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FARADISM, 7

FARADISM.

Induction is the name given to a phenomenon exhibited by a
wire or other conductor, in the neighbourhood of which a.curren
or a magnet is placed. As long as no change occurs in the dis-
tance and strength of the latter nothing occurs in the wire ; but as
soon as any such change is set up, and as long as it lasts, electro-
motive force is generated in the wire. In other words, whenever
a current (or magnet) is (suddenly or gradually) made or broken
near a wire (thatis, whenever it is brought from an infinite dis-
tance into its neighbourhood, or thence removed to an infinite dis-
tance), and whenever any variation of strength occurs in the
current (or magnet) while at rest, a certain amount of electro-
motive force is induced in the wire,

This amount is absolutely definite in each case, depending upon
the length of the wire influenced and the variation in the current.
Suppose that in one case a current of I unit be made suddenly, that
is in a very short time, say y35th of a second, in the wire AB; and
in another case be gradually, say in one second, made, that is
increased from o to 1, we shall have in both instances a total
electro-motive force X generated in CD. But it is evident that at
any instant of its existence the second current is 100 times weaker
than the first, and though the same total quantity of electricityis con-
veyed in the two cases, the effects in the first will be much greater
owing to the concentration of that quantity in a very short time,

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

Now suppose the wire AB instead of straight be in the shape of

a coil, It is evident that the con-

s secutive turns may be considered

as constituting a series of parallel
wires (a, & ¢, parallel to ¢, 4 e,
etc.). In fact, we find that every
variation of the current in its pas.
sage through each turn from B
to A does induce electromotive
force in the contiguous turns. An
induced current is thus generated
in AB which obeys the same laws
as that arising in an independent
wire; viz., is opposed in direc-
tion to the primitive battery cur-
rent, when the latter is made or
increased ; similar in direction
when the latter is broken or di-
minished. This current is known
as the primary or extra-current.
Let us suppose, as in the diagram, that AB is connected with the
two poles of a battery E, and that the current can be made and
broken at will by means of a key, K. Connect AB with a galvano-
meter G, We now find that on breaking the current from the
battery, a strong induced current is generated which causes the
needle to be strongly deflected. But on making the current again
no such deviation is observed; the induced current being opposed
in direction to the battery current acts as a momentary resistance
toit. The battery current is weakened and retarded in the process,
Suppose now that the second wire CD be also made to assume
the shape of a coil, so as
Fie. 3. to surround the coil AB.
It is evident that each
coil turn in CD may be
considered as parallel to
each turn in AB. The
total inductive influence
of the coil AB upon the
coil CD will be propor-
tional to the total num-
ber of turns in the first
multiplied by the total
number in the second.
By increasing the num-
ber of turns, we there-
fore increase the amount of electro-motive force generated, Ex-
periments have shewn that this amount is independent from either
the material or the thickness of the wire. These circumstances
influence only the resistance of the coil,
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of the circuit of which
Fic. &. OB is equal to the (in-
ternal) resistance of the
battery, and BC the
(external) resistance of
the conductor inter-
posed. Draw OA at
right angles to OC re-
presenting the electro-
motive force of the
battery. Join AC. The current strength will be represented by
the s/gpe of AC, that is, by the tangent of the angle ACO, which we

know is the geometrical expression for the proportion a0 (that is &
Al prop oc \ S|/

Let OA be 15 millimetres long, representing the electro-motive
force of 8 Bunsen's cells (15 volts), and OB be 10 m.m. long, re-
presenting the internal resistance of the battery (10 ohms). And
let our external resistance of twenty ohms be represented by as
many m.m. in BC.—Join AB. The strongest current we can ob-
tain with our battery, is when the poles are directly connected, and
then our current = tan ABO. If OC' be made equal to AO, the
angle AC'O has 45 degrees, and our current is equal to tan 45° =

(Eluxalts

15 chms
CGC,, the slope of AC; AC; goes on diminishing until it vanishes al-
together; we then have AY parallel to AC prolonged to infinity.
An infinite resistance being interposed, no electricity can flow, of
course; the circuit is broken,

Now draw BD parallel to AO. The length of BD represents
the difference of potential between the poles of the battery when
the current flows through the external resistance BC, that is to say,
the “tension” of the battery, or again, the electro-motive force
which is effective in maintaining the current through BC. With
every diminution of BC, (BC') BD will diminish [(BD); until BD
vanishes altogether when there is no external resistance, the poles
being in contact. With every increase of BC, (BC,, BC;) BD will
increase until it becomes By — AO when contact is broken. As a
general rule the potential of a point in a circuit is equal to the
ordinate of that point.

Let us apply these principles to a concrete example: To find the
electro-motive force and internal resistance of a given battery, with

a given tangent galvanometer,

Fie. 6. and a given external resistance,

First, connect the poles of the
battery to the terminals of the
galvanometer; let the deviation
of the needle =— X. Next intro-
duce into the circuit the given re-
sistance R, and let the deflection
— X'. Take a straight line OA,
and make the angle OAP =X,
Produce the line OA to A, and

). With every increase of our external resistance, CC,,
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let AA’ represent R; make the angle OA'P = X'. Let AP,
and A'P' meet, as they must, at a point ). From Q let fall QO
perpendicular to AO produced if necessary. Then OA = in-
ternal resistance of the battery + known resistance of the gal-
vanometer, and OQ — electro-motive force of the battery, in terms
of that electro-motive force taken as unit, which if it acted in a
circuit of unit resistance, would generate a current capable of
causing a deviation 45° upon the galvanometer employed. That is,
if every inch, millimetre, or any other unit of length adopted for
OA' denotes one ohm, the length of OQ expressed in terms of the
same unit will denote the electro-motive force of the battery in
1 volt -

l.l'l:}]_ts; fDI‘ I—{'J]'_"'_E — E’I.I'ld tan I =— angle -1:1.5. 1-

Let A and B be two points in a circuit, the two poles of a battery
for instance, and the length of AB
represent the resistance of the Fig. 7.
conductor interposed. Let AC be
made equal to the electro-mo-
tive force acting at A (de., the
potential of A) and BD that at B,
the potentials of these two points
being positive and negative re-
spectively. Then the slope of CD,
that is the tangent of the angle
AOC represents the strength of the
current; and the potentials of any
points abed along AB are equal to
the ordinates of these points (drawn
in the diagram as full lines be-
tweeen AB and CD. The point
O, which is at zero potential, oc-
curs at the middle point of AB. ;

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






















20 MEASUREMENT OF CURRENT STRENGTH,

A Fie, 16. :.
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Gaife’'s medical galvanometer with
two wires, a short thick one for
measuring “low tension,” and a
long fine one, for " high tension™
currents. The dial is divided into
arbitrary divisions (360 deprees), or
into absolute units (1o,000ths of
B.A. units).

Galvanoscope for medical batteries.

The ordinary galvanometer, or rather galvanoscope, is a much
simpler instrument, but also one of very little use indeed, except
to indicate whether any current is passing or not, and whether the
battery is constant. As it obeys no law in the deflections it gives,
no calculation can transform readings obtained by it into even
proportional measurements. It consists simply of a coil of wire
influencing a magnetic needle, revolving on a dial divided into
360 degrees. (fig. 168).

Ot late years a great improvement has been achieved in having
the dial of the galvanoscope subdivided, not into degrees, but into
divisions, indicating at once the strength of the current in absolute
units. This plan has been adopted by Gaiffe, of Paris; and is
patented in this country by Sprague, of Birmingham. By this
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20 DIFFUSION OF CURRENT,

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

Let B represent the battery, and let the rheophore bifurcated at D
convey the current to a rheostat R and
to a part of the human body R'. A
galvanometer is included in each of the
derived currents, G, G. Suppose the
resistance R’ to be 2000 chms. First
make the resistance in R 2000 ohms,
the galvanometers will indicate that
the currents passing through R and
R’ are equal. Next increase the re-
sistance in R to 3000, 4000, &c.; the
deflections show that the currents in
K. and R’ become as 2: 3, 2: 4, etc.
Finally, diminish the resistance in R
to 1000, 500, etc, and the currents
assume the ratioin R and R' of 2: 1, 2: 5, etc.

By inserting a third galvanometer into the portion of the circuit
E B D, where the current is undivided it is easily proved that in
every case the sum of the currents in R and R’ is equal to the
current in E B D,

DENSITY OF CURRENT.

The density of a current is measured by the quantity of electri-
city flowing through a sectional unit of the area of the conductor in
a unit of time, Thus if we send a current of the strength 1, (that
is conveying 1 veber in the second) through wires 1, 2, 5, 10,
square millimetres of sectional area respectively, it is evident that
whilst in the first case 1 veber will pass through 1 sq. m.m. only 2,
‘5, ‘1, veber will pass in the other wires through every square milli-
metre. In other words the densities of these currents bear an
inverse proportion to the diameters of the conductors in which they
flow. Here again the analogy between conducting wires and
water pipes will assist in realising the nature of the phenomenon.

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

DIFFUSION OF CURRENT: DISTRIBUTION OF
POTENTIALS.

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




DIFFUSION OF CURRENT. 29
diffuse themselves in accordance with the laws of the derived cur-
rents, #.¢., which are the weaker the longrer and more circuitous the
course they take if the conductor be homogeneous; or, what comes
to the same thing, the greater the resistance they encounter, It is
evident that a conductor of any kind can be looked upon as consist-
ing of layers of conducting substance thinning out towards the
points of application of the rheophores. Each of these layers offers
a passage to the current, which divides itself among them, {exactly
as if they were wires) into derived currents of a strength inversely
proportional to the resistance of their respective paths, and of a
density inversely proportional to the sectional area of these paths.
A glance at the diagram (fig. 19) where the lines of current from P to
N subdivide the conductor into such imaginary layers will make this
evident.

In order that a current should flow from one point to another,
- there must be a difference of potential between these two points,
Hence different parts of a conductor through which a current flows
are at different potentials. With a cylindrical homogeneous con-
ductor, such as a wire, the case is very simple: such a’ conductor
may be conceived as made up of a series of very thin disks, each of
these disks transmitting the current from the disk preceding to the
disk following it. Every part of such a disk would then be at the
same potential, which potential would be intermediate between
those of the contiguous disks. In other words, every point of the
surface exposed by a transverse section of a wire is at the same
potential : that is, such a surface is an equipotential surface. The
case is more complicated when the conductor is not evenly pervaded
by a current, such as in the case of the rectangular conductor repre-
sented in the diagram. The equipotential lines will be represented
by the curves 66, 5 5, etc., 0 0, —1—1 etc., for which, however, I
do not claim anything like geometrical accuracy. Suppose the
battery C Z, (the internal resistance of which is negligible), has 14
volts electromotive force. The points P and N will then be at +7
and —7 volts respectively ; and the distribution of potentials in volts
along P N will be as indicated by the numbers, the middle point
being at zero, whilst within the conductor itself the potentials will
e found distributed, as indicated by the curves above mentioned.

Fic, 1g.

LExplanation of Diagram.~In the diagram a b ¢ d represents a







THE HUMAN BODY A5 A CONDUCTOR. 3}

—the resistance of the intermediate portion of muscle or other
tissues being almost negligible in proportion to the former,

7. Hence ‘‘the resistance of the body” will vary not so much
according to the distance of the electrodes from one another, as to
their diameter, the degree of moisture of the epidermis, its thickness
at the point of application, the number of sweat ducts opened to
the current, and the state of the cutaneous system, e.g., a hot perspir-
ing skin conducts far better than a cold dry one.

These considerations help to explain the prodigious discrepancies
between the numbers given by various observers as to *‘ the resist-
ance of the body.” The only reliable method of obtaining ap-
proximately correct results is, in my opinion, that of intercalating
different purnum of the bnd}f by means of electrodes of medium
size into a circuit contdlnlng il IargL rheostat resistance, say 40 or
50,000 ohms, and observe the proportional diminution of the current
strength thus produced. For only in this way can a multitude of
sources of error be eliminated, otherwise inevitable.

2,500 ohms may be assunied to represent the average resistance
of the body in the usual medical applications, but no practical
importance, except from the most general point of view, can be
attached to this statement.

Eic: 20.

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




32 MECHANICAL EFFECTS OF THE CURRENT,

The diagram fig. 21 is intended to illus-
trate the fact that the current diffuses
itself throughout the body whatever
the points of application of the electrodes
may be. Absolute localization is im-
possible, If A and B are the positive
and negative poles respectively, the
bulk of the current flows in more
or less curved lines from A to B
through the tissues enclosed between
them. Externally to this interpolar
region, the direction of the derived
currents will be somewhat as shown
by the wavy lines, that is opposed to
that of the main current in the regions
A toa and B to &, Of course we
assume here, for simplicity’s sake, that
the body is made up of a uniformly
conducting substance,

It is of the utmost importance to bear
in mind the diffusion of currents in elec-
tro-diagnosis, where it is the source of
numerous fallacies. The occurrence of
cerebral symptoms (giddiness, flashes
of light, the - galvanic taste’’) when one
of the electrodes is applied to the upper
part of the back, is to be accounted for
on the same principles.

MECHANICAL EFFECTS OF THE CURRENT.

WHEN a current is sent through two vessels filled with a liquid and
separated by a porous substance, such as an animal membrane,
the level of the fluid sinks in the vessel in which the anode is
placed, and rises in that containing the cathode. In other words,
the current produces a transference of the liquid from the positive
into the negative vessel. This phenomenon is known as osmosis.
It naturally occurs between two dissimilar liquids; for instance
hetween water and a solution of gum, the direction of the osmotic
currents being from the lighter to the denser liquid; but the elec-
trical current, when opposed to the natural direction, is sufficient
not only to neutralise the phenomenon, but to reverse the order of
its occurrence. :

The amount of electrical osmosis grows with the resistance of
the fluid acted upon, and is thus inversely proportional to the
amount of electrolytical action. Thus it is very marked with pure
water, and diminishes with the conductivity imparted to the liquid
by salts in solution, etc.

When a current is sent through part of the body, we may
readily suppose that such a transfer of liquids from cell to cell
occurs on its path. But it is difficult to estimate even approxi-
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50 CHLORIDE OF SILVER ELEMENT.

The eells are made of two sizes; the larger is only 31 incnes
lung,_h}r 1§ in diameter, and weighs but two ounces; it is used for
working coils, etc. The smaller size is mainly used for galvanic
batteries. The experience I have had of these elements is most
favourable. Their electro-motive force is about the same as the
Daniell’s, 1-03 volt,® and they give a very constant current. As
regards convenience they are by far the most portable cells ever
FiG, 32. constructed, and
. last a long time
without requiring
cleaning or re-
charging, which
operation is very
simple, and can
be carried out by
any intelligent
person. The only
drawbacks of the -
silver cells are
their  elevated
initial cost (the
working is cheap
enough; all the
reduced  silver
being recovered)
and for this coun-
try at least, the
disadvantage of
not having the
prepared mate-
rials for recharg-
ing at hand.

M. Gaiffe has
made me a bat-
tery of 60 suchel-
ements, of which

GalrrFe's CHLORIDE OF SILVER BATTERY.

G, Galvanometer fixed on the lid, with its conducting wires. The connection is
established through the hinges. The advantage of this arrangement 1s, that when
the battery is shut, the needle does not rest upon the pin, and does not wear it

ut uselessly.
2 The e!em':nt board carries a double collector with the handles, M, M. Th_e
metallic buttons are marked, o, 2, 4, etc. The reophores are attached at B', B
V,V,V, V, screws fastening down the element board. When not in use the
handles rest on the dark buttons marked * Repos.” The commutator is left out;
the interruptor marked I. R LY

The cells F, F, etc. are arranged in rows, in trays. The positive and negative
poles of each cell, H, H, etc. protrude through the upper part of the tr;:iy which
is placed standing in the box. The inferior surface of the element board carries
a number of springs, each of which presses upon one pole, and so the connection is
established. A drawer at the bottom of the battery contains the accessories.

Size of 60 celled battery: 13 X 7 X g inches; weight, 15 pounds.

* According to the latest measurements of Dr. Warren De La Rue.













g4 PEROXIDE OF MAGANESE ELEMENT.

Fic. 36.

Battery of 30 Leclanchés.—The element-board carries a dial collector D; a re-
volving galvanoscope A; a commutator C; and a set of shunts, B, B, B, by means
of which series of cells can be cut off, so as to avoid throwing the main wear upon
the first few, EE binding screws. The accessories are electroplated.

Size : 30 celled: length gl inches; breadth 8}; depth 1o: weight : 22 pounds.

so.celled;: ,, 16 R . 1 gl: W . 12 e
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PEROXIDE OF MANGANESE ELEMENT.

Fic. 37.

ST TE R )
n |

L mAREHEYTE

A battery of 20 Leclanchés of simpler construction,
Collector D; Commutator C; Galvanoscope A.
Size: length 11 inches; breadth 8% ; depth 6.
Weight: 13 pounds. .

kg

The Leclanché Company's medical battery of 55 cells.
The element-board carries a dial collector, a toothed-wheel interruptor, and a
cammutator. Vulcanite sponge holders are kept in the compartment provided for

the purpose.










(1 PEROXIDE OF IRON ELEMENT.

Fia, 41.

P

Gaiffe’s peroxide of iron battery.—The element board carries a double collector,
a commutator and interruptor as described elsewhere. V, V, are the bolts for
securing the board, which is hinged so as to allow a ready inspection of the elements.

The lid carries a galvanometer G. :

The case is separable into two halves for facilitating the repairing or refilling
of the cells when necessary. The hooks ¢, ¢, secure the two halves together. A
portion of the case is removed showing the arrangement of the cells B, and the |
connecting wires F. A drawer is provided for containing the rheophores,
electrodes, etc.

Battery of 20 Gaiffe-Clamond elements, with simple pin and hole collector, and
‘galvanoscope A. B, B, tin plates covered with wash leather. _
Size: 20 celled : length, 12 inches ; breadth, 8; depth, 6. Woeight: 16 pounds.
50 o 11 18 1 11 TR 1 37T w "1_













b2 SINGLE FLUID ELEMENTS,
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Salt’s battery of 20 zinc carbon elements. The element-board carries a pin and
hole collector; two binding screws for rheophores and a commutator-interruptor.

When not in use, a board lined with india-rubber prevents any spilling of the
acid. The vulcanite cells as shown in the figure can be drawn out individually
for replenishing.

Size: length, 11 inches; breadth, 63; depth, 13.

Weight: 24 pounds.

The 30 celled battery is 5 inches longer.




SINGLE FLUID ELEMENTS. {)]

Fig. 47.

Sseerr Aot

The Grenet element.—A- plate of zine, Z, between two carbons, C, C, dips into
a solution of bichromate of potash in sulphuric acid, 1 part, and water 10—2o parts.
A: valcanite plate bearing the binding screws, B, B’ for connection. By means
of the rod T, the-zinc is withdrawn from the liquid when che cell is not in use.

Trouvé's battery for electrolysis, .
It consists of 20 pairs of zinc carbon taken by twos, by means of a dial collector
A. B, galvanometer; C, D, arrangement for the gradual immersion of the plates.










66 GALVANO-FARADIC APPARATUS.

the objection of not being very constant nor easily recharged when
exhausted. The most familiar faradic battery is probably Stéhrer’s.
Dr. Tibbit's instrument is mainly a Stohrer in which Leclanchés
are substituted for the zinc-carbon elements (fig. 55). Fig. 64
represents a very portable arrangement.

The experience I have had of Dr, Tripier’s instrument made by
Gaiffe (fig. 56) has been most favourable. Trouvé’s interruptor
(fig. 58) is very ingenious and well spoken of.

Defective action of a faradic apparatus may be due to several
causes, having their seat in the various parts of the instrument, and
is readily evidenced by the enfeebled vibration of the hammer.

The cells may be exhausted ; and require cleaning and recharg-
ing. Some of the connections may be broken or oxidised. Some
of the turns in the coil may be imperfectly insulated. But the most
frequent part at fault is the interruptor. Sometimes a little manipu-
lation of the screws which regulate its action is sufficient: or it
is necessary to clean the platinum disk carried by the hammer
(H fig. 3) at the point where it comes into contact with the screw
(sc.) and the tip of the screw itself, The reason for this is plain:
oxide collects at this spot, and offers a relatively considerable re-
sistance to the passage of the battery current. This oxide is due
to the chemical action of the battery current of itself and of the
break extra-current (spark) through the metallic surfaces, in
presence of air. Careful scraping with a pen-knife, or scouring with
fine emery paper, readily removes the oxide. A

The first two illustrations show the non-portable sledge appara-
tus, one with the original Neef's hammer, the other with Gaiffe's
improved interruptor.

F1e. 51,

Siemens and Halske's apparatus, AA’ binding screws for the battery rheophores.

B. B/, primary and secondary coils. :

H, H, graduated scale along which B’ can slide

C, core -:::ré s;:-qﬁ il‘:Jl'll:I

a, v, D, E, Neet's hammer. . - 1 .

M. Gaiffe constructs a similar apparatus with 3 secondary coils, (the wires of
which are of 66 metres, I'4mm.; Ig8m, 0’7 mm.; 6oom, 0’225 mm. in length
and thickness respectively); and with his graduation hammer, giving from 5 to 50
interruptions per second. : i : = s -
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Fic., 52.

Du Bois-Reymond's sledge faradic apparatus, with Gaiffe’s improved lever and
hammer. The board A D is jointed at C for the sake of convenience.

BB’ are the connecting screws for the battery.

L, lever for graduating the interruptions. E

R hammer; R', pin for making slow interruptions.

Portable induction apparatus with battery of Leclanchés.

- Hospital faradic apparatus. Primary and secondary coils of the same length
and size as those in the former apparatus. : :

EE'. Two Leclanché elements, connected by RR’ with the coil and hammer.

L. Lever.

h. Primary coil; H H' secondary coils, the second in a compartment for the one
not in use. ,

0, O. Holes for the rheophores when the extra-current is wanted; for the
pedal rheotome ; and for an external battery, if required. ¢

F
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F16. 54,
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Faradic a;pﬁmfm, designed by Dr. Tibbits. Size: length, 13 inches; breadth;
4} inches; depth, 10 inches; weight, 16 pounds.

AA. Two large Leclanché cells, united in multiple arc, and exposed by the
removal of B, a drawer for accessories.

C. Key for closing the circuit between the cells and the primary coils—the
circuit is automatically broken by the guard R, when the lid is shut,

D. Screw regulating the intermittences of the hammer E,

F. Soft iron core protruding from the primary coil K.

G. Screw between which and F the hammer vibrates.

H. Rod for elevating the secondary coil, L, which is kept in any position by the
spring O. The drawing represents the secondary entirely withdrawn from the:
influence of the primary—at least practically so for therapeutical purposes. The
current strength will depend upon the amount of the secondary made to enclose
the primary; this evidently is measured by the protrusion of H, which is accord-
ingly graduated. ;

M, M. Binding screws for attaching Duchenne’s pedal rheotome N. Slow
interruptions are made by pressing upon the spring P with the foot.
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In the following the battery consists of chloride of silver ele-
ments.

FiG. 55.

Gaiffe's pocket faradic apparatus.

A, B, C, D. Box containing the apparatus.

L, L'. Two chloride of silver cells.

M. The primary and secondary coils.

R. Milled head for pulling out the graduating tube.

P. Lever which sets the apparatus into action and graduates the rapidity of
intermittences.

0. Metallic pin for producing slow interruptions. For this purpose the lever in
P’ is pressed down with the finger so as to bring it into contact with O.

EF. Block bearing the holes for fixing the rheophores. :

P, N. Indicate the positive and negative poles. The pins when in 1 and 3
transmit the current of the whole length of the coil; when in 1 and 2, two
thirds; when in 2 and 3 one third of the length.

Mr. Hawksley (of 300 Oxford Street)is prepared to recharge the elements of
this and the following batteries when exhausted.
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Fic, 6. :

Gaiffe’s portable faradic apparatus, with two induced coils,

Inducting coil ; length, 25 metres; diameter o mm, .

Thick secondary; ,, %5 i o mm, 7.

Thin secondary; ,, 450 . i o0 mm, 175.

LL. Two chloride of silver cells.

B. Primary coil.

H, H'. Secondary coils, reversable according to the one required.

C. Block for fixing the reophores.

P, P'. Lever for regulating the interruptions, carried on the block I.

O. Button for making the slow interruptions with the finger.

E, E'. Holes for connecting the interrupting pedal; D, D', for an external battery,
when required.

Size: length, 10 inches; width, 6 inches; height, 24 inches; weight 3% pounds.
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Hospital faradic battery. .

EE.-Two chloride of silver, cells, fixed by means of springs J, K; J'K', which
connect their respective poles; and contained in a closed compartment G.

T. Block carrying the holes for fixing the rheophores t, t'; and those for con-
necting the apparatus with an external battery, of which the positive pole is
connected at P, the negative at a corresponding point, on the other side,

e. Graduating tube.

S, §'. Compartments for the dry and moist electrodes respectively.

The coils, B, are protected by the board H, and the interruptor lodged in the
space R, are similar to those described under the pocket battery.

The next two are fed by sulphate of mercury cells.
Fic, 58,

Trouvé's faradic battery.

A. Hermetical cell. B. Coil. C. Case containing bisulphate of mercury.

D, E, F, G. Electrodes. 1

H. Prolongation of the interruptor for modifying the rapidity of the vibrations.

K. Hand indicating upon L the number of vibrations.

When the rheophores are fixed to 1 and 2 the extracurrent (primary) is ob-
tained ; when in 2 and 3, the induced (secondary) when in 1 and 3 both,

N, P. Negative and positive poles. 25 '

4, 5. Holes for receiving the rheophores of an external battery when desired.
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Fe. so.

Gaiffe’s pocket faradic apparatus. M, coils. R, graduating tube. T, N, elec-
trodes. P, hammer, E, block for the attachment o rheophores. The battery L
consists of two cells formed of vulcanite troughs, a plate of carbon is let in at the
bottom, and the zinc is in the shape of a moveable cover. In order to charge the
battery, a spoonful of the mercury salt contained in the bottle K is put into each
cell, with a little water. Once charged it works for about one hour,

F16. 60, 1

's double celled induction apparatus, Size: 14 inches long, 5 wide, 10}
deil:fhr%lfédgéﬂs‘ consist of carbon-zinc elements; the carbon stands in the
centre and is made. in the form of a n_:::_,rlmder. The zinc surrounds the
carbon and is bathed in dilute sulphuric acid. The carbon cylinder contains
sand moistened with chromic acid.—To the n’ght are zeen the T:nndmg screws for

‘the primary and secondary currents, the rods for graduating these currents, and

the interrupting apparatus.

& e P o R r i B - - L B
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Figc. 61.

Stahrer's single celled induction apparatus, Size: 1ol inches long, 5 wide, 10}
deep.

Fic. 62,

Mayer and Meltzer's small faradic apparatus.
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The cell is a Grenet which is put into action by pressing down the rod 7,

The graduation of the current is effected by means of a dial arrangement, An

index serves to turn on the primar ill, wi i
y or secondary current at will, without changin
the attachment of the rheophores. X : i

pmslrlllzdz.: length, 6 inches; breadth, 4} inches; beight, 4% inches, Weight; 3

Fic, 63.

e =

Mottershead’s faradic apparatus. D handle for the coarse adjustment of the cur-
rent strength, by means of the studs ** weak,” * medium,” * strong."”

A. Rod for the fine adjustment.

G, C. Screws tor regulating the number of intermittences.

The primary and secondary coils are continuous, and the make secondary cur-
rent passes through the battery. (See on this point the controversy in “ Lancet,”
July, 1877).

Size: length, 5 inches; breadth, 8%; depth, 10}; weight, 8 pounds,
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Fic. 66.

e e

The cell A is shown in section, in fig. 67. The coil B is fitted with an ingenious
current-breaker, represented (enlarged) in fig. 66. When the lever, as depicted,
rests on V, the interruptions are rapid ; when pushed towards L, or L', the inter-
ruptions become slower. The case contains sponge holders, F, G, a pointed
electrode, and a metallic brush.

Fig. 65 represents the various parts connected for actions

The references are the same as aboves
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ApparaTus for producing numbered and measured interruptions in
an electrical current,

Fies, 68 anp Og,

—
¥

This apparatus has been constructed for Dr. Onimus by Trouvé, of Paris.
The first figure shows the interrupting part by itself; the second shows in
addition the inductorium.
Binding screws 1, 2, are for attaching the wires for obtaining the interrupted
alvanic current. 3, 4, for the wires of the battery for the faradic current. 4, 5, I
r the rheophores when the primary or extra-cutrent is required; 6, 7, for the
secondary; 5, 7, for both primary and secondary.
The interruptor consists of a cylinder E, made up of 2o disks carrying from 1 to
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20 pins,in regular progression. A clock-work arrangement causes the cylinder
to revolve,

A fly wheel ], regulates the number of revolutions of the cylinder (from 1 to 4
a second). :

A lever H, with mercury cup arrangement, is made to assume any position
along the cylinder by means of the rod K. This lever every time _it comes into
contact with a pin, breaks the current. In this way from 1 to 8o interruptions a
second are obtainable.

M primary coil, C metallic tube to regulate the extra-current; B, B', secondary
coils of different length and thickness; D sledge for graduating the secondary
currents; L 18 for winding up the clockwork. I and G, represent the lever for
starting and stopping the clockwork, in its respective positions.

An ingenious contrivance not shown in the figure is added to the interruptor,
by means of which the successive passages of the battery current are made of
strictly equal duration.

r

MAGNETO FARADIC APPARATUS.
Fia. 70.

Clarke’s magneto-faradic apparatus, modified by Gaiffe so as to send the cur-
rents in the same direction, EmcF allow of a more accurate regulation of the current
strength.

A B B'. Horseshoe magnet.

H. Soft iron armature revolving in front of the magnet, and carrying 2 coils
one of which only is visible. i

M, R. Wheel and handle for making the armature revolve,

. G. Regulator, articulated at O, which according as it is pushed towards B or

B', increases or diminishes the strength of the current,

P P'. Supports of the apparatus,

M. Receptacle for the handle, . 8508

C, C. Compartments for the electrodes.
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84 RHEOPHORES,

the cells can be used perfectly evenly throughout, as we can bring
Into action any one, two or more, of the whole number; 2° that
it enables us rapidly to verify the state of the battery, and imme-
diately pitch upon the disabled cell if such a one exists; 3° that it
allows us of reversing the current. the electrodes La(:j!'l;,-:. in situ,
without sending a voltaic shock through the patient

In Trouvé's arrangement the starting point is in the middle of

H1G. %4,

This figure repreients an arrangement by which the two halves of a battery can
be used independently. In the battery depicted, of 5o elements, it will be seen
that the first 25 elements can be used by working with the left hand collector and
pair of handles, the second 25 by working the right hand only. In reality there is
only 1 central handle which acts as negative or positive pole according as to which
half of the battery is used. When more than 25 elements are required, the two
outside handles are employed, and the required number of cells made up between
the two collectors. A glance at the arrangement of wires in the battery will ex-
plain better than a description the principle of the arrangement.

the baitery, the two halves of which can thus be called into play
separately.

RHEOPHORES.

NoTHING but actual experience can give an idea of the petty an-
noyances and loss of time inflicted by the use of bad rheophores,
The stuff supplied by many instrument makers is perfectly useless,
On the whole thin telegragh wire, that is copper wire encased in
a sheath of india-rubber is to be preferred, on account both of its effi-
ciency, and its cheapness and durability. Ihave been much pleased
with Gaifle’s improved rheophores, consisting of 12 fine copper
wires enclosed in a double sheath of india-rubber and silk. They
are more springy than the telegragh wire, and less apt to become
entangled. In any case it is convenient to have the positive and
negative rheophores of different colour, or otherwise distinguish-
able; a knot, or other mark at the two extremities of one of them
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FiG, 82,

Bifurcated electrode and long electrodes for throat, uterus, urethra, ete.

A few words may be added here, touching the moistening
of the electrodes. When the battery is weak, and especially
when sponges are used, warm salt water is requisite. Other-
wise pure water, cold or tepid, according to the season or
sensitiveness of the patient is enough., The addition of a
few drops of aromatic vinegar makes it pleasant, and en-
hances its conductivity, The prolonged and repeated appli-
cation of salt to the skin irritates and roughens it, an ob-
jectionable result in the eyes of some patients. The addition
of either salt or vinegar hastens the corrosion of copper, which,

T rhl..r-..= i,
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0b : REACTION OF DEGENERATION,

A. Simple increase of response to the electrical currents is rarely
met with. It has been observed in some cases of hemiplegia; of
spinal diseases, such as locomotor ataxy; and transiently in some
peripheral paralyses, such as the very early stage of facial paralysis,
[t is also observed in some cases of chorea.,

B. Simple diminution may culminate in total abolition. It is oh-
served in the later stages of bulbar paralyses; more frequently in
spinal paralyses from myelitis, when it is accompanied with atrophy
of the muscles; and in certain paralyses appearing as sequelze of
acute diseases. It also accompanies progressive muscular atrophy,
where it is proportional to the amount of local wasting,

[II We now pass to the group of diseases which are character-
ised by both gualifative and quantitative changes, or asit is called, by
the *‘Reaction of Degeneration.” The phenomena exhibited by
nerves and muscles must be considered separately,

1. In a typical case, where the invasion of the disease is sudden
(such as traumatic lesions), two or three days after the paralysis
has declared itself the reaction of the nerve to both currents begins
to diminish rapidly, and becomes extinct by the tenth to twelfth
day.® In incurable cases it never re-appears. In the others it
re-appears, remarkably enough, only after the return of volitional
impulse has manifested itself in the nerve. It then slowly increases,
and likewise reaches its normal point after the full power of the
will over the paralysed parts has been re-established.

2. The muscles behave absolutely like the nerves with regard to
their farado-contractility ;+ by the end of the second week it is lost.
The galvano-muscular contractility is at first somewhat lowered,
but soon ascends again to its normal level, and beyond it, so that
a much weaker current is sufficient to stimulate the diseased mus-
cles than the corresponding sound one. At the same time qualita-
%ve changes manifest themselves. The order of the normal
formula is disturbed and the positive pole becomes as powerful
as, or surpasses, the negative at the closure, whilst the opposite ob-
tains at the opening of the current. The ACC occurs as soon as,
or before the CCC, and the COC as soon as, or before the AOC.

The muscles do not contract as forcibly and rapidly as in
health, but more slowly; the closure contractions become tetanic ;
and rapid interruptions of the galvanic current do not elicit any
contraction at all. The evolution of the different stages in the
reactions correspond to definite histological changes at the seat of
the disease. The appended diagrams will help to make this more
evident. The disappearance of farado-contractility is due to the
degeneration of the nerve-endings in the muscles. 3 :

The reaction of degeneration accompanying the following peri-
pheral paralyses. Traumatic (from pressure or wound) where
there is complete interruption in the continuity of the nerve. “Rheu-

* When the invasion is slow, this period naturally extends over longer intervals,
t+ There is absolutely speaking no such thing as farado-muscular contractility.
The term is a convenient one, however, and must be taken in the sense of reaction
to faradisation of the muscle itself, that is of the intra-muscular nervous fibres and

endings. -

L)
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Fiz, 88,

Degeneration  Atrophy of, and multiplication of Cirrhosis
'{I[:I]L'_:'-'-e'!:. nucles in, the muscular fibres. o
]ftlf!‘:’!:'r::ti!:n,

Motsiity

|:L'r:l.]'.-'..

Muscle

= | Farad.
o (Galv. &

- : ]
e~

lI"EI.ra'.I.

Diacram A. RECOVERY RAPID.

[N.B. The slope of theline indicating the fall of farado-muscular contractilitv should
have been made more abrupt so as to end near the bottom of line 2].

Fi1c. 8q,

Der. of nerve.  Atrophy, &e., of muscle. Cirrhosi. Rereneratinn,

Motslity ..
jG:tIr.

| Farad.
{ Galv, &

Nerve Muscle

\ Farad,

Diacram B. RECOVERY SLoOw,

F1e. go.

Atrophy, mult. of nuclei, eirrhosis. Final disappsarance.

Ther, of nerve

Motslsty .
[ Galw.

|_ Farad.
[ Galv. &

Nerve Muscle

| Farad

Diagram €. NoO RECOVERY.
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phenomena occur in progressive muscular atrophy and bulbar
paralysis,

When G is destroyed there is loss of motility, loss of reflex
action, atrophy both of nerve and muscle, The electrical pheno.
mena are those of the reaction of degeneration fully developed.
The same obviously obtains when N is completely (7.e., including
m' and n') destroyed at one point. G is destroyed in anterior
poliomyelitis (infantile paralysis);: N in severe peripheral paralyses,
whether from traumatic, rheumatic, or any other cause,

There are, however, many instances of peripheral paralysis,
where the loss of voluntary motion exists, and yet the other symp-
toms are not those of the * severe” forms just mentioned; they
may be conveniently classed under the heads, as the “light” and
the ‘““middle” form.

In the light form paralysis is the only symptom. All the reactions,
are perfectly normal, we must then assume that N is interfered
with only in its conductivity for motor impulse.

In the middle form there is atrophy of muscle and qualitative
changes of galvano-contractility. Electro-nervous irritability is
perfect. Here there is in addition a lesion of the path m-m'.

Inlead palsy, which is characterised by atrophic changes in nerve
and muscle, the reaction of degeneration is most fully developed.

Fiz. ar.

Lxplanation of Diagram.

M. Muscular fibre.

N. Nerve fibre. with its ending, e.

G. Multipolar spinal ganglion-cell,
from the anterior horn of grey matter.

c. Path of impulse from the brain
(lateral fasciculi).
* r. Path of reflex stimulation from the
sensory sphere.

m. Trophiz centre for the muscle.

n. Trophic centre for the nerve.

m-m‘, Path of trophic influence
to the muscle.

n-n’. Path of trophic influence to
the nerve.
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sary for us here to protest against this relic of barbarism, and inform
those who might be tempted to put it into practice, that it is as use-
less as it is irrational. It should not be forgotten that it is not so
much “electricity” that cures as “electrisation,” that is, the rational
application of electricity. The choice of the current to be used, its
dosage, and the general methods to be followed in different cases
are of primary importance. The often-used expression “trying
electricity’”” conveys about as much meaning as to speak of trying
water” without specifying whether the water is to be hot or cold, in
the shape of ice or steam, applied externally or internally, and so
forth. Exactly as the soothing influence of a hot bath, for instance,
differs from the exciting action of a cold douche, so does the
sedative influence of a mild, continuous galvanic current differ from
the stimulating effect of an interrupted faradic current.” Where
the one is beneficial, the other is useless or hurtful,

It is certain that in many cases where, injudiciously treated, the
patient has, besides suffering much unnecessary pain, found his
symptoms aggravated; the fault then lay not so much with electri.
city, as with the electriser. Every one who prescribes or applies
electricity must pay the same attention to the administration of this
powerful agent, both as to quantity and mode of application, as he
would to that of any other therapeutical means,

It may be put down as a general rule that whoever will apply
electricity rightly to others, should have first tried it upon himself.
This practice is doubly useful. It teaches far more quickly and
surely than anything else, both what to avoid, and what to do in
order to be a successful operator. It is indeed difficult to under-
stand how galvanism and faradism can be intelligently, painlessly,
and even sometimes safely, applied by one who has no personal
experience of the sensations produced by the currents. A general
idea of the art of electrisation is very speedily obtained by a few
trials upon oneself. The different sensibilities of different parts of
the body, the motor points of muscles, the mode of applying the
rheophores to the skin, of graduating the current, etc., will be
vividly realised and readily mastered. The numerous details in
the application of electricity conducive to the comfort of the patient
and efficiency of the treatment, can be learnt by experience only,
and above all by personal experience.

Avoid all unnecessary pain. The seat of pain is chiefly in the
cutaneous nerves, and it will be found that where a strong current
must be used, the application will be much less painful if the elec-
trodes are held firmly pressed upon the skin; the more lightly they
touch the surface, the more intolerable the sensation produced. In
nervous or thin skinned patients, in children, and whenever the
head and neck are to be electrised, it will be found advisable to
place the rheophores iz sifu before the current is turned on; ani
then to bring it very gradually up to the desired strength. Like-
wise at the end of the sitting it is best not to remove the electrodes
suddenly, but gradually to diminish the current so as to avoid an
unpleasant shock. It is a good policy with children, and nervous
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105 GALVANISATION,

anxious to learn their virtues will find them fully described in
the advertisement sheet of most daily papers,

If, however, permanent electrisation should appear advisable in
any special case, recourse may be had to Gaiffe’s small chloride of
silver elements, arranged as in the figure. Two to eight such

Fie. gz2.

Small batteries for permanent applications. A, B, bag containing the cells.
E, E, electrodes; N, P, indicate the positive and negative poles.

cells are disposed in a leather bag which is carried next to the
skin with the electrodes properly disposed. The current is very
constant, and flows continuously from 100 to 150 hours.

B. Discontinuous.—The labile method forms a transition between
the stabile just described, and the interrupted. It consists in keeping
the positive pole applied to one point, whilst the negative is used
for “sponging” the diseased limb, or portion of the body. This is
effected by passing the electrode all over the surface to be acted
on, with a moderate amount of pressure. Without necessarily pro-
ducing any marked muscular contractions, labile applications are
much more stimulating than the stabile, The current is not actually
broken at any moment, but is subjected to numerous small varia-
tions of strength, owing to the unevenness of the skin, ete, and
acts with an always changing density upon the underlying muscles,
the current being densest in the part immediately beneath the
electrode. The amount of muscular contraction produced by labile
applications is then dependent as much upon the rapidity of the
motion, as upon the strength of the current used. Labile currents
are indicated where, in addition to the chemical action of the
stabile current upon the deeper structures, we wish to call forth
moderate contractions of all the muscles, and increase the cutane-
ous circulation over a wide area, and thereby stimulate the nutri-
tion of a limb,

There are two ways of using the imferrupted galvanic current.

One of the poles may be held immovable on some points of the
body, while the other is dabbed over, or made to touch lightly, the
skin at the part to be stimulated.

Or the two poles may both be kept in contact with the skin,
whilst the interruptions are made in the metallic part of the circuit
by means of one of the contrivances we have described. When
strong currents are to be used, the latter method must be preferred,
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the different parts over which the sponge is being carried., This
will best be learnt by personal experience,

General faradisation by its action upon the muscular system pro-
motes tissue change and nutrition. Any one who has experienced
the refreshing effects of such an application will fully appreciate
its value. It braces up the system, and promotes circulation, as
evidenced by a rise of temperature sensible to the thermometer,
The application is to last about I0-15 minutes, or longer, special
attention being paid to the thorough stimulation of the muscles of
the neck and back,

An easy method of practising general faradisation by the patient
himself, is to put the positive wire in the water of an ordinary hip
or other bath in which he sits, and connect his sponge with the
negative. If the coil is not strong, salt water must be used. This
simple application will be found a very useful substitute for the
faradic bath, which, whatever may be its merits, is too complicated
a process to find general acceptance,

The galvanic bath has been lately extolled for its virtues both
as a tonic, and also as an eliminator of metallic poisons from the
blood. Much has yet to be done before its efficacy can be estab-
lished either theoretically or practically. Both galvanic and faradic
baths consist in immersing the patient in an ordinary warm bath
through the water of which the current is sent. One question
obviously arises: how much electricity penetrates through the
skin and actually passes through the body? This has never been
answered by actual experiment,

Combined electrisation.—A curious blunder has been made by some
electro-therapeutists, (see for instance Beard and Rockwell, l.c.,
p. 302) who recommend combined galvanisation and.faradisation.
They overlook the fact that electrical currents choose the path
of least resistance, and that their currents instead of passing
through the patient’s body, circulate through the battery and coil
used. A glance at the figure at p. 300 given by the authors just
mentioned, will be enough to render the mistake palpable. The
two batteries should be placed in series, so that the break induced
have the same direction as the galvanic current.

Combined galvanisation and voluntary movement has been used
by Dr. Poore in cases of writer’s cramp, and deserves more exten-
sive trial. In some cases where the stimulus of the will was deffi-
cient, I have tried galvanisation of the whole limb, and simultaneous
faradisation of the individual muscles with apparently good results.
The rationale of combined electrisation is, that under the catelectro-
tonic and refreshing influence of a galvanic current, nerve and muscle
react more readily to stimuli, and can be worked longer without
being tired. It is a good plan, in all cases, to have recourse to the
refreshing effect of the galvanic current after the faradisation of a
set of muscles. The full benefit of the enforced exercise is reaped
without exposing the patient to the feeling of fatigue which is
occasionally complained of, especially if the application has been
somewhat too energetic or protracted,




















































1 1 4 \ i 103 1% F
- C i I | L e &
[ q Y | CH AT
: - ! v
L 5 . | g 115 f T
= " - [ LI AL )] h - T IWiE=T
1 4 Hpl 13 y ANEeL




128 _ DISEASES OF THE MUSCLES,

called muscular fatigue. The treatment of this often very painful
affection consists in simply sending through the muscle a “descend-
Ing current of 12 mv. (30-40 EL) for four or five minutes. After
the first application there is a marked amelioration, and a complete
cure soon follows on repeating it a few times.

CONTRACTURMS,

Contractures may be due to permanent irritation of a motor
nerve, or to the want of circulation in the muscles,

It is evident that the faradisation of the affected muscles can only
excite them still more. Duchenne recommended the faradisation
of the antagonists. This method gives sometimes good results,
but is not .in any way preferable to galvanisation, which, in our
opinion, is decidedly the best mode of treating contractured mus-
cles. Galvanism augments the circulation without exciting con-
tractions, and diminishes the irritability of the nerve, where this is
the cause of the disease, A descending current of 12 mv., (30-40
el.) is used along the nerve and muscle for 10-15 minutes,

Muscurar RHEUMATISH,

Faradism often gives good results. It is especially applied with
the brush over the painful muscles. But this is a painful process ;
and frequently enough the pains reappear after the first effect has
passed off.

Galvanism is less painful and acts more powerfully upon the
local circulation; in addition it has the advantage of counteracting
the reflex phenomena of contracture in the muscles.

We must, in muscular rheumatism, use the labile method, apply-
ing the positive pole on the course of the nerve supplying the
muscle, and the negative pass over the whole muscle itself, with a
strong current of 12-15 mv. (40-60 EL). At the end of the sitting
the current must be diminished, and the current allowed to flow
continuously through the nerve and muscle for a few minutes. In
lumbago for instance we first place the positive pole upon the dorsal
region, to the right or left of the spinous processes and the negative
pole is passed up and down the sacrolumbar muscles. After 5-6
minutes of this application, both poles are left immoveable for the
same length of time,

MuscurLar ATROPHY.

In simple muscular atrophy due to want of exercise or to altered
nutrition resulting from inflammatory processes in the neighbour-
hood, faradism applied directly ‘to the muscles is better than
galvanism. Indeed it is in such cases that faradisation is pre-
eminently indicated. Each muscle is to be faradised indepen-
dently, and the intermittencies must not be too rapid.

When, however, the atrophy depends upon a central or peri-
pheral nervous affection, galvanisation must be resorted to. A
labile current of 12 mv. (30-40 ElL) is then to be applied to the
cord downwards, or to the nerve, according to the seat of the
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130 TREATMENT,

sis of the muscular fibres of the stomach, this mode of treatment
gives better results than those obtained from any other therapeu-
tical agent. The positive pole must be placed on the abdominal
walls over the distended organ, the negative upon the third dorsal
vertebra, After using in this way a current of 8-10 mv. (30 EL)
for five or six minutes the poles will be placed over the greater or
lesser curve of the stomach, and some interruptions made so as to
excite contractions of its muscular walls. For this purpose a faradic
current of medium strength may also advantageously be used ; one
or two interruptions only in the second are to be made. The elec-
trodes must be placed on either side rear the false ribs, The
sittings to take place daily,

Nervous VoMiTiNG,

This affection, also called essential vomiting, is characterised by
the frequent bringing up of mucus or food, without the presence of
any pain nor any organic lesion in the stomach. The sedative
action of a descending current will prove useful ; the positive pole
is to be applied at the level of the lower cervical vertebrae, the
negative over the stomach pit. A current of 5§ mv. (12-15 EL) is
to be used at first, gradually increased to 10 mv. (25-30 El.) The
sittings must be repeated daily,

ENTERALGIA.

A descending galvanic current is to be applied, the positive pole
being held over the tenth dorsal vertebra, the negative below the
umbilicus. Current strength 8§ mv. (20-30 EL)

InTESTINAL OBSTRUCTION,

The stoppage of faecal matter in the intestinal tube may be due
either to its constriction, or a dilatation of its walls.

1. Constriction.—When this is due, independently of any lesion,
to a spasmodic contraction of the circular fibres, a galvanic current
of 10-12 mv. (30 EL) is to be sent through, the positive pole being
on the abdomen, the negative in the rectum. Or a faradic current
with very rapid intermittences may be used in the same way.

Usually it is in real cases of constriction that recourse is had to
electricity, and sometimes this mode of treatment may save a
patient otherwise doomed to certain death. ,(In such cases, we
begin by faradising the intestines during 3-4 minutes with a current
of 2-3 intermittences a second, but very powerful, the electrodes
being placed on the abdomen and in the rectum respectively.
Secondly, the interrupted galvanic current is to be applied in the
same way. Lastly, a powerful continuous current is applied to the
walls of the abdomen. Two or three sittings daily.

2. Dilatation.—When the muscular elements of the intestines are
paralysed, the tube looses its tonicity and becomes distended with
the accumulation of feecal matter. The peristaltic movements are
abolished, and symptoms of persistent constipation appear. Elec-
tricity is of the highest value in restoring their tonicity to the
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132 TREATMENT.

course where these symptoms are the result of organic lesions no
durable cure can be effected ; but galvanism is of the highest value
to the surgeon, as it calms the spasms for a while, and allows a
more or less considerable distention of the bladder.

SFERMATORRHEA,

Galvanism has often given us very good results. We first apply
a descending current to the spine; then for a few minutes we place
the positive pole upon the perineum, and the negative upon the
sacrum, Current strengths and duration, as above, When
a rapid improvement is not thus obtained, a small electrical
sound is to be introduced into the urethra, and brought in the
neighbourhood of the vesiculee seminales. It forms the positive
pole. Current of 6-8 mv. (12-18 El.) for 2 minutes.

HypERTROPHY OF THE PROSTATE.

In the pure hypertrophy, electricity has not given us any very
satisfactory results. But when the sequela of an acute prostatitis,
or of a congestive process, the currents can bring back the organ
to its natural size, Faradisation must be used first, one of the
poles being applied per rectum; a moderate current to be used
for 2 or 3 minutes. A little later, or at once if any spasms exist,
galvanism must be used. The negative pole is placed over the
pubes, the positive on the perineum or in the rectum as before.
Current strength, 8 mv. (20-30 ELl.) Duration, 5-6 minutes.

AMENORRHEA. DYSMENORRHEA.

Galvanism has a decided action upon the menstrual flow. In
numerous cases where we treated other diseases in women, we
have been struck by the increase in the amount of blood lost.. In
a chlorotic girl who had not menstruated for § months, the menser
reappeared after 6 sittings. It is necessary not only to act locally
by sending a current of 10-12 mv. (30-40 El.) from the lumbar
region to the abdominal walls, but also, and chiefly, to galvanise
the vaso-motor centres at the upper part of the cord.

UteriNE FrLEx1ions AND CONGESTIONS.

Several physicians have treated these affections electrically.
Faradism is used, one of the electrodes being placed above the
pubes, the other in the anterior or posterior cul-de-sac, according
as we have to do with ante- or retro-flexion.

This mode of application may restore their tonicity to the re-
laxed fibres, and correct even old flexions.

In circulatory disturbances, and congestive states of the uterus,
galvanism may be of the highest use; but we never had any satis-
factory results in true flexions.

UrerINE ATONY IN PARTURITION.

Electricity has been used in cases where ergot is usually given
to cause or increase the contractions of the uterus.
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144 APPENDIX.

The cells are arranged in trays of five each, which can be lifted
out from the box for inspection, the connection being made by
means of springs. The case opens in two places so as to give
access to the cells, fig. 103, and to the element-board, fig. 104. The -y
latter carries a galvanometer, a commutator, P, an interruptor,
and a dial collector,

Fie. 104.

This battery is exceedingly compact and portable, measuring
only 12 X 7 ;_v 6 inches, and weighing only 13 pounds for 50 ele-

ments.
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SurpHaTE oF CopPER BATTERY oF DRr. ONmius axp M, MANGENOT.

This battery (fig. 105) consists of elements one of which is repre-
sented in the figure. A glass cell contains in its upper part a cylinder

Fic, 105,

of zinc. Within this cylinder isa porous cell of parchment contain-
ing a spiral of copper wire, and partially filled with bits of sandstone.
Water is poured into both compartments so as to cover the sand-
stone; and a few crystals of sulphate of copper dropped into the
porous cell, the quantity being regulated by the work to be done
by the battery. In this way all action is avoided in the cells whilst
at rest; the operation of charging is a very simple one; and the
battery is not liable to get out of order, and very easily repaired
when it does so. The figure represents a simple battery in which
the elements are taken five ata time by means of a pin and hole
collector; for practitioner’s use the battery is fitted with dial col-
lector and galvanometer.

Farapic Apparatus wiTh GerMAN Sizver Coir,

The physical differences between various metals considered as
conductors, are naturally followed by physiological differences in
the effects produced by currents induced in coils made of these
metals. Hitherto copper has been universally employed in the
manufacture of medical coils, Dr. Onimus, however, prefers for
Some purposes coils made of metals with a higher specific resis-
tance. Experiment shows that coils made of lead or german

L




146 APPENDIX,

silver, caleris paribus, give currents which excite the muscles as

powerfully as copper coils, whilst they do not produce such painful
cutaneous impressions.

The appended figure (fig. 106}, shows a faradic instrument with a

Fic. 106.
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coil of german silver. The cell used is a bisulphate of mercury ele-
ment, which is putin and out of action by inserting into it, or remov-
ing fromit, a zinc rod. Once charged it acts for three months
without care. The current is regulated by means of the draw-tube.

This apparatus measures 4 X § x 4% inches; and weighs about
2 pounds.

POLARISATION CELLS AND TROUVE'S POLYSCOPE.

WhaEN two plates of platinum are dipped in water and attached to
the poles of a battery, they become
polarised, that is, the anodal plate be-
comes covered with bubbles of oxygen,
the cathodal with bubbles of hydrogen.
If now the plates are connected with
the terminals of a galvanometer, it is
found that a polarisation current is set
up from the hydrogen through the
liquid to the oxygen (7 e. in the oppo-
site direction to the battery current)
and that this polarisation current may
last a considerable time if the plates
are large enough. This property has
been made use of in the construc-
tion of what are now called secon-
dary cells, For instance in fig. 107
we have a representation of Planté’s
cell. It consists mainly of two plates
of lead, L, rolled into spirals, one with-
in the other, but kept from contact by
means of strips of vulcanite, 7 j &, they

Fig. 107.
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of the mouth and teeth which appear translucent. The same is

said to be the case with the stomach when this powerful illuminator
is introduced into it by means of an cesophageal bougie, Fig. 112
represents a reflector adapted for the examination of the pharynx,
nose, vagina, rectum, etc. The great advantage of it is that the
source of light can be closely approximated to the part to be
examined, whilst the observer is protected from its rays. There
are also special illuminators for the eye and ear.

F1e. 110, Fie 141, Fie, 112, Fie. 113,
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