. 4. Orbicularis palp.
5. Nasal muscles. 6. Zygomatiel. 7. Orbicularis oris. 8. Facial nerve (med.). 9.
Masseter. 10. Levator menti. 11. Quadratus menti, 12, Triangularis menti. 13.
Hypoglossal nerve. 14. Facial nerve (infer.).  15. Platysma myoides. 16. Hyoid mus=
cles. 17. Omohyoideus. 18, FEr. anf. thoracic nerve (pectoralis major). 19. Phrenie
negrve, 20, Fifth and sizth cerv, nerves (deltoideus, biceps, brachialis, supin. If:nguﬁ’j_
21. Brachial plexus. 22, Long thoracic nerve (serratus magnus). 23, Circemfler nerve.
24, Darsaliz seapule nerve (thomboidei), 25 Trapezins. 26, Levator anguli seapulm,
27. Spinal accessory nerve. 28, Sterno-mastoideus, 20, Splenius. 30. Focial nerve
(inf. branch). 81. Fuaeial nerve (med. branch). 32. Posi. auricular nerve. 33. Facial
nerve (frunk). 3. Facial nerve (sup. branch). 85 Temporalis. 38. Third fronfal
convol. and insula (centreof speech). 37. dscend. front, ana parief. convel. (Motor area).
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Fig. 58 illustrates the motor points of the arm, forearm, and
hand, flexor aspect.

Fia. 58.

1. Triceps (cap. long.). 2. Triceps (eap. intern.). 8. Ulnar nerve. 4. Flex, carpl
ulnaris, 5. Flex. dig. com. prof. 6. Flex. dig. (IL et ITI). subl. 7. Flex. dig. (ind.
et min.) subl. 8. Ulnar nerve. 9. Palmaris brevis. 10. Abductor dig. min, 11.
Flexor dig. min. 12 Opponens dig. min. 13. Lumbricales. 14. Adductor poll.
brev, 15. Flex. poll. brev. 16. Opponens pollicis. 17. Abductor pollicis. 18, Median
nerve, 19, Flex. poll. longus. 20. Flex. subl. digit. 2L Flex. earpi radialis. 22,
Pronator radii teres. 23. Supinator longus, 24. Median nerve. 25. Brachialis anti-
cus. 26, Biceps. 27. Musculo-cutan. nerve. 28. Deltoideus (ant. port.).

o




ELECTRO-DIAGNOSIS. 125

Fig. 59 illustrates the same as above, extensor aspect,

Fiz. 59.

1. Deltoideus (post. port.). 2. Musculo-spiral nerve. 3. Brachialis anticus. 4.
Supinator longus. 5. Extens, carp. rad. long. 6. Extens. carp.rad. brev. 7. Extens.
comm. digit. 8 Extens. indicis. 9. Ext. oss. metac. poll. 10. Ext. prim. intern.
poll. 11. Interossei dorsal. (I. et IL). 12, Interossel dorsal (TIL et TV.). 13 Abduct.
min. digiti. 14, Ext. sec, intern. poll. 15, Extens. indicis. 16. Extens. min. digiti.
17. Supinator brevis. 18. Extens. carpi ulnar. 19, Triceps (cap. ext.). 20. Triceps
(eap. long.).
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Fig. 60 illustrates the motor points of the thigh, anterior
aspect.

Fig. 61 illustrates the motor points of the thigh, leg, and foot,
posterior aspect,

Fia. 60, Fic. 61.
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Fig. 60. 1. COrural nerve. 2. Obturafor nerve. 3. Pectineus. 4. Adductor magnus.
5. Adductor longus. 6. Cruralis. 7. Vastus internus. 8 Vastus externus. 9.
Rectus femoris. 10. Quadriceps (common point), 11, Sartorius. 12, Tensor vag.
femoris.

Fig. 61. 1. Sciatic nerve. 2. Biceps femoris (cap. long.). 3. Biceps femoris (cap.
brev.). 4. Peroneal nerve. 5. Gastrocnemius (cap. ext.). 6. Soleus. 7. Flexor hallucis
long. 8. Tibial nerve, 9. Flexor digit. comm. long. 10. Soleus. 11. Gastrocnemius
(cap. int.). 12. Posterior tibinl nerve. 13. Semi-membranosus. 14 Semi-tendi-
pnosus. 15, Adductor magnus. 16, Gluteus maximus.
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Fig. 62 illustrates the motor points of the leg, outer aspect,

Fic. G2.

1. Tibialis anticus, 2. Extens. digit. longus. 3. Peroneus brevis, 4. Extens.
hallueis longus. 5. Interossei dorsales. 6. Abductor min. digiti. 7. Extens. digit.
brevis. 8 Flex. hallucis long. 9. Secleus. 10. Peroneus longus. 11. Gastrocne-
mius. 12. Peroneal nerve.
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through the stimulation of afferent nerves, thus promoting cen-
tral changes,

Peripheral faradization with the wire brush or with the hand
is thought to be not inefficient in cerebral hypergemia, insomnia,
and psychosis, also in cerebral hemianmsthesia. Mild faradic
currents are applied to the head, with the expectation of bene-
ficial results. In using the faradie brush or the hand, the area
of skin over which eilther is applied must be thoroughly dry
when the purpose is stimulation of the integument alone ; but
where deeper penetration is desired, and a more far-reaching
action, the hand and the skin should be moistened, the hand
being the electrode. When a mild current is preferred, the
hand of the operator may well take the place of the brush, for
in this manner the strength of the eurrent can be best regulated,
the sensation of the operator being the guide.

Faradization of the upper extremities and trunk, especially
the abdomen, tends to produce cerebral angemia,

In applying galvanism to the head, the electrodes should be
large and flexible, and should be firmly applied to the part
before the current is turned on through a current controller or
rheostat ; the galvanic current should then be gradually increased
and carefully observed by means of a reliable milliampere meter
in order that its strength be accurately noted. The current
employed should at first be a weak one, less than one milliampere,
and the sittings brief (4 to 3 minutes) ; sudden changes of
polarity it is extremely important to avoid, save for the purpose
of attaining special effects, and any sudden increase or decrease
of eurrent strength is equally to be shunned. At the end of the
sitting ‘the current must be gradually reduced to zero without
altering the pressure upon the electrode.

The following are the usual methods of application :—

1. Longitudinal Galvanization,—A large {lexible electrode on
forehead, the other on oceiput.

9. Transverse Galvanization.—IL.arge or medium electrodes
to bi-mastoid region,

3. Subaural Galvanization.—Medium electrode below ear;
the other on opposite side of head, forehead, or upon the nucha.

4, Diagonal Galvanization.—Medium electrode to frontal,
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fronto-temporal, or fronto-parietal region, and the other to the
occipital region of the opposite side.

5. Localized Galvanization.—Medium electrode over the con-
volutions it is desired to galvanize, if the morbid process is
superficial, the other on the opposite side of neck or below the
ear, Several of these methods may be employed with advaniage
at the same séunce. The polarity of the electrode should be
attended to if it be especially desired to influence the ecerebral
circulation. If it is desired to increase the flow of blood to
the brain, the anode should be applied to the neck and the
cathode to the forehead. If an anemic effect is desired, the
reverse is indicated.

For localized foci of disease, Erh recommends transverse ap-
plication of the current, so that the morbid process is in a straight
line connecting the electrodes, the choice of pole depending of
course upon the indication. To accelerate the circulation and
dilate the vessels the eathode is applied to the discased side ; to
produce an opposite effect the anode should be placed over
the diseased area. Localized morbid processes may also be
influenced by longitudinal conduction from the forehead to the
neck upon the affected side with the anode on the forehead.

So-called galvanization of the sympathetic (subaural ealvan-
ization) is of value in cerebral diseases. Its effects are exerted
about the base of the skull, the vagus, and the cervieal cord.
This method has been already deseribed. It has been thonght
well to apply on both sides, even though the lesion be unilateral.

Cerebral Affections.

Cerebral Hemorrhage, Softening from Thrombosis and
Embolism,—Treatment should not be instituted until two to
four weeks after their occurrence. Longitudinal, transverse, or
oblique conduction of a mild uninterrupted ealvanic current
through the head, bringing the location of the lesion into a
straight line between the electrodes, as nearly as possible, is the
method to be pursued, the anode being placed upon the side of
the lesion. Tt has been held that galvanism will thus tend to
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promote absorption of the effused blood and improve the state
of the cerebral circulation and nutrition, o

Bilateral subaural galvanization is also of service. Peripheral
faradization and galvanization of the affected muscles should
also be employed. The faradic brush will benefit anssthesia,
should it be present, and aid the cerebral and peripheral circu- |
lation. Contractures are best relieved by mild faradization -
of the relaxed and paralyzed anfagonists of the contractured
muscles, Trial should also be made of stabile galvanizalion
with the anode at the extremity of the contractured part and
the cathode over the area of the cord whence the nerves of the
stimulated muscles spring. Mechanical means are, however,
usually of more service than electricity in relieving contractures
of cerebral origin.

The various forms of brain galvanization described are of
service, or that recommended by Althaus (central galvaniza-
tion), in a recent paper on the treatment of cerebral syphilis, may
be tried—i. e., a large electrode to the epigastrium, a second
smaller one then applied successively to the forehead, vertex,
mastoid processes and cervical vertebrse, for ten to fifteen
minutes daily, using a current of from one to five milliamperes.
Where the lesion can be localized, as in the cortex, the exact
portion should be more particularly acted upon.

Chronic Meningitis, Multiple Sclerosis, Hydrocephalus, Pro-
gressive Bulbar Para]ysis.—Electricit}' is of very little service
in these affections. Should it be tried, galvanism by the
methods just laid down offers most hope. The progress of
bulbar paralysis may sometimes be temporarily checked by per-
sistent use of galvanism, stabile transverse conduction of the
current through the mastoid processes, together with subaural
and cervico-spinal galvanization, and galvanization or faradiza-
tion of the paralyzed muscles. The movements of deglutition
should be induced a number of times in a sitting by the applica-
tion of one pole to the nucha, and the other over the larynx,
and by securing frequent reversals of the current,
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Psychical Disorders.

Psychical disorders, depending less upon organic change than
upon functional, nutritional, or circulatory disturbances, are
most benefited by electricity ; and the earlier in the case it is
vesorted to the more decided is the benefit likely to result. In
conditions of depression, such as melancholia, hypochondriasis,
and stupor, good results are often obtained by peripheral fara-
dization with the brush, orwith large well-moistened electrodes ;
central, cerebral, subaural, and spinal galvanization also are
beneficial.

Insomnia, so frequently an accompaniment of melancholia
and hypochondriasis, is also benefited by general faradization
and galvanism, applied as above, '

In all conditions of depression it is better at first to make a
trial of the eathode as the active pole. On the other hand,
where irritation is a prominent symptom, the anode will per-
haps prove more satisfactory in results. But, as stated in the
first part of this work, should the desired benefit not accrue
from this theoretical plan of procedure, no hesitation should
exist in making trial of either pole indiseriminately. Electrical
treatment should not be employed in cases of acule mania, or
in conditions of general nervous hyperssthesia, or in psychical
hyperesthesia. :

General Neuroses,

Neurasthenia.—Galvanie, faradic, and static electricity may
be employed, often with considerable advantage in neurasthenic
conditions. The underlying cause should of course be removed,
and appropriate hygienic and medical treatment supplement
the electrical. Central, cerebral, subaural, and spinal galvan-
ization are of much value. General faradization and galvano-
faradization should also be tried, as should static electricity,
especially the static charge. TFor painful spine, the anode of
a strong galvanic current should be applied. The faradie brush
is also of service.
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Hysteria,— Electricity is of little value in the treatment of
the general hysterical condifion, save perhaps as a psyvchical
agent, for which reason, as stated by Erb, confidence in the
physician and the remedy is the best guarantee of success,
Feeble currents and short sittings should be the rule. General
faradization, faradic baths, general, central, subaural, and spinal
galvanization are all recommended for the hysterical condition ;
their value, save through mental impression, is problematical.
The local manifestations of hysteria—anmsthesia, paralysis,
etc.—often yield with surprising readiness fo electricity.

The chief points in the recognition of hysterical paralysis,
apart from the accompanying symptoms of the hysterical con-
dition, are the unaltered electrical reactions and absence of
other wasting than that induced by the disuse of the affected
part. Aective faradic stimulation is indicated for the motor
palsy. The accompanying angesthesia is usually promptly dis-
sipated by frequent employment of the wire brush. TFor hys-
terical hemiangmsthesia, stimulation of a circumseribed area of
skin on the forearm, as recommended by Vulpian, frequently
produces brilliant results, the galvanic current being used.

Exophthalmic Goitre.—Excellent results are often obtained
by the persistent use of galvanism in this affection. The usual
methods of application are subaural, transverse, and diagonal
brain and spinal galvanization.

For the exophthalmus, the current is passed transversely
through the orbits, or one pole is placed over the closed eye and
the other in the subaural region. The enlarged thyroid may
be diminished by passing a current transversely through it, or
by one elecirode on the gland, the other below the ear. Weak
continuous currents should always be used. Duration of sittings
should be from five to ten minntes,

Chorea.— Electricity seems to have very doubtful permanent
beneficial influence upon chorea, though it may be of some tem-
porary service in lessening the jactitations. Subaural, spinal,
and central galvanization offer the greatest promise of success.

It is very questionable if static electricity is of any value in
this aflection.
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The Diagnostic and Prognostic Importance of
Electricity in the Paralyses.

It will be remembered, from what has been stated in a pre-
ceding section, that the disappearing faradic irritability in the
nerve and muscle, with serial and modal alteration to oalvanism
(degenerative reaction), enables us to tell indubitably that a
paralysis is not cerebral in origin, but does not assist in the
differentiation of a spinal from a peripheral palsy. These
must be separated by other diagnostic means. Should a cer-
tainty exist as to the spinal origin of palsy, the electrical
behavior of the affected nerve and muscle informs us as 1o
the implication of the anterior cornual cells. The diagnostic
importance of an electrical examination is beyond queslion.
Electricity is also of immense value in prognosis. The severity
and duration of a paralysis can often be told by it wilh
posiliveness, In slight peripheral-neuritic paralysis in which
faradic and galvanic response undergo no change, a certainty
of recovery within a month or so may safely be predicted. In
paralysis of somewhat more severe type, with partial degene-
rative reactions, diminished faradic and galvanic respouse in
the nerve, diminished or absent faradic response in the muscle,
and with slight serial and modal galvanic alteration, but with
only slight atrophy of the muscle, recovery may be predicted,
but will not occur before several months have elapsed. When
typical reaction of degeneration is present with decided atrophy,
the paralysis is likely to be of many months’ duration, and com-
plete recovery may not oceur ; the greater the atrophy the more
decided the electrical alterations, and the longer their duration
the less the chance of recovery. When voltaic alternalives alone
induce contraction in a markedly atrophied muscle, the proba-
bility of a restoration of function is slight indeed.

Diseases of the Spinal Cord.

Strong ealvanic currents are necessary directly to affect the
contents of the spinal canal, and these must be applied through
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large, well-moistened electrodes. The position of the electrodes
should be determined by the seat and character of the lesion,
Should it be of small area, the electrodes may be placed but a
short distance apart and a stabile current used. If it oceupy a
considerable vertical extent, one electrode should be placed at
the cervical region, and the other held over the supposed lower
limit of the lesion, or, better, made slowly labile over the affected
area. If the upper part of the cord is to be galvanized one of
the electrodes had better be placed in the subaural position,
while the other rests upon the spinous processes of the lower
cervical or upper dorsal vertebree. Tt makes but slight diflerence
which is the active electrode. In conditions of irritability and
pain, however, the anode should receive preference, Usually
it is better to use both poles alternately in order to secure the
catalytic effect of each,

The cord may also be influenced reflexly through peripheral
cutaneous irritation with the faradie brush or by general fara-
dization, or with mild galvanic currents,

This latter method is often useful and provocative of benefit
when the condition of the patient will not admit of strong cur-
rents being applied to the spine. There seems no doubt that
peripheral surface irritation exerts a beneficial influence on the
vascular supply and nutrition of the cord. Electrization of the
cord and limbs should be combined in cases of paralysis having
their origin in the spinal canal, as in atrophic spinal paralysis,
A large flexible gpinal electrode is placed in apposition with the
area corresponding to the seat of disease ; the other is applied
labile to the peripheral museles involved.

Spinal meningitis, in its chronic form only, is amenable to
treatment by eclectricity, Where the exudate has caused con-
siderable compression of the anterior nerve-roots, degeneration
of these with paralysis and atrophy of the muscles enervated
by them will result. These muscles should receive appropriate
galvanic or faradic stimulation to obyiate further atrophy. Of
course, faradism will be useless if the muscles have already
ceased to respond to its stimulation, While the affected nerve-
roots should also receive attention, little ean be expected from
galvanism, or, indeed, any form of treatment. Where organ-
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ization of the exudation has taken place, galvanism alone of
all currents of electricity should be used, and even this would be
efficient only through its electrolytic action j and a current suffi-
ciently powerful to exert appreciable effect in this direction
could not be borne. In less severe forms of meningilis galvan-
ism may be of considerable service in allaying irritative symp-
toms, and as a stimulant to circulation and nutrition in the
affected area. The method of application would be the same as
in myelitis.

Myelitis,—In the ordinary forms of chronic myelitis electri-
city, despite the assertions of over-confident electro-therapeutists
to the contrary, is of scant efficacy, save through its influence
on the paralyzed muscles enervated from the diseased area,
Galvanism alone should be used for the central lesion by virtue
of its catalytic effects and its influence on circulation ; in other
words, on account of its theoretical effect upon nutrition. Though
it must be admitted that the results of this treatment are not
encouraging.

Galvanism may be used conjoinily with other remedial
measures which seem to be indicated. As before stated, a cur-
rent of decided strength is necessary to reach the cord itself,
upward of thirty milliamperes being required. Very large
electrodes are, of course, necessary to enable this to be endured.
Applications should be daily ; the duration from one to ten
minutes, depending upon the strength of current employed.
Stabile currents should be used and the polarity changed. In
gradually diminishing and swelling the current eare must be
taken to avoid shocks. In compression-myelitis (secondary to
vertebral caries) no benefit will result unless the diseased verte-
bree first receive attention. In dorsal myelitis, the nutrition
of the leg and thigh muscles being unaffected and the reflexes
in excess, electricity is apt to be provocative of harm when
applied to these extremities. Should the myelitis occupy the
cervical or the lumbar region, active electrical stimulation may
be required to prevent extensive atrophy in the extremities.
Should faradic response be absent, the galvanic current only
would be indicated. The larese indifferent electrode should be
beld on the affected part of the spine; the exciting or peri-
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pheral electrode should be either the anode or the cathode, de-
pending upon which obtains the more ready response.

In complete transverse myelitis the bladder and rectum are
always affected. If the lesion is lumbar, there is paralysis of
the sphineters with incontinence of urine and fieces ; if above
the lumbar region, there is also fiecal incountinence with inter-
mittent or overflow incontinence of urine. In both, cystitis,
with its accompanying symptoms, is apt to result. Electricity
is often of decided service in L‘éslm'iug power to the bladder and
rectum ; galvanism and faradism are both of service. The cur-
rent may be applied percutaneously (over the skin) or internally
through the catheter-electrode. In the first method, should
overflow incontinence be present, one pole is applied to the
symphysis, the other to the lumbar spine; if simple inconti-
nence, the first pole had better occupy the perineum, If sphincter
and detrusor seem to be equally weakened, both applications
should be made, or one pole may be placed on the symphysis,
the other on the perineum. Strong stabile and labile galvanic
currents should bé used. Spinal galvanization and faradization
should also be tried. By the internal method one electrode is
placed upon the lumbar spine; the secoud, a bougie, insulated
to its metallic tip, enters the urethra as far as the neck of the
bladder in incontinence, but in retention it should be passed
into the organ. It is important that this procedure should be
undertaken under antiseptic precautions,

The bladder should contain urine or another saline fluid
when directly electricized. Faradism or interrupted calvanism
may be used. In rectal applications an olive-shaped metallie
electrode is introduced into the rectum ; the other pole is placed
along the symphysis or on the lumbar spine.

In antericr polio-myelitis or infantile palsy, which is due toan
acute inflammation of the multipolar cells in the anterior cornu of
the cord, the electrical treatment should be carried out on the
lines already laid down in the description of the treatment of
meningitis and myelitis. Paralyzed muscles, the motor nerves
of which spring from spaces of acutely degenerated anterior
cornual cells, undergo rapid wasting, succeeding the degeneration
of nerve-cells and nerves that arise from them, Faradic irrita-
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bility in the nerve and muscle, and galvanic in the nerve are lost
early ; galvanic irritability in the muscle is increased for a time,
but diminishes as the muscular fibres undergo degeneration, and
finally, after a year or so, disappears coincidently with the com-
plete degeneration of the aflected muscle. Not infrequently
some irritability returns after many months, due to partial re-
covery in certain muscular fibres. No degenerative reactions
oceur in -those muscles 'which do not waste. Faradism is use-
less, for the muscles the seat of atrophy will not-respond;
galvanism should be alone used and persisted in patiently for
months. Applications should be made daily of a current sufli-
ciently strong to cause contractions in the affected muscles. In
this way the progress of atrophy may be arrested and the mus-
cles ultimately be in a condition to respond to voluntary nerve
impulses when sufficient recovery has taken place in the cord to
aenerate and nerve elements to transmit it.  As sugeested by
Gowers, the application need only be made to those muscles in
which the faradic irvitability is lowered or lost; other muscles
will recover without its aid. Treatment should not be instituted
before the third or fourth week.

Progressive muscular atrophy, due to a slow degeneration of
the ganglionic cells in the anterior cornu and their prolonga-
tions in the axis cylinder, is unfortunately but little amenable
to electrical treatment. If it be used at all, a mild galvanic or
faradic current (depending upon which induces better response)
is indicated ; one electrode over the affected region of the spine,
the other upon the motor-point of the atrophied muscle or mus-
cles. Subaural, central, and spinal galvanization may also be
tried.

Spinal Sclerosis.—Electricity in lateral and disseminated
sclerosis has accomplished little or nothing as a remedy. In
the former, spinal and central galvanization may be used ; in the
latter, these, as well as subaural and the various brain galvani-
zations, offer the least chance of failure.

Faradism should not be administered in lateral sclerosis.

True cases of posterior sclerosis have been reported cured by
spinal galvanization ; also by peripheral faradization with the

.
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brush, but we have never been able to note the slightest per-
manent benefit therefrom out of many cases subjected for lﬂixg
periods of time to the various forms of electrical treatment.
As faradic peripheral stimulation’

Fig. 63. of the skin, or of the underly-

ing parts, with the object of

’ reaching the centre through in-
Y tact afferent paths, and thus
influencing nutrition there, and
'%':,u o\ | reflexly affecting both central
= and peripheral lesions, is of un-
questionable value in certain
neural affections ; it must be in
this manner that the favorable
po d s results reported through the use
l y. T of the wire-brush in posterior

—

eclerosis were obtained, and the
improvement reported as oceur-
ring after its persistent use for
\ angesthesia in cerebral disease
\ h, has a like explanation. It is
\ probably of value in myelitis
(@) and in uneuritis,. In anterior
poliomyelitis, though the mus-
cles supplied from the inflamed segment may not respond to
faradism, it is nevertheless conceivable that cutaneous faradie
stimulation may have a beneficial influence on the central lesion,
and should at least be given a trial. The figure taken from Erb
illustrates the path traversed by the electrical impression, the
electrode applied at e.

e

Other Special Paralyses, Motor and Sensory,
Optiec Neuritis, and Secondary Optic Atrophy.

Encouraging results have heen obtained from galvanization
in optic neuritis and secondary atrophy. Erb recommends
stabile currents, eleetrode primarily at the temples ; then one on
the closed eyelid anode in ncuritis, but the cathode as soon as
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signs of atrophy appear. The indiflerent pole should be upon
the nucha. Subaural galvanization may also be used with a
large electrode and feeble current; sittings short (two to five
‘minutes).

Paralysis of Ocular Nerves.—The methods just mentioned
under the head of optic neuritis may be tried, and in addition
the anode may be placed on the neck or above or below the eye-
lids, with the cathode over the closed lid. If faradism be
resorted to, Erb recommends that the index finger, inclosed in
wet linen, should be used as an electrode ; current strength
and duration of sitting same as above.

Paralysis of the Facial Nerve.

Rheumatic inflammation of the nerve within the Fallopian
canal is the most common cause of this affection, In well-
marked cases the palsy is apt to be decided, and of considerable
duration. Reactions of degeneration are to be looked for with
confidence, particularly where active treatment has not been
promptly instituted.

The lesion will frequently be found in the canal just before the
nerve emerzes from the stylo-mastoid foramen,

In a class of much milder cases, the neuritis is found situated
in a portion of the nerve afler its emergence from the fora-
men. These cases are readily distinguished by less palsy, and
by !;he fact that faradic and galvanic alterations do not occur,
while recovery takes place in two or three weeks. On the other
hand, in Fallopian neuritis the paralysis is a matter of grave
importance. Taste is usually affected upon the anterior two-
t‘mrdf; of the corresponding side of the tongue; degeneration-
reaction, partial, or complete, appears early, and recovery is
delayed and often incomplete. Contractures and muscular
twitchings may follow,

Midway between the light and the severe form is found a
group of cases in which partial degeneration exists, and in
which the prognosis is somewhat favorable, recovery occurring
in a few months without subsequent contractures, ete. 1

By means of electricity a certain prognosis may be given as
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to the duration of the paralysis at the end of the first week.
Norial nerve irvitability at this time may be taken to indicate
recovery within three weeks. On the other hand, somewhat
diminished irritability points to more serious discase, 4, e., four
to eight weeks. Very markedly diminished neural response
signifies a prolonged case and a tard y recovery.,

Treatment.— Electrical treatment should be instituted at once
upon complete subsidence of all inflammatory symptoms. The
lesion itself should be the part first treated, either by direct very
mild galvanization, or by means of the electrodes placed stabile
in the auriculo-mastoid fossa or upon the petrous portion of the
temporal bone. Galvanic or faradic stimulation of the trifacial
may also be attempted. In any peripheral paralysis, where the
stimulus cannot be properly applied directly to the proximal
side of the lesion by reason of its situation, as in the Fallopian
canal in facial palsy, electrical stimulation of an afferent nerve
(in this instance, the trifacial) produces reflexly an efferent
impression upon the proximal portion of the nerve, and thus
serves to promote the removal of the obstruction in the nerve,

Peripheral treatment should consist in, preferably, galvanic
stimulation of the affected muscles, the active electrode being
the one from which the best response is obtained with a mini-
mum strength of current (An. in R. De.). The anode or cathode
is placed cither behind the ear, or anteriorly in front of the
zygoma, stabile ; the other pole should be stroked along the
course of the upper, lower, and middle facial muscles, ':fn“ to
two daily applications should be made of from five to fifteen
minutes’ duration. Even after faradic response returns in the
severe forms of facial palsy, should the electrical trentm{.;nt be
continued, ealvanic stimulation is preferable to faradic for
reasons laid down in another section.

Electrical treatment is more likely to aggravate than to
ameliorate spasms and contractures which occur in the later
stace of the severe form of facial nenritis.

Hypoglcssal paralysis is usually a symptom of bulbar
paralysis, or of cerebral hemiplegia. In ::e.rebml 11}'1}%}g1055ﬂ1
paralysis atrophy of the tongue and electrical alterations c:lo
not, of course, ensue. In nuclear or infra-nuclear paralysis
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atrophy always occurs, and may be accompanied by degenera-
tive reactions,

The treatment of hypoglossal paralysis must vary with the
cause. If of nuclear origin, the treatment should be similar to
that employed in progressive bulbar paralysis ; if due to hemi-
plegia, cerebral galvanization may be tried. Peripheral l,rl:::ftl,—
ment may be: anode at the neck ; cathode at the motor point
of the hypoglossal or directly to the tongue. :

Muscule-spiral paralysis (not due to lead), and other peri-
pheral pareses of the limbs, should receive faradic and galvanie
treatment on the lines already laid down in the preceding pages.
Should the paralysis be due to disease of the anterior cornu,
the treatment would be similar to that ‘given for polio-myelitis.
If nenritic, a treatment similar to that indicated for facial palsy.
If degenerative reaction is present, faradism is useless save for
its reflex effect on the proximal side of the lesion. This should
be reached, when possible, directly by galvanism and faradism,
in order that the obstruction to motor conductivity may be the
quicker overcome. As stated by Erb, frequent use of a motor-
conducting path diminishes the resistance in the latter. Erb’s

Fic. 64.

0 = & o=

Schematic representation of a motor paralysis. %, motor-conducting path;
m, muscle: a, site of lesion, obstruction to motor conduetion ; e, electrieal irritant
applied to central side of site of lesion,

words are : ‘“In this manner we sometimes succeed in forcing
the conduction of the process of excitation by means of the
electrical eurrent ; when this has heen achieved, the stimulus of
the will may gradually grow effective and the paralysis disap-
pear.” The ecurrent should be applied as represented in the
illustration, which is taken from Erb’s work.

Daily stimulation of the paralyzed muscles with galvanism
serves to maintain their normal contractility and to prevent
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atrophy. Tt preserves them in condition, so that when power
to conduct volitional impulses is regained in the neryve the
muscles are in a condition to respond.

Lead Palsy. The most frequent form of paralysis due to lead
i1s that involving the extensor muscles of the forearms. It IS
usually of subacute onset, the right arm being first affected,
and then the left. The extensor communis is first paralyzed ;
then the extensors of the index and little finger; then the
wrist extensors and the long muscles of the thumb, ete. The
supinator longus escapes unless the paralysis extends to the upper
arm muscles, which is not likely to occur until a late period of
the disease. The affected muscles waste rapidly, and soon
exhihit the reaction of degeneration. There is early loss of all
irritability in the aftected nerve and faradic loss in the mus-
cles, while galvanic response in the muscles is at first increased,

though modally altered. Soon An. Cl. €, = or = O, €1 @ Fand

a continuous tetanic contraction is apt to be produced during the
passage of the current,

The view that this paralysis is due to a primary change in
the anterior gray cells seems most consonant with all the facts,
The electrical treatment had better be that pursued in cervical
cornual myelitis. The anode or cathode, depending upon which
gives the more ready response, should be used peripherally on
the paralyzed muscles, vigorous labile applications being made ;
while the other, larger electrode, should rest upon the lower
cervical and upper dorsal region. This latter region should also
receive special treatment by one clectrode applied to it, the
other to the sternum, a vigorous stabile current used, and,
after a moment or so, a change of polarity. Subaural galvaniza-
tion should also be used. It is possible that both galvanie and
faradie, especially the latter with the wire brush, peripheral
stimulation, has a beneficial effect in ‘“ wrist drop,” through a
reflex influence on the multipolar cells.

Diphtheritic Palsy. Paralysis of the muscles of the palate,
pharynx, eyes, and extremities is not infrequent after diphtheria,
due to a neuritis or anterior polio-myelitis.

Treatment. Central and subaural galvanization should be
used as well as local stimulation of the aflected muscles. In
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paralysis of the extremities the method should be the same as
that just indicated for lead palsy. Paralysis of the ocular
muscles should be treated as described on a former page. The
palatal muscles may be directly stimulated by the application of
small catheter-shaped, covered, and well-moistened electrodes to
them. Feeble currents only should be used.

Stabile currents also should be passed transversely through
the cheeks, or through the auriculo-mastoid fossee. Movements
of deglutition should be induced in paralysis of the pharynx by
the application of the anode to the upper part of the nucha, and
the cathode labially to the laryngeal region. With each Ca.ClL
the act of swallowing will take place.

Cardiac weakness, should it occur in diphtheria, may be suc-
cessfully combated by the use of galvanism in conjunction with
stimulants, strychnia, ete. A large electrode is applied to the
cardiac region—another to the dorsal vertebrze, and a strong
current, rapidly reversed, used. Subaural galvanization is also
of service in diphtheritic heart failure.

Anesthesia. The treatment of angesthesia should be directed
to the removal of the cause of the interference with sensory con-
ductions, whatever that may be. The usual treatment of the
anesthetic condition itself consists in stimulation of the insensible
area with the faradic brush—the skin having been thoroughly
dried, and afterward preferably dusted with powder. Gal-
vanism may also be used with the cathode labile over the anges-
thetic part.

For HYSTERICAL HEMIANESTHESIA, see HYSTERIA.

The Electrical Treatment of Neuralgia and
other Painful Affections,

Electricity is often of the greatest value in the relief of pain,
Galvanism is especially of service. Its action is chiefly calma-
tive, the production of anelectrotonus being the cause as gene-
rally acecepted. Perhaps, however, the catalytic effect of either
pole, the positive equally with the negative, is as much con-
cerned as the sedative influence of the anode in the benefit

10
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resulting from the patient use of galyvanism’® in neuralgiform ail-
ments. Faradism is chiefly of service in neuralgia through its
counter-irritant and reflex effects, the latter especially on the
vaso-motor and trophic system of nerves. It may be applied
either with the faradic brush, the sensitive surface being stimu-
lated until a decided hypergemia is induced, or, through moist
electrodes, a strong current being used. The “swelling”’ faradic
current is offen of decided benefit in neuralgia, the current
being gradually increased and diminished while the electrodes
are in situ,

When galvanism is resorted to, stabile eurrents should first
be tried, with the anode upon the painful nerve-trunk or over
a painful point. The application should be strong, very gradu-
ally increased and diminished, without alteration of pressure or
making interruptions. Should the desired effect not be obtained
with one pole, the other may be tried.

The best results secem to be obtained when both electrodes are
applied to the course of the nerve, the cathode being peripheral
in location, Several applications may be successively made along
the course of the nerve, with the electrodes, when possible, about
25 em. apart. Erb commends this plan. It is particularly ser-
viceable in scrAricA. In this disease (which in many cases is
rather neuritis than neuralgia), perhaps the best method of
procedure is to place the anode over the situation of emergence
of the nerve from the sacrum. The cathode is placed lower
down on the nerve, at first at the sciatic foramen, then about
mid-thich. Following this, in the popliteal space, ete., over the
peripheral distribution of the nerve ; or the more purely polar
method may be tried. Erb has had good success with it. The
cathode is placed upon the anterior surface of abdomen or thigh,
while the anode is applied stabile to the various parts of the nerve,
such as vertebrze, plexus, sciatic foramen, and to the points dou-
loureux. A few interruptions of the current should be made at

1 The secondary eurrent (of, preferably, very fine wire), rapidly
interrupted, should alone be used when a sedative effect is desired.
To produce muscular contractions either the primary or secondary
current may be used.
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the termination of the application to relieve the stiffuess of the
muscles apt to be present in chronic cases. The electrodes
should be large and well moistened, and upwards of 30 or more
milliamperes used. Applications, as in the treatment of all the
neuraleias, shoald be at least once daily of from 5 to 10 minutes
duration.

The various special neuralgias may be treated on the lines
already laid down with or without success, depending upon
their severity and the underlying cause. The latter always
should be ascertained and removed when possible,

Ancdal diffusion, a method depending upon the cataphoric
powerofelectricity, has recently come into vogue for the treatment
of localized neuralgia. Solutions of cocaine, aconite, belladonna,
chloroform, and other drugs have been resorted to with more
or less success in the production of anwesthesia in superficial
pains. Cocaine is the most promising agent. A flat metal
electrode, preferably of platinum, or, in its absence, nickel-plate
surrounded by a rubber rim, may be used to apply the medica-
ment in solution placed upon a disc of tissue paper, to the
desired point. The electrode is connected to the positive pole,
and a current strength of from 5 to 20 milliamperes allowed to
pass for about 10 minutes.! It is questionable if this method
be better in results, while it is doubtless more troublesome
than hypodermic medication at the site of pain. A method,
which seems to the writers as worthy of trial, is that of follow-
ing the hypodermic injection of the drugs used to secure local
angesthesia by a stabile application of the anode of a strength
of current and duration similar to that mentioned above.
This would appear to be productive of more prompt and de-
cided results than by the other method,

Muscle pains due to rheumatism or strain are often removed
with surprising promptness by electricity. Lumbago is a type,
and will often well illustrate the curative effects of electricity,
yielding, as it frequently does, to one or two applications, This
treatment is markedly successful with recent cases.

' For a full description of the method see ** A Further Study of Anodal
Diffusion as a Therapeutic Agent,” by Peterson.—N. Y. Med. Record,
Jan. 31, 1891,
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The faradic brush may be used with a current strong enough .
‘to cause very decided redness of the skin, or the muscles may
be vigorously faradized with wet electrodes inducing strong con-
tractions, This application should be continued during the space
of five to ten minutes. The contractions should be sufficiently
strong to be painful. Galvanism is perhaps quite as effective
and less painful. The anode is placed upon the most painful
spot, the cathode is indifferent, or it may be located on a point
opposite to the anode, or gradually labile, encireling the anode.
At the termination of the treatment, interruptions and voltaice
alternatives should be made to insure vigorous contractions of
the stimulated muscles, tf

The galvanic and faradic currents used conjointly (galvano-
faradization) should be of great service in neuralgia and other
painful affections, ;

In Chronic Articular Rheumatism, galvanism and faradism,
especially the former, often render signal service in promoting
absorption of cxudates and in removing nodosities. The
catalytic effect of galvanism is chiefiy to be desired. Strong
currents should be passed through the inflamed joints in all
directions by means of large, well-moistened electrodes. The
direction of the current should be frequently changed by means
of the commutator. Labile galvanic or faradic applications
should be made to the adjacent muscles and bloodvessels,

The cataphoric eflect of the galvanism is now being utilized
for the introduction of sorbefacient medicaments into the vas-
cular area about the joint in articular affections, and thus pro-
moting absorptions of exudations.

Enlarged rheumatic and gouty joints have thus been quite
rapidly reduced in bulk. A description of the method an‘d a
partial bibliography will be found in the paper of Peterson, just
referred to. _

Electricity in Spasmodic Wry Neck. Through its influence in
allaying spasm, galvanism has been frequently of tﬂlll]]:[:’l‘ﬂ.[‘}'t
and occasionally even of permanent, benefit in torticollis. A
current of moderate strength should be used with the anode on
the highest part of the spinal accessory, and the cathode on the
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muscles, the seat of spasm, usually the sterno-mastoid and the
trapezius, -

Writer's Cramp.—As suggested by Bartholow, rest, massage
and agymnastics of the affected muscles must accompany the
electrical treatment in order that benefit of any permanence be
obtained. Erb recommends transverse, longitudinal and oblong
cerebral galvanization ; subaural galvanization and peripheral
applications to the affected nerves and muscles, stabile in the
spastic and labile in the paretic. Bartholow recommends that
the anode be placed in the cervical region, and the cathode
brushed over the affected museles from the shoulder down,
Faradism is of service only in the paralytic forms of writer’s
cramp. ;

Aneurism has been treated with fair success by electrolysis.
Well insulated:(to within about one inch of the point) platinum
or gold needles connected with the positive pole are introduced
into the aneurismal sac beyond the insulated portion. The
negative electrode, very large and well-moistened, is applied
near at hand, and the current gradually turned on and increased
to its maximum through a rheostat, and then as gradually
diminished. The duration of the application should be from
ten to twenty minutes—ecurrent strength about thirty milliam-
peres. The number of needles introduced depends upon the
size of the aneurism, from one to four being the ordinary num-
ber. A firm coagulum forms about the needles, from which it
is usually difficult to separate them. This may, however, be much
facilitated by gently rotating them before withdrawal, or, per-
haps, it may be found still better to pass momentarily a rather
moderate current of the opposite pole, at a similar period, i. e.,
after the current used in the treatment has passed during the
requisite time and has been gradually turned off, by means of
the confroller, to zero, Then without delay a reversal should be
made with the commutator and the other (negative) current
allowed to flow for an exceedingly short space of time. The result
may be a softening of the deposit in the immediate vicinity of
the needles, thus, of course, rendering withdrawal more easy.
This procedure should be accompanied by strict antiseptic pre-
cautions. The site of puncture should be covered with absorbent
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cotton and collodion. The patient should be in recumbency,
and remain so at perfect rest for several hours afterwards.
For a more detailed description of the method of electrolysis

in aneurism the reader is referred to the excellent work of

Bartholow,

The Loreto- Barwell method of treating aneurism, that of the
introduction of fine silver wire into the sae, tozether with the
employment of electrolysis, has yielded excellent results after
the method of electro-puncture alone, failed.’

In the Treatment of Urethral Stricturz by electrolysis, a
method devised by Dr. Robert Newman, of New York, may be
used. A properly insulated bulbous metallic sound of a calibre
somewhat greater than the stricture, connected with the nega-
tive pole, is introduced to the site of constriction, the anode being
placed on one of the thighs, a current of three to eight milli-
amperes is used for upwards of ten to fifteen minutes, repeated
at intervals of five days (or longer), the frequencey of application
depending upon the results obtained. After the current has been
flowing a short time, the electrode should be made slowly to pass
the stricture, if practicable, without undue force. Should there
be much pain or subsequent inflammatory reaction after the
application, the parts may be bathed in hot water and a
morphine and belladonna suppository inserted into the rectum.

The Simple Inflammatory Stricture seems most amenable to
electrolysis, but we believe this method of treating strictures has
scarcely yielded the results at first claimed for it.

Eneuresis (nocturnal and diurnal) often yields promptly to
electrical treatment. If galvanism is used, the anode should be
applied to the lumbar cord and the cathode to the symphysis
and perineum, with a current strength of from 5 to 10 milliam-
peres, for from 2 to 5 minutes, once or twice daily. Erbrecom-
mends, in girls, the application of a small sponge (or absorbent
cotton) covered electrode between the labia, close to the meatus §
in males,. to introduce a wire electrode about 2 cm. into the

1 See a case of Rosenstine (Amer. Jour. Med. Sciences, Jan. 1891), in .
which two operations of electrolysis (70 milliamperes, 20 minutes) were
without effect, but which were subsequently cured by the Loreta-Barwell
bpuratinn.
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urethra, the other pole to the lumbar vertebrse. The faradic cur-
rent is then passed for several minutes, In obstinate cases it
may be requisite to faradize the neck of the bladder,

Functional Weakness of the Male Sexual Organs (Impotence,
Spermatorrhcea) requires both galvanism and faradism, especi-
ally the former in impotence. The anode,a large-sized electrode,
should be applied to the lumbar spinc and the cathode (medium
electrode) in one groin after the other, stabile and labile, then
about the upper and lower surface of the penis, and finally on
the perineum. The entire application should consume several
minutes, and the current be of medium strength. In nocturnal
pollutions stabile rather than labile currents should be used with
the anode in preference to the cathode about the genitals. The
urethral electrode may be used for the purpose of direct appli-
cations to the orifices of the ejaculatory ducts.

In Conditions of Atony (with or without dilatation) of the
Stomach, with diminution in the secretion of the gastric juice,
percutaneous, and especially intra-gastric faradization has
yielded excellent results. Intra-gastric faradization requires
for its application a special electrode. Eichorn' recommends a
small, bulbous, hard-rubber capsule electrode, designed by him-
self, and termed a ‘‘ deglutable stomach electrode,’” which has

proved very salisfactory in his hands. The stomach should
contain a half-pint or so of fluid, in order that the current may
be diffused. The electrode is swallowed. The indifferent elec-
trode may be placed upon the back to the left of the seventh

1 Medical Record, May 9, 1891.
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dorsal vertebra, or on the epigastrium, or may be held in the
hand. Marked results are often obtained from faradization thus
applied in chronie gastric catarrh, gastric atony, and in gastric
dilatation. Einhorn reports also pure cases of gastralgia much
improved from galvanism similarly applied. Fig. 65 represents
the stomach electrode, manufactured by Otto Flemming of this
city. In the hands of the writers it has given perfect satisfac-
tion.

Catarrhal Jaundice, Splenic Enlargement, and Ascites fre-
quently respond to faradization of the gall-bladder and abdomen
generally. Contractions of the gall bladder may not unlikely be
due to reflex action. Such results seem not improbable from
results obtained in cases of catarrhal jaundice by means of per-
cutaneous applications.

In Leuksmia and Malarial Splenic Enlargement percuia-
neous faradization is also worthy of trial.

Constipation, when due to atony of ihe intestine, is usnally
relieved, at least temporarily, by galvanism, faradism, or gal-
vano-faradism. A suitable hygienic regimen must be combined
with electrical and drug treatment, in order to obtain permanent
benefit from electricity. It may simply be looked on as a valu-
able adjunct, If galvanism be resorted to, the anode (medium
electrode) should be applied to the lumbar region ; the cathode
(large electrode) along the course of the colon, fromright to left.
Previously it is well to make application to the region of the
small intestines, and ultimately over the whole abdomen; the
electrode, applied to the latter region, should be held firmly in
place, especially in the neighborhood of the cacum and sigmoid
floxure. In addition to the above, Erb recommends transverse
passage of the current from one hypochondrium to the other,
the electrodes to be pressed firmly into the parts. Should this
treatment fail, an olive-shaped electrode, well insulated, save
the tip, may be passed into the rectum, the other being placed
in the lumbar spinal region or upon the abdomen, as directed
above. With the electrodes in this position, frequent changes of
polarity must be made to avoid cauterization of the rectum, and
also to secure vigorous contractions of the abdominal muscles.
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Galvanization of the lumbar spine may also be resorted to ; also
faradization in much the same method. Applications should
be daily, and continue during the space of five to twenty

minutes,
DISEASES OF WoMEN. — Extraordinary results have been ob-

tained, in recent years, in the treatment of these diseases, by
electricity. The subject has attained such proportions that it
cannot be noticed here in more than the barest outlines. The
student is referred for details to the writings of Apostoli, Keith,
and others, and especially to the excellent manual of Massey,
from which many of the following points are taken.!

The faradic battery is often useful for general stimulation in
women the subjects of *‘ nervous prostration,’ and as a sedative
or a stimulant to the uterine functions and organs, depending
upon the form of current or force used. As it is frequently
desirable to use conjointly the galvanic and faradic currents in
general electrization, it is best to have an arrangement in the
switch-board whereby this combination can readily be effected.
Static electricity is far less useful in gyngecology than cither of
the other forms, and can be replaced by them. It is of most
service as a surface stimulator, the spark having but limited
penetrating power.? It will, however, readily pass through dry
clothing, and is useful, therefore, when musele and skin excita-
tion is desired without removal of the garments. Static elec-
tricity is regarded by Dr. Massey as an agent of unique value
in the treatment of the backache of nervous women, unasso-
ciated with definite pelvic trouble. Special electrodes are neces-
sary for the application of electricity (galvanism and faradism)
in gynecology. When strong galvanic currents are used, the
external electrode must be of considerable size.

For currents over 100 milliamperes the clay electrode of Apos-
toli, or one of the modifications of it suggested in the books,
should be employed. For currents of less strength Massey
suggests a pad of absorbent cotton or of folded towels of the
same size as the clay electrode, thoroughly wet and connected

I Electricity in the Digeases of Women.
? This has been denied of late, but not with sufficient evidence.



154 ESSENTIALS OF MEDICAL ELECTRICITY,

with a metal disc through which the current flows, A very
large pad, such as is used for general and spinal electrization,
will also answer very well. The intrauterine portion of the
uterine electrode, which is to be connected with the positive
pole, must be of platinum to avoid corrosion or dissolution due
to the action of nascent oxygen and acids upon it. That used
with the negative pole being unattacked thereby, may consist
of ordinary nickel.

The positive pole produces a firm eschar, such as results from
use of a caustic acid. It is used principally to control uterine
hemorrhage and to remove cervical stenosis.

Cauterization by the cathode produces more or less liquefac-
tion of the tissues acted upon, and as a result of this, absorp-
tion is supposed to be more decided than from the action of the
anode.

In Electro-puncture a strong, spear-shaped needle, as a rule,
connected with the eathode and insulated to within half inch
of its point, is used for penetrating the tissues.,! The galvanic
current unquestionably has power to promote the dissolution of
some forms of fibroid tumors, especially of the less firm varieties.
Intrauterine canterization is always to be preferred to punciure
when the situation of the tumor admits of the concentration of
the current upon it. According to Massey, electro-punclure is
best reserved for two emergencies. The first of which, by the
way, is rarely encountered : @, When the cavity of the intra-
mural tumor cannot be entered ; b, when a subperitoneal tumor
has its uterine attachments so stretched as to place it beyond
the effect of intrauterine application. When puneture is re-
sorted to, it should be done through the vagina in preference to
through the abdominal walls, Whether puncture or intra-
uterine cauterization is resorted to, the same strength of cur-
rent is used. The electrodes are first placed in position and the
current egradually increased to the desired strength, from 50 to
250 milliamperes, and then gradually diminished. Whole dura-

I Massey states that about 200 milliamperes, concentrated at the ex-
posed one-half inch of a negative needle, will destroy an area of this
length and one-fourth inch in diameter in the muscular tissue of a

cadaver in two minutes.
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tion of application from two to ten minutes, depending upon the
strength of current used. It should be repeated once or twice
weekly. '

In Menorrhagia and Metrorrhagia, due to relaxation of the
uterus, intrauterine faradization seeems to be more etficient than
anodal galvanization.

In subinvolution, with relaxation, faradism is cqually useful,
The single or bipolar intrauterine electrode may be used.

In Chronic Metritis and Endometritis, with accompanying
leucorrheea, negative cauterization of the uterine cavity is of
the ereatest value. A current of from 10, 20, or more milliam-
peres! is passed for from 5 to 10 minutes, once to twice weekly,
and usually effects a cure in a short time,

Cervical Stenosis, causing dysmenorrheea, is treated snccess-
fully with galvanism. An electrode insulated to within an inch,
or thereabouts, from its distal extremity, and capable of being
fitted with metal tips of varying sizes, is pressed against the
eonstriction, the indiflerent electrode upen the hypogastrium,
and a current of from 10 to 30 milliamperes passed for a few
minutes until the smallest sized tip penetrates the constriction,
Application should be about twice weekly, and, as in the local
treatment of all uterine affections, between the menstrual
periods only.

In the Congestive and Ovarian, or Nervous forms of Dysmen-
orrheea, abdominal or dorsal galvanization and faradization are
often of the greatest service. In the more unyielding forms of
congestive dysmenorrheea, mild intrauterine galvanization
(cauterization) and faradization should be used,

Amenorrhea has also been treated by abdominal galvaniza-
tion and faradization, and remarkable success recorded. Tlie
method is unipolar, intrauterine, or vaginal application of either
current. If galvanic, the cathode must be the active pole.

Galvanism and Faradism have been often successfully resorted
to, to cause the death of the feetus in extroauterine pregnancy, and
if employed prior to the third month, they offer greater promise
of success than any other treatment.

A Apostoli uses upward of 200 milliamperes.
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Treatment.— An insulated, bulbous electrode is placed either in
the vagina or rectum in apposition with the sae. The other elec-
trode, large and well moistened, should be in position against
the cyst externally. The electrical current should be of moderate
strength and of a few minutes’ duration. Daily applications
should be made until it is believed that life has ceased in the
feetus. Bartholow recommends slow interruptions of the faradie
and oceasional anodal, or cathodal openings of the galvanic.
He regards faradism as less efficient than galvanism, and some-
what dangerous, through the powerful contractions of the
abdominal muscles induced by it, thereby threatening rupture
of the cyst. A large abdominal electrode would obviate this
risk,

Most obstetricians prefer faradism to galvanism, as the
faradic applications, when of any strength, are less painful than
the galvanic, which also must be interrupted.
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