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A Manual of

Practical Medical Electricity

INTRODUCTION

THouGH electricity varies in its character and effects
according to the method we adopt to develop it, and
though we may contrast it in its negative and positive
phases, yet it 1s important to recognise at the outset that
there 1s essentially only one kind of electricity.

If we develop it by friction between non-conductors,
we obtain it in its static form ; if by contact between
conductors in the presence of chemical action or of heat,
in its galvanic form ; and if by induction by magnets, or
by currents, in its faradic form.

Yet, however obtained, the difference in its character is
only one of degree.

It 1s usual in medical practice to speak of these three
forms : static, galvanic, faradic.

Static or frictional electricity is the form which the
ancient philosophers used to obtain by rubbing certain
substances together, the one of which became positively,
and the other negatively, electrified.

The characteristics of electricity thus liberated are that
it is in a condition of great strain, but that it is very little
in quantity; it is of very high electro-motive force, i.c.,
the potential difference between its terminals is great, but,
in consequence of its great internal resistance, its capacity
for sending a continuous current along a conductor is very

I






BT
ELECTRO-PHYSICS

CHAPTER I
STATIC Oft FRICTIONAL ELECTRICITY

WE have from all ages been accustomed to certain atmo-
spheric phenomena, such as discharges of lightning or the
appearance of the Aurora Borealis. These were termed
manifestations of common or atmospheric electricity, and
are now included under the general term Static or
Frictional electricity (see Introduction).

Before the discoveries of Galvani this was the only form
used therapeutically ; displaced in turn by galvanic and
faradic currents, it is now finding renewed favour, and no
infirmary electrical department can be considered com-
plete without a well-equipped static room. Previous work
with static electricity was done by, amongst others, Dr.
Golding Bird, Addison, and Sir W. Gull (Guy’s Hospital
Reports, 1837, and later); but the more recent advances
have been associated with the names of Frenchmen, such
as Vigouroux, and Americans, as Monell. Dr. Steavenson,
of Bartholomew’s, suggested that slight attacks of malaise,
and even graver alterations of the health, might be due
to changes in the atmospheric electricity, and in this con-
nection he pointed out that conditions of weather, which
are commonly supposed to be more or less inimical to our
well-being, such as bad weather, thunderstorms, etc., are

I—=2






STATIC OR FRICTIONAL ELECTRICITY 5

of silk near the ball (taking care to handle it as little as
possible) it will be attracted to it.

The electricity developed upon the piece of glass is
termed positive (+), the electricity developed upon the
piece of silk 1s termed negative (—) ; meaning thereby not
that two different kinds of electricity have been developed,
but two different amounts, the body charged positively
having more, and the body charged negatively having less,
than the normal amount.

The ball is attracted by the positive electricity of the
glass until it is by contact itself charged with it, when it

F1G. 2.—PITH-BALL ATTRACTED AND REPELLED BY (GLASS ROD.

is repelled (Fig. 2); we can, therefore, say that positively
charged bodies repel each other (like electricities repel) ;
and as the positively charged ball is attracted by the
negatively charged silk, we see further that positively
charged bodies attract negatively charged ones (unlike
electricities attract).

If we charge a pith-ball positively by the glass, and then
hold it towards a piece of sealing-wax rubbed with flannel,
we shall see that the ball is attracted ; the sealing-wax
must therefore be charged negatively. Bring a fresh pith-
ball near the sealing-wax, it will be attracted ; let it touch
it, and it will be repelled ; hold the glass rod near to it,
and 1t will be attracted ; negatively charged bodies there-






StATIC OR FRICTIONAL ELECTRICITY 7

glass rod attracts the nearer half of the ball, which is
charged negatively.

The Electroscope.

To observe this and some of the other phenomena of
statical electricity the better, we can use an electroscope.
This instrument enables us to detect the presence of
charges of electricity, and their nature—whether positive
or negative. Briefly, it consists of a glass jar containing
two pieces of gold-leaf suspended by a piece of wire, which
passes upwards through the cork in the mouth of the jar

“to terminate in a brass knob.
If we hold the electrified glass rod near the knob,

F1G. 3.—ELECTROSCOPE.

negative electricity accumulates by induction at the knob,
and positive electricity passes down to the gold-leaves ;
the latter, therefore, being repelled from each other by a
like charge, diverge. Should we remove the glass rod, the
leaves will collapse, and the charges induced in the electro-
scope will disappear ; but the glass rod will have lost none
of its electrification. TIf we repeat the experiment, and
touch the knob with the finger while the electroscope is
under the influence of the glass rod, then the positive
clectricity of the divergent leaves will escape to earth along
the finger ; the negative will be unable to escape because






STATIC OR FRICTIONAL ELECTRICITY 9

charge on plate one, which in turn induces more negative
electricity on plate two, to be reacted on as before.

This process of storing up or accumulating electricity
can be continued until the pressure becomes so great—if
we have a machine powerful enough—that the positive
and negative charges reunite by means of a spark passing
through the intervening air.

A Leyden jar is a convenient condenser, made by lining
the inside and outside of a glass jar to about three-quarters
of its height with tinfoil or gold-leaf. Through the cork is
passed a conductor of brass, which makes connection on

F1G, 4.—LEYDEN JAR.

the inside with the tinfoil by means of a piece of brass
chain, and which terminates on the outside in a knob
(Fig. 4). | :

The two coatings of tinfoil form the conducting surfaces,
which are separated from one another by the non-conductor
or dielectric, glass. If the knob be brought into contact
with the positive conductor of a working electrical machine
while the outer coating is either held in the hand or con-
nected to earth by a wire, the inner coating will become
positively, and the outer coating negatively, charged.

To discharge such a jar through the body, hold the outer
coating in one hand and touch the knob with the other :
the two electricities will now unite through the body as
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depositing a layer of water on surrounding objects,
destroys their insulating properties.

TABLE OF RELATIVE CONDUCTIVITY.

(rood Conductors. Paor Conduclors. Insulators.
Silver. Acid solutions. The skin.
Copper. Salt solutions. Silk.

Zinc. The body, excluding Sealing-wax.
Platinum,. the skin. Vulcanite.
Iron. Ordinary water. Paraffin.
Mercury. Ebonite.
Carbon. Glass.

Dry air.

Electrical Machines.

The old-fashioned frictional machine has been quite
replaced by the ‘induction’ or ‘influence ’ machine, of
which there are several varieties : the Holtz, Voss, Gliser,
Carré, and Wimshurst. Their mode of action is compli-
cated and somewhat difficult to understand. There are
two or more plates of glass or ebonite placed close together;
one of these may be fixed, or both may be revolved in
‘opposite directions (Wimshurst)—(Fig. 6). In place of the
amalgamated rubber the plates are provided with sectors
of tinfoil attached at equal distances to their outer sur-
faces; in the Holtz machine one of the plates is fixed, and
the sectors are replaced by small windows, to which
tongue-shaped paper inductors are fastened. Opposite to
these are a pair of metal combs, which are connected with
the poles of the machine.

A small initial charge from a rubbed glass rod having
been given to one of the inductors of the Holtz with its
poles in contact, the movable plate is revolved.

The initial charge acts inductively upon the metallic
comb and moving disc, and is in turn reacted upon, and
this mutual action and accumulation goes on until elec-
tricity of very high potential is obtained. To increase the
effect there are Leyden jars with their inner coatings con-
nected to the prime conductors, and their outer coatings
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The influence machines are very much more powerful
than the older frictional ones, and are more independent
of the weather. For medical purposes the Wimshurst 1s
probably the most suitable. The plates should be as large
as is convenient (17 to 30 inches) ; those at the Salpétriére
are about 27 inches ; the large plates enable us to dispense
with Leyden jars, and the severe shocks they may occasion.
Four to twelve plates, or even more, may be used.

For those who use static electricity much, a motor of
some sort to turn the machine is a great convenience ; if

FI1G. 6.—WIMSHURST MACHINE.

connected to the electric light mains, an electro-motor is
by far the best; it should be of about % horse-power.
The Crypto Company, of Clerkenwell Road, supply such
motors.

It is well to have the machine enclosed in a glass case,
and to keep some fused chloride of calcium in a cup
within it.

To make use of this form of electricity therapeutically
we require, in addition to an electrical machine, an in-
sulating stool or couch (one with long glass or ebonite






CHAPTER I1
MAGNETISM

WE term those substances magnets that have the power of
attracting iron, nickel, and cobalt. These are the Ferro-
magnetics. There are both natural and artificial magnets.
The natural magnets are composed of the magnetic oxide
of iron, which is found in Magnesia in Asia Minor, in
Sweden, and other places. This mineral has long been
known as the lode (leading) stone. Artificial magnets
are pieces of iron or steel which have been made magnetic.

Artificial magnets may be permanently or temporarily
magnetized. A permanent magnet will retain its mag-
netism for an indefinite period, a temporary one only for
so long a time as 1t 1s under the influence of a magnetizing
force. We may suppose that all the particles of magnetiz-
able bodies are small magnets, but arranged in every con-
ceivable direction, so as to neutralize one another ; under
the influence of a magnetizing force the particles become
arranged in regular order, and the body exhibits free
magnetism. The retention of this power depends upon
what is termed the coercive force of the material ; the
particles of bodies that have little coercive force are easily
arranged in rows, but are as easily disarranged again—i.e.,
~ they are readily magnetized and demagnetized (soft iron).
The particles of bodies that have much coercive force are
with difficulty magnetized, but retain whatever magnetism
1s given them (steel). Artificial magnets may be made in
various ways ; soft iron becomes magnetic when touched
by a magnet, or when an electrical current is passed round
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plete their circuit in the substance of the magnet (Fig. 9).
The space occupied by the lines of force outside the magnet
is the magnetic field, or external magnetic field. The

F1G. 9—DIRECTION OF LINES OF FORCE.

direction of the lines of force can be made visible by a
simple and instructive experiment. Lay two bar magnets
on a table, first with their like poles opposite, and then
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F1GS. 10 AND 11,—DIRECTIONS ASSUMED BY [RON FILINGS.

with their unlike poles opposite each other ; cover them

with a piece of cardboard or paper, and then sprinkle iron

filings over them, while gently tapping the paper ; the
2












(zALVvANIC ELECTRICITY 21

There is, however, in choosing our plates, another and
more important cons 1demtmn known as Volta’s contact
law.

Volta's Contact Law.

Volta found that when two dissimilar metals were
brought into contact, the one became positively and the
other negatively electrified—that is, that a difference of
potential was manifested. He found also that this dlffET-
ence varied with the nature of the metals.

Thus, if zinc be brought into contact with iron, the zinc
becomes positively and the iron negatively electrified, and
both to a certain degree (potential). If, however, zinc be
brought into contact with copper, the zinc becomes more
positively electrified than it was before, and the copper
more negatively electrified than the iron—that is to say,
a greater potential difference i1s manifested by the contact
of zinc and copper than by the contact of zinc and iron.

Further, if iron be brought into contact with copper,
the iron becomes positively and the copper negatively
electrified ; but if copper be brought into contact with
platinum, the copper becomes positively-and the platinum
negatively electrified.

The metals can accordingly be arranged in such a series
that each on the list will become positively electrified when
brought into contact with any metal succeeding it ; and
negatively, with any metal preceding it.

Contact series of metals in air :

+ Sodium. [ron.
Magnesium. Copper.
Zinc. Silver.
Lead. Gold.
Tin. Platinum.

— Carbon.

Moreover, the further a metal is removed in the series
from another, the greater will be the degree to which each
will become electrified—that is, the greater will be the
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in a glass vessel three-parts filled with a ten per cent.
solution of sulphuric acid. So long as the two metals are
not brought into contact, no change will be observed. If
we let them ‘touch, or if we connect them together by a
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F1G. 12.—SIMPLE CELL.

wire, the zinc will be slowly dissolved by the acid, and
bubbles of hydrogen will appear at the surface of the
copper plate, while a current of electricity will flow across
the connecting-wire.

By bringing the two metals into contact we establish a
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meter in the circuit by which to observe the strength of

. the current, it would be found after a very few minutes
that the strength of the current was growing less and less,
and that it might eventually even stop altogether; the
cell has become polarized. -

Polarization.

The explanation of this phenomenon will be best under:
stood by studying the action that goes on in the cell.

The acidulated water in the presence of the oppositely
electrified zinc and copper is decomposed into oxygen and
hydrogen ; the oxygen unites with the zinc to form zinc
oxide, which is further acted upon by the sulphuric acid
to form zinc sulphate. The hydrogen is given off at the
copper, and collects upon 1t.

The general action may be represented by the equa-
tion—

Zn + H.,SO,=ZnS0O, + H..

Polarization is due principally to the accumulation of
the hydrogen on the copper ; this weakens the current in
two ways. The film it forms on the copper practically
converts the copper from a copper into a hydrogen plate,
and this being electro-positive to the zinc and oxygen,
tends to set up a current in the reverse direction to the
original one. The film on the copper offers a resistance
to the original current.

Were it not for polarization, the current would continue
for a considerable length of time, and its eventual diminu-
tion would be chiefly due to the consumption of the acid
and zinc, and to the accumulation of the sulphate of zinc.

A means to prevent polarization is therefore of the first
importance, and the various cells which are now in favour
depend for their utility more or less upon the perfection
of the means whereby this is prevented.

Electrical Terms.

The parts of the cell are named as follows : The ZINC
plate, which is acted upon by the acid, is the positive
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cell (one volt) through a resistance of one thousand
ohms.

The ohm is the unit of resistance, and by resistance we
mean that which in any circuit opposes the passage of the
current. Thus a stout piece of copper wire offers but
very slight resistance ; platinum wire offers more resist-
ance ; and the human body a very great resistance, usually
considerably more than one thousand ohms. But to com-
plete the circuit the current has not only to flow from the
copper to the zinc through the wire or human body, but
it has also to flow from the zinc to the copper through the
excitant fluid in the cell.

The total resistance in any circuit is therefore divided
into an ‘ external > and into an ‘ internal ’ resistance ; by
the former we mean the resistance the current encounters
outside the cell, and by the latter the resistance it encoun-
ters in traversing the liquid in the cell. These respective
resistances are usually indicated by R and ».

The legal ohm 1s equivalent to the resistance which is
offered by a column of mercury one square millimetre in
section (about 54 of an inch), and 106 centimetres (about
41} inches) long, at a temperature of 0° Centigrade.

The coulomb is the unit of the guantity of current. We
may deliver water into a cistern through a large pipe and
in a big stream, or through a very small pipe and in a
narrow stream ; now, the size of the stream would be
measured in electnml terms in ampéres, but the quantity
delivered per second in coulombs.

The standard value of the coulomb is equivale_nt to the
quantity of electricity that will low through or into a body
when a current-strength of one ampére is maintained for
one second.

A current of one hundred milliampéres flowing for ten
seconds would furnish one coulomb.

The number of coulombs that have been administered
can therefore be found by multiplying the current-strength
in ampéres by the time in seconds.

To take an ordinary case. Suppose a patient has had
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Suppose it to be raised to 1,000 ohms, then :

L]

[ s17e \
Sk 1 milliampere.
1,000 ohms

Further, if we know any two of the factors of the equa-
tion, we can determine the third ; for ° the electro-motive
force in volts is equivalent to the current-strength in
amperes multiplied by the resistance * :

E =amperes x (R+7),

and ‘the total resistance in ohms is equivalent to the
electro-motive force in volts divided by the current-
strength in ampéres’ ;
E
R+r= mﬁ

The practical application of Ohm’s law will be deferred
until we have examined the various types of galvanic cells.

Electrical currents, in common with static charges,
always possess two qualities : that of pressure or tension
measured in volts, and that of amount or wvolume,
measured, in the case of currents, in amperes.

The so-called forms of electricity only differ from each
other by the various degrees in which they possess these
qualities. :

Thus, an ordinary medical battery may furnish us
through the human body with a current-strength of ten
milliamperes under a pressure of fifty volts.

A cautery battery with a current-strength of ten ampéres
under a pressure of two volts.

A dynamo machine with a current of twenty ampeéres
strength under a pressure of one hundred or more volts.

A frictional machine with a current-strength of one
hundredth of a milliampére under a pressure of 50,000
volts.

If these qualities be measured and multiplied together
we obtain the unit of electrical power, the W att.
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tinuous > is applied to a current that flows steadily
without interruptions in one direction, such as the
' current furnished by galvanic cells or accumulators.

The interrupted current is one that also flows in one
direction, but intermittently, such as the primary current
of an induction coil, or that of a direct current dynamo,
though if the latter be driven at a high speed the inter-
ruptions become imperceptible, and the current almost
continuous.

The alternating current is one that is always changing
its direction. The current at first passes in one direction,
making one pole positive and the other negative, and
then is instantly reversed so as to pass in the other direc-
tion, the positive pole now becoming the negative, and
vice versa ; and these changes occur very many times in
a minute. This is the type of current yielded by the
secondary coils of induction machines and alternating
current dynamos. :

Fig. 13 depicts graphically the three types of current.
Let the base line represent the time, the vertical line the
current strength, then the line C.C. will represent a con-
tinuous current flowing steadily in one direction ; the line
I.C., the interrupted current flowing intermittently in one
direction ; the line A.C., the alternating current flowing
first in one direction and then in the other and passing
through zero between each reversal.

Electrical power is now measured commercially in Board
of Trade units. One B.T. unit=1,000 Watt hours = 1,000
volt ampére hours=1.34 horse-power for one hour. A
current of ten ampeéres strength at a pressure of 100 volts
for one hour would consume one Board of Trade unit.
The charge for this varies from about 21d. to gd.
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(b) The ‘ positive plates ’ (negative pole) are of amalga-
mated zinc (see p. 106), and are placed one on each side of
the negative plate.

(¢) The ‘ negative plate’ (positive pole) is of platinized
silver (a thin sheet of silver covered with platinum in a
fine state of division).

There are two objects in so treating the silver.

I. Platinum as opposed to zinc has a higher electro-
motive force than copper ; it is more electro-negative.

2. The plate, owing to its platinization, has a rough
surface to which the hydrogen is not so well able to adhere
as it is to a smooth one.

The depolarizer in this cell is therefore a mechanical
one. The ®electro-motive force’ varies from about ‘75 to
one volt.

Owing to the imperfect means for preventing polariza-
tion, the current is not constant, while unless the zinc be
withdrawn from the solution when the cell is not being
used, it will be slowly acted on and worn away. The
chemical action is that of the simple cell. It is not a
suitable cell for medical purposes.

The Leclanché Cell,

The Leclanché cell is of far more importance (Fig. 14).

(@) The ° electrolyte ’ is a strong solution of ammonium
chloride, which half fills a glass jar.

. (b) The ° positive element’ is a rod of amalgamated
zinc.

(¢) The ® negative element ’ is formed of a rod of carbon
surrounded by coarsely-powdered carbon and peroxide of
manganese, all enclosed in a porous pot which stands in
the glass jar.

(@) The * depolarizer ’ is the manganese peroxide,

The ‘electro-motive force’ (E. M. F.) is about 1°47 volts,

and the internal resistance of the cells varies from about
one to five ohms.

During action the ammonium chloride attacks the zinc
3
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diminishes, even if we leave the weakening of the am-
monium chloride solution due to its decomposition out of
account.

A peculiarity of this cell is the rapidity with which
it becomes temporarily polarized when short-circuited—
that is, when its poles are put into metallic connection
with only a low external resistance. The manganese
seems to be unable to depolarize sufficiently rapidly to
keep pace with the amount of hydrogen liberated ; the
current, therefore, quickly falls off. On the other hand,
it recovers itself very rapidly when the circuit is broken,

This temporary polarization, it is to be noted, only
occurs when the cell is short-circuited (permitted to work
at full power without having a proper load). No great
objection can be taken to it on that score so far as regards
Our purposes.

The resistance of the human badv is so great that but
little chemical action is permitted. The manganese can
keep pace with the hydrogen, and for the length of an
ordinary séance a practically constant current can be
obtained.

The chief advantage of this cell is its durability. No
chemical action goes on when it is idle ; the zinc need not
be withdrawn from the solution ; if put away for a week,
a month, or longer, it will be found in exactly the same
condition, and even at the end of a year all that it will
probably require will be a little water. To medical men,
this is of paramount importance.

Attempts have been made to lower the internal resist-
ance of the Leclanché cell by dispensing with the porous
pot. In the agglomerate form, the carbon element and
the peroxide of manganese are consolidated together by
great pressure, after addition of some resinous material,
and the porous pot is not required.

Mr. Schall places the zinc inside an agglomerate cylinder
of carbon (Fig. 15); this materially reduces the internal
resistance (often under one ohm). The zinc is prevented
from touching the carbon at its lower extremity by an

3—=2
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It is better in charging the cell to dissolve the sal-
ammoniac (which should be pure) in warm water in a jug,
and to half fill the cell with it when it is cold. The solu-
tion may be made of any strength, from half saturation
to saturation; the weaker it is, the less tendency there
is for the salts to creep over the sides of the jar.

In filling the cells, care should be taken not to moisten
the sides of the jar with the solution, and it is well to coat
the upper margins of the sides with vaseline or paraffin.
The cells should be kept preferably in a cool place to
diminish evaporation, and a little water should be occa-

F1¢. 16.,—INSULATED LECLANCHE.

sionally added. Fig. 16 is that of an insulated cell or jar,
in which a recess surrounds the top of the vessel filled with
a material to which the salts will not adhere.

The Grenet or Bichromate of Potash Cell.

(@) The ° electrolyte ’ is a solution of sulphuric acid and
bichromate of potash or chromic acid.

(b) The ® positive element ’ is made of a plate of zinc.

(¢) The ‘negative element’ of two plates of carbon which
lie on either side of the zinc.

(d) The * depolarizer ’ is the chromic acid.
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acid, is afforded by the crystals of the combination of the
acid with the bichromate of potash ; seven ounces of the
' crystals should be dissolved in two pints of water, and the
solution is ready. The crystals can be purchased at most
electrical instrument makers. 2

As a result of the mixture of bichromate of potash, sul-
phuric acid and water, we obtain potash sulphate and
chromic acid,

The chemical action when the circuit is closed is that the

FI;;. 17.—BOTTLE BICHROMATE CELL.

sulphuric acid reacts with the zinc to form zinc sulphate,
liberating hydrogen ; this is oxidized by the chromic acid,
in the presence of sulphuric acid, into water, with the
formation of chromic sulphate, and, if the potash salt has
been used, later of chrome alum.,

The principal reactions may be expressed as follows :

(@) Zn+H,S0,=ZnS0,+H,.

(0) K,Cr,0;+ 4H,50, =Cr,(S0,), + K,S0,+ 4H,0+0,.
(¢) H,+0=H,0.

(d) Cry(SO,);K.SO,+24H,0 =chrome alum.
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The Silver Chloride Cell.

Of this there are various forms, both dry and liquid.

(@) The ‘electrolyte’ may be a solution of sal-ammoniac,
chloride of zinc, or potash.

(b) The ° positive element ’ is zinc.

(¢) The ‘negative element’ is silver.

(d) The ° depolarizer ’ is chloride of silver.

The E. M. F. varies according to the form from about

F1G. 19.—SILVER CHLORIDE CELL.

‘g volt to 17 volts ; the internal resistance in the portable
size from about ‘3 ohm to 4 ohms.

During action the silver chloride absorbs the hydrogen,
producing silver and hydrochloric acid.

The cells are usually put up in glass or vulcanite vessels,
hermetically closed by an ebonite lid and indiarubber
washer. A piece of silver wire forms the negative element,
which is surrounded by chloride of silver in a granular
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(c) The ‘ negative element ’ is of carbon.

(d) The ¢ depolarizer ’ is the persulphate of mercury.
' The E. M. F. is about 1°5 volts. The internal resistance
1s low. St

During action, the zinc decomposes the water, yielding
hydrogen, which, appearing at the carbon, d}ﬁpiaces the
mercury, to form sulphuric acid and metallic mercury ;
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Fi. 20—PERSULPHATE OF MERCURY CELL BATTERY.

the former attacks the zinc, while the latter collects at the
bottom.

In the old form, the cell resembled the Daniell, and had
a porous pot, the sulphate of mercury taking the place of
the sulphate of copper, and the carbon that of the copper.
The porous pot is dispensed with in the later forms.

Gaiffe uses a divided ebonite trough to form two small
cells. The carbon plates are placed at the bottom of the
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trough, and are smeared over with a paste of sulphate of
mercury ; the zincs form lids which lie over them.

In Schanschieff’s cell there are two carbons to each zinc,
and a strong solution of the basic sulphate is the excitant.

In some of the later forms of sulphate of mercury
batteries, there is an arrangement for raising or lowering
the elements out of or into the solution, according to the
strength of current required, and, to insure portability,
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FiG. 21.—ARRANGEMENT OF ZINC AND CARBON.

the vessels are provided with floating ebonite pieces to
prevent spilling of the acid solution (Figs. 20 and 21).

Gaiffe also sells the excitant in the form of a salt, which
has only to be dissolved in water.

The small cells of Gaiffe are suitable for working in-
duction coils, the larger cells for galvanization and other
purposes. e

This battery has found much favour in France ; 1t 1s
asserted that it is very constant, that it gives off no fumes,
that the zincs are kept constantly amalgamated by the
mercury which is precipitated in the cell during action,
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and that, while the E. M. F. is the same as that of the
Leclanché, depolarization is more perfect.

The Hellesen or Dry Leclanché Cell

This is a form of dry cell manufactured by Siemens and
Co., and supplied for medical purposes by Schall (Fig. 22).

(a) The composition of the * electrolyte ’ is a secret, but
it appears to consist of a paste containing ammonium
chloride.

(b) The ¢ positive element’ is a cylinder of zinc.

(¢) The ‘ negative element ’ is of carbon, which stands
in the centre of the zinc cylinder.

(d) The °depolarizer’ consists partly of binoxide of
manganese, which is contained in a bag surrounding the
carbon.

The E. M. F. is about 1°47 volts, and the internal resist-
ance in the number two size 0'25 ohm, and in the number
six, or smallest portable medical size, 0°65 ohm.

Of this cell very good reports are forthcoming. Along
with great freedom from polarization, it possesses a
marked power of recovery. Mr. Shelford Bidwell, F.R.S.,
who has put it to an exhaustive test, finds that the number
two size will give on short circuit through a galvanometer,
with a total external resistance of 0’005 ohm, a current of
more than twelve ampéres strength.

Two of this size, connected in parallel, serve in my own
hands to bring a short platinum cautery to a white heat.
Eight to ten of the smallest size connected in series will
bring a laryngoscopic lamp to full incandescence, and, if
in parallel, will heat for a very short period a cautery.

Further, the cell is exceedingly portable ; containing no
liquid, it cannot be upset. Failure owing to evaporation,
or to short-circuiting through creeping of salts outside the
vessel, cannot occur. There is no action when the cell is not
in use ; the zincs have not to be lowered when the current
is required, to be raised again immediately afterwards.

- The small cells measure 14 x 14 x 33 inches, and weigh
eight ounces each. All forms of dry cells are modifica-
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(a) The electrolyte * is a dilute (1 to 20 or 40) solution
.of sulphuric acid, usually contained in a porous pot.

(b) The ° positive’ plate is of zinc, which lies in the
excitant solution.

(¢) The ‘ negative ’ plate is of copper.

(d) The * depolarizer * is a saturated solution of sulphate
of copper.

The E. M. F. is roughly equivalent to one volt. The
internal resistance is somewhat high, varying from about
two to ten or more ohms, according to the size and form
of the cell.

The chemical changes are very simple. The zinc dis-
solves during action in the excitant solution to form zinc
sulphate, while hydrogen is set free ; the latter, appearing
at the junction of the two liquids, displaces the copper
from its solution to form sulphuric acid and metallic
copper ; the acid passes back to the zine, and the copper
is deposited upon the negative plate.

Zﬂ + HQSO.I_ L= ZHSO{"}‘ H2+
H,+ CuSO,=H,S0, + Cu,

There is, it will be observed, no consumption of sulphuric
acid ; for every molecule of the acid that is decomposed
by the zinc within the porous pot, one molecule of the acid
is formed by the hydrogen displacing the copper outside
the porous pot.

In the case of the electrodes the zinc slowly dissolves
with the formation of zinc sulphate, which continually in-
creases ; the copper is slowly added to by the deposition
of metallic copper at the expense of the cupric sulphate,
which continually decreases.

It is therefore necessary, in order to maintain the cell in
constant action, to keep up a constant supply of copper
sulphate, and from time to time to renew the zinc and
remove the waste products which accumulate in the porous
pot.

By keeping an excess of the copper sulphate crystals in
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A star-shaped copper plate rests at the bottom of a glass
wvessel, and is connected with the exterior by a heavily
"insulated copper wire. The vessel is half filled with a

Fi1G. 24—DANIELL CELL.

saturated solution of copper sulphate, and plenty of extra
crystals are also added. A heavy piece of zinc is suspended
in the upper part of the cell. The vessel can be filled up

F1G. 25.—GRrAVITY CELL.

either with the copper sulphate, or with a dilute solution
of zinc sulphate or of sulphuric acid.
If the cell be only occasionally required, it will be prefer-

4
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During action, zine sulphate is formed at the expense of
.the zinc and sulphuric acid, while the liberated hydrogen
1s oxidized by the nitric acid to form water and nitric per-
oxide, which escapes in reddish fumes.

In the figure (Fig. 26) the outer vessel is seen to be of
glass ; this contains the sulphuric acid, and a cleft, heavy,
well-amalgamated cylinder of zinc. The porous pot con-

Fi16. 26.—BUNSEN CELL.

taining the nitric acid and a rod of carbon stands in the
centre.

But little need be said about this form of cell here, Tt
will furnish a very strong current, which will remain
cc'm?.stant for two or three hours: but the strong acids,
noxious fumes, and want of durability, unless it be dis-
mmmtcd. after every use, entirely preclude it from a per-
manent installation, Occasionally it is still set up in a
hospital for an electrolysis, or to light a lamp or heat a

4—2






CHAPTER V
ELECTROMOTIVE FORCE

WE have already seen that difference of potential gives
rise to electromotive force (E. M. F.), and that E. M. F. is
the power that moves electricity along, and enables it to
overcome resistance. The current always flows from the
point of higher potential to the point of lower potential,
and it will continue if possible to flow until an equilibrium
of potential is attained. The electrification of the earth
is commonly taken as the standard of zero potential.

The analogy of water to current electricity is very close.

Suppose we have two cisterns equally full of water con-
nected by a pipe, which is closed by a stopcock ; then no
current will flow between them, because there is no con-
tinuous conductor. Just so electricity will not flow unless
there be a conductor. Suppose the stopcock opened, and
the cisterns at the same level, still no water will flow
between them, because there is no lower level for the
water to flow to; to get a flow of water we require a differ- -
ence of level or of head. So, too, is it with electricity :
difference of potential corresponds to difference of level, or
of pressure, and unless there be some difference, no current
will flow, and the greater the difference the greater ten-
dency is there for it to flow, the greater is the E. M. F.
Electrical difference of potential is also analogous to differ-
ence of temperature in heat, and difference of pressure in
gases. Heat flows from a hotter body to a colder one, and
will continue to flow until both are at the same tempera-
ture. Gases pass from a position of greater pressure to one
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strength varies directly as the E. M. F., and inversely as
the resistance, all we need do is to pass the current from
our cells, and from the Daniell, through a milliampere
meter with a definite high resistance in the circuit. The
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amount of this resistance makes no difference ; it need not
be known. All that is necessary is that precisely the same
resistance should be used in the two cases, and the higher
the resistance is, the less attention we need pav to the
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patient. It has been found that the resistance presented
\ by a conductor is governed by certain laws ; for instance,

it varies :

I. Directly with the length of the conductor.

2. Inversely with the area of the cross section.

3. Directly with the nature of the material of which the
conductor is made (specfitc resistance).

4. With the temperature, etc.

Expressed in symbols,

=y i (T +at),

where R is the resistance,
p ., specific resistance,
i 5 length, _
s ,, crosssectional area,
a is a correction for temperature.

If the resistance of a certain conductor one yard long be
equal to one ohm, then a ten yards length of the same con-
ductor would have a resistance of ten ohms. Again, if a
conductor one inch in thickness and of a certain length
present a resistance of one ohm, then a similar conductor
two inches in thickness would only present a resistance of
1 ohm, because the area of its cross section would be four
times as great. The water analogy still holds. The
longer the pipe is through which the water has to flow, the
greater difficulty it will have in passing through it, the
greater will be the resistance it will encounter. Again, the
larger the conducting pipe, the more easily it will flow
through it, and viee versa.

Substances vary enormously as to their specific resist-
ances.* It will be seen by referring to the table of relative

* The specific resistance depends upon the inherent qualities of the
substance ; a piece of silver wire and of copper wire of exactly the
same length and cross section present different resistances. The
specific resistance is the resistance of a cube of one centimetre
diameter of the substance in question between opposite sides.
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Character of Fluid. Observed Resistance Specific Resistance
17 Oeans. tn Ohms.
Milk (cow) - - - 1,025 - 1742
- 50 per cent. water - - 1,860 - 3162
-+ 75 per cent. water - - 3,250 - 552°5
Blood, coagulated - - 4,000 - 680
Blood serum - - 5T - 97°75
Dropsical fluid from cardiacascites 475 - 8o'7g
Urine - - - - 250 (varies) 42°50
Zinc sulphate, saturated - =T - 21°25
semi-saturated - - = IZ3% - 21°25
Copper sulphate, saturated - L5 - 19°55
semi-saturated - - - 160 - 27°20
-+ 75 per cent. water - - 200 - 49°3
Bichromate solution - - 12 - 2'04
Nitric acid, strong - - 10 - 17
+ 5o per cent. water - - 8 - 1'%
Sulphuric acid, strong - 45 - 7653
-+ 50 per cent. water - - I35 - 2'55
Lig. potassa - - . 30 - 5l
-+ 5o per cent. water - - 6o = 10°2
- 75 per cent. water - - 100 - 17
Sodium chloride, saturated - 25 - 425
semi-saturated - - - 40 - 68
-+ 75 per cent. water - - 65 - 11

Resistance of the Body.

The main resistance the current has to encounter in
passing through the body is that of the skin, which when
dry is a good insulator, and when moist a poor conductor ;
hence the current strength with a fixed E. M. F. (a certain
number of cells kept in good order) will depend largely
upon the condition of the skin. When this has by
thorough moistening with warm salt solution been made as
conducting as possible, the resistance of the body in health
will be found to vary according to the size and position
of the electrodes and the length of the part electrolyzed
(distance between the electrodes) from about 500 ochms to
5,000 ohms. This brings us to the importance of using
standard-sized electrodes, and of varying their sizes accord-
ing to circumstances ; for as the principal resistance is to
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ance of the metals and diminishes that of electrolytes ; 1t
is probable that the resistance of a patient in a state of
p}rre‘-;n, other conditions being equal, would be less than
it would in health.

The resistance of selenium, sulphur, tellurium, etc.,
varies with the amount of light, that of some cells I have
constructed, after Mr. Bidwell’s method, varying from
100,000 ohms in subdued daylight to about 30,000 ohms
in the light of magnesium wire.

How is Resistance to be measured ?

If we know the E. M. F. and the current-strength, then

by Ohm’s law
E

R= c
This is the total resistance, and by deducting the external
we obtain the internal. Suppose we wish to know the in-
ternal resistance of two Leclanché cells in series, let us put
them in circuit with a galvanometer, whose resistance is,
say, two ohms, and use large copper connecting wires so
as to disregard their resistance. Then if a current, say, of
500 m.a. be obtained, the sum will be :

LHHLS w:'—lE—tt:lta.l R. in ohms= 3 _vnlts

— =0 ohms.
500 m.a ‘5 ampere

This, then, will be the total resistance, and two ohms for
the galvanometer being deducted, four ohms for the re-
sistance of the two cells will be left.

If the E. M. F. be not known, a set of resistance coils
(rheostat) can be used. Connect up the cells to a galvano-
meter divided into milliampéres, whose resistance is
known, and obtain a current, say, of 300 m.a. Now intro-
duce known resistances into the circuit until the current
has fallen to 150 m.a. Then, since the current has been
halved, the resistance must have been doubled, and hence
the second external resistance that you have introduced
must be equal to the first resistance, 7.e., that of the
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and a telephone. The latter is Kohlrausch’s method
(Fig. 30). Polarization is thus obviated ; the direction
of the current is reversed too rapidly to allow of any
sensible electrolysis. It is not believed that accurate
measurements of the resistance of electrolytes can be made
by the continuous current.

Rheostats, or instruments for interposing resistance, are
of various kinds. A convenient form will be mentioned

further on.

FIG. 30.—KOHLRAUSCH'S BRIDGE.

To sum up our remarks upon resistance in regard to
galvanization : The resistance of the body depends mainly
upon :

I. The condition (moist or dry) and thickness, presence
of hair follicles and sweat glands, of the skin.

2. The size of the electrodes, -

3. Firmness of surface contact.

4. Length of application.

5. Distance apart of electrodes.*

6. Temperature of the skin.

Ariy This consideration is practically nullified by the overwhelming
influence of the first two.

2
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in series. But by doing this we also increase the resist-
ance, for each cell added adds also its internal resistance,
and where the external resistancc i1s small, this almost
counterbalances the advantage to be gained by the addi-
tion of its E. M. F. ; but where the external resistance is
comparatively speaking very great, as obtains in the
“ordinary medical'employment of the galvanic current, the
additional internal resistance brought into play by adding
on each successive cell may be disregarded.

An example will illustrate this. Take a low external
resistance, say of two ohms, and pass the current of one
Daniell cell with an internal resistance of five ohms through
it ; our current will now be :

Vﬂlt I _T ompére=143 m.a.
Now add on two more cells in series, thus increasing both
the E. M. F. and internal resistance three times; our
current now will be :

Ivoltxg e
R+rx3 2415 I

=176 m.a.

=] |

Now try ten similar cells in series ; then

I voltxm 10 I0 5

R+7Xx10 2450 52_2_6_192”1'3‘

Hence, though we obtained 142 m.a. with one cell, and
176 m.a. with three, we obtain only 192 m.a. with ten.
We are therefore employing our cells very unproductively.
So much for the case of a low external resistance ; but now
try the same experiment with a high external resistance of
1,000 ohms. In the first case we have :

I volt I
1,000+5 ohms 1,005

=a little less than 1 m.a. :

with three cells we have :

I X3 volts 3

TR o —=—=2"'0 m.a. ;
I,00045X 3 ohms 1,015 S

=
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3. Size of the plates immersed in the fluid ; the greater
the area the less the resistance.

For our present purpose, then, we choose cells which
from their nature have a low internal resistance, such as
the bichromate and the Grove, and we make them as large
as we conveniently can to increase the area of their plates,
but accumulators are to be preferred. Further, we
connect our cells in what is termed parallel arrangement,

Ty

F1G. 31.—THREE CELLS IN PARALLEL.

mstead of connecting copper to zinc; we join all the
copper plates together to form one + electrode, and all the
zinc plates together to form the — electrode. (See Figs. 31
aqd 32.) By this means we form, as it were, one large cell
w1.th several copper and zinc plates, and as, other things
being equal, the amount of resistance in any cell depends
upon the area of the cross-section of the plates immersed,
so we have virtually reduced the resistance by the number
of cells we have in this manner coupled. If one Daniell
has a resistance of five ohms, five Daniells so connected
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would have a resistance of only one ohm, and ten Daniells
of half an ohm ; but as we have practically only one cell,
'so we get only the E. M. F. of one cell, viz., one volt. As
an example of the parallel arrangement, let us take one
Daniell cell with an internal resistance of five ohms, and
an external resistance of two ohms ; then

- E = I =1I ni.a
R+7 245 7 Rl
Now add on nine cells more in parallel ; the E. M. F. will

remain the same, but the internal resistance will only
be one-tenth of what it was. Thus:

SR i e
R+r"2+ﬁ;_2'5_4 CVE

whereas we saw that ten such cells #n series, with the same
external resistance, gave only 190 m.a. If we chose the
cells best suited for cautery—e.g., with a low internal re-
sistance, viz., bichromate or Grove’s—and coupled them
in parallel, we should increase our current very much.
Pass the current from one bichromate cell through an
external resistance of two ohmes,

E

R+r=C;;

the E. M. F. of a bichromate is about two volts, and the
internal resistance, say, one ohm.

2 volts _
2+1 ohms
Now couple ten in parallel, then

C=2—he0ma
3

2 volts

hg- ohms - - 202 ma

As, however, in most cases galvano-cauteries and short
platinum wires have only a resistance of about 0'05 to 0'I
ohm, we should have

2 2

00541 o5 more than 13 amperes, or 13,333 m.a.,
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and partly in parallel), so that the resistance of the battery
equals as nearly as possible the external resistance. (This
‘has been proved by differential calculus.) Thus, for sala
vanization small cells with a great internal resistance give
almost as strong a current as large cells with a low internal
resistance ; while in cautery work, where the external

FI1G. 33.—SIX CELLS IN COMPOUND CONNECTION.

resistance is very low, the internal resistance must also be
made low if satisfactory heating power is to be obtained.
The most economical method will, however, be to choose
under all circumstances cells, other things being equal,
with as low an internal resistance as possible, and therefore
as large as may be convenient ; for it is evident that what-
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IIL —-Electrnlg,rms

‘ How should we arrange our cells for electmlwmg
tumours ?° In electrolysis the resistance will vary with
the position of the poles. If one pole be placed on the
skin, and the other plunged into the tumour, the resist-
ance will be much greater than it would be if both poles
were passed into the tumour, because in the latter case the
resistance of the skin would be eliminated. The resistance
of the blood in an aneurism, when both poles are inserted,
1s about eight ohms according to Bartholow, though from
my own observations in measuring the resistance of blood
clot and blood serum I should imagine it to be much more ;
but in other electrolytic applications the resistance may go
up to 200 or more ohms. The current-strength requires
to be much greater than in ordinary galvanic treatment,
from 20 to 100, or even 200 m.a. What, then, will be the
best arrangement of cells ?

Suppose the external resistance to be 100 ohms, and the
current-strength required 100 m.a.; then, since the E. M. F.
15 found by multiplying the resistance by the current-
strength, 100 ohms X ‘1 ampére = 10 volts, which, if the
internal resistance be neglected, would be the voltage
required. That could be obtained from five bichromate,
seven Leclanché, or ten Daniell cells, in series. Take the
bichromate first, allowing one ohm for the internal re51st-
ance of each cell ; then :

Bl ¢ " Vdisea s ol
R+r ' Ohmstoo+1x5 105 22 ™2

Now take the Daniell, allowing five ohms for each cell’s
internal resistance :
Volts'txzol 10 10
Ohms 1004+5x10 1004350 150
In order to obtain 100 m.a., it would be necessary to use
twenty Daniells in series, thus :

—66 m.a.

Volts 1x20 ° 20 20

T e e Iy e s — = — 1 .a.
Ohms T005 = %20 TO00-ET00: zoo - -d
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ohms each were used, the following, if six cells were used,
would be the result :

; Volts z:5%6 L g o o
Die j_-l_zxﬁ_l?—,about 0'5 ampe g,

which would scarcely be sufficient, nor would the current
be constant enough. If more of the same cells in series,
for the sake of illustration, were used, say ten :
Vollsxs ral | 5 T o e
Ohms 5+2x10 5420 25
so that very little would have been gained.

The best arrangement of cells for the galvano-cautery
has already been considered.

Let us recapitulate briefly what has been said about
the uses of the various cells, and of their arrangement for
different purposes (see also © Choice of Batteries,” p. 139).

For ordinary ‘ treatment by galvanism’ a large number
of cells (ten to forty) are required, and these must be
coupled in series, and whether the cells are large or small
will not make much difference in the current-strength.
Leclanché cells are perhaps the best for a house installation.

For ® electrolysis * the same arrangement of cells will do,
but they should be larger.

For °electrical lighting,” cells which combine a high
E. M. F. with a low internal resistance (accumulators,
bichromate or Bunsen), and of large size, must be used,
and of these from three to six, or more, connected in series.

For * galvano-cautery ’ the same cells as those used for
electrical lighting, but connected in parallel or multiple
arc (see also * Secondary Batteries ’) are desirable.

For a * portable’ battery dry cells are to be preferred.
The No. 6 Hellesens will be found very suitable for gal-

vanism ; the No. 2 for electrical lighting ; but for cautery
work a portable accumulator is best.
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that a current of half an ampére would do. A current of
one ampeére’s strength in passing through water acidulated
with sulphuric acid will liberate 1146 cubic millimetres of
hydrogen and 573 cubic millimetres of oxygen per second,
t.e., about 10°320 cubic centimetres of mixed gases per
minute, and therefore a current-strength of one milli-
ampere will liberate the one-thousandth part of that, viz.,
10°3 cubic millimetres per minute.

Gaiffe has on this principle constructed a convenient

I'lG, 35.—VOLTAMETER.

xfgltgmeter, consisting of two tubes (Fig. 35), the one
W]:tl'flll the other, and the inner one graduated in cubic
millimetres, one division corresponding to fifty cubic milli-
metres. The inner tube is closed by a cork at the top, and
has also two openings at the bottom, through which water
can pass. Two platinum wires project into the inner tube
at the base, and can be respectively connected with the
two poles of the battery. Both tubes are filled with






MEASUREMENT OF CURRENT-STRENGTH 81

will be noticed that the direction in which the north-seek-
ing end of the needle is deflected depends upon the direc-
tion and position, above or below the needle, of the current.
If the wire be held above the needle, and the current be
travelling from south to north (Fig. 37), then the north-
seeking end of the needle will be deflected to the west ;
while if the current be travelling from north to south, the
north-seeking end of the needle will be deflected to the
east. The needle, therefore, indicates the direction of the
current. If the wire, however, be held below the needle,
the deflections will be reversed (the lower diagrams
represent the current passing beneath the needle). It
follows, then, that a current passing from south to north
above the needle will tend to deflect it in the same direc-
tion as a current passing from north to south below the
needle, and that we have only, therefore, to bring our wire
back below the needle to obtain an increased effect.

A galvanometer can thus be used to indicate

(a) That a current is passing.

() The direction of the current.

(¢) The strength of the current.

These motions can be easily remembered by Ampére’s
rule :

" Suppose yourself to be swimming with the current with
your face to the needle, then the north-seeking pole of the
needle will be deflected towards your left hand.’

In dealing with the comparatively large current pro-
duced by one Leclanché cell on short circuit (some 300
m.a.), the deviations of the needle can be easily seen ; but
when we come to currents only 1} or 4 as strong, as in
galvanization, the deflections would be so slight as to be
almost valueless, and some means of increasing them must
be adopted 1f our instrument is to be of use to us.

In galvanometers for medical practice, this is usually
done by increasing the number of times the current has
to pass along the needle by coiling the insulated wire
which carries it round the needle. Here the effect will be
nearly equal to the effect produced by one coil multiplied

. 6
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by the number of coils—nearly, because the position of
each subsequent coil with reference to the needle cannot
be in so advantageous a position as the first turn, and,
moreover, the needle is not equally deflected by each equal
addition of current-strength, because its poles, in being
deflected, pass further and further from the influence of
the coils.

~ Tangent and sine galvanometers are instruments so con-
structed that the tangent of the angle of deflection in the
one case, and the sine of the angle through which the coil
has to be turned in the other case, are proportional to the
strength of the current.

In galvanometers for physiological purposes, a means of
rendering the instrument even more sensitive must be
employed, and since the position which the needle takes
up in the ordinary galvanometer is the resultant of two
forces—viz., the strength of the current, and the earth’s
magnetic force—the greatest deviation is to be obtained
when the former is as strong as possible, and the latter as
weak as possible ; the former can, as we have shown, be
increased by coiling the wire, and the latter can be
diminished by using an astatic arrangement, z.e., one in
which two similar magnetic needles are united in such
a way that the north-seeking pole of the one is placed
over the south-seeking pole of the other. Were the two
needles both exactly equally magnetized, the directive
force of the earth’s magnetism would be eliminated, and
the position the needles would take up would depend upon
the torsion exerted by the thread suspending them. As,
however, it is difficult to bring this about, one needle is
usually somewhat stronger than the other, and the differ-
ence in strength determines a position in which the need[es
will always come to rest after a deflection.

Both needles will tend to be deflected in the same
direction if the wire be coiled round one only of them,
because the effect of a current passing from north to south
above one needle will be the same as one passing in the
same direction below another needle, provided that the

b—2
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three serew feet, and must be made quite level before an
observation is taken.

" T have mentioned that the angle of deflection of a gal-
vanometric needle is not constantly proportional to the
strength of the current ; a simple experiment will show
this. Pass the current from one Daniell cell with a resist-
ance of 1,000 ohms in the circuit through a simple gal-
vanometer : we obtain a certain deflection which is equal
to one milliampére. Now add on another Daniell cell,

Fi1G. 35.—DIAGRAM OF A GALVANOMETER, DIVIDED IN 1TS UPPER
HALF INTO DEGREES, AND IN ITS LOWER HALF INTO MILLI-
AMPERES.

which will yield us practically a current of two mill-
ampeéres, for, disregarding the resistance of the galvano-
meter and of the cells in presence of so large an external
resistance, we have respectively

I volt | I volt X2

——————=1 m.a., and ———— =2 m.a.
1,000 ohms . 1,000 ohms

The amount of deflection of the needle, however, which is
produced by the addition of the second cell will not be so
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another wire of the same material, size, and length, joining
them again together at B ; then, since the resistance of
each wire is equal, and the current finds two paths of equal
conductivity open to it, it will divide into two equal parts

A 10 _ Amperes
¥ % —
g 2
= =
ﬁ —— o
=

i L0 Amperes

FI1G. 41.—DIVIDED CIRCUIT.

and 5 m.a. will pass along one and 5 m.a. along the

other.
If in place of two such wires we had ten, we should find

that the current would also divide into ten parts and that
I m.a. would flow along each wire.

Balterie.

F1G. 42.—GALVANOMETER SHUNTS.

The relative strength of current in each branch wire will
be proportional to its conductivity, i.e., inversely propor-
tional to its resistance.

Further, the total resistance of the circuit will be lowered






the instrument is not being used, so as to allow the needle
to rest. Round the needle is a copper damper to prevent
Useless oscillations and to render it dead-beat. The resist-
ance of the galvanometer, both with and without the

shunts, is stamped on the face, and an extra resistance 1s
usually added whereby the total resistance may at will be
made to reach 1,000 ohms, an arrangement which practi-
cally converts the galvanometer into a voltmeter. Another
excellent galvanometer is that of Mons. d’Arson ral (made

ﬂmsnﬂw Lo g,
3
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Fi1G. 44.—I)’ARSONVAL’S GALVANOMETER WITH VERTICAL SCALE.

by Gaiffe). In this instrument the magnet is fixed, and
the wire carrying the current is movable. The magnets
consist of two split cylinders or horseshoes of steel of nearly
equal mass, and placed one within the other ; between
them 1s a movable frame, whose axis of rotation is a wire
that is fixed by two supports at either end of the cylinders ;
a few turns of wire are taken round the frame along which
the current passes. For medical purposes a vertical alu-
minium pointer marks off on a large scale above the devia-
tions of the frame; for physiological purposes the frame
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the cells are led. and the springs are long enough to reach
from conductor to conductor, so as to avoid breaking the
. current as the ¢ sledge ’ is moved.

Of the ordinary or ‘ dial ’ collector there are two forms
—the single-handled and the double-handled.

On the dial (Fig. 47) are placed a number of studs in a
circular form, and to the under surface of each stud is
fastened a branch wire from, say, the negative pole of each
cell respectively.

To the central pin, upon which the handle turns, the

F1G. 46.—BATTERY WITH PLUG COLLECTOR.

wire to the negative electrode is attached ; the other
extremity of the handle rests upon, and can be made to
slide over, the studs, which are placed in such juxtaposition
that the handle must come into contact with the next one
before the previous one is left.

By this arrangement it is obvious that cells can be
rapidly added on or taken off without breaking contact.
The disadvantage of thesingle-handled form 1s that the first
set of cells must always be put in action when the battery
1s used, while the cells at the other extremity get perhaps
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scarcely any use. To remedy this the double-handled
collector (Figs. 48 and 49) has been introduced, by which
the cells in circuit may be taken from any point in the
battery, and any particular cell can, in fact, be at once
::jnglud out and tested. In principle it resembles the

Fi16G. 48.—DoUBLE COLLECTOR.

single-handled dial collector, but is more complicated. The
diagram (Fig. 50) exhibits the connections. The cells are
connected severally to each successive stud, with which
the two handles, which are insulated from each other, can

F1G. 49.—DoOUBLE COLLECTOR.

be brought into contact. All that has now to be done is to
connect’ one handle to the anode, and the other to the
kathode. The number of cells in circuit is indicated by
the revolving circle. _

This is the best form of collector. The cells are switched
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contact with the central stud and either W. or N. The
arms are connected by the pivots on which they turn with
ithe two terminals of the battery-box. The central stud is
connected to the + pole of the cells, and W. and N. to
the — pole. In the position the arms are in in the diagram,
the battery-box terminals are + and — respectively ; if

F1G. 52.—CONNECTIONS OF CURRENT REVERSER.

the arms are pushed over, the polarity of the terminals will

be reversed.
Solid Rheostats.

Of rheostats for interposing resistance there are solid
and liquid forms. The solid are made of German silver
wire (because it is but little affected by changes of tempera-
ture), or of graphite. The plug rheostat or resistance box
(Figs. 53 and 54) contains a number of coils of German
silver wire ; each coil is wound with such an amount of
insulated wire as to present a definite resistance, the two
ends of the wire being connected severally to small brass
pieces, which are securely fastened to an ebonite lid.
These plates can be respectively connected with one
another by the insertion between them of well-fitting brass
plugs. When all the plugs are put in, the current flows
easily from brass piece to brass piece, from one end of the
box to the other ; but if a plug be withdrawn, the current is
compelled to travel round the coil of wire between the two
brass pieces, and so to encounter the known resistance of
the wire. The coils are usually arranged in a series of

=
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drical piece of wood, and over which a sliding collector can
be moved, making contact with the wire by a spring on 1s
under surface, so as to include any desired length of it in
the circuit. The wire must be thick to avoid overheating.
Fig. 55 represents a rheostat with a double coil of wire, and
a IL“HI‘-:t;!.llCE' of from o to 10 ohms in 120 subdivisions.

In the graphite rheostat, a variable length of a very thin
layer of this substance can be brought into the circuit.
Dr. Gaertner makes use of a number of discs of a porous
material, which are impregnated at a red heat with finely
divided carbon, the respective resistance of the discs
depending upon the degree of saturation with the carbon.
The discs are separated by plates of brass. A number of
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FiG. 55.—SIMPLE RHEOSTAT.

these are placed in a split tube and pressed tightly together
by a screw. One electrode is attached to the first brass,
and the other by a sliding arrangement can be caused to
make contact with the brass pieces between the various
carbon discs ; a scale indicates the resistance, which can
be made to reach 100,000 ochms. In a more simple form
made by Schall, there are two very small soft graphite
pencils free from metallic lead, along the surface of which
a sliding piece makes contact by a spring ; they will not
take more than 500 m.a. current without heating.

Liquid Rheostats.

For galvanic treatment the liquid rheostats are suitable.
The principle on which they depend is the intercalation in
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pliability, but as the fine strands are easily broken, and
may give rise to much annoyance and pain through the
sudden breaking of the circuit, it is better to use plain
insulated copper wire of about No. 18 gauge in galvanic
and faradic applications, and of about No. 14 gauge in
using the cautery or the light.

Electrodes.

Of electrodes there is every variety, according to the
special purpose for which they are required.

Instead of the copper cup and sponge, flexible metal
electrodes of standard sizes (vide p. 190), with wash-
leather or flannel covers, should be employed. The resist-
ance of these covers, even when thoroughly moistened, is
considerable. In a pair tested by me it amounted to
60 ohms. The adhesive electrode made by Messrs.
Nehmer and Co. relieves one of the necessity of holding
the electrode in position. If the surface be moistened
with warm water, this electrode will, after a little tem-
porary pressure, adhere fairly firmly to the skin.

It 1s often a convenience to be able to make and break
the current without having to remove one’s hand from

FIG. 58.—MAKE-AND-BREAK ELECTRODE HANDLE.

the electrode. Fig. 58 represents an electrode-holder
fitted with an arrangement for making and breaking the
current.

A convenient form for a large indifferent electrode is that
furnished by a number of small pieces of carbon enclosed
in a cover in such a way as to form a flexible pillow
(Fig. 59).

Current Combiner.

Dr. De Watteville’s key for galvano-faradization is an
arrangement to permit of the galvanic and faradic currents
being used simultaneously. Fig. 61 represents the con-
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used, while if the battery is in a cellar it would be incon-
venient to have to bring the number of branch wires that
are required for a collector through such a distance, and
the current strength is best regulated by a powerful
rheostat in the consulting-room, two heavy wires only
carrying the current from and back to the cells. On the

AR EEEE eSS E St

..._‘-:5

B 2

= 2

] -

o i

= g
-

(L] 1,:1,.,

Fic. 61.—DIAGRAM OF CONNECTIONS OF DE WATTEVILLE'S KEY.

other hand, cells keep best in a cool place. Fig. 62 is
that of a simple form of current-interrupter that it is best
to interpose in the circuit of the long wires at the cellar
end : it consists of two plates of glass having hollow places
between them to receive a brass peg. The plates are
connected by the binding screws to the divided wire. The

F1G. 62.—CURRENT-INTERRUPTER.

peg can be left in when the cells are in frequent use, but
should be kept out on other occasions.

A useful arrangement to disconnect the cells entirely
from each other, and so to prevent short-circuiting, which
always goes on more or less when a large number of cells
are connected in series, has been brought out by Mr.
Fleming, of Teviot Place, Edinburgh, and is termed by
him a ‘ Cut-out.” The wire from every fifth cell, instead
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CHAPTER IX
FARADIC ELECTRICITY

Ix 1831 Faraday discovered that a current of electricity
could be momentarily induced in a closed circuit by
advancing to it or withdrawing from it a magnet (Fig. 64).

He followed this up by finding that a wire carrying a
current had the same effect as the magnet (Fig. 65).

L

F1G. 64.—INDUCING ACTION OF A MAGNET ON A CLOSED CIRCUIT.

Further, he found that, if two circuits were placed near to
each other, the making or the breaking of the circuit in
the one would induce momentary currents in the other ;
this is, of course, merely equivalent to the previous state-
ment, for by the making and breaking of the current in
the primary circuit we cause, as it were, a current-carrying
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67), similar momentary currents will be induced in the
secondary. .

. These effects can be enormously magnified if we mulup_] y
the primary and secondary wires by coiling them, well in-
sulated from each other, on a cylinder (Figs: 69 and_ 70).

Further, the more rapidly the magnet or the primary

Closed.

F16. 66.—CURRENT IN OPPOSITE DIRECTION AT CLOSING.

coil is made to approach to and recede from the secondary
the stronger will be the induced current.

If a core of soft iron be placed within the primary
coil, it will be found that the induced current is again
strengthened, for as the core becomes magnetized by the
current in the primary, we are now adding on to the in-
ducing action of our primary current the inducing action
of a magnet also. (The permeability of the iron core
leads to a concentration of the magnetic lines of force.)
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Faraday’s law is as follows :

If any conducting circunit be placed in the magnetic
field of a permanent magnet or of an electric current, then,
if by either a change of relative position or a change of
strength of primary current a change is made in the
number of lines of force passing through the secondary, an
electromotive force is set up in the secondary proportional
to the rate at which the number of included lines of force
1s varying.

The direction of the current induced in the secondary is
explained by Lenz’s law. In all cases of electro-magnetic
induction the induced currents have such a direction that
their reaction tends to stop the motion which produces
them.

Extra Current or Self-induction.

A current is also induced in the neighbouring coils of the
primary wire when the circuit is opened or closed ; it is
called the °extra current,” or current due to the counter
E. M. F. of self-induction ; and following the same laws, it
opposes and weakens the primary current on closing, and is
in the same direction and strengthens the primary current
on opening. It is for this reason that we often see a spark
at the moment of opening the circuit, to obviate which
a condenser 1s used, into which the current can flow when
the circuit is opened. Such a condenser also has the effect
of still further weakening the current at closing by the
electricity of opposite electromotive force that it has
stored up, and of strengthening it at opening by making
the break more sudden and complete. The extra current
1s usually collected in medical coils, and used as the
‘ primary current ’ (Fig. 68).

We have seen that in the secondary coil there is induced
a momentary current in the opposite direction at closing
the primary circuit, and one in the same direction at
opening,

During the °continuous flow’ of the current in the
primary there is no observable current in the secondary.

8
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4. The making of a current in a neighbouring wire.

5. The increasing of the strength of that current.

And, wice wversi, momentary currents of ¢similar’
E. M. F. are induced in a circuit by

1. The recession or demagnetization of a magnet.

2. The recession of a wire carrying a current.

3. The breaking of the current in a neighbouring wire,
or the decreasing in strength of such a current.

The Induction Coil.

The induction coil is constructed upon these principles.
It may be regarded as an arrangement for producing an
induced current of high E. M. F., by the inducing action of
a current of lower E. M. F. whose circuit is alternately
opened and closed in such rapid succession as to produce
an almost continuous series of induced currents. As, how-
ever, we cannot on physical principles get more out of the
machine than we put in, we only obtain the increased
E. M. F. by a sacrifice of current-strength. If, for the sake
of an illustration, we put in two watts (p. 30), consisting of
one ampére at two volts, we can only get the two watts
out, even supposing that the machine is a perfect one
and that there 1s no loss. Now, the construction of the
machine is such as to return us our two watts in the form
of volts rather than in that of ampéres, say 4y ampére at
200 volts. A transformer (p. 128) depends upon precisely
the same principles, but it acts the other way ; we put in
volts and get out ampéres. We may apply the popular
saying about ordinary mechanical machines—that what is
gained in power is lost in speed—by saying : ‘ What is
gained in E. M. F. is lost in current-strength.’

In the Dubois-Reymond sledge-coil (Figs. 69 and 70)
there is a stand, at one end of which is a strong upright,
to which the primary coil is firmly attached, while the
secondary 1s arranged to slide in a groove along the stand,
so that it can be made to approach, and if necessary com-
pletely cover, the primary coil. A scale is attached to
the stand and a pointer to the secondary coil, so that the

8—2
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position in which the latter may be (the distance from the
primary coil) may be accurately noted.

A bundle of soft iron wires covered with an insulating
varnish, and enclosed in a light case, which is graduated,
can be placed within or withdrawn to any required degree,
according to the graduations, from the primary coil. This
forms an electro-magnet, which is more rapidly magnetiz-
able and demagnetizable than a solid one would be,
because the induction currents, which would be set in
circulation in a solid rod, are partly eliminated.

The primary coil is wound with a few turns of thick
wire to diminish resistance and self-induction.

The secondary coil is wound with very many turns of

-
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F1G. 70.—DIAGRAM OF INDUCTION COIL FROM ABOVE.

thin wire, which must be most carefully insulated from
each other to prevent the high electromotive force
liberated from short-circuiting. The greater the number
of the coils, the greater the mutual induction and electro-
motive force. The increased resistance may, therefore,
be disregarded.

To open and close the primary circuit with rapidity, a
mechanical arrangement, known as Neef's hammer, is
employed (Fig. 69). When a current is passed through
the electro-magnet B, it attracts to it the movable arma-
ture C, which at other times is kept in contact with the
platinum-faced screw A by the spring D.

If the circuit be closed in such an arrangement, the
current, entering by the pillar E, will flow through the
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The relative lengths of the wires in the two coils.
The distance between the coils.

The presence of an internal electro-magnet.

The presence or absence of a metallic shield.

The rate of the interruptions (for within certain limits
the more rapidly these are made, the less tolerable is the
current).

The third method, which admits of accurate measure-
ment by means of the scale, is the most useful. The
alternating currents do not deflect a magnetic needle,
because the effect of the flow in one direction is immedi-
ately counter-balanced by a flow in the opposite direction.
For the same reason electrolysis (p. 78) is not produced,
nor can secondary batteries be charged. They serve,
however, for lighting and cautery purposes, provided their
current-strength is sufficient.

The medical induction coil only differs from the ordinary
ones in that the secondary wire is neither so long nor so
thin, and that it is unprovided with a condenser ; the
E. M. F. 1s, therefore, not raised to so high a pitch, and
the current-strength is relatively greater.

SE RS

Magneto-electric Machines.

We have seen that currents can be induced by the
approach or recession of a magnet. Machines on this
principle are termed magneto-electric (the dynamo belongs
to this class), and have been for some time in common
use, especially among the laity ; Mons. d’Arsonval has
quite recently strongly advocated the use of a modified
form.

In the ordinary form (Fig. 72), a large permanent horse-
shoe magnet is enclosed in a box, and in front of its poles
two bobbins of soft iron wrapped with insulated wire can
be made to revolve rapidly by means of multiplying cog-
wheels turned by a handle, which is fixed externally. As
each bobbin approaches and recedes from the poles, two
currents of opposite E. M. F. are induced in it ; these are
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i
! Connection e
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F1G. 74.—PORTABLE SWITCH-BOARD.

Connection
—l— with man —_—
Signal Q Lamp

Adjustable | Terminals for
Rheostat Cautery or
Spark Coils

FIG. 75.—DIAGRAM OF CONNECTIONS TO MAIN FOR CAUTERY AND
X-RAY CoOILS,




124 A MaxvaL oF PracticAL MEDICAL ELECTRICITY

MILNE MURRAY SWITCH-BOARD.

FiG. 76.
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In order to be able to conveniently vary the voltage
and current-strength in the branch circuit which passes
to the patient, one end of the branch wire is attached to
a sliding piece C (Fig. 74), which can be moved along the
resistance wire in the main circuit so as to make contact
with it at various positions. The voltage tapped off will
vary with its position, and will'be at its maximum when
the two ends of the branch wire are as far from one another
as the sliding contact C will permit, but when C is near B
the voltage will be small. This sliding rheostat is called
a ‘ volt-regulator,” and it is usually constructed so as to
give a range of from o'1 volts to 6o volts. An advantage
of the lamp is that it serves to warn the operator that the
current is flowing, and that by exchanging it for one of a
different candle power variations in the voltage and current-
strength can be obtained. A precisely similar arrange-
ment (Fig. 75) is used for heating a cautery or for supply-
ing current for large coils, but the resistance wire must
now be made very thick, so as to carry a large current
without over-heating.

In the admirable switch-board (Figs. 76 and 77) of
Dr. Milne Murray, these principles have been elaborated.
In addition to the volt-regulator, there is an induction coil,
a voltmeter, a De Watteville key, a milliampére meter
with a shunt and short-circuiting key, two lamps, one
for the galvanic and the other for the faradic circuits,
and a testing key ; the latter is to enable the operator
to ascertain without injury to the milliampére meter
whether the plug which connects the apparatus to a lamp-
socket is properly inserted or mot. With the ordinary
bayonet-catch pattern of lamp-socket the switch-board
plug might be inserted the wrong way, so that the current
would tend to drive the milliampére meter needle away
from the scale instead of forwards along the scale ; but
with the old-fashioned concentric wall-plug this could not
occur. The following are the directions, issued in the

Edinburgh Royal Infirmary, for using the Milne Murray
switch-board :
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7. In all cases where the electrodes are being applied intermittently,
as in testing out reactions or in labile applications, the short-circuit
key must be closed to protect the Galvanometer. This key should
only be opened when an exact measure of the current passing is
required.

8. To obtain Faradic currents—

(a) Put the De Watteville key to F.

(&) Pull out the Secondary Coil to the end of the slide.

(¢) Close the ¢ Faradic’ switch. This should cause the left-hand
lamp to glow and the vibrator to act. If the latter remains
still, start it with a touch of the finger.

(@) Adjust the rate of vibration by means of the upper screw.

(¢) Regulate the strength of the current by altering the position of
the Secondary Coil.

g. To obtain Galvane-Faradic currents—

(z) Put the De Watteville key on the intermediate studs, midway
between G and F.

(4) Close all the switches.

(¢) Regulate the strength of the currents by the volt-regulator and
coil as above.

ro. Interruptions of the current may be made by the key on the
handle of the electrode.

1. Reversals of the current are made by the reversing key on the
switch-board.

12. Before removing the feeder-plug all the switches must be opened,
and before putting the instrument away the short-circuit key must be
closed and the slide brought to zero.

13. The terminals must on no account be brought into metallic
contact, as this exposes the milliampére meter to the risk of permanent
damage.

14. The greatest care must be taken to prevent drops'of water
falling on the switch-board, and if such an accident should happen the
moisture must be at once carefully removed. .

15. If by any such accident a drop of water showld fall on the wire
of the woll-regulator, the current must be at once shut off, the wire
carefully wiped as dry as possible, and the instrument must not be
Jurther used for at least two hours, to make certain that all moisture
has disappeared.

16. If the instrument fails to act, it must not be interfered with, but

should be sent at once to the Central Department for examination and
adjustment.
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and so on. In Dr. Woakes’ transformer (Fig. 78) there
are three pairs of terminals ; one pair supplies a current
suitable for cautery, the second pair a current suitable for
the small incandescent lamps, and the third pair a current
suitable for faradization. An indicator lamp if placed
above that becomes incandescent when the current is
flowing.

The alternating current obtained through such a trans-
former from a dynamo differs, as already mentioned, from
the secondary current of an ordinary medical induction
coll, as well as from that of the small magneto-electric
machine. The current in each direction is equal in magni-
tude, and the interruptions are so rapid as to give the
current much more of a continuous character; this renders
it much smoother and pleasanter to the patient. Whether
these differences will offer any therapeutic advantage is
an interesting question.

Some of the physical differences between the faradic,
alternating or induced current from the usual coils, and
from magneto-electric machines, and the galvanic, direct
or continuous current, have been noted. They may be
summed up as follows (vide also Fig. 13).

Chief Physical Differences between Faradic and
Galvanic Currents.

The faradic current from an induction coil alternates in
its direction ; that is to say, the current is being con-
tinually interrupted and reversed, the break current being
much stronger than the make ; the E. M. F. is very high
(often ahout 200 volts in medical coils, but it may be much
more), the current-strength very low ; electrolysis of water
1s not produced, nor, except in infinitesimal amounts, of
solutions of salts. The current-strength cannot be
measured by an ordinary galvanometer ; the best instru-
ment for this purpose is an electro-dynamometer, which
depends upon the electro-magnetic action between a fixed
and a movable coil, through both of which the current
passes.

g






CHAPTER X
SECONDARY BATTERIES

IF the current from two or more Daniell cells be passed,
platinum electrodes being used, through water, it will be
found, by having a galvanometer in the circuit, that the
current very rapidly falls off, so that at the end of a minute
or so it will probably have much less strength than it
started with. If now the battery be quickly cut out, the
galvanometer needle will be deflected for a short time
in the opposite direction, showing that a reverse current
obtains. -

This phenomenon depends on polarization. As long as
the battery current flows, hydrogen is collecting at the
kathode and oxygen at the anode, to form, as it were, a
new cell of opposite E. M. F., which, on being disconnected
from the primary source of power, at once gives off a
current in the opposite direction ; the latter is termed the
polarization current, the former the polarizing current.

It is on this principle that secondary batteries, storage
cells, or accumulators, as they are often called, are con-
structed ; and the polarization current, it will be observed,
depends really upon a chemical action, just in the same
way as the polarizing current may be supposed to do; for
the latter, in passing through the simple secondary cell
we have described, splits up the compound H,O, forcing
the hydrogen to accumulate at the kathode and the
oxygen at the anode, so that when the polarizing current
is withdrawn, it 1s by the recombination of these gases
that the polarization current is produced.

O—2
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gravity 1'170, of sulphuric acid. The E. M. F. of a
secondary cell is about two volts, and the internal resist-
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F1G. 79.—ACCUMULATOR IN (GLASS VESSEI.

ance very low (less than o'or ohm) ; the current strength
is therefore high on short circuit.
Further, this strength is fairly maintained until the cell
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FiG. 80.—DRAKE AND GORHAM'S CURVE.

is nearly exhausted. The curve in Fig. 8o was deter-
mined by Drake and Gorham, and it shows that in a cell
that will run usefully for about fifteen hours the E. M. F.
does not fall to below 1°g5 for the first twelve hours.
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Choice of Batteries.

The nature of the various cells, their best arrangements,
the accessories, and faradic apparatus, have already been
individually considered. It remains to say a word or two
about their combination.

To be enabled to make a proper use of electricity in
general practice, a medical man must have at least two
or three different kinds of apparatus (excluding static
machines).

1. A combined or separate galvanic and faradic battery,
or switch-board in case the main is laid on, that would
serve for galvanization, electrolysis, electro-diagnosis and
faradism. '

2. A battery for cautery and light.

A “universal > battery would be a great desideratum,
but is, for the following reasons, at present practically
unobtainable :

For galvanization we require 20 to 40 cells in series
(small or large), which do not run down when the zincs
are left in the solution, and in which there are, therefore,
no strong acids, and which require but little attention.

For cautery work we require two to six cells in parallel,
and they must be ‘large’ and of energetic action, and
must therefore contain strong excitants, so that the zincs
must be withdrawn after each application, or they would
continue to be dissolved.

For a ® house installation,” a switch-board such as Milne
. Murray’s attached to the electric light mains is much to
be preferred, but failing this 20 to 40 large-size Leclanchés,
combined with an induction coil to be worked either by a
couple of the Leclanchés or by a separate bottle bichromate,
and kept in a cupboard or placed within an electrical
cabinet (Fig. 86), would probably be the most suitable
and reliable battery for galvanism, faradism, electro-
diagnosis, and electrolysis.

For cautery and light, a special bichromate or accumu-
lator battery may be used.
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For portable purposes, a combined or separate galvanic
and faradic battery composed of small Hellesens or
Leclanchés (Fig. 87) 15 best.

For cautery and light, either Voltolini’s (Fig. 88) port-

Fic. 86.—ELECTRICAL CABINEY.

able bichromate battery, or a portable accumulator, such
as the Lithanode or E!P. S. Q. type.

Fig. 89 is that of a good sledge induction coil energized
by two dry cells.
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Fig. go is that of Dr. Spamer’s induction coil.
Fig. g1 is that of Stoehrer’s plunge battery for gal-
vanism, electrolysis, and light, with a sledge collector and

current-reverser.

It yields a strong current for a short period, and is
suitable for electrolysis, or for working a large induction
coil for a faradic bath. In Reiniger’s acid battery

F1G. 87.—COMBINED PORTAELE GALVAMNC AND FARADIC BATTERY,
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farther on, but a few simple remarks here about the physics
of the phenomena may be an advantage.

The essential differences between the current that Tesla
uses and that furnished by an ordinary dynamo or induc-

F16. 8g.—FARrRaADIC CoIL WITH DRY CELLS.

tion coil are that the alternations of his current are in-
conceivably rapid, and the E. M. F. exceedingly high.
Thus the alternations produced by a good induction coil
may be about 200 per second, and the E. M. F. from 500
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well-insulated wires, the one of which passes to the knob
of a medium-size Leyden jar, and the other to its outer
‘coating. The first wire is now carried on to terminate in
the knob of a metal discharger ; the second one is coiled

* FI1G, g1.—STOEHRER’S PLUNGE BATTERY.

to form a spiral of about ten turns, which is placed inside
a glass tube, such as a lamp-chimney, around which a well-
insulated fine wire is coiled. The thick wire, after travers-
ing the glass tube, is attached to the other limb of the
discharger (Fig. 93).

10
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: The lamp-chimney and enclosed wire spiral are now
immersed in a glass vessel half filled with petroleum ; the
extremities of the fine wire coiled upon the chimney are
brought up to a convenient height in glass tubes ; the
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REINIGER'S BATTERY WITH AUTOMATIC PLUNGE
APPARATUS,

Fi1G. 92—

latter can be corked at the bottom and then filled with
petroleum so as to carry the insulation still further, for
the glass by itself is of little use.

The induction coil should be fed by six or more accumu-
lators or very large bichromate cells. The proper propor-
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tion to give the primary and secondary wires in t.he
induction coil in the petroleum must be found by successive
‘experiments.

My primary wire is No. 16, B. W. G., and has ten turns;
my secondary is of No. 30 silk-covered wire, and has abaqt
roo turns, and between each turn is a fibre of silk. This
can be omitted if the turns of the wire do not touch.

On passing the current from the cells through the

e —

FIG. 93.-—APPARATUS FOR PRODUCING ELECTRICITY OF HIGH
POTENTIAL AND RAPID ALTERNATION.

1, Leyden jar ; 0, discharger ; P, primary wire ; S, secondary wire.

Ruhmkorff’s coil, a continuous series of loud and bright
sparks will pass between the knobs of the discharger if
they are at a proper distance apart (about } to } inch),
while the ends of the fine secondary wires will glow and
yield bright, crackling, lightning-like sparks from one to
several inches i length. Vacuum tubes will glow if held
merely in the neighbourhood of these wires. If one of
the wires be attached to a metal plate, an extensive electro-
magnetic field will be created, in any part of which a
I10—2
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ELECTRO-PHYSIOLOGY

CHAPTER I
PHVSIOLOGICAL EFFECTS OF ELECTRICITY

THE relations of electricity to the body are many, and but
imperfectly understood. They may be arranged for study
into the following groups :

Those that are purely physiological,

Those that are purely electrolytic.

Those that are purely cataphoric, etc.

The first group comprises the study of the electrical
effects spontaneously produced by the tissues of living
creatures, and the stimulating, sedative, nutritive, etc.,
effects produced by the external application of electricity.

The natural electric phenomena, fully treated of in
works on physiology, can only be summed up briefly here.

Natural Electrical Phenomena.

All living creatures are the seat of electrical manifesta-
tions, which appear to attain their greatest intensity in
certain fishes, particularly in the torpedo. These pheno-
mena have been especially studied in the nerves and
muscles (the electrical organs of the torpedo appear to be
analogous to muscles, but yielding electrical discharges in
place of contractions), but it is almost certain that they
are to be found in all tissues that are the seat of vital






ELECTRO-PHYSIOLOGY 151

muscular movement, however slight or far removed. The
movement of a toe produces a current in the hand, so that
'it would seem that it is not the muscular movement so
much as the mental effort resulting in the motor discharge
that is the cause of the cutaneous current.

Muscle and Nerve Currents.

The principal electrical phenomena that have been
observed in the muscles and nerves can be divided into
two classes :—

1. Continuous currents, occurring during repose.

2. Intermittent currents, occurring during activity.

I. Continuous Currents.

If the longitudinal surface of a fresh piece of living
muscle be connected by a conductor with the base (trans-
verse section or tendon), with a delicate galvanometer in
the circuit, impolarizable electrodes being employed, a
weak current will be found to be passing from the former
to the latter. The lateral (longitudinal) surface is there-
fore positive to the transverse section. A muscle might,
therefore, be regarded as a galvanic cell ; its lateral surface
forming its + pole and its tendon its — pole.

The equator of the lateral surface (the point midway
between the two ends) exhibits the highest potential (is
most + ), the centre of the transverse section exhibits the
lowest potential (is most —); the strongest current is
therefore to be obtained by connecting these two points.
Should, however, the current be difficult to obtain, or
should it fall off, it can be temporarily renewed by making
a fresh transverse section.

A fresh nerve yields a similar current ; its longitudinal
surface is positive to its transverse section. The E. M. F.
of the muscle current is about 0'05 volt, and of the nerve
about o0'0z5 volt.

Physiologists are agreed that these currents do not
really exist in the normal uninjured tissues. The surfaces
of an untouched muscle would appear to exhibit no
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considered to be composed of molecules, each of which
has two negative ends and a positive equator ; when these
are arranged in proper order the current of repose is
present, while a partial rotation sets up the current of
action. (Compare theory of magnetism.)

D’Arsonval considers the current of action to be due to
the electro-capillary forces investigated by Lippmann ; all
mechanical deformations, however feeble or rapid, modify
the electrical potential ; before a muscle contracts an
internal molecular change oecurs which alters the surface
tension and sets up a difference of potential. Thus it is
easy to construct artificial muscles (of thin indiarubber
tubes divided by porous discs into compartments, the
latter containing mercury and acidulated water) which
will yield, accordingly as they are stretched or contracted,
currents of opposite E. M. F. In this way the negative
variation on contraction and the positive variation on
extension can be explained.

Hermann’s views are now generally accepted. He

states that muscle becomes negative under two condi-
tions :
I. In activity.

2. When dying.

The electrical discharges of the torpedo would appear
to be of the nature of currents of action.

The passage of a constant current through a nerve is
accompanied by certain variations in its own continuous
currents of repose. These variations are termed electro-
tonic currents.

The effects produced by the external application of
electricity differ according to whether they are obtained
by the physiologist on exsected or exposed nerve and
muscle preparations, or by the physician through the skin
on normal and uninjured tissues. The former, by careful
isolation and preparation, and by the direct application
of his electrodes, can ensure that the whole of his current
is passing through the structure, and can thus obtain
definite results ; but the latter has no means of calculating
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statique) always slightly augments the respiratory blood
changes (the measurements being made by the mercurial
pump and spectroscope) ; and that in a séance of twenty
minutes the respiratory capacity of the blood is increased
from } to 1. This has a bearing upon the value of static
treatment in phthisis (see Electro-therapeutics, pp. 263
and 281).

A working static machine always produces ozone, and
some have attributed the trophic effects observed to this ;
on the other hand, it has been shown that in animals
enclosed in chambers filled with electrified (ozonized) air,
no stimulating or trophic effects are observed, but that,
on the contrary, the respiratory changes are diminished
by the presence of nitrous products (especially nitric acid),
also formed by the electrical spark in traversing atmo-
spheric air. Further, Larat and Gautier subjected
phthisical, anemic, and emphysematous patients to an
atmosphere rich in such ozone without obtaining any
improvement ; on the contrary, the treatment increased
their coughs at first.






ELECTRO-PHYSIOLOGY I57

creased —‘ katelectrotonus.” This law holds good what-
ever form of stimulation be employed to test the excita-
hbility with. It is of great importance in these experiments
to use a stimulus of absolutely uniform force ; the dis-
charge of a condenser of standard capacity seems to be
the most suitable. D’Arsonval discharges the condenser
into the primary of an induction coil (without a magnet),
and uses the alternating current induced in the secondary
as the stimulus. Polarization is thus completely avoided,
together with the fatigue that results from it. Between
the two electrodes there must be a point where the excita-
bility is unaltered, the neutral point, and this is nearer the
anode with a weak current, and near the kathode with a
strong current ; with a weak current the greater part of
the interpolar area i1s rendered more excitable ; with a
strong current less excitable.

Further, the conducting power of the nerve is diminished
in the anelectrotonic area, and may by sufficiently strong
currents be completely suppressed (physiological section).

We have seen (by the contraction of the muscle) that
the nerve is stimulated at both closing and opening. This
stimulation occurs at the ‘ kathode > when the current is
" closed,” and at the ‘ anode * when the current is ¢ opened.’
When the circuit is closed, katelectrotonus becomes estab-
lished near the kathode, and anelectrotonus near the
anode ; but the nerve is stimulated at the kathode when
the current is closed ; hence we may suppose that the
appearance of katelectrotonus (increased excitability) acts
as a stimulus.

The nerve is also stimulated at opening, but at the
anode ; hence we may suppose that it is the disappearance
of anelectrotonus (diminished excitability) that acts as the
stimulus. Further, the stimulation obtained at the
kathode on closing is more powerful than that obtained at
the anode on opening—i.e., the appearance of katelectro-
tonus is a stronger stimulus than the disappearance of

anelectrotonus. These laws have been established by
. Pfliiger.
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again : no contraction will follow. We are, therefore,
justified in saying that a kathodal closing contraction can,
cateris paribus, be obtained with a weaker current than
can an anodal opening or closing one. Keeping the anode
over the ulnar, gradually increase the strength of the
current, repeatedly opening and closing, until a contrac-
tion is obtained ; this may occur either when the current
is opened or closed. Again reverse the current and close,
and a stronger contraction will follow. Hence, with the
same strength of current, the kathodal closing contraction
is stronger than the anodal opening or closing one.

With the kathode still in position, increase the strength
of the current, regularly opening and closing, until a con-
traction on opening is also obtained. A far stronger
current will be required for this, and the pain experienced
may prevent its being reached. It will be found, further,
as the current-strength increases, that the muscles tend
to remain permanently contracted during the flow; this
occurs first with the kathode over the nerve.

The law of stimulation of healthy human nerves is,
therefore, as follows :

No muscular contraction is caused by the steady flow of
a current (of moderate strength), or by the slow increase
or decrease of such a current.

Muscular contraction is obtained most easily (with the
weakest current) when the circuit is closed with the
kathode over the nerve ; a stronger current is required to
yield a contraction (and this may be either at opening or
closing, or at both) when the anode is in this position ; and
a still stronger one to give a contraction at opening with
the kathode.

The contractions all increase at first in amplitude
directly with the strength of the current, so that when the
anodal contraction is obtained, the kathodal closing con-
traction is greater than it was at first, to grow still more,
if the current-strength be pushed sufficiently to give a
kathodic opening contraction ; but the muscles may at
this stage have passed into a permanently contracted
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the nerve be close to the surface, and immediately beneath
the electrode, leaving it almost at once to diffuse itself
through the surrounding better conductors.

But we have seen that the point at which a current
enters a conductor 1s the anode of the conductor, and the
point at which it leaves, the kathode ; the nerve therefore
has both an anodal and a kathodal area in immediate
proximity to one another (Figs. 94 and 95), and should the
other electrode be also placed over the nerve, there will be
also two virtual electrodes applied to it, and hence the
nerve will possess four virtual electrodes instead of the two
in the physiological experiment. (De Watteville, * Med.
Elect..’ p. 107.)

Take the first case only, and suppose the anode to be
applied directly over a superficial nerve, and the kathode
over the sternum ; then the current, entering the nerve
beneath the electrode, will produce an anelectrotonic area
there, and, leaving it on the other side distant from the
electrode, will set up a katelectrotonic area there. The
two areas of the physiologist are thus present, and in close
proximity to one another ; but the physiologist obtains a
contraction at closing at the kathode, and at opening at
the anode, respectively. But we also obtain contractions
at opening and closing, no matter which electrode we may
be using, because we virtually have both electrodes applied
in close proximity to each other to the one nerve. Suppose
we close with the anode in position, then the side of the
nerve nearest to us becomes anelectrotonic, which does not
stimulate ; but the other side becomes katelectrotonic,
which does stimulate ; hence we obtain a contraction,
which we term A.C.C.

If we open, then the area of the nerve farthest from the
electrode returns to normal excitability (disappearance of
katelectrotonus), which does not stimulate ; but the area
nearest to the electrode, which was anelectrotonic (in a
condition of lessened excitability), now returns to normal.
That is to say, we have a disappearance of anelectrotonus,
which does stimulate. Similarly, with the kathode in

I1
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position, katelectrotonus becomes established on closing
on the near side, and anelectrotonus on the far side, of the
nerve ; hence a contraction occurs from the appearance
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of katelectrotonus. On opening, katelectrotonus disap-
pears on one side and anelectrotonus on the other ; and
the disappearance of anelectrotonus is the stimulus.
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Further, as the effect of the current depends largely
upon its concentration or density, and as this must, ceferis
partbus, be greatest on the side nearest the electrode, the
establishment of katelectrotonus on that side of the nerve
will be a stronger stimulus than the establishment of kat-
electrotonus on the other side; 7.e., K.C.C. will always
appear before A.C.C., and K.C.C. will also appear before
A.0O.C., because it is physiologically the stronger stimulus.

This (electrotonic) explanation of the laws of contrac-
tion is the one generally accepted in Germany, Great
Britain, and America, though not in France. Waller and
De Watteville, by a series of elaborate and careful experi-

F16. 95.—ANODAL AND KATHODAL AREAS ON ULNAR NERVE
(De Watteville).

ments, have demonstrated the leading facts of electrotonus
in the human body.

It has already been remarked that the degree of stimula-
tion obtained varies with the current-strength. This is
only partially true. Chauveau has shown, using curves
to indicate his results, that, with closing shocks, the
amount of stimulation obtained with the kathode at first
grows with the strength of the current, then remains
stationary, and may sometimes decrease ; the degree of
stimulation obtained with the anode, however, regularly
mcreases with the current, and therefore overtakes and
surpasses that obtained with the kathode. There is, then,
a neutral point, where both kathode and anode equally
stimulate. With opening shocks the results are the re-
verse. The anodal opening is the first to appear, and the

LT—2
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Nerves of Special Sense.

+ The reactions of the nerves of special sense yield in-
teresting results. They respond better to stimuli of some
duration, and therefore better to galvanism than to fara-
dism. This response consists in a manifestation of their
specific sensation ; the optic nerve responds with a sensa-
tion of white or coloured light, the auditory nerve with
one of sound, etc.

The ‘ optic ’ nerve is exceedingly easily stimulated ; the
interruptions of a galvanic current anywhere in its neigh-
bourhood are sufficient.

If one pole be lightly pressed upon the closed eyelid,
and the other be upon the sternum, or nape of the neck,
the interruptions of a very weak current (1 to 3 m.a.) will
stimulate it, and it will be found to react to both kathodic
and anodic makes and breaks. Attempts have been made
to classify the light and colour sensations obtained ; thus
it is said that K.C. and A.O. produce for one individual
the same sensations, and that these differ from those
obtained at K.O. and A.C.: the latter also produce
identical sensations. If an individual experience a sensa-
tion of a reddish light with K.C., he will experience the
same with A.O., but some other with K.O. and A.C.

An analogy can thus be drawn between these results
and those obtained with the motor nerves, which suggests
that the former also depend upon the actual or virtual
position of the exciting electrode.

The °auditory’ nerve may be stimulated either by
filing one ear with tepid water, and dipping a suitable
wire electrode into it, with the head inclined to one side
and resting on a cushion, or the exciting electrode may be
placed just in front of the ear : the indifferent electrode
may be on the nape of the neck. It will react only to
K.C. and A.O., and the nature of the sound produced
varies with the individual ; it may be of a buzzing, hum-
ming, or whistling character. K.C. is, as usual, the
strongest stimulus, and the sound produced may persist
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The anode is the pole by which the current enters, and
the kathode is the pole by which it leaves. The moving
particles are called the ®ions,” and those which go to the
anode are the ‘ anions,” and those which go to the kathode
are the * kations.’

The anions are also termed electro-negative, because
they appear to be attracted to the positive pole, and the
kations are for a like reason termed electro-positive. The
acid radicals or elements, such as oxygen, sulphur,
chlorine, bromine, iodine, and sulphion, move from the
kathode to the anode, and are not liberated until they
reach the surface of the electrode. They constitute the
anions. The hydrogen of the acids, and the metals and
metallic radicals of the salts and bases, e¢.g., potassium,
sodium, zinc, and copper, move from the anode to the
kathode, and appear only at the negative electrode.
They are the kations. Oxygen is the most electro-
negative, and casium, rubidium, and potassium the most
electro-positive. The same ion may at one time figure
as an anion, and at another as a kation, according to the
polarity of the ion to which it may be united.

The following is a list of the commoner elementary
substances arranged in an electro-chemical series.

Flectro-negalive. FElectro-positive.
Oxygen. Hydrogen.
Fluorine. Gold.
Sulphur. Platinum.
Nitrogen. Silver.
Chlorine. Mercury.
Bromine. Copper.
lodine. [ron.
Phosphorus. Zinc.
Arsenic. Manganese.
Cf'lrbnn. Magnesium.
Silicon. Calcium.

Barium,
Sodium.
Potassium.

Casium.
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time (thus 2 ampéres will liberate twice as much gas as
I ampere).

+ 3. When the same current acts on many electrolytes,
the weights of the elements separated by electrolysis are
in proportion to the chemical equivalents of these ele-
ments.

The chemical equivalent of an element is obtained by
dividing its atomic weight by its valency. Thus, if we
divide the atomic weight (16) of oxygen by its valency (2),
we obtain its chemical equivalent (8). In studying the
effect of the passage of a current through the tissues these
laws are of importance.

FIG. 97.—ELFCTROLYSIS APPARATUS.

Fig. 97 is that of the arrangement for obtaining the
two gases separately. There is twice as much gas in
the one tube as in the other, because two volumes of
hydrogen are liberated for one of oxygen (H,O); owing,
however, to the oxygen being more soluble in water than
the hydrogen, and to its containing a small amount of
ozone, the proportion is not quite accurate. If sodium
chloride be the solution, the sodium will pass to the
kathode, and the chlorine to the anode.

Put generally, we obtain oxygen and acids at the anode,
and hydrogen and alkalies at the kathode. Between the
electrodes no change can be detected. In explanation of
this phenomenon the following theory, first propounded
by Grotthuss, and modified by Clausius, is the one usually
accepted.






ELECTRO-PHYSIOLOGY 173

utilized as a means of transport through the solution. If
this be so, it follows that the more dissociated the ions
in any solution may be, the more easily will the current
be able to get through ; that is to say, the conductivity
of an electrolyte may be supposed to depend mainly upon
the number of dissociated ions that may be present in it.
This is, speaking generally, the case. (Bleekrode does
not accept this view.) The electrolytes, whose constit-
uents are for the greater part dissociated into ions, are
those that possess the greatest chemical activity, and it
1s precisely these that have the greatest conductivity (vide
table of resistances, p. 61). Thus nitric acid conducts
better than sulphuric acid, and both these better than a
solution of sulphate of copper.

This theory is supported by the effect of raising the
temperature. The conductivity of an electrolyte is in-
creased by heating it, but the latter process causes the
molecules to become more dissociated. We may there-
fore conjecture that the greater conductivity depends
upon the greater dissociation.

If it be granted that the chemical activity of an electro-
lyte depends upon the number of dissociated particles
which it contains, and that these can be measured by its
electrical conductivity, we have a rapid means of esti-
mating the chemical activity, and therefore the consti-
tution, of an electrolytic solution. This subject will be
reverted to in the chapter on Electro-diagnosis.

A convenient method for testing the condition of a
bichromate solution is to measure its resistance. The
specific resistance of the chromic acid solution at 60° Fahr.,
described on p. 38, is from 1°7 to 2 ohms when fresh. This
will steadily increase as the solution is used, till its com-
plete exhaustion, when the specific resistance will be about
thirty ohms ; not much current can, however, be obtained
when the resistance has once passed 1z ohms, and the
solution should then be changed.
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will combine with the fatty matter of the tissues, and
produce the ordinary effect of the application of a caustic
alkali, but to d greater degree, in consequence of its nascent
condition.

Suppose the blood in an aneurism be electrolyzed with
both needles introduced, coagulation is produced at each
pole. Around the anode the clot is firm, small, and of an
acid reaction ; around the kathode it is looser, larger, frothy,
and of an alkaline reaction. Oxygen, chlorine, acid-
albumen and acids, with their secondary results, are
liberated at the anodic needle ; hydrogen (which forms
the froth), the alkalies, alkali-albumen, metals (iron), and
their secondary results, appear at the negative pole.

Dr. Stewart (Lancef, December 13, 1890o) has observed
that practically the whole of the conduction in animal
tissues is electrolytic, and that the electrolytes are chiefly
the inorganic constituents; the changes in the proteids
are brought about by secondary electrolytic actions ; he
finds no indication that hamoglobin acts the part of an
1om.

If a piece of dead muscle be electrolyzed, the parts
around the anode become hardened and dried, and cling
to the needle, rendering its withdrawal more difficult than
that of the kathodic needle. Around the latter there is
much frothing, and the tissues appear to be softened and
liquefied ; the needle is quite loose.

A specimen of urine is easily electrolyzed ; bubbles of
gas appear at both poles. At the kathode they are small
and very numerous; at the anode they are larger and
fewer. (Platinum electrodes should be used.) A white
cloud or coagulum soon forms around the kathode, which
falls, as it gets thicker, to the bottom in the form of a ring,
another cloud being formed above it ; the tube becomes
in this way gradually filled with the coagulum. As the
action goes on, the hydrogen bubbles collect above the
kathode to form a froth, which, if the current be a strong
one, may easily attain a length of a couple of inches. At
the anode the action appears to be much less intense ; the
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sulphuric acid, the passage of the current will cause a
white precipitate in the second vessel, because the barium
in traversing the second vessel forms an insoluble com-
pound with the acid. U tubes will be found convenient
for such experiments (Fig. 9g).

Dr Steavenson repeated this experiment, but without
success ; and, though several times atterhpted, it has also
failed in my hands. A white precipitate of barium sul-
phate rapidly appears at the positive pole, showing that
the SO, has passed over, but it appears ° at the electrode,’
so that the SO, must have traversed the barium chloride
solution in the U tube connected to the positive pole with-
out forming a stable compound with it. Some green
colouring matter went along with the current from the
positive toward the negative pole.

This question, for a long time discussed, and of late
brought more prominently forward by the therapeutical
results obtained by Apostoli, seems now to be in a fair
way of being settled by some experiments performed by
M. Weiss. He observed that the contractions ‘obtained
by the galvanic stimulation of a frog’s muscle regularly
decreased in amplitude so long as the current was main-
tained in one direction, but that they could be restored
to their original vigour by reversing the direction. Were
the diminution in the amplitude of the contractions due
merely to fatigue, rest should suffice to restore them ; but
this it does not do. These facts support the view that,
during the passage of a current, chemical changes occur
in the interior of the muscle ; that these are of the nature
of polarization changes, which are increased by the passage
of the original current, and which can be swept away and
nullified by a reversal of the current.

Let a current of two or three milliampéres be passed for
a few minutes through the leg-muscles of a healthy
uninjured frog. A week later examine the contractions
of these muscles, and they will be found to have lost a
great part of their excitability, not only for currents in
the same direction as the previous one, but also for those

I2
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in the opposite direction. The muscles of the leg which
was not electrolyzed will contract very much better.

. But the microscope can also be used. Submit a frog
two or three times to a continuous current, and then
permit it to live; a month later examine its muscles :
they will be found to exhibit marked microscopical
changes. M. Weiss has found that a single five minutes’
séance with a current-strength of one to two milliampéres
so alters the muscular structure that evidences of it can
be seen for several days afterwards. (Weiss, ® Electro-
physiologie,” p. 127.)

It may fairly be held to be probable that the strong
currents (200 m.a.) passed by Apostoli through uterine
fibroids exercise the same effect, and that their diminution
in size is at any rate partly due to the retrogressive and
disintegrating changes set up in them by interpolar
chemical changes. Evidence of the electrolytic action of
a continuous current upon the tissues is to be found in
the circumstance that the body will act as a secondary
battery and yield a current, if it has already had one
passed through it. Holding the electrodes from a battery
in the hands, let a strong current pass for a few minutes ;
now let go the electrodes, wipe them, and place the hands
mto two vessels of salt water connected with the terminals
of a galvanometer ; the needle will indicate the existence
of a current in the reverse direction to the original one.

By passing a galvanic current through the body we
therefore decompose it, the products of the decomposition
appearing at the places where the current enters and leaves
the body, and probably at various intermediate places also.
These products consist at the anode of acids and oxygen,
and at the kathode of alkalies and hydrogen, and being in
a nascent condition they have a more powerful effect than
they would ordinarily have. Further, they act and react
on the tissues and electrodes to form secondary and ter-
tiary compounds.

L——ts
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solution of cocaine. Gouty deposits may be attacked by
alkalies, and glandular swellings and chronic effusions by
iodine. Were it possible to conduct the medicament
some little distance into the tissues, a more extended
application of this property might be made (a phthisical
cavity could thus be directly treated), but owing to the
diminution in the current density, so soon as the moistened
portion of the skin beneath the electrode has been passed,
it is not probable that the medicament can be made to go
much farther than the subcutaneous tissue, where it
becomes absorbed by the blood and lymphatic vessels.
It is a further objection that strong currents and extended
séances are required. Special electrodes with cups or
cavities covered with cloth to hold the medicament can
be purchased, or sponges dipped in the solution may be
used. Not much result may be expected with a current
of less than 10 to 20 m.a., unless long-continued applica-
tions are made. -

Trophic Effects of the Constant Current.

It might be supposed that an agent capable of influ-
encing the tissues in such various ways, and of producing
polar and interpolar decomposition with hyperzmia of the
parts to which the electrodes are applied, would be capable
of profoundly modifying nutrition. The authorities on
electro-therapeutics have, as a rule, accepted this view,
and have included much else that is vague or obscure under
the common term of cafalysis. Therapeutical records,
and the testimony of experienced observers, have all
borne witness to this trophic action in disease. M. d’Ar-
sonval, in a recent series of experiments (examining the
absorption of oxygen, the elimination of CO,, the respira-
tory capacity of the blood, the amount of urea, and the
heat changes, etc.), on healthy men and animals, found,
however, to his great astonishment, that the constant
current exercised no immediate trophic or nutrition-
encouraging action whatever, (Bulletin de I’ Académie de
Médeeine, March 22, 1892.)






FEHAPTER TV
FARADISM

WE need now consider only the physiological effects, for
electrolysis and cataphoresis are practically unobtainable
by faradic currents. If a motor nerve be faradized by
the secondary current of an ordinary induction coil,
muscular contractions will occur, and will persist through-
out the period of the flow. This is because the stimuli
succeed each other so rapidly that the muscle has not
time to relax between their successive arrivals. The
stimuli become accumulated, and the successive muscular
contractions fused ; the muscle is said to be tetanized.
The more rapidly the stimuli arrive, the less easy will it be
to note the individual contraction ; and wvice versd, the
longer the interval between the stimuli, the more distinct
do the contractions become. It is said that nineteen and
a half stimuli must arrive per second to make simple con-
tractions compound ; when this point has been passed,
the contractions become more marked as the number of
the stimuli increase. There is, however, a limit to this,
as we shall see in discussing the physiological effects of
M. Tesla’s currents, but this limit cannot be reached by
the ordinary medical induction coil.

As we have already seen (p. 114), it is the opening
induction current that is the strongest, and accordingly
the opening muscular contraction is also the strongest.
Further, the kathode is a stronger stimulus than the
anode. The same laws hold for percutaneous application.
With a current reverser in the circuit, place one electrode
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which is most marked when it is applied in the form of
general faradization. Whether it can at all exercise this
action per se, apart from the muscular contractions it sets

up, is uncertain.
Bactericidal Action.

The induced current can, according to Spilker and
Gottstein, exercise this action. As no electrolysis or
chemical change can occur, and as heating effects were
guarded against in their experiments, the action must be
one sut generis, a specific one. To have effect the current
must be kept up a considerable time (more than an hour),
and strong currents (2 ampéres and 1°25 volts) seem neces-
sary. (Deutsche Med. Zeit., No. 3,891.)

Alternating Sinusoidal Currents.

No other form of electrization appears to yield such
marked trophic effects as the sinusoidal currents of
M. d’Arsonval’s magneto-electric machine. By revolving
it at a speed insufficient to stimulate either the muscles
or nerves, he found he could instantly increase in both
men and animals the respiratory gaseous exchanges by
more than one quarter. (Bulletin de [I'Acadimie de
Médecine, March 22z, 1892.) The peculiarity of the
machine 1s that it produces so smooth an alternating
current (the passage from a current in one direction to
that in an opposite direction is so gradually and equably
effected) as to diminish greatly, if not annul, all sensible
reactions. When the machine is slowly revolved, there
1s no reaction at all; a quick revolution produces a
pricking sensation, but without the ordinary feeling of
burning. At an increased speed an agreeable slight
muscular contraction is produced ; to aveid shocks, the
electrodes should be retained in the hands until the revolu-
tions of the machine have ceased. It is another peculiarity
of this current that it stimulates the optic nerve, producing
a sort of mosaic of light and dark patches (phosphénes).
The alternating currents supplied for electrical lighting
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The experiment may also be performed directly : grasp
one electrode and press the other one (holding it by an
insulated handle) firmly against either the cheek, side of

the nose, over the forehead, closed eyelid, or mastoid
' process. No sensation will be experienced unless sparks
be drawn ; the nerves of special sense will not be stimu-
lated.

The passage of this current does not therefore sensibly
stimulate either the motor, sensory, or special sense
nerves ; but it does seem to slightly affect the vaso-motor
ones, for slight local perspiration is a constant accompani-
ment.

Whether it has any nutritive or trophic effects is un-
certain ; from its general resemblance to static electricity
one might expect it to have much the same effects.

Various theories and hypotheses have been advanced to
explain the immunity of the body from the effect of such
currents.

Thus, it is suggested that just as static electricity resides
on the surface, so these alternating currents of high
potential are carried along the surface, the phenomena
increasing with the frequency of the alternations ; if
these be sufficient, one may suppose that the current will
pass altogether by the skin surface, without penetrating
deeply enough to affect the muscles and nerves.

It is also suggested that the tissues cannot respond to
such rapid alternations. The retina, for instance, only
responds to vibrations of a certain rate—those that lie
between 481 (red) and 764 (violet) billions per second.
All others—the dark heat rays, which stimulate the
sensory nerves, and the ultra-violet actinic rays—are
without effect upon it.

In the same way, the auditory nerve can be stimulated
only by sound-waves, which vibrate from about twenty
per second to twenty thousand per second. If either limit
be transgressed the sound is inaudible. Is it not probable,
then, that the motor and sensory nerves and muscles have
also their proper limits of greatest rate of vibration, and






PART II1
ELECTRO-DIAGNOSIS

CHAPTER 1
ELECTRICAL RESISTANCE

Resistance of the tissues (vide also p. 61).—As already
mentioned (p. 64), the only fairly correct method of
estimating the resistance of the body is to employ alter-
nating currents, a Wheatstone bridge and telephone (Kohl-
rausch’s method). Even by this method approximate
results only can be obtained, because it is very difficult
to bring the telephone to absolute silence ; we have to be
content with the position in which it is most silent. The
use of a galvanometer, a constant E. M. F., and the
application of Ohm’s law, can only yield a very rough
approximation, chiefly for two reasons.

I. The resistancé varies with the duration of the applica-
tion.

2. The resistance is affected by polarization of the body.
Much, therefore, will depend upon the instant at which the
observation is made ; thus we may measure the initial
resistance (probably the most accurate) or any subsequent
one at the end of a minute or three minutes, or the lowest
resistance obtained with a fixed number of cells during a
five minutes’ application. Kohlrausch’s method avoids
these difficulties. The weak induction currents necessary
for an observation do not diminish by their duration the
body resistance, and there can be no polarization. Strong
alternating currents (from a dynamo) do diminish it. It
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average resistance from sternum to nape of neck to be
about 2,500 ohms, it might be 5,000 or more, or 1,000 or
Jless without being of significance. The following are some
of the resistances (measured by Kohlrausch’s method,
salf and warm water being used) observed in healthy
young adults with electrodes of five centimetres in
diameter.

Position of electrodes. K. in olims.
Hand to hand - - - - - - 1,375
Through one hand - . - - - goo
Cheek to cheek - - - - - - 6oo
Frontal eminence to frontal eminence - - - 8oo
Just above one ankle to just above the other - = Foo
Through the calf of the leg - - - = a0

The resistance is increased by age (Beard and Rockwell,
however, consider that young people offer greater resist-
ance than old people, p. 175 * Med. Electricity *), by the
thickness and horny nature of the epidermis, absence of
hair follicles and sweat-glands, etc. (vide p. 65). Old
people sometimes have a very great resistance. In a
patient of sixty-eight the resistance, observed with the
very large (ten cm. in diameter) electrodes, from nape of
neck to abdomen was regularly from 12,000 to 15,000

ohms.
Pathologically

the resistance may be increased or diminished. It is
‘increased’ in some cases of hysteria, particularly if
hemianesthesia be present. The affected side may
present a resistance greater than that on the sound side
by more than 1,000 ohms ; it is especially marked on the
head (Vigouroux). If the hemianasthesia be transferred
the increased resistance accompanies it. In long-standing
cases of hemiplegia, with coldness of the extremities, the
resistance may be increased. In one case Dubois found
it to be seven times as great as it was on the sound side.
Dr. Stone, on the other hand, observed it in similar cases
to be diminished. It is ‘ diminished ’ in Graves’ disease,
and in some cases of chlorosis and anamia. The diminu-
tion in Graves’ disease, first noticed by Vigouroux in 1885,
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the nerves, and last of all the bones. Larrat (p. 117,
‘ Electrothérapie ’) gives the following table, taking the

resistance of muscle as equivalent to one:

Muscle - - - - - - 1

Nerve - - . = : = 2t
Cartilage - - - : : SeEh

Bone - - - - - - I toi20
Skin and epidermis : - - - Ico to 500

The resistance of the first two is much influenced by the
direction of the current ; it is much greater to a transverse
than it is to a longitudinal current. (Six to one in the
case of muscle, and three to one in that of the nerves.
Chapman.)

Though these are interesting facts which give us an
idea of the path the current will choose in traversing the
body, they cannot be tested during life. Much more may
be learnt by an electrical examination of the blood and
of the secretions, and especially of the urine. The follow-
ing is a brief account of some experiments made by me in
this direction, and communicated to the Royal Society of
Edinburgh on December 21, 1891.

The object of the inquiry was to ascertain the electrical
resistances of various kinds of urine both in states of
health and of disease. The measurements were made by
means of a Wheatstone bridge with alternating currents
and a telephone, according to Kohlrausch’s method, and at
a temperature of 65° Fahrenheit. Fig. 100 is a view of the
electrolysis tube used.

It would appear from the observations (some 500 in
number) that the specific resistance of a normal urine
amounts to about forty-five ohms, and that it varies as a
rule inversely with the specific gravity. The latter is a
measure of the amount of solids in solution, and particu-
larly of the urea. It might be supposed, then, that the
resistance depends also mainly upon the amount of urea;
this, however, 1s not the case. ' Numerous experiments
were made with artificial solutions of urea, sodium chloride,
phosphates, sugar in distilled water (see Table 1., 1, 3, 4),

I3
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the constitution of a urine as regards its salts, while the
specific gravity in the absence of sugar is a guide to its
urea. |
In a normal urine, as already stated, these go more or
less inversely together ; given the specific gravity, the re-
sistance can be estimated ; and given the resistance, the
specific gravity can be calculated.

To the rule ‘ that the resistance varies inversely with the
specific gravity > there are certain exceptions : these can
be arranged accordingly as they occur in acute or in chronic
diseases.

Excluding acute infectious diseases and local surgical
affections, the two most prominent exceptions are,
amongst the former, acute croupous pneumonia ; amongst
the latter, diabetes mellitus.

That the urine of a case of pneumonia should offer a
higher electrical resistance than would be predicated from
its specific gravity is easily understood when the great
diminution of the chlorides in the urine of a case of this
disease is remembered ; but the increased resistance of
a diabetic urine affords a question of a more interesting
- nature ; in this disease the specific gravity of the urine is
high, and the electrical resistance offered by it is also high,
and sometimes very high.

Thus the specific gravity may be considerably above
1030, and the resistance at the same time as much as 150
ohms, while the resistance of an ordinary urine of a specific
gravity of 1030 would probably be below 40 ohms (see
Table II.).

Upon what does this increased resistance depend—on
a diminution in the salts, or on the presence of the sugar ?
Almost wholly on the former; the table (Nos. 1 and 2) of
experiments with artificial solutions shows us that a 1 per
cent. solution of sodium chloride has a resistance of 59°5
ohms, and that the addition of 10 per cent. of grape sugar
only raises the resistance to 68 ohms. A 2 per cent. solu-
tion of sodium chloride has a resistance of 29'25 ohms ;
the addition of 20 per cent. of sugar raises it to 51 ohms,

' 13—2
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fell before the specific gravity or urea had much altered ;
it was, in my opinion, the most trustworthy guide.

Such illustrations could be multiplied. I will add one
other, which is interesting from the circumstances under
which the improvement occurred. A patient (under Dr.
Affleck’s care in the Edinburgh Royal Infirmary), appar-
ently suffering from pernicious an@mia, and growing worse,
had five ounces of blood transfused on February 16. After
this he steadily improved, and is now quite restored to
health. The resistances, taken a month before, just before,
just after, and some time after transfusion, are very in-
structive :

= ! S TR
S e HES
e[S 18] ¢ | § |85 8%
Date. ol I [ S |SR3| )3
o - ~ = f 2
§ 85 N 8838
- Sl S S5 =8
Jan. 16- - - - -|1017|acid 65| 936 o |400| 68
Feb. 11 - - - -{1015| ,, |65| 631 o |4 782
Feb. 16 (before transfusion) -|1014| ,, |65 7'72 o |68o|1156
Feb. 16 (after transfusion) -|1o14| ,, |65 6'55 | blood |680| 1156
L e
ar. 1 - - : - -ltoz2o| ,, |65 702 o |300| 5I
Mar. 12 - - - -l1019| ,, [65| 7 (o] !26-:- 44°2

It 1s quite obvious that, in this case, the resistance best
reflected the patient’s condition, steadily increasing as he
grew worse, and diminishing as he grew better. The urine
to be examined should be fresh, and should be a specimen
taken from the whole amount passed in the twenty-four
hours. The resistance diminishes as the urine is kept
from fermentation changes.

The specific resistance of ascitic and pleuritic fluids (not
purulent) is somewhat greater than that of the urine,
amounting to about seventy-six ohms.

It 1s no easy task to measure the electrical resistance of
the blood. The principal difficulty depends upon the fact
that only very small quantities of blood can generally
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whole nerve-trunk and group of muscles. Of the latter
we may briefly mention :

‘ The facial nerve,’ just in front of, and a little below, the
external auditory meatus, or just within the meatus.

* The phrenic ’ outer border of lower part of the sterno-
mastoid (important for artificial respiration).

~*The median,” about the middle of the bend of the elbow.

* The ulnar,” in the hollow between the olecranon and
internal condyle, or a little above it.

* The musculo-spiral,” on the outer side of the upper arm,
midway between the insertions of the deltoid and the
external condyle. peaan |

‘ The anterior crural,” a little external to the femoral
vessels,

‘ The great sciatic,” in the middle line just below the
gluteal fold ; a strong current and deep pressure are re-
quired.

* The peroneal,” in the popliteal space at the level of the
head of the fibula beside the biceps tendon.

‘ The tibial,” in the middle line of the popliteal space.

A fixed method of procedure is of service in electro-
diagnosis. The patient should be seated and a vessel of
tepid water, into which the electrodes should be constantly
dipped, with a sponge for moistening the places of applica-
tion, should be at hand.

Begin with the faradic current, and compare the reac-
tions of the healthy with those of the diseased side.
Secure the large electrode (anode) to the sternum by a tape
passing round the body (or the adhesive electrode may be
used), and holding the small electrode, fitted with a make
and break key, in the right hand, move it about over the
various motor points of the healthy side ; this leaves the
left hand free to carry out the electrical manipulations.
Separate the coils to their greatest distance, arrange the
hammer for slow interruptions, and turn on the current ;
gradually bring the coils together, and make a note of the
point in millimetres distance at which the muscles first
contract ; then let the hammer vibrate rapidly, and
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HEAD AND NECK (Ziemssen).

Fi1G. 101.—MOTOR POINTS OF
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EXPLANATION OF FIG. 1o1.

1. Frontalis muscles.
2.  Attrahens and attollens auriculam muscles.

3. Retrahens and attollens auriculam muscles.
4. Occipitalis muscle.

5. Facial nerve.

6. Posterior auricular branch of facial nerve.
7. Stylohyoid muscle.

8. Digastric muscle.

g. Buccal branch of facial nerve.
. 10. Splenius capitis muscle.
11. Subcutaneous branches of inferior maxillary nerve.
12. External branch of spinal accessory nerve.
13. Sterno-mastoid muscle.
14. Cucullaris muscle.
15. Sterno-mastoid muscle.
16. Levator angula scapul@ muscle.
17. Posterior thoracic nerve.
18. Phrenic nerve.
19. Omohyoid muscle.
20. Nerve to serratus magnus muscle.
21. Axillary nerve.
22. Branch of brachial plexus (musculo-cutaneous and part of
median).
23. Anterior thoracic nerve (pectoral muscles).
24. Corrugator supercilii muscles,
25. Compressor nasi and pyramidalis nasi muscles.
26. Orbicularis palpebrarum muscle.
27. Levator labii superioris aleeque nasi muscle.
28. Levator labii superioris muscle.
29. Zygomaticus minor muscle.
3o0. Dilatator naris.
31.¥ Zygomaticus major.
32. Orbicularis oris.
33. Branch to triangularis and levator menti muscles.
34. Levator menti muscle.
35- Quadratus menti muscle.
36. Triangularis menti muscles.
37. Cervical branch of facial nerve.
38. Branch to platysma muscle,
39. Sternohyoid muscle.
40. Omohyoid muscle.
41. Sternothyroid muscle.
42. Sternohyoid muscle.

* The upper of the two lines that converge on 3t should have been directed to 3o, as it
applies to the dilatator naris posterior muscle,
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repeat ; contractions will be obtained with the coils at a

slightly greater distance. Perform the same series of

‘operations on the diseased side, and compare the results,
Then take the galvanic current, and note down system-

Branch of median nerve to
pronator teres Bl e e )

Palmaris longus  «. o —aeme- L

: -» Flexor carpi radialis.
Flexor carpi ulnaris ... S e 2

A Flexor profundus digitorum.

Flexor sublimis digitorum ... ----- -"|':" it : ........... Flexor sublimis digitorum.

Ulnar nerve ... b

Flexor sublimis digitorum ... .

(Index and little finger.) - Flexor longus pollicis.
* Median nerve, §

Dreep branch of ulnar nerve ..
FPalmaris brevis o

Abductor minimi digiti = ... o == Abductor pollicis.
lexor brevis minimi digiti... __ B

Opponens minimi digiti .. -
Lumbricales (z, 3, and 4].-,{ ;

= Opponens pollicis.

Flexor brevis pollicis.
" Adductor polhcis.
Lumbricalis (st)

FIG. 104.—MOTOR POINTS OF THE FOREARM (Ziemssen).

atically the strength of current necessary to obtain the
respective polar reactions on both sides. K.C.C. A.C.C.
A.0.C. K.O.C. Observe particularly also the character
of the contractions—whether they are short, sharp and
sudden, or slow infappearing, and prolonged.






Ram. inf, N, glut, inf. pru ML
glot. maxim, .. ...eeses

“ery. ischiadicus ., ...

Muse. biceps (Caput lnngnm}

o _:.- M. adductor magnus.
-~ . semi-tendinosus.
: M. semi-membranosus.

AMuse. biceps (Caput breve)..

Merv.blale oo

Nory. PRTONSNS .. .vuuscaas
2. gastrocoem. externus.. ..

b R (R e e s e e
. ———— M. gastrocoem. internos.

F1G. 106.—MOTOR POINTS OF POSTERIOR SURFACE OF THIGH
(Ziemssen).

M. tensor, fascie lat. (Ram,

MNesraradlac: . oo e N. glutei sup.)
N

. abturatoring .
n M. tensor fascie Jat, (Ram,

M. sartoring...... ... N. eruralis,)

M. adduetor long. .. .. ..

Bam. N. cruralis pro M,
quadricipit,

M. cruralis .. _,

M, rectus femor.

LR T

Ram, N. cruralis pro M.
vasto int,

M. vastus extern.

M. vastus extern.

FI1G. 107.—MOTOR POINTS OF ANTERIOR SURFACE OF THIGH
(Zlemssen).
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quently with the constant current, shows that there is no
great difference in the relative body resistances. Greater
accuracy will be obtained if the chief resistances of the
body have been previously measured by Kohlrausch’s
method.

By the term °superexcitability,” we mean that the

M. gastrocnemius interons .. ..

M. golena. . .c.cosnnansss

Al fex. digitor, commun, long. .,

Nl t'Ehl'EIIEllrr LN L RN I NN

M. abductor pollicis .. v .y vessss

F1G. 109.—MOTOR POINTS OF INNER SURFACE OF LEG (Ziemssen).

nerves and muscles are stimulated by currents of a strength
insufficient (with the coils too far apart) to stimulate
normal tissues, or that the muscles react more actively
and energetically to currents of the same strength ; this
condition usually also implies rapid exhaustion. It is
met with chiefly in conditions of irritation, where the
reflex excitability is also heightened, as in chorea, tetany,
I4—2
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It may be found, then, in certain spinal affections and

peripheral nerve affections.
The chief spinal affections in which R.D. occurs are :

Poliomyelitis anterior (acute, chronic). -
A myelitis involving the ant. horn.
Progressive muscular atrophy of spinal origin.
Amyotrophic lateral sclerosis.
Lead paralysis.
Labio-glosso-pharyngeal paralysis.
The chief peripheral nerve affections are :
All forms of injury or disease involving the peripheral
motor nerves, e.g. .

Division or bruising of the nerves.

Crutch and pressure paralyses.

Peripheral neurites of all kinds (alcoholic, rheu-
matic, diphtheritic, etc.).

[t is not found in pure cerebral paralysis, nor in diseases
affecting the white matter only of the spinal cord, nor in
primary muscular affections, nor in the atrophies of
muscles consecutive to joint affections, nor in hysterical
paralysis.

Phenomena which Characterize R.D.

These are both quantitative and gualitative.

1. Quantitative,

(@) The nerve can no longer be stimulated by either
galvanism or faradism. °

(b) The muscles can no longer be stimulated by faradism,
but are at first superexcitable to galvanism.

2. Qualitative.

() Serial.—The normal order of polar contraction

becomes modified, the anode taking the place of the
kathode.

MDD, Normal.

Thus we obtain in order (1) A.C.C. instead of K.C.C.
5 o (2) K.C.C. X A.C.C.

- . (3) K.O.C. 0 A.O.C.

: @yaoec © .  KOC
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(b) Modal.—In place of the normal, sharp, lightning-like
contraction, we observe a contraction that is tardy in
appearing, prolonged in duration, and apt to become
tetanic.

The curves (Figs. 111-113) taken from Erb exhibit these

¥

changes.

Fi1G. 111.—CURVE OF MUSCULAR CLOSING CONTRACTION WHEN
A HEALTHY NERVE IS STIMULATED (Erb).

Ka (kathode) is a stronger stimulus than An (the anode).

FiG. 112.—REACTION OF DEGENERATION (Erb).

The anodal closing-contraction is a much stronger one than
the kathodal.

Fi1G. 113.—THE EFFECT OF A STRONGER CURRENT IN THE SAME
Case (Erb).

The contractions tend to become prolonged.

Progress of a Case of R.D.
Suppose a marked case of Bell’s paralysis :
1. For the first forty-eight hours after the commence-
ment of the paralysis, all would remain apparently normal
to electrical stimulation. Then would follow :
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2. Gradual loss of the nerve irritability to both faradic
and galvanic stimulation, so that after about ten days the
»muscles cannot be stimulated through the nerve.

3. At the same time the muscles gradually lose their
faradic irritability, but become superexcitable to gal-
vanism, and exhibit the ‘serial’ and ‘modal’ changes
already mentioned, viz., the anode takes the place of the
kathode, and the contractions become sluggish and pro-
longed.

4. After about six weeks the galvanic superexcitability
gradually diminishes, until eventually little or no contrac-
tion can be obtained with the strongest currents. The
A.C.C. remains the longest.

If the case, however, recovers, voluntary motion usually
returns first, closely followed by the electrical irritability ;
the kathode resumes its proper position, and the modal
changes disappear.

Pathologically.
1. The effect of the lesion is to cause progressive de-
generation of the nerve structure ; this interferes with the

1 - 3 4 5 0 7 i q 10 11 12 weeks,

Mon i.]i1'3'

; F Crinlve.

|. Farad.

le

}'llll."\l,

|' Galv. and
farad. ex-
| citabaliey

Nerve.

FIG. 114.—SCHEME OF THE REACTION OF DEGENERATION.

Slight form with recovery of motor power at the sixth week. The
dotted line represents the voluntary motility; the star indicates
the return of motor power (after Erb). i

conduction of electrical stimuli, and eventually leads to

complete loss of the nerve irritability. ,

2. The disappearance of the muscular irritability to
faradism corresponds to degeneration of the intra-
muscular nerve fibrils and motor end plate (vide p. 184).
(Liebig and Rohé do not accept this view.)
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3. The serial and modal changes are due to degeneration
of the muscular substance itself. (Loss of striation, pro-
liferation of nuclei, etc.)

T 2 5 6 10 15 20 35 30 35 40 45 50 weeks,

Motility
F' Galv.,

Mhuscle,

| Farad.

¥ "G;L!'.'. and
5 farad. ex-
= | citability

FIG. 115.—SCHEME OF THE REACTION OF DEGENERATION.
A severe form in which motor power was not recovered for thirty
weeks (after Erb).
4. The gradual diminution and loss of the muscular
irritability to galvanism are due to progressive cirrhosis
of the muscle.

10 20 10 o =zo Lo =g 80 go 100 110 weeks,

Motility

= [ Galy

b

;-: \ Farac

v F Galv. and
>

7] h farad. ex-
] citability

FiG. 116.—SCHEME OF THE REACTION OF DEGENERATION.
Incurable paralysis (after Erb).

The accompanying charts of Professor Erb will serve
to demonstrate the phenomena.

Varieties of R.D.

A case of complete and typical R.D. has been described,
but such a case is not always met with ; there are many
degrees of the condition classed under the general term,
* Partial R.D.,” or ‘ Atypical R.D.’

In the most important variety the nerve may be quite
unable to conduct voluntary impulses, though it retains
the power of conducting, often somewhat less efficiently,
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faradic and galvanic stimuli. The muscles respond to
faradism, but in a diminished degree, while the response
to galvanism is characterized by the serial and pathogno-
monic modal changes of complete R.D. (Fig. 117).

In another variety, occurring sometimes in lead para-
lysis, a complete and partial R.D. may be seen in muscles
which show no signs of paralysis.

It 4s important to remember that the most essential

otility
‘I.;1
I".!l
'{':: [
jarad. ex-
I citability

FI1G. 117.—SCHEME OF THE PARTIAL FORM OF K.D.

The faradic and galvanic excitability of the nerve and the faradic
excitability of the muscle are but slightly lowered. Voluntary
power soon restored (after Erb).

“and characteristic features of R.D. are the modal changes ;
without them the condition should not be diagnosed.

Value of R.D, in Localization and Prognosis.

(a) Localization.—The presence of R.D. permits us to
form the following conclusions :

1. The neuro-muscular area exhibiting the phenomena
of R.D. 1s undergoing degenerative changes.

2. If only one muscle be affected, the degenerative pro-
cess 1s confined to it and to its nerve fibril, intramuscular
nerve terminations, and motor end plate.

3. If a group of muscles supplied by one nerve-trunk be
affected, then the process is confined to these muscles and
to the nerve-trunk supplying them, and the lesion is prob-
ably situated in the latter.
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roughly investigating the electro-cutaneous sensibility is
to make use of static electricity. Thus with the patient
seated on the insulated chair, and connected with the
machine, a rounded wooden electrode can be passed
rapidly over the parts to be examined. This will give
rise to pricking sensations or shight sparks, and lead to
the rapid localization of any patches of altered sensibility.

To make a more exact diagnosis, the faradic coil and a
wire-brush electrode, or Erb’s special electrode made of a
cable of insulated wires cut at right angles to its axis, can
be made use of. The skin should be carefully dried. With
the coils separated as in the investigation of the motor
reactions, a systematic examination of corresponding areas
on the two sides of the body should be made, and the
distance in millimetres of the two coils noted, both when
the first sensation of the current is felt and when pain is
first felt. (The resistance of the skin must also be taken
into account.)

The electro-cutaneous sensibility is a function suz
generts ; 1t does not run quite parallel with any other
form of sensibility. It appears (especially in locomotor
ataxy) to correspond rather with the sensation of pain
produced by pinching.

THE NERVES OF SPECIAL SENSE.

The Optic Nerve.

But little is known of any qualitative changes the optic
nerve may offer when diseased. There is subexcitability
and gradual loss of galvanic reaction in optic atrophy.

The Auditory Nerve.

There may be ‘quantitative > and * qualitative ’ changes.

L. Quantitative.—(a) Hyperasthesia. (b) Torpor.

(a) Galvanic Hyperesthesia—The auditory nerve reacts
by giving rise to its specific sensation at the interruptions

of a current insufficient in strength (2-10 m.a.) to stimulate
a normal ear.






PART IV
ELECTRO-SURGERY

CHAPTER I
SURGICAL USES OF ELECTRICITY

THE surgical uses of electricity, apart from its convenience
for heating a cautery or lighting a lamp, depend upon its
electrolytic and destructive power (vide p. 179). A con-
tinuous current is therefore a sime qud non. It enables
us to effect a local decomposition of the tissues exactly to
the extent and within the limits desired ; it introduces
no poisonous caustic, it causes scarcely any after-pain,
and the absorption of its products need not be feared. It
is essentially docile and manageable.

There are three chief methods of making use of it for
these purposes :

I. Both poles are introduced into the tumour by means
of needles ; this may be termed the bipolar method ; it
is speediest, but is more apt to leave scars. The resistance
of the skin is entirely eliminated. This method is used in
the electrolysis of nwvi, goitres, aneurisms, etc.

2. One pole only is introduced, and the other one is
attached to a large external electrode (‘ unipolar > method).
Progress is slower here, but if the negative pole be the
external one, the risk of sloughing is reduced to a mini-
mum. The resistance of the skin is partly eliminated

This method is adopted for some aneurisms, removal of
hairs, etc.
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negative can be screwed into it. By this means the needles
can be kept at equal distances from each other, and cannot
come into contact, however moved about. Two assistants
are required, the one to administer an anasthetic, and
the other to watch the milliampére meter and manipulate
the cell-collector.

All being in readiness, the needles, if separate, are intro-
duced one by one with a slight twisting motion, and the

FIG. 120,—LEWIS JONES’ AND OTHER EPILATION NEEDLES.

current turned on, and gradually increased to from 607to
I00 m.a.

The assistant should watch the galvanometer carefully
to prevent any short-circuiting from the needles accident-
ally meeting in the nzvus ; this would be indicated by a
sudden great increase in the current-strength, and is
remedied by slightly displacing the various needles until
the short circuit be broken.

As the current passes, the tissues round the needles
change in appearance and texture; bubbles of gas are
formed round the negative needles, and the tissues soften
and swell ; a hardening and contraction occur round the

I5—2
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needles, and being of opinion that in our fears of hemor-
rhage and suppuration we were not taking all the advan-
tage we might of the current, he now makes a practice of
from time to time gently moving the positive needle about
in the sac, so as to bring its point into contact with, and to
slightly cauterize, various parts of the sac wall. Roughen-
ings are produced by these means, which form further

nuclei for the deposits of fibrin.

Indications for Electrolysis.

Electrolysis is indicated chiefly in those thoracic and
subclavian aneurisms in which medical treatment has
failed, and in which the only other alternatives are the
distal ligature, amputation at the shoulder-joint, or the
mtroduction of coagulants ; even though there be danger
of external heemorrhage, the operation is still indicated,
for electrolysis checks the heemorrhage.

Method of Procedure.

A battery of twelve or more large Leclanchés, eight to
ten Hellesens or Stoehrers, or five to eight Bunsens, a
milliampére meter, rheostat, rheophores, and two long
needles carefully insulated in their stems, are required.

The patient should be kept absolutely quiet, both during,
and for some time after, the operation.

Both needles should be inserted (more than two needles
add complexity and the risk of after-heemorrhage with-
out corresponding advantage ; the unipolar method does
little good unless very strong currents are used). When
the needles are in sifu, the current should be gradually
turned on, the patient being carefully watched for any
signs of faintness; if all go well, the strength of the
current may be brought up to from about twenty to thirty
milliampéres as the limit. The positive needle may now
be gently moved so as to touch and slightly cauterize the
sac wall in one or two places, After a séance of from ten
to twenty minutes, the current may be gradually cut off,
and the needles then withdrawn ; if the positive needle
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which is approximately the resistance the current is en-
countering, and allowing twenty ohms for the resistance
of the galvanometer, etc., this would leave about 100 ohms
as the resistance in the aneurism ; but, of course, very
much will depend upon the distance the needles are from
each other, the number of needles inserted, the amount of
the stem uninsulated, etc,

Dr. John Duncan has been kind enough to write to me
the following letter in regard to the results of his twenty-
six years’ experience in electrolysis :

‘ In aneurism, within the last two years, I have made a
new departure, which, I think, promises well. I had found
that, while electrolysis might be used with complete suc-
cess in small external aneurism, and in attacking the
secondary sacs of aortic aneurism, I did not obtain with
it those occasional brilliant cures which had, in the hands
of others, been observed. In taking away the risks of
hazmorrhage and inflammation of the sac wall, which had
formerly prevailed, I had also greatly diminished the cura-
tive power of the agent. In short, I came to see that the
cure had been in most cases due to the very cauterization
of the sac which had been thought to be so dangerous. 1
had no deaths, but none of the old sudden cures; I had
trusted for cure to the coagulation, the effect of which is
slight, and had eliminated cauterization.

*I determined, therefore, about three years ago, to
gently cauterize with the positive electrode the inner wall
of the sac, and I have now had two very satisfactory results
by this method, which I hope to publish when they are
completed.

*In cirsoid aneurism, which I define as a tumour com-
posed solely of enlarged arteries (most common on the
temporal), further experience has confirmed what I long
ago stated, that no other method of treatment approaches
electrolysis in safety and certainty. I have cured every
case I have seen.

¢ It is different with angiomata, in which metamorphosed
capillaries, veins, and arteries are all involved. In some of
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has no antiseptic action at all. Rigorous antiseptic pre-
cautions are as much required in this as in any other
operation on the urethra.

Stricture of the Urethra.

Requisites : A battery of ten Leclanchés or other cells,
a milllampere meter, rheophores, an indifferent pad elec-
trode, and a case of different-sized urethral bougie elec-
trodes (Fig. 121).

The latter should be of gum elastic, with olivary-shaped
nickel-plated ends ; as the negative pole is the only one
used internally, platinum is not necessary. A wire passing

F1G. 121.—CASE OF URETHRAL ELECTRODES.

along, and insulated by the stem of the electrode, connects
the exposed olivary-shaped end with a terminal binding-
SCrew.

Mode of Procedure.

With the patient lying down with the indifferent pad,
which should be attached to the positive pole of the
battery, beneath him, the size of the stricture, and the
distance it is from the meatus, should be ascertained by
méans of an ordinary bougie, proper antiseptic precautions
being taken. An electrode, one or two sizes larger than
the calibre of the stricture, should be chosen, and the dis-
tance it will have to pass to reach the stricture marked
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upon its stem. It should now be gently passed along the
urethra until it rests by its weight merely against the
stricture, and should then be connected by means of the
binding-screw and rheophore with the negative pole of the
battery. By using the cell-collector the current is now
turned gradually on, and brought up to between three and
five milliampéres ; a greater strength is not desirable, and
would cause the patient pain ; the current should be main-
tained for about fifteen minutes, unless the electrode be
previously felt to pass through the obstruction. The
current being first turned off, the electrode may be with-
drawn. Whether the stricture has been passed through
or not, the symptoms due to it will be relieved, and the
patient will be able to pass water more easily. A slight
slough may follow the withdrawal of the electrode, or may
appear at a later period. The operation may be repeated
with a larger bougie in about a fortnight’s time. The
negative pole is selected for the reasons already mentioned
under the treatment of goitre, viz., that it softens and
dissolves away the tissues in a manner that allows of their
ready absorption ; the positive pole hardens and dries them.

The operation is, with these precautions, and the weak
current recommended, an easy and simple one, but as
several séances are usually required, and as they should
not be repeated oftener than about once a fortnight or so,
a prolonged treatment is necessary.

Results.

From the observation of numerous cases, the late Dr.
Steavenson believed that electrolysis was one of the most
efficient and satisfactory modes of treating stricture of the
urethra ; there was no comparison, in his opinion, between
the treatment of stricture of the urethra by ordinary
methods and its treatment by electrolysis. Mr. Bruce
Clarke allows three weeks to intervene between the sittings.
If at the first sitting the stricture took a No. 4, in a fort-
night or three weeks a No. 8 or g would pass ; in such a
case treatment would begin again with a No. 10 bougie
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vented by him, which, by means of a linear exposure of
metal, ploughs a narrow furrow through the obstruction:;
the operation when properly done is innocuous, without
pain and blood, and no bougie is afterwards required. The
conclusions of the author are as follows : Linear electro-
lysis may be used for all kinds of stricture. Owing to the
simplicity and harmlessness of the operation, and owing
to the greater infrequency of relapses by this method than
by others, the author considers that linear electrolysis
should be preferred to urethrotomy, and ought to consti-
tute the operation par excellence in the treatment of stric-
ture of the urethra.

Chronic Inflammation of the Urethra.

- A gleet may often be benefited and caused to heal by
judicious electrolytic cauterization. The position of the
tender, unhealed, and discharging surface should be
localized, and the exposed head of the bougie electrode
used for stricture brought against it. The latter 1s attached
to the negative pole, and a pad connected with the positive
pole is placed over the lumbar enlargement ; a current of
about 4 m.a. is passed for about four minutes, and the
electrode gently moved up and down so as to attack the
whole of the diseased area. The séances may be repeated
about every ten days.

The Prostate.

Hypertrophy of the prostate may be treated by electro-
lysis or galvano-cautery. (Tripier has used faradization.)

The electrolytic treatment resembles that of a urethral
stricture. A special prostatic electrode, insulated except
on the convex margin of its point, should be passed along
the urethra until the exposed surface rests against the
enlarged lobe (guided to the position if necessary by the
finger per the rectum). It should be attached to the
negative pole, and a current of about 5 m.a. passed for
about ten to twenty minutes. The operation may be
repeated i about a fortnight.

The result is to cauterize and dissolve away portions of
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‘the obstructing tissue. It is needless to add that this is
a far safer operation than that with the galvano-cautery.
Morotti recommends Bottini’s thermo-galvanic cautery
(British Medical Jowrnal, May 23, 1891). An instrument
is used which combines both an incisor knife, a cautery of
small platinum plates, and tubes for the circulation of
water : a cautery battery of accumulators or bichromates
is required.

The operation consists in passing the instrument with
the patient in the lithotrity position. When the point is
in the bladder, it is turned downwards and gently drawn
forwards so as to cause the beak to hitch against the
prostate, and bring the cautery in contact with the part
on which it is desired to act. If there is any doubt, the
exact position of the instrument should be ascertained
with the finger in the rectum. The current is now turned
on, and the point pressed against the hypertrophied
tissue, while a stream of cold water is made to circulate
through the instrument. By gently elevating the handle
of the instrument the point is made to burn its way slowly
through the prostate. When the sound of burning is
distinctly heard, the point should be gently moved back-
wards and forwards, until the projecting lobe is com-
pletely divided. When it is judged that sufficient tissue
has been destroyed, the current should be shut off, but
the instrument should be left #n situ for two or three
minutes, so as to allow-it to become cool before it is with-
drawn. The knife should next be restored to its sheath,
and the instrument pushed into the bladder, so as to make
sure that it is not caught anywhere, and then withdrawn.
For the after-treatment, if the patient cannot pass water
in the natural way, Nélaton’s soft catheter should be used.
The eschar usually separates from the tenth to the fifteenth
day.

Professor Bottini has operated in this manner in fifty-
seven cases with two deaths, in thirty-two cases with a
perfect cure, in eleven with improvement, and in twelve
with no result.
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The method is not altogether free from danger unless
the greatest care is used, and it should be reserved for
cases in which strangury is persistent.

+  Dr. Newman also prefers the galvano-cautery.

Dr. Casper, of Berlin, employs electrolysis by galvano-
puncture. A needle electrode insulated except at its
point, and connected with the negative pole, is pushed
into the prostate from the rectum ; after a few minutes
it is partly withdrawn and passed into another part of the
gland, and after a second interval into another part. A
current of from 10 to 25 m.a. i1s employed and maintained
altogether for about fifteen minutes. If the current does
not exceed 15 m.a. the operation is not a painful one.
Frequent repetitions (about every ten days) are required
to insure a complete cure. This occurred in two out of
four cases so treated, but in a third a recto-vesical fistula
was produced. The strictest antiseptic precautions are
required. By this operation holes are. bored into the
hypertrophied tissue, and their walls then cauterized and
disintegrated ; the result is to set up so many foci of
necrosed matter, by means of which, through the ordinary
processes of absorption, cicatrization, and contraction,
the gland becomes much reduced in size.

The Rectum.

Non-malignant strictures, especially if of syphilitic
origin, may be treated successfully by electrolysis. A
suitably-shaped bougie electrode, insulated except at its
olivary-shaped head, one or two sizes larger than the
calibre of the stricture will admit, should be chosen. It
should be attached to the negative pole, and the method
1s the same as that for urethral stricture, except that the
results are more rapidly attained, because stronger currents
(10-20 m.a.) and more frequent repetitions (every four
days) can be borne. The current may be kept up for
twenty minutes, and no anasthetic is required. Dr. R.
Newman, whose method is the one described, after an

16
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The patient will not experience any pain, but will hear
a peculiar bubbling sound. The current should not be
maintained for more than two or three minutes, and the
electrode may, even before this time, have overcome the
obstruction. Mr. Cumberbatch and the late Dr. Steaven-
son performed this operation a large number of times with-
out any unpleasant experiences, or more than a little
temporary discomfort to the patients. Mr. Cumberbatch,
the aural surgeon to St. Bartholomew’s, has written as
follows as regards the operation : ¢ Our experience is at
present too limited to be able to say what cases of chronic
catarrh of the middle ear are most likely to be benefited
by this new method of treatment. That strictures of the
Eustachian tube, which do not yield to the ordinary
methods, can be cured by the use of the electric bougie we
have proved. In many cases of chronic catarrh with
obstruction of the tube, there is no actual ankylosis of the
ossicular joints, and in such a case restoring the patency
of the tube, and thus relieving the pressure on the mem-
brana tympani and the chain of ossicles, must act bene-
ficially on the hearing, etc. In conclusion, I may add
that if after three or four trials a patient experiences no
benefit, the probability is that further treatment by this
method will be useless.’

Lachrymal Obstruction.

Mr. Jessop and the late Dr. Steavenson, in the Brifish
Medical Journal for December 24, 1887, recount ten cases
treated electrolytically. The canaliculi are readily en-
larged by a suitable probe electrode ; for the nasal duct the
probe should be insulated except near its point. In both
cases the probe should be attached to the negative pole,
and weak currents of from 2 to 4 m.a. used.

The (Esophagus.

It has been suggested that strictures of the cesophagus
should be treated electrolytically. The same general
method would be employed.

16—2






CHAPTER HI
DISEASES OF WOMEN

Fibroid Tumours.

AposToLI states that chemical galvano-cauterization (elec-
trolysis) can produce three principal results :

I. Arrest of pain.

2. Arrest of heemorrhage.

3. Some diminution in the size of the tumour, together
with relief from the pressure symptoms.

Further, as opposed to the previous attempts to make
use of electricity in uterine tumours, he points out that
his method is—

I. Precise, because he always measures the current-
strength by a galvanometer.

2. Energetic, because he makes use of currents of great
strength, 50 to 250 m.a. For all that, it is

3. Tolerable, by reason of his large moist clay abdominal
electrode.

4. Better localized, by direct application of the active
electrode to the uterus, or to the substance of the tumour.

5. Thoroughly under control, because he both uses the
unipolar method, and by means of proper apparatus can
apply currents of any desired strength and duration.

6. More scientifically exact, from the due appreciation
of the topical effects of the two poles.

Two main effects are claimed :

(a) Polar; (b) Interpolar.
(@) The polar or tangible effect is a chemical cauteriza-
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The indications for galvano-puncture are twofold : first,
as a matter of necessity in consequence of uterine atresia,
or where there is such displacement of the organ as to
prevent any introduction of a sound ; second, by prefer-
ence when we see that we can advantageously combine
punctures with intra-uterine cauterization, so as to expe-
dite and make sure of the effects that, with the cauteriza-
tion only, we should tardily, or, perhaps, imperfectly,
realize. We must therefore undertake the galvano-
punctures alone whenever the case will fairly admit of
them, or use them in other cases as adjuncts to the intra-
uterine cauterization previously tried.

What are the anatomical and clinical results of these
procedures ?

As regards the ‘ material ’ changes, we may affirm that
every fibroid submitted to this treatment, sometimes after
so short a time as one month, but certainly when the
treatment is fully carried out, will undergo a manifest
reduction appreciable by the touch and demonstrable by
internal measurement. The further diminution of the
tumour, which continues for some months, varying in
amount from a fifth to one-half of the original volume, is
generally associated with a coincident and equal accumu-
lation of subcutaneous adipose tissue on the abdominal
walls,

The liberation of the tumour from its local attachments
takes place simultaneously with its decrease of bulk ; the
tumour, which at the commencement of the treatment
was immovable, can progressively be made more and more
to change its position, as the absorption of the enveloping
tissues deposited round it advances. The tumour also
not only contracts in itself, but exhibits a tendency to
separate itself from the uterus, to become more distinctly
subperitoneal, to detach its mass, as it were, from its
setting in the uterine wall, and to remodel itself into a
pedunculated form.

The ° clinical ’ results are not less striking. We may
generalize the extent and importance of these results by
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because many did not persevere with the treatment ; but
[ can affirm that, when there has been no negligence, and
my advice has been fully acted on, ninety-five times out of
one hundred permanent benefit has been acknowledged’
(vide paper read by Dr. Apostoli at the British Medical
Association, 1887).

So much for Apostoli’s own account of his method and
results down to 1887. When the author was in Paris, in
April, 1892, he attended Dr. Apostoli’s cliniques, @d
observed that he was making much use of the alternating
sinusoidal currents of M. d’Arsonval, also of electro-
puncture, and apparently not so much of the simple con-
tinuous current. Dr. Apostoli had at that time not formed
a definite opinion as to the efficacy of the sinusoidal
currents, but the patients whom the author questiuned‘all
acknowledged that they had derived benefit from them ;
the pain and leucorrheea were lessened, and they slept and
felt better.

Dr. R. Milne Murray, in the Edinburgh Medical Journal,
January, 1go2, makes the following remarks upon the
present position of the Apostoli treatment: = |

¢ This is not the occasion to discuss at any length the
ultimate value of Apostoli’s contributions to gynacological
therapeutics, but I venture to assert my firm belief that,
in spite of its inconvenience, its tedium, and its uncer-
tainties, Apostoli’s method would have been in general
vogue to-day had it not been for the extraordinary success
which, in the hands of experts, has attended the surgical
treatment by hysterectomy of fibroid tumours. It is a
much more expeditious procedure to extirpate the uterus
and tumour by a single operation than to cure it sympto-
matically by electrical applications during two or three
months—always supposing the patient does not die in
the former case. But, on the other hand, there are multi-
tudes of women suffering from the presence of a fibroid
tumour who shrink from the suggestion of the knife, and
refuse to submit to any surgical procedure. That a very
large number of these may be symptomatically cured by






CHAPTER IV

Requisites for the Apostoli Treatment.

A BATTERY of forty to sixty Leclanché, or persulphate of
mercury, or thirty to fifty Hellesen cells, of large size,
because the body resistance in the Apostoli treatment is
much diminished (perhaps 100 to 400 ohms).

A cell-collector capable of throwing one additional cell
at a time into the circuit.

A good rheostat : Dr. Milne Murray’s double tube liquid
one, or an ordinary single tube liquid one containing
water to which a few drops of milk have been added (vide
* Rheostats ’). The single tube sulphate of copper solution
rheostat scarcely presents sufficient resistance.

A milliampeére meter reading to 250 or 300 m.a.

A large twelve by ten inch abdominal electrode.
Apostoli recommends potter’s clay. This is mixed up
with water until a plastic, adhesive mass is formed, which
is spread out in a layer about half an inch thick on a piece
of tarlatan. Upon this is placed a metal plate provided
with a binding screw, and the muslin is folded over so as
to enclose the clay. This electrode has the disadvantages
of being troublesome to prepare, and of being cold to the
patient. Dr. Franklin Martin, of Chicago, makes use of
a nickel-plated concave plate covered with a membrane,
and having an insulated rim to prevent contact between
the metal surface and the skin. On the plate is a nozzle
through which warm water can be poured, and which
passes into the space between the membrane and the
concavity of the plate. This is eacily prepared, is agree-
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platinum, gold, or carbon ; the stem may be t'n:L_f_lL- of
copper, carefully insulated by vulcanite. Apostoll now
uses gas carbon elec trodes : a metallic stem, insulated by
caoutchouc, bears a screw at one extremity, to which rods
of gas carbon, all one inch in length, but of different
diameters, can be attached. The L;mutulmuc‘ covering
is marked with grooves at regular distances of one inch
(Fig. 123).

For galvano-puncture a sharp-pointed steel trocar sliding

BATTERY

SOUND

KNG MENDHAM & C* BRISTOL,

Fi1G. 126.—ARRANGEMENT OF APPARATUS FOR THE APOSTOLI
TREATMENT.
in an msulating sheath of celluloid. = 1f the positive pole
be used to puncture with, the needle showd be of gold
(Fig. 125).

Preparation of the Apparatus.

Connect the rheophore coming from the positive pole of
the battery to one of the binding screws of the rheostat,
and a wire passing to the galvanometer to the other
(Fig. 126); let them be on a firm table ; then attach a
long wire mtended to reach the uterine sound to the other
terminal of the galvanometer. Let the rheostat be screwed
out to its full distance. Attach the other rheophore to the
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galvanometer to the extremity of the sound. (The wire
should be well insulated, and great care taken-to prevent
any exposed metallic part from coming into contact with
the patient’s thighs.)

Now gmdually turn on the cells I::-v the collector until
the current has risen to about thirty milliampéres ; pause
a little, and then screw down the rheostat, until the
patient begins to complain. If the patient will allow it,
the current may be taken up to about 200 m.a. ; it should
be maintained for about eight minutes, and then gradually
cut off. A second antiseptic douche should follow, and
the patient should then rest for a couple of hours or longer.
The very greatest care must be taken to see that no inter-
ruption of the current occurs during the séance; the
binding-screws should be firmly screwed down on the
wires, and a commutator on the battery avoided. The
operation may be repeated once or twice a week, according
to the condition of the patient, and the treatment should
be persevered in until some twenty séances have been held.

During acute inflammations, especially if suppurative,
this treatment is contra-indicated.

The operation described (positive pole intra-uterine) is of
most use in hamorrhagic fibroids, particularly if sub-
mucous or interstitial ; if there be no heemorrhage, it will
probably be useless.

Apostoli recommends the negative pole intra-uterine, or
galvano-puncture for non-h@morrhagic fibroids ; the latter
will be the most effectual.

Galvano-Puncture,

The preliminaries are the same as for the previous
operation.

Chloroform is usually required.

The steel trocar should be attached as a rule to the
negative pole ; but it may at the first séance be attached
to the positive (less painful and destructive).

Apostoli gives the following principal rules (Bigelow,
* Gynzcological Electro-therapeutics ’) :
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Endometritis.

Cases of chronic endometritis may be treated by intra-
" uterine applications of the negative pole (the positive if
" there be much hemorrhage). The procedure is much the
same as that for fibroids, but the electrode should be moved
about in the uterus in such a way as to leave no part
of the diseased mucous membrane uncauterized. The
strength of current may be from 100 to 200 m.a., and the
duration about five minutes. Half a dozen séances may
be sufficient to effect a marked improvement.

Dr. Playfair remarks: “In the treatment of certain
morbid conditions of the endometrium, especially chronic
endometritis, etc., I have found the application of the
negative current through the insulated intra-uterine sound
produce far more uniformly good effects than any other
form of intra-uterine medication with which I am ac-
quainted. I am quite satisfied that there is nothing te
compare with it in these very troublesome cases, many of
which had lasted for years, and resisted every kind of
treatment previously used.’

Obstructive Dysmenorrhcea,

if due to stenosis of the cervix, may be relieved by en-
larging the os with the negative pole; the operation
resembles that for other strictures, but stronger currents
—I5 to 30 m.a.—can be used.

Membranous Dysmenorrheea
can be treated in the same way as endometritis.

Menorrhagia and Metrorrhagia.
= Hemorrhages of all kinds, whether dependent upon
fibroid tumours, subinvolution, endometritis, retained
abortions, etc., may all be relieved by the use of the
positive pole.
Malignant Tumours.

i+ Electrolysis has been proposed and tried for these. It
effects some local destruction, and sometimes relieves the

17
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additional advantage. A thick copper tube with a hook
at one end and a ball at the other i1s perhaps the best
~ conductor for forming the connection with the machine ;

the ball may either rest upon the stool, if it be of wood, or

M

FIG. 127.— ELECTRODES.

in the hand of the patient, if the machine be not a powerful
one. Care must be taken not to approach the patient
accidentally during the working of the machine : at the -
close of the séance place the foot upon the stool to dis-
charge it.

In the electrical department of the Salpétriére Hospital

'F-'-:l—'.:.._‘.-:,._._'ll-:'—'_._;:' i_\_ e . o
et . ——— ==y -":'-___-:i__.'.f-' |
S

F1G. 128.—INSULATING STOOL.

in Paris, static electricity is chiefly used for therapeutical
purposes, faradism very much less, while galvanism serves
only as a diagnostic agent. At one end of the room are
two large Wimshurst machines, enclosed in glass cases, in
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The Static Bath.

The patient is placed upon the insulated stool, and is
' connected with either the negative or positive pole of the
electrical machine. This, speaking generally, has a seda-
tive action if of short duration (five to ten minutes),
calming nervous excitement and promoting sleep, and a
stimula.ting one if of longer duration ; in both cases the
appetite is improved, depraved nututmn corrected, and a
general tonic effect produced.

Indications,

Low and debilitated states of the system, particularly
of the nervous system, neurasthenia, over-work, hypochon-
driasis, melancholia, insomnia (patients constantly sleep
more profoundly and for a longer time after two or three
séances), dyspepsia, anemia, etc.

The positive pole is less stimulating than the negative,
and should be the first to be tried in cases of nervous
excitement.

The Electrical Breeze, or Souffle.

To the patient, seated as before, a pointed metallic con-
ductor connected with the ground is presented at a dis-
tance of about four inches.

This possesses a remarkably sedative effect—one of the
same nature as the anode in galvanic treatment, but far
more energetic. If presented to the head in persons
suffering from neurasthenia, it quickly relieves them of
their habitual feelings of embarrassment, weight, pressure,
and painful tension (Vigouroux). I have found it of much
benefit in obstinate cases of sciatica.

Indications.

Neurasthenia, all local painful conditions, neuralgia,
sclatica, painful joints, rheumatic conditions, and in-
somnia ; in the latter case a metal cap furnished with
points 1s sometimes applied to the head.
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Indications.

Neurasthenia, anasthesia, cutaneous dystrophies, etc.,

' spinal congestion with exaggerated reflexes, spermator-

rheea (Vigouroux., ‘La Neurasthénie,” p. 251). This
author adds :

“This is the only efficacious treatment I know of for
spastic paralysis, a fact of so much the more importance
because all other electrical applications aggravate the
symptoms.’

In the application of static electricity to ordinary cases
of neurasthenia, it is usually best to begin by electric baths
of short duration (five minutes), and after these have been
two or three times repeated and lengthened, to go on to
the souffle and sparks.

Dr. McClure (° Static Electricity in Medicine *) lays down
the fundamental law that, whether we use the souffle, the
friction, or sparks, we ought to begin at the centres, and
follow the course of the nerves from their origin to their
termination. Ewven if it is a local affection that we are
treating, the whole body should be generally treated,
beginning at the head.
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Following the law of shunts and derived circuits, the
current in traversing the body will pass almost entirely
by those tissues that conduct it most easily, viz., the

" muscles ; and it will spread out and diffuse itself in them,
and in the surrounding tissues, in a way that cannot be
calculated. Tt is therefore impossible, except by galvano-

[l oo

F1G. 130.—[Jr.-1GR.--.:\I?-I.-n'1c REPRESENTATION OF THE DENSITY AND
OF THE DIFFUSION OF A CURRENT IN TRAVERSING THE TRUNEK.

The density is greatest beneath the small electrode.

puncture, to insure that a certain strength of current
should traverse a desired organ, unless the latter should be
quite superficial. Fig. 129 is a diagrammatic representa-
tion (from Erb) of the ordinary current diffusion in the
application of both electrodes to the upper arm ; Fig. 130
of the diffusion that may be supposed to occur when one
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electrode is applied to the nape of the neck, and the other
forms the patient’s seat. It will be noticed that the
current is much densest beneath the electrodes, and that
though it passes mainly in the direct line between them,
yet that there are diffusion currents passing down the arms
and thighs. If it be a mere question of passing a current
of a given strength through the body, then the larger the
electrodes, the more easily the current will pass, fewer cells
will be required, and the less the patient will feel it. If, on
the other hand, it be desired to affect a particular super-
ficial structure, such as the ulnar nerve at the elbow, then
we shall gain very little, if anything, by employing a
larger active electrode than 1s needed to properly cover it,
although, if the number of cells be kept the same, the
galvanometer will give a larger reading. No more current
15 now traversing the nerve than was the case when we
employed a small electrode ; in the one instance, a frac-
tional part of a large current passed through the nerve ;
in the other, the larger part of a small current; while
increasing the current-strength we have diminished the
concentration ; thus the galvanometer must not be solely
relied on.

We may, however, lay down the following proposi-
tions :

To affect organs that are deeply situated (stomach,
spinal cord, etc.), large electrodes and large current-
strengths are required; and the electrodes should be
placed in such positions as to have the organ directly
between them, for, ceferis paribus, the current will pass
by the most direct route.

To affect a small superficial structure, such as the ulnar
nerve, the active electrode should be small, and well
pressed down on to the nerve ; the indifferent (inactive)
electrode may be large,

As the negative pole always occasions more pain than
the positive, it is usual to attach it to the largest electrode,
unless a negative polar effect be especially indicated.
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Modes of Application.

Both electrodes and the skin should be well moistened
.with warm water. The electrodes may be applied in a
¢ unipolar ’ or in a ‘ bipolar * manner.

In the ‘unipolar’ manner, a large electrode is placed
upon an indifferent spot such as the sternum ; the active
electrode is smaller, and is placed over the affected area.

In the ‘ bipolar > manner, both electrodes are placed in
close proximity to one another over the affected area.
Further, the electrodes may be applied in a ‘stabile ’ or
‘labile >’ manner, and the current may be continuous, or
interrupted, or reversed.

The Stabile Method.

The electrodes are kept in one immovable position, and
the current, as a rule, is gradually increased or diminished
by means of a rheostat or cell-collector.

No shocks or muscular contractions result, and the
effect in the region of the anode is a soothing one.

If the current be interrupted or reversed, stimulation
will be produced. The term ° voltaic alternatives ’ (V. A.)
is sometimes applied to the reversals ; they act as very
powerful stimuli, and should be used with caution, and
not at all in the region of the head.

The Labile Method.

The active electrode (usually the negative is selected)
is rapidly passed up and down the nerve trunk or muscles,
while a sufficient current-strength is maintained to produce
vigorous muscular contractions.

Subaural Galvanization.

This is sometimes termed galvanization of the sym-
pathetic. One electrode is pressed deeply in below the
ear, and behind the ascending ramus of the lower jaw,
while the other is placed over the lower cervical vertebra ;
a current-strength of about 5 to 10 m.a. is employed.
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Strength of Current.

Weak currents of from 1 to 5 m.a. should be used to
* | begin with ; they may afterwards be increased according
to circumstances up to 40 or 50 m.a.; but a current of
greater strength than 20 m.a. is rarely required for medical
purposes. Especial care must be taken in galvanizing
the head to avoid interruptions and reversals, and a
current-strength of more than 5 to 10 m.a. is not easily
borne.
Duration and Repetition of Séances.

These are matters about which not very much is at
present known. A séance commonly lasts for from five
to fifteen minutes, and is repeated every two to four days,
but it is quite impossible to lay down any rule. Much
more care is requisite in dealing with cases of pain and
spasm than with those of paralysis. Miiller employs weak
currents, short sittings (half a minute to three minutes),
and a long duration of the treatment.

In cases of neuralgia and palpitation it may be of service
to repeat an application several times a day; in more
chronic spinal cases, two or three times a week. After
a certain number of séances, it 1s usually best to intermit
the applications for a time, and after a month or two to

renew them ; an increased effect may often thus be pro-
duced.

Self-application.

A question often asked by patients is, ¢ Cannot I myself
carry out the electrical application ?* To this question
Erb makes the following reply : ° Who is there that will
bestow the time and patience which so tedious and seem-
ingly monotonous a process requires ? To my mind there
can be but one answer. The physician himself, and if
possible one who devotes himself to electricity as a special
pursuit. One may have a general knowledge of medicine
and be an excellent practitioner ; but this is not enough,
neither 1s it sufficient to possess a battery in order to
become at once a skilful electrical physician. The practice
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and the electrodes should be well moistened, and the
latter should be firmly applied ; if it be desired to affect
the terminations of the sensory nerves, the skin should be
' carefully dried and dusted with vielet powder, and while
one of the electrodes (moistened) is held by the patient, or
maintained in some fixed position, the other, a metallic
brush, should be moved up and down the proper area.
In cases where special organs have to be treated, the
unipolar method may also be adopted ; thus the vagina,
uterus, bladder, and larynx may be faradized by the intro-
duction of one pole, while the other is applied externally
over a neighbouring area ; or by means of a special bipolar
electrode both poles may be introduced.

General Faradization.

This method, which has been especially studied by
Beard and Rockwell, has for its object the subjection of
every part of the body, so far as it is possible, to the
influence of the faradic current. It is to be accomplished
by placing the negative electrode at the feet, or under the
buttocks, and moving the other one in sweeps over the
general surface of the body. The feet may be placed
in a vessel of warm water, in which the negative pole
is immersed, or they may be placed in contact with a
large foot-plate electrode. The movable electrode well
moistened is carried from the forehead, over the vertex,
occiput, and right down the spine, particular attention
being paid to the cilio-spinal region. For this purpose
a large soft sponge, folded over a brass ball, seems to be
best (or the moistened hand of the operator, who thus
transmits the current through his own body, may be used).
Applications to the upper extremities and to the anterior
surface of the trunk should also be included. The current-
strength should always be first estimated by application
to the operator’s own person ; it should be weakest for
the head applications, and may be considerably increased
when the spme is reached. The duration of the séance

18
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depends upon the condition of the patient, and the number
and results of previous applications. Beard and Rockwell
recommend an average application of fifteen minutes, one
minute of which is to be apportioned to the head, seven
minutes to the neck and spine, and the remainder to the
abdomen and extremities, The spine and abdomen should
receive the largest share of attention.

The applications should be repeated about three times
a week, and continued for one or two months.

The treatment has a generally stimulating, trophic, and
tonic effect, and is valuable in cases of exhaustion, debility,
and chronic nervous diseases.

The Faradic Bath.

This i1s undoubtedly a valuable addition to electro-
therapeutical appliances, and in the form of small local
baths for the extremities is coming into extended use.

Requisites.

A bath of porcelain, earthenware, enamelled zinc, or
wood (a portable rubber or canvas one will do).

Leslie Miller supplies the arm and foot baths. The
sinusoidal current from an alternating main suitably
transformed down, or a small motor dynamo sinusoidal
machine (Schall) for the direct current from the main, or,
failing these, a large induction coil with a secondary of
relatively thick wire ; for the latter, five accumulators or
ten large Leclanchés will do. The second and third
sources of supply are the safest, and should be adopted,
for with the first it is difficult to avoid a possible short
circuit between the bath containing water and the earth.
If the first method be adopted it is best not to attempt
to insulate the bath, but to connect it together by means
of its cold water and waste pipes firmly to earth. Further,
a resistance lamp should be inserted both on the wire
coming to and on the wire leaving the patient (vide
Dr. Hedley’s Hydro-electric methods).
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For a galvanic bath twenty to thirty large-sized cells
and a galvanometer reading to 200 m.a. are required.

Electrodes of carbon, lead, or copper, of large size—
' four by eight inches to ten by fifteen.

Two methods are chiefly employed—the unipolar and
the bi- or dipolar. In the unipolar, one electrode is placed
in the water, or connected with the bath, if it be of conduct-
ing material (plain copper) ; while the other consists of a
rod, passing across the top of the bath, which the patient
grasps. The water should be at a temperature-of about
08° F., and if the battery and coil be not sufficiently strong,
a little salt or vinegar may be added. The whole of the
current passes through the patient, entering by that part
of his body which is in the water, and passing out by his
arms.

In the bipolar method both electrodes are placed in the
water, one at the head, and one at the foot, the patient’s
body being prevented from touching them by a light
wicker frame. Plain water should be used. Only a small
fraction of the total current now passes through the body,
by far the larger portion through the water. Dr. Hedley
(British Medical [ournal, February 20, 1892), by a series
of careful experiments on the physics of the electric bath,
has shown that the immersion of the body in the water in
the direct line of the current causes a lateral divergence of
the lines of force, and that the greater part of the current
passes round, and not through, the patient. The waste
of current in a dipolar bath is in excess of what is generally
believed, and the calculation sometimes made, that the
patient receives one-fifth of the total current, is too high.
Hedley states (‘Therapeutic Electricity,” 189g) that the
average current passing through the body is about 25 per
cent. of the total current.

The faradic bath is probably much more useful than
the galvanic ; unless the latter be interrupted, it is diffi-
cult, in view of M. d’Arsonval’s experiments, to see what
it can do, unless it be supposed to be capable of removing
by electrolysis or by cataphoresis noxious substances
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matoid arthritis, chronic gout, metallic poisonings, and
for cataphoric purposes.

Local electric baths are of much service. The arm
baths, consisting of convenient -sized stoneware troughs
with a copper electrode at either end, save time and trouble
in that the patient, his arm once immersed and the current
adjusted, requires little further attention ; they are useful
in cases of paralysis of the forearm muscles and in local
rheumatic and gouty conditions. ~The sinusoidal current
is used for these baths in the Electrical Department of the
Edinburgh Royal Infirmary. Dr. Thomas Barlow recom-
mends them in Raynaud’s disease, and Dr. Lewis Jones
has also found them of service in melancholia, rickets, and
chilblains.

The Electric Douche.

Dr. Hedley, our best authority on hydro -electric
methods, describes his apparatus as follows (* Therapeutic
Electricity,” W. S. Hedley) : ‘ The apparatus consists of a
short length of flexible rubber tubing, having an inside
conducting wire, one end of which is brought out and con-
nected to a terminal about two inches from the brass
union which joins on to the supply pipes. The two inches
of rubber tubing thus interposed between the metal pipes
and the conducting wire act as effective insulation at this
end of the arrangement. The other end of the internal
wire is soldered to the inside of the metal screw, to which
different nozzles may be attached. Continuous currents
require a pressure of 50 to 60 volts, alternating currents
from a fair-sized bath coil pass through more easily. If
salt water be used, stronger currents will be obtained.
Dr. Hedley’s recent experiences leave no doubt in his
mind as to the usefulness of this douche in old-standing
paralysis, neurasthenia, and ansesthesia.” The other ter-
minal should be placed in the bath in which the patient
stands. Dr. Guyenot, of Aix les Bains, employs two
douches, one to bring the current up to the patient, and
the other to take it away. This seems to be an original
and useful method of application.
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" My own experience, based upon the results obtained
in the electrical department of the Royal Infirmary and
at home, confirm this. I have not seen a case of nervous
exhaustion or debility, such as that which follows influenza
or typhoid, which has not derived material and rapid
benefit from static electricity.

The appetite is increased, weight is gained, the amount
of urea is augmented ; and not only does the amount of
the normal constituents of the urine increase, but the
abnormal substances tend to disappear {albumcn indican,
sugar), etc.

If static applications cannat be obtained, the faradic
bath and general faradization should be employed.

Hysteria.

Static electricity gives the best results, but great care
must be exercised in its administration ; a few turns of the
machine will sometimes produce a paroxysm. After the
patients have become accustomed to the simple bath,
recourse may be had to more energetic measures. Pains
and hyper®sthetic patches may be treated by the souffle ;
anzsthesia by the spark. The records of the hysterical
cases treated by static electricity in the Royal Infirmary
are very favourable ; in only one case were the symptoms
unrelieved. Professor Charcot (‘ Lecons sur les Maladies
du Systeme Nerveux,” p. 359) says that experience has
shown that, after the static bath, the sensibility of patients
suffering from hysterical anzesthesia usually returns, at
first for a short time, but afterwards, if the baths be con-
tinued, for longer and longer periods, until completely
restored. At the same time the other hysterical pheno-
mena are commonly ameliorated, and may disappear.
Local faradization is often of service. In aphonia both
poles may be placed, one on either side of the larynx, or
i more obstinate cases one pole may be introduced by a
suitable laryngeal electrode. One percutaneous applica-
tion is often sufficient. Anwsthesia may be sometimes
removed by a few applications of the faradic brush.
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Insomnia.

This often yields to static electricity. The breeze
should be applied to the region of the head ; either a
single point, or several attached to a cap, which is sus-
pended over the patient’s head, may be used.

Melancholia, Hypochondria.

A stimulating plan of treatment should be persevered
with—static electricity, with sparks, the faradic bath,
general faradization, and the metallic brush.

Chorea.

This disease, after running a more or less definite course
of about six weeks, usually disappears spontaneously.
There 1s, therefore, often difficulty in deciding how much
effect electrical treatment may have exercised.

Static and galvanic electrization seem to be of most
service,

Onimus recommends a continuous ascending current,
the anode being placed at the extremity of the limb, and
the kathode on an indifferent spot. Some remarkable
cures were thus obtained by him. Drs. Addison, Golding
Bird, Sir W. Gull, Vigouroux, and others, have had very
successful results with static sparks drawn from the whole
length of the spine. Dr. Golding Bird mentioned that out
of thirty-seven cases so treated thirty were cured. Many
other excellent records have appeared in the Guy’s
Hospital reports. The late Sir W. Gull was a strong
supporter of this method, and recommended its employ-
ment even in the most severe cases. Caution is required
in commencing this treatment with choreic patients.

Paralysis Agitans.

Little that is encouraging can be found in the electro-
therapeutical records of this disease. The author made
a prolonged trial of central and local galvanization in one
well-marked case without obvious result. Electrical baths
have been recommended.
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Exophthalmic Goitre,

On the supposition that the cervical sympathetic is
involved, subaural galvanization has been frequently tried
in this disease. Dr. Cardew (Lancef, July, 1891) recom-
mends frequent repetitions of weak continuous currents—
of from one to three milliampéres in strength—to this
region, with the anode over the lower cervical vertebrz.
He believes that :

1. Galvanism is superior for this purpose to faraisdm.

2. A current-strength of two to three milliampéres is
sufficient.

3. Each application should last six minutes.

4. Frequent applications (three times a day) should be
made.

5. The anode should be placed on the nape of the neck,
the centre of its lower border corresponding to the seventh
cervical spinous process, and be held firmly in that position
during the application. The kathode should be moved
up and down the side of the neck from the mastoid process
along the course of the great nerves. i

The patients, he thinks, should be provided with a
suitable battery of a few cells, and be taught to make
these applications to relieve their palpitation themselves.
The author has observed that the pulse-rate could usually
be reduced by this method by about ten beats, but it is
very difficult to avoid fallacies in the case of such neurotic
patients. The resistance of the tissues is so much dimin-
ished that two to five cells are usually ample. The author
noticed that these cases were treated by Vigouroux at the
Salpétriére by faradic currents. One pole is placed suc-
cessively over the goitre, the preecordia, and the margin
of the orbit; the other on the nape of the neck : each
region is gently faradized for about two minutes. The
anode is used for the praecordia and the goitre, and the
kathode for the orbicularis muscle ; the anode is also
applied to the closed lid. Dr. Vigouroux, from the results
of his large experience, is enabled to speak favourably of






ELECTRO-THERAPEUTICS 285

function only, but is shown in various degrees, and accord-
ing to the precision of the exercises required, in other
movements of the limb; their general health is also
affected. They exhibit a peculiar diathesis, and their
functional incapacity arises simply from changes in the
peripheral nerves, or in the muscles and tendons, or in
their blood supply. Treatment directed to these con-
ditions will therefore yield the best results. He recom-
mends energetic massage of the muscles, the execution
of special gymnastic exercises, and general static electriza-
tion. Dr. Poore places the anode in the axilla, and the
kathode over the ulnar nerve, and uses a continuous
current, during the passage of which the patient is en-

couraged to exercise the interossel and other muscles by
rhythmical movements.

AFFECTIONS OF THE BRAIN AND SPINAL
CORD.

Cerebral Hzmorrhage.

After a hemiplegia has become chronic, applications
may be made to the damaged part of the brain, to the
spinal cord, and to the paralyzed muscles.

For the first of these conditions : Weak (1-5 m.a.) stabile
continuous currents with large electrodes should be applied
so as to include the damaged area between them, for a few
minutes every other day. A powerful rheostat, to permit
of more exact graduation of the current, is of service.

For the motor tracts : The anode may be placed on the
vertex, or over the seat of the lesion, while the kathode
is slowly moved up and down the spinal cord. (The object
of this is to assist in clearing a path for the voluntary
motor impulses, and to prevent descending degeneration.

For the muscles : The anode may be placed over the
cervical region for the arm, and over the lumbar region
for the leg, while the kathode is moved about in a labile
fashion over the peripheral nerve-trunks and motor points ;
bipolar faradic applications may also be used.
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relief, and retardation of progress. (Galvanization of the
spinal cord, followed by galvanization and faradization of
the affected neuro-muscular areas and the faradic bath,

may be tried.
Lateral Sclerosis.

Considerable improvement can usually be obtained in
this disease. The author, using unipolar stabile galvani-
zation, has had good results in several cases. Two large
pad electrodes (the negative one may be eight inches
square) are chosen, and the one placed over the lumbar
region of the cord, and the other over the abdomen. The
positive pole should be attached to the electrode lying
over the cord. Weak stabile currents, if great care be
taken to avoid any interruptions, may be tried at the
commencement of the treatment, and their effects ob-
served ; they may afterwards, if necessary, be increased to
40 or 50 m.a. A séance may last about twenty to thirty
minutes, and be repeated once or twice a week. The
following case is instructive : A patient, A. B., aged thirty-
four, consulted the author in May, 1891 ; he had been 1ll
for rather more than a year, and presented all the signs
and symptoms of spastic paralysis. The partient ascribed
his condition to a fall he had had some three months before
his illness began. He was now unable to walk alone, and
was for the greater part of the day confined to bed. He
complained also of an aching, tired feeling in the lumbar
region and of urinary incontinence. After half a dozen
séances, these symptoms had quite disappeared, and under
a continuance of the treatment he improved so much that
he could walk quite well by himself. The current-strength
had averaged about 15 m.a. After attaining this stage
of improvement, the applications were discontinued, and
the patient advised to return in two months’ time ; this
he did not do, but, returning to his work, which necessi-
tated much standing, he went on until his condition again
became aggravated. On his return in about five months
a repetition of the former applications entirely failed to
afford him any relief whatever ; recourse was now had to






CHAPTER IV
PERIPHERAL AFFECTIONS

Facial Paralysis.

THE chief varieties of this affection and their electro-
diagnosis have already been pointed out. The condition
can be treated by labile applications of the galvanic
current ; the anode is placed behind the ear, or on an
indifferent spot, and the kathode is moved slowly about
from the centre towards the periphery over the branches
of the nerve and motor points; the current-strength
should be about 3 m.a. Ewven if the muscles react to
faradism, it 1s often safer to avoid it, lest secondary con-
tractures result. Vigouroux for this reason avoids the
local electrical treatment altogether, and contents himself
with placing the patient on the insulating stool, and admin-
istering a static bath. Dr. Reynolds has recommended
the faradic brush ; this may do good reflexly by stimula-
tion of the fifth nerve.

Pressure Paralysis—Lead and Alcoholic Paralysis.

The principles of treatment are to get, if possible, beyond
the seat of the lesion, and to include the whole length of
the nerve in the circuit.

The anode may be placed in the axilla or supra-clavi-
cular fossa for crutch paralysis, and over the cervical
region for lead paralysis, and the kathode used in the
labile method over the affected muscles. The constipa- .
tion in lead paralysis should also be treated. The static

19
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great relief follow an exposure to the X rays, and he would
recommend their trial.

Sciatica.

The pain here is also usually due to a neuritis, or it may
be to pressure exerted upon the nerve in the pelvis or
vertebral column. Such causes should be most carefully
sought for before electrical treatment is begun. The best
results are obtained in recent cases that are of a rheumatic
or purely neuralgic origin.

Various methods of treatment may be tried.

The anode may be placed over the lumbar region, and
the kathode carried along the course of the nerve (current-
strength from 6 to 30 m.a.) ; after a few minutes’ séance,
painful and tender spots should be diligently sought for,
and the kathode applied to them for a minute or two in a
strictly stabile fashion, or the same procedure may be
gone through with the poles reversed. The patient should
always rest after these applications.

Dr. Bartholow remarks that there is no painful affec-
tion in which the application of electricity is more con-
spicuous for good than in sciatica. He is decidedly in
favour of strong galvanic currents—20 to 40 m.a.—
applied in the manner first mentioned, especially in long-
standing cases, which he has seen vield in a surprising
manner to the applications.

The late Dr. Steavenson reported favourable results in
a number of cases treated in much the same manner, but
with the anode over the abdomen. Of sixty-seven cases,
thirty-seven were cured, one had a return of sciatica and
was cured a second time, eleven improved only, etc.

The faradic current may be used in two ways to relieve
the condition :

The first method consists of ordinary bipolar applica-
tions, with moist electrodes. These probably act by
setting up vigorous muscular contractions, which tend to
loosen any adhesions which may have formed round the
nerve-sheath or nerve-fibrils. Its success is in many cases

19—2
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skill and judgment in its use, an exact knowledge of the
facts belonging to the subject, and a clear idea of what
ought to be accomplished ; and all these conditions are
'very seldom combined.

The causes and varieties of tinnitus are manifold, nor
has it yet been at all decided for which conditions the
galvanic treatment is most suitable. The therapeutic
experiment for each individual case alone can guide us.

A good galvanometer and rheostat are essential.

The acoustic reactions (see p. 165) must first be ascer-
tained. There may be simple galvanic hyperasthesia, or
serial changes may be superadded, or the latter may be
present alone, or the reactions may be quite normal. The
patient should, during this procedure, fix his whole atten-
tion upon the noises, in order to observe whether they
undergo any modification during the variations in the
current, for the treatment to be adopted will depend
mainly upon these results. Thus the acoustic reaction
may be normal and the tinnitus quite unaltered, then the
electrical prognosis is not good. The tinnitus may, how-
ever, be increased by one pole and diminished by the other.
The rule now is to select for the therapeutical applica-
tion that pole by which the subjective noises are most
diminished.

With the rheostat and galvanometer in the circuit, apply
a well-moistened medinm-sized electrode, attached to this
pole, to the external meatus, or just in front of it; let the
other electrode be grasped firmly in the patient’s hand;
or, the patient’s head being inclined to one side, and resting
upon a pillow, with the affected ear uppermost, the latter
may be filled with warm water, and a suitable electrode
introduced. Yet another plan is to apply a divided elec-
trode to both ears in cases where there is much hyper-
@sthesia, and where the other ear, though not in contact
with an electrode, also responds (paradoxical reaction).

With the rheostat at zero the current mayfnow be
gradually turned on by the cell-collector and brought up
to a strength of about 5 m.a.; it may be continued for
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CONSTITUTIONAL AFFECTIONS.

Acute Rheumatism.

Lewandowski strongly recommends the faradic brush ;
this is applied to the skin directly over the affected joint
until decided redness is produced. He affirms that the
pain and fever can be thus diminished, and the duration
of the disease shortened.

Moist unipolar or bipolar faradic applications (with
large soft sponges) are also recommended.

For chronic articular rheumatism, the galvanic current
i1s usually preferred. Bipolar strong applications, with
large electrodes, so placed as to include the joint between
them, and with frequent reversals of the current, are to
be made. The cataphoric effects of the continuous current
have been tried. Though chronic rheumatism often
proves very refractory to electrical treatment, the author
has observed good results follow galvanization.

Lumbago.

Muscular rheumatism is wery amenable to both the
galvanic and faradic currents. A bipolar faradic applica-
tion, with a current strong enough to cause vigorous
muscular contractions, will usually relieve the pain and
stiffness at once. The author has observed this in
numerous cases. Rheumatic torticollis should be treated
in a similar manner.

Rheumatoid Arthritis.

Stabile unipolar currents, with the anode over the spinal
origin of the nerve supplying the joint, and the kathode
over the joint itself, are most efficacious ; or bipolar appli-
cations, with the electrodes on each side of the joint,
may be used. Cataphoresis might also be of service here.
Other writers recommend galvanization of the sympathetic
and spinal cord, others the galvanic bath, others, again,
static sparks. Some amelioration can usually be obtained
if the treatment be persevered with.






CHAPTER V
AFFECTIONS OF THE ALIMENTARY SYSTEM

Dyspepsia.
GENERAL faradization, the faradic bath, or static applica-
tions, are perhaps of most utility here.

Dilatation of the Stomach.

Energetic faradization or galvano-faradization with
large electrodes, so placed as to include the organ between
them, are recommended. Dr. Baraduc (* Electrothérapie,’
p. 317, Larat) has treated cases very successfully by the
introduction into the stomach of one of the electrodes.
The stomach being first washed out, a sufficient amount
of slightly salted water (Vichy water) is introduced, and
a suitable flexible electrode passed down the syphon tube,
until its end projects about one inch beyond the tube (the
length requisite for this must have been previously
measured) ; the other electrode is placed on the back or
epigastrium. Dr. Baraduc used the faradic current, of a
strength sufficient to make the patient sensible of slight
muscular contractions ; each séance lasted four to five
minutes. Improvement was at once manifest ; the objec-
tive and subjective symptoms were alike ameliorated, and
the digestive powers strengthened.

Dr. Boisseau du Rocher, in a communication to the
French Academy of Medicine in 18go, and to the Revue
d’Electrothérapie, November, 1891, recommends the in-
ternal applications of static electricity. The following
are his conclusions :—
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which, if static electricity can be obtained, is certainly
worth a trial.

In more obstinate cases a bougie electrode (Fig. 131)
can be introduced per rectum, the other pole being on
the abdomen, and a faradic current passed. In cases of
obstruction, where the bowel is dilated, and the muscular
fibre paretic, galvanic currents are the most serviceable.
It was stated in the chapter on physiology that stimuli of
some duration were the best for involuntary muscles ;
this is still more the case when these muscles are partially
paralyzed. A faradic current may, under these circum-
stances, have little or no effect; while an interrupted
galvanic current, especially if allowed to flow for a short
time between the interruptions, and if occasionally re-

F1G. 131.—RECTAL ELECTRODE.

versed, may produce vigorous contractions. The effect
will be enhanced if one pole be introduced per rectum, but
the difficulty has always been to avoid electrolysis and
destruction of the wall of the bowel at the point of applica-
tion of the electrode. Boudet solved this problem by
increasing the area of the intestinal electrode with warm
salt water.

A catheter rectal electrode, insulated except at its tip,
is used; this is passed up the bowel as far as it will go,
and is connected with the positive pole ; the negative
pole, of large size, rests upon the abdomen. When all
is ready, about two pints of warm slightly-salted water
are allowed to flow through the catheter into the bowel,
and the current is turned on, and raised to about 30 m.a.
In five minutes’ time it is brought back to zero, reversed,
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introduced into the uterus, and the current’s effects con-
centrated ; but external applications—one pole over the
sacrum and the other on the perineum or in the groin—
. are often sufficient. Sometimes a better effect is produced
by the introduction into the vagina of one of the poles.

Subinvolution.

The uterus may be made to contract and the tone of its
muscle be improved by unipolar or bipolar internal
faradization. This treatment, recommended by Drs.
Grandin and Apostoli, seems rational, and deserves a
trial.

The faradic current, if at hand, is a powerful means of
checking post-partum h@emorrhage. One pole should be
introduced into the uterus, and the other placed over the
abdomen. The galvanic current, with quick reversals and
interruptions, should prove even more efficacious.

Galactagogue Effects.

Faradic and static electricity have been recommended to
promote the secretion of milk. Bipolar faradic applica-
tions of a quarter of an hour, and frequently repeated,
may be tried. (De Watteville, Erb, Beard, and Rock-
well.)

DISEASES OF THE SKIN.

Electricity may here be of service in two principal
directions : applied generally, it may modify and improve
the constitutional condition, give tone to the sensory and
trophic nerve terminations, and influence the central
nervous system ; applied locally, it may relieve itching
and pain, and, by the liberation of acids and alkalies,
produce their proper astringent and cauterizing actions.
It 1s thus of service not only in skin diseases of neurotic
and constitutional origin, but also in the more local
inflammatory conditions. For treatment by Réntgen
rays and Finsen light see Chapter IV., Part VI.
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‘1. That the pain of herpes, no matter where the seat
of the eruption may be, is generally susceptible of speedy
and effectual relief by the use of the galvanic or faradic
current. | :

2. That when the eruptions take place on the head
(herpes frontalis), the galvanic current has greater power
to relieve the pain than the faradic.

‘3. The electrical treatment, besides relieving the pain,
seems to shorten somewhat the acute stage, to break the
force of the disease, and to modify the scarring’ (* Medical
and Surgical Uses of Electricity,” p. 535).

i

Pruritus.

Either the faradic brush, general faradization, or the
faradic bath is indicated. :

Elephantiasis Arabum,

Professor Silva Aranjo and Professor Moncorvo, of Rio
de Janeiro, have successfully treated many cases of this
disease by the combined use of electro-puncture, the gal-
vanic and faradic currents.

The hypertrophied tissue is electrolyzed from time to
time by the introduction of needles connected with the
negative pole; and galvanic and faradic applications,
combined with massage and pressure, are practised during
the intervals. '

Parasitic Affections.

The cataphoric properties of the continuous current
have been utilized to carry parasiticide solutions down
into the hair follicles and true skin. Harries and Law-
rence state that a few sittings have sufficed to cure disease
of considerable standing. The anode, preferably of carbon,
should have its covering well moistened with the bichloride
of mercury (unless a special cup-shaped cataphoric elec-
trode be used), and should be placed over the diseased
area. The kathode should be in the vicinity. What
really occurs it is difficult to say. The solution may be
decomposed, the chlorine appearing at the surface of the

20






CHAPTER VI
THE ELECTRIC CAUTERY AND LIGHT

The Electric Cautery.

THE best types of cells and their arrangement for these
purposes have already been described.

Fig. 132 represents Dr. Schech’s universal cautery-
handle. It is provided with a trigger for opening and
closing the circuit, so as to allow of the instrument’s
introduction when cold.

The cautery itself is made of platinum, which, being a
poorer conductor than the copper connecting wires, can

FIG. 132.—DR. SCHECH’S GALVANO-CAUTERY HANDLE,

be brought by the passage of a current of sufficient
strength to the desired temperature. (By Joule’s law the
heating effect of a current depends upon the resistance,
multiplied by the square of the current’s strength.) The
platinum should be maintained at a steady red heat by
means of a German silver wire rheostat (see p. g9); if it
be hotter than this, hemorrhage may follow. The full
resistance of the rheostat should be put into the circuit
20—2
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and more complete than any other artificial one. (Carbon
both absorbs and radiates all the light rays; its spec-
trum is a continuous one.) A German silver wire rheostat
‘is also of service here. The resistance of the small lamps
varies from seven to twenty ohms, and the current-

F16. 133.—ELECTRICAL LARYNGOSCOPE.

strength required to bring them to full incandescence is
from 0’5 ampére to 1'5 ampére. They therefore require
only about one-tenth of the current-strength necessary
for a cautery, but a greater E. M. F. to overcome their
resistance. This can be supplied by from five to ten of
the cells already mentioned connected in series.

The Cystoscope.

This is an instrument for examining the interior of the
bladder by means of a telescope and the internal intro-
duction of a small incandescent Jamp (Fig. 134).

F1G. 134.—DR. HURRY FENWICK'S CYSTOSCOPE FOR ANTERIOR
WaLL.

For the following description I am indebted to Mr.
David Wallace, C.M.G., F.R.C.S. Ed. :

‘ The cystoscope is shaped like a sound, and consists of
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difficulty alluded to overcome without the withdrawal of
the instrument.

3. ‘The modification suggested by Fenwick, which
" enables the instrument to be rotated within the bladder
while the part to which the electrodes are attached
remains fixed in one position (see Fig. 134).

‘ To use the instrument we require to prepare the patient
in the same way as for any other instrumentation of the
bladder, He should be in bed, or placed on a table, in
the recuambent posture. The bladder has 6 to 1o ounces
or more of a clear fluid introduced into it. This must be
done very gently to avoid inducing hemorrhage, which
readily occurs in some cases of neoplasm, one of the con-
ditions in which cystoscopy is of especial value. If the
fluid drawn off before injection be discoloured by blood
or pus, the bladder should be washed out until the fluid
comes away without discoloration.

*When the bladder has been thus treated the patient
is brought down to the end of the bed or table with, prefer-
ably his legs hanging over the end. The cystoscope, having
been previously tested to ascertain that it is in good
working order, is oiled, and introduced into the bladder
with the electric circuit open. When the beak 1s fairly
in the bladder the eye of the observer is applied to the
ocular end, and the circuit closed, after which, with gentle
movements, the whole interior of the bladder wall is care-
fully and methodically examined, especial attention being
given to the examination of the trigone, at or near which
many pathological conditions are apt to present them-
selves. The ureteral openings should be carefully noted,
and if possible the appearance of the urine as it passes
from them should be observed.

‘ The upper three-fourths of the bladder can be most
readily mvestigated, the lower fourth being more difficult
to see in cases where enlargement of the prostate is
present. When the examination has been completed the
electric circuit 1s opened and the instrument withdrawn.
When not surrounded by fluid the cystoscope rapidly
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on the same side as the light, and by a special joint can
have its angle changed while within the bladder.’

The urethroscope for examination of the urethra has the
light external. It is valuable in cases of gleet, as in in-
tractable cases the exact site of the lesion may be seen,
and topical remedies be applied under the eye of the
surgeon.

Fig. 135 represents the dummy phantom of Professor
Dittel for practising with the cystoscope. For further
information as to the morbid appearances which can be
observed by this instrument, or its utility in diagnosis and
prognosis, the reader may consult Mr. Hurry Fenwick’s
‘ The Electric Illumination of the Bladder and Urethra’;
Mr. David Wallace’s papers, Ed. Med. Journal, February,
1890 and 1892 ; ‘ Encycl. Medica,” Art. * Cystoscopy.’

The gastroscope for examining the condition of the
stomach wall, the rhinoscope for the nasal cavities and
naso-pharynx, etc., depend upon the same principles, and
do not require especial mention. In the gastroscope the
lampis cooled by a current of air instead of by a current
of water, and the stomach may also be dilated by this
means.

The Electro-Magnet,

Fig. 136 represents Mr. Hardy’s electro-magnet for
removing particles of steel or iron from the eve. Pole-
pieces of various sizes may be fitted to it as required. At

COXETER J.:.'l':én M

F1G. 136.—ELECTRO-MAGNET ¥OR OPHTHALMIC PRACTICE.

the other extremity are two terminals for the attachment
of the rheophores of a galvanic battery. Large active
cells (bichromate or accumulators) give the most attractive
power. A key is provided for closing the circuit. The






PaARE NV ]

RONTGEN X RAYS

CHAPTER 1

Tue wonderful discovery of Professor Réntgen, which
was made known to us in January, 1896, had been preceded
and led up to by the labours of Crookes and Lenard.
Crookes had succeeded in emptying a glass tube of its air
more thoroughly than had ever been done before: he
brought the pressure of the residual air down to about the
roooooos Of an atmosphere, and had studied the pheno-
mena presented by an electric discharge passing through
the tube ; this discharge, which proceeds from the kathode
(negative pole), is visible at a certain stage of the exhaus-
tion, and was called by him the kathode stream. He
studied this kathode stream #n the tube, and concluded
that it consisted of material particles shot off from the
negative pole with almost inconceivable velocity—a
velocity of about 250,000 yards a second. But it was left
to Lenard in 1894 to succeed in passing this kathode
stream oufside the tube through an aluminium window ;
he found that these rays travelled better in a vacuum than
in air, that they produced phosphorescence of suitable
materials, would pass through substances opaque to
ordinary light, and affect a photographic plate. In these
particulars the Lenard rays resemble X rays, but they
differ from them in being deflected by a magnet. Lastly,
Professor Kontgen discovered that, if the vacuum be
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are known as the Hertzian rays, after the late Professor
Hertz, who was the first to make a thorough experimental
study of them.

To recognise the presence of these very long waves, we
must be provided with artificial detectors or eyes, and the
best of these is founded upon the fact discovered by
M. Branly, that a bad electrical contact is made into a good
one when Hertzian waves fall upon it. The author ex-
hibited some experiments of this nature, using powdered
aluminium, before the Edinburgh meeting of the British
Association in 1892, and Professor Oliver Lodge and Pro-
fessor Bose have since constructed a wvariety of such
electrical eyes.

If we leave these long invisible rays, and ascend through
the infra-red or radiant heat-waves, we come again to the
visible spectrum, and still ascending we pass through the
various prismatic colours from red to violet, until the light
again fades away and we are in presence of ultra-violet
light. The wave-length of the rays has progressively
diminished as we have ascended, so that whereas the
Hertzian waves may be many miles in length, the ultra-
violet are less than the 4345 of an inch.

All these forms of radiation are only varieties of one
phenomenon ; they are all electro-magnetic disturbances
of the ether, Thus, they all travel with the same velocity
and obey a common law in suffering reflection, refraction.
polarization, and interference.

Though the ultra-violet rays are normally invisible, they
can be made visible by what is termed fluorescence ; if,
for instance, a piece of glass coloured with uranium be
held in these rays, it will shine with a greenish-yellow
light. Further, these rays will powerfully affect a photo-
graphic plate, and under certain circumstances will dis-
charge an electrified body.

Now, the X rays probably lie bevond these ultra-violet
rays—not close to them, but far beyond them, and
between the ultra-violet and the X rays is a form of
radiation called after M. Becquerel, who discovered it.
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The Becquerel radiation is given off by uranium and
certain other salts during and after exposure to sunlight ;
it very greatly resembles the X radiation, because it can
pass through aluminium and substances quite opaque to
visible light, but like visible light, and unlike X radiation,
it can be polarized.

Ascending still in the scale of radiations, we come to the
X or Rontgen radiation.

Mode of obtaining the X Radiation.

The rays are best obtained by passing electrical dis-
charges through highly-exhausted vacuum tubes: so far
as our present knowledge goes, one might almost say that
this is the only method of obtaining them. Professor S.
Thompson is, however, said to have obtained some X
radiations by the prolonged use of an arc light. An ex-
periment was made by me to test this. I exposed an
extra rapid plate in its dark slide to an arc light at 6 inches
distance for fifty minutes ; the plate was found on develop-
ment to be quite unaffected, though it had been warmed
by the action of the radiant heat. Professor Thompson
has since discovered that the rays given off by the arc
light will not penetrate aluminium, and that they cannot
therefore be true X rays. Glow-worms, whether glowing
or not, give off a radiation resembling the X radiation ;
the author’s experiments with glow-worms were communi-
cated to the B. A., September, 18g6.

To obtain the Réntgen radiation, we therefore require
1 means of producing the electrical discharges and a proper
vacuum tube.

The electrical discharges may be obtained from a Tesla
apparatus, from an induction coil, or from a static elec-
trical machine, e.g., a Wimshurst machine (vide p. 13).

The Tesla apparatus was more largely used for this
purpose at first than it is now. With the present form of
focus vacuum tube, it is not of the service that it was with
the older form of tube ; it would in the latter case often
cause a brisk radiation of X rays when an ordinary induc-
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tion coil was insufficient. It is, however, more troublesome
and difficult to work than a simple induction coil, and
tubes are more likely to be punctured by its use. The

INDUCTION COIL : 10-INCH SPARK.

I

F1G.

reader may consult Chapter X., Part 1., {for a description
of the Tesla apparatus.

Undoubtedly the best and simplest method of obtaining
the electrical discharges is to make use of a good induction
coil (vide Chapter IX., Part I.). This should be of large
size ; nothing less than a 4-inch spark coil is of much use,
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and a 6 or 10 inch spark coil is better still. For infirm-
aries, or where much work is to be done, a 12 to 18 inch
spark coil is best.

A great deal depends upon the quality of the coil and
the construction of the contact-breaker : these should be
of the best workmanship, and the platinum contact should
be large and thick. Gaiffe, Rue St. André des Arts, Paris,
supplies an arrangement whereby the platinum contact is
continually rotated, so as to avoid a too long-continued
action at one point. Sometimes a mercury - dipping
contact-breaker is supplied, in addition to the ordinary
form. This gives somewhat slower interruptions and
more powerful discharges.

Too great stress cannot be laid upon the necessity for

FIG. 138.—ADJUsSTABLE RESISTANCE.

obtaining a really first-class coil. A small coil of good make
will be of more service than a large one of inferior make.

To work the coil, a rheostat attached to the direct
current mains or a battery of some sort will be required.
Three to twelve accumulators are best, but bichromate or
Bunsen cells can also be used (see Chapter X.). When
there is a convenient means of charging them, accumu-
lators should always be preferred, and it will be prudent in
this case toinsert a small adjustable resistance in the circuit.

If accumulators cannot be made use of, recourse must
be had to cells (see Chapter IV., Part I.).

For lang exposures and continued working, Bunsen cells
are best, but they are very troublesome, and they give
off unpleasant fumes. They will work continuously for
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some two or three hours, after which they must be taken
to pieces and recharged with acid when desired again.

For short exposures and intermittent work, a battery ot
five bichromate cells, with a lifting arrangement for the
zincs, will be suitable. The zinc should be lifted out of
the acid when the coil 1s stopped. This battery gives oft
no fumes, and is much less trouble to manage than the
Bunsen cells, but it will only run for short periods, and
is unsuitable for heavy continuous work.

The same may be said of the various forms of dry cells.

If the current from the main is at hand, the coil may
be worked directly from it by placing it in shunt with
a small portion of a sufficient resistance (Fig 139, see
p. 123), provided a special high voltage interrupter is
used,

Probably some form of portable accumulators, such as
the O~ type of the Electrical Power Storage Company,
will be found of most service.

Messrs. Norton and Lawrence, in Nature for March 18,
1897, have suggested that a condenser of 27 microfarads
capacity should be directly charged from the main, and
then discharged by means of a rotary commutator through
an oil induction coil, the primary of which must be made of
very thick wire and of few turns. They claim that this
is a more powerful and efficient means of exciting X-ray
tubes than any other. Professor Trowbridge’s method
of working the tube directly from a battery of 15,000
accumulators through a large resistance is the ideal
method.

An electrical machine can be used instead of a coil to
produce the electrical discharges. Of these, the Wims-
hurst is perhaps the best. It will be found better not
to connect the terminals of the vacuum tube directly to
the prime conductors of the machine, but to allow a small
spark gap to intervene on either side. The size of these
gaps must be varied until the best effects are produced ;
if a continuous discharge be desired, the Leyden jars of
the machine should be disconnected. If this be not done,

2T
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powerful discharges at intervals will be yielded ; these
are very tiring to the eye in fluorescent screen work. The
static machine current, being very small, does not heat
and so alter the resistance of the tube so much ; it is

RESISTANCE FOR WORKING COILS FROM MAINS.

FIG. 139.

more suitable for screen work than for photography. A
disadvantage of the electrical machine is that, unlr;-s% a
motor be employed, an assistant is required to rotate it ;
its working is also affected by the weather, its b:rll;‘t'\'im%r
being capricious 1n this respect, so that, on the whole, 1t
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is not nearly so efficient or convenient an instrument for
producing the X radiation as a good induction coil.

The vacuum tube should be a focus one ; this is a bulb
of glass, into either end of which platinum wires are sealed.
To the extremity of one of the wires, the anode, a small
flat piece of platinum is attached, inclined at an angle of
45° ; to the extremity of the other, the kathode, a concave
disc of aluminium is fastened, at such a distance from
the anode that the kathode rays are focussed upon it.
Platinum wires are chosen to pass through the glass,
because platinum and glass have nearly the same co-
efficient of expansion under alterations of temperature,
and aluminium wires may be used to connect the platinum
wires to the internal electrodes. The glass of which the

F1G6. 140.—DIAGRAM OF Focus TUBE.

tube is made must be quite free from lead, because lead
is very opaque to X radiation. The tube must now be
exhausted, first by an ordinary air-pump, and afterwards
by some form of mercurial pump ; nothing but a good
mercurial pump will suffice to produce the high vacuum
required, the best mechanical pump being quite ineffi-
cacious.

The tube should be warmed during the pumping pro-
cess, and a bulb of phosphoric anhydride should be in-
serted between the tube and the pump to remove the
aqueous vapour. The degree of exhaustion can be esti-
mated by the character of the discharges, which should
from time to time be passed through the tube, and by the
resistance offered to the passage of the electricity. At
the proper degree of exhaustion, that part of the wall of
the tube which 1s opposite the free surface of the anode
will be bathed with a greenish-yellow phosphorescence,

2I1—2
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electrodes connected with the secondary terminals of the
induction coil by fine copper wire. The platinum anode
of the tube must be attached to the positive terminal of
the coil, and the concave kathode of the tube to the
negative terminal of the coil. If the character of the
terminals of the coil be not known, they can be ascertained
when the tube is first tried, and then the connection can
be rectified or the commutator reversed. Stout copper
wires should be used to connect the battery to the coil,
an adjustable resistance being also, if possible, placed in
the circuit. The movable electrodes of the coil should
now be approached to within abeut 1 inch of each other,
and the coil turned on. If the tube does not become
at all illuminated, the electrodes of the coil may slowly
be separated until they are about 6 inches apart ; if the
tube still refuses to conduct the current, it should be care-
fully, but somewhat boldly, warmed by a spirit-lamp ;
the flame of the lamp should be kept constantly moving
over the surface of the tube, and never allowed to remain
on one spot. Warming the tube brings down its resistance
by setting free the molecules of its residual atmosphere,
which have become condensed on the sides of the tube,
and perhaps also by thoroughly diselectrifying the exterior
of the tube. The current should be turned off during the
process of warming. When the tube is sufficiently hot, the
discharge will be found to pass through it, and if the con-
nections are right, the part of the tube that faces the free
surface of the anode will be bathed with a greenish-yellow
light, somewhat sharply limited by the plane of the anode ;
if the tube is wrongly connected, this hemisphere of green
phosphorescence will be replaced by small irregular
patches of phosphorescence. Another method of getting
the discharge to pass through the tube is described by
Ireland and Howlett, British Medical Journal, May 8,
1897. It consists in wrapping the kathodal end of the
tube in damp cotton-wool connected to the kathodal
wire.

The connections having been, if necessary, rectified, the
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field in which the X rays are present may be explored by
a fluorescent screen.

Mr. Campbell Swinton has recently made some interest-

ing experiments with different forms of focus tubes.
Using a tube in which the distance between the kathode
and anode could be varied, he finds that, generally speak-
ing, the nearer the electrodes are to each other the higher
is the penetrative value of the X rays, and the higher is
the electrical resistance of the tube. Further, if the
kathode is small, the penetrative value of the X rays is
again increased, the other conditions remaining the same.
These observations are very valuable, and will lead no
doubt to the construction of improved tubes, in which the
penetrative value of the X rays, and electrical resistance
of the tube, can be varied at will, either by altering the
distance between the kathode and anode or by using a
small kathode in place of a large one in a tube furnished
with two or more kathodes.
- In order to prevent the excessive heating of the plati-
num anode, Mr. Swinton has backed the platinum with
a solid disc of aluminium. Over-heating of the platinum
leads to more rapid changes in the vacuum in the tube,
and is to be avoided. The author has had a tube after
Swinton’s pattern constructed with two modifications.
The kathode is made movable in place of the anode ; this
has the advantage of giving a fixed point for the emissien
of X rays. The backwards and forwards movement of
the kathode is effected by a magnet ; the distance between
the electrodes can thus be varied to get the best effect
while the tube is working.
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IMPROVEMENTS IN RONTGEN
APPARATUS.

The apparatus for developing Réntgen rays has during
the last three years undergone no striking modification,
the essential instruments remaining the same, but there
has been a steady improvement in the details. Taking
first the case of the tubes, the older tubes used to heat and
the resistance used to increase so rapidly that the quality
of the rays thev emitted was always varying, and the tube
soon became hors de combat, either from the rise in the
resistance or from a puncture received in endeavouring
to force an electric current through them. These diffi-
culties have been overcome by making the tubes much
larger, so that they have a greater residual atmosphere
to draw upon, and by backing the antikathode with a
large surface of metal, or by making it of osmium
(M. Davidson). The effect of the former is that the
heat generated by the impact of the kathode rays on the
antikathode is dissipated away by the large surface of
metal.

Secondly, the photographic plates. Many attempts have
been made to prepare a negative which should be more
sensitive to X rays than plates coated with the ordinary
emulsion. We cannot, I am sorry to say, report progress
in this direction. From a large experience in the electrical
department of the Royal Infirmary and elsewhere, of
Lumiére’s X-ray plates, of kathodal X-ray plates, and of
others, I cannot say that I have found these on the whole
superior to other plates that have not undergone any
special preparation. I made, with regard to the effect
of the rapidity of a plate on its sensitiveness to X rays, a
series of experiments with the Paget brand, and I found
to my astonishment that the ordinary, as opposed to the
rapid and extra rapid, gave the best results. This is
doubtless due to their greater thickness of film.

T'hirdly, the induction coil and its contact breaker.
The important part that the contact breaker plays in
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(¢) The mercury jet intervupter. The contact in
this instrument is made by directing a
jet of mercury against a revolving
cylinder (Fig. 142). There is a later form
in which the jet is broken by two revolv-
ing fibre arms.

This is a good interrupter, but twenty pounds
of mercury are required, and this is a
disadvantage, not only from the expense,
but also because it makes the imstrument

essentially non-portable.
2. The second group of interrupters are elecfrolytic in
nature fand were first introduced by Dr. Wehnelt (Fig. 143).

F16. 142—RONTGEN RAY JET INTERRUPTER.

The negative electrode 1s a lead plate, and the positive
electrode is a platinum wire ; these are immersed in dilute
sulphuric acid. When a difference of potential of not less
than 30 volts is maintained between these electrodes, the
current that passes 1s interrupted very frequently; it
may be about 1,000 times a second. In consequence of
this rapid rate of interruption, very powerful secondary
discharges are obtained, and these are of an almost con-
tinuous nature (Fig. 144). There are several modifications
of the original form. There are, however, some objections
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to its‘use. It 1s not a steady and reliable interrupter ;
sometimes it will give no trouble, while at other times it
will scarcely work at all. Further, it soon tires, and the
a_r.:id becomes hot ; the secondary discharges are also very
liable to melt the antikathode of the tube., It will not
give a long spark."s

3. Lastly, there is a rubbing contact interrupter, which
I have been at work upon for a considerable period

Fi1G. 143—WEHNELT INTERRUPTER.

(Fig. 145). Believing that a rubbing contact between solids
gives a better contact, and a much cleaner and more
sudden break than any contact and break between a solid
and a liquid, I have endeavoured, in the following manner,
to get over the difficulties that presented themselves.
The chief difficulty to be overcome is the burning away
of the surfaces at the point where the current is broken.
This can be diminished by immersing the separating
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surfaces in alcohol or petroleum, but it cannot be entirely
prevented, and a deep pit or groove 15 soon eaten out ot
the contact pieces. The pitting can also be diminished
by employing platinum or iridium surfaces, but the objec-
tion to this is the great expense of these materials. A

F1G. 144.—WEHNELT DISCHARGE.

fixed contact breaker, then, cannot be used for any length
of time. I next tried a roller, and found that so long as 1t
was rotated so as to cause it to continually present a
fresh separating surface, it wore away evenly all round,
and that it could thus be employed for an indefinite
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length of time. I now made both the contact pieces of
metal rollers, held together by a spring, and I arranged
a lifting cam in such a way that while it separated the
rollers, it also caused them to rotate, for this latter point
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FiG. 145.—DAWSON TURNER INTERRUPTER.
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is essential, The interrupter can be obtained from Baird,
Lothian Street, Edinburgh.

When this interrupter is used in air, the secondary dis-
charges are feeble ; immersed in water a much better effect
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Fi1G. 146.—THE DUNFERMLINE SHOOTING CASE ; CONICAL BULLET
BETWEEN STERNUM AND VERTERRA.

F1G. 147.—RABBIT'S PaAw.
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1s produced, but by far the best effect is obtained when
it 1s plunged in petroleum. The problem of devising an
interrupter with solid rubbing surfaces which should not
be rapidly destroyed by burning away was now fairly
solved. It remained merely to ascertain what the tension
of the spring holding the rollers in contact should be, and
how large the cam should be (what should be the propor-
tion between the make and break). I found that this was
largely a question of the voltage employed; the higher
the voltage, the less time need be devoted to the make.

This interrupter is particularly adapted for use with
strong currents at high voltages from the mains; but
it will also work excellently with accumulators.

It has the following advantages over mercurial inter-
rupters :

(@) The metallic contact is more perfect.

[ (b) The break is more complete and sudden (owing to
there being no waves set up in a liquid conductor), no
matter how long it may have been running.

(¢) It is more efficient ; it gives better secondary dis-
charges for the same number of watts (the same length of
discharge is obtained with this interrupter at 3 ampéres
as with the Wehnelt with 1o, the voltage being the same
in each case).

(d) It is more rapid than the dipping contact form ; its
frequency may even approach that of the Wehnelt, while
it has none of the disadvantages of the Wehnelt.

It has enabled me to very much shorten the exposure
of Rontgen photographs. Photographs of the elbow and
of the knee can be taken with a practically instantaneous
exposure. Such short exposures offer many advantages
which are sufficiently obvious. I will, therefore, only
refer to one—namely, that very much sharper photographs
can be obtained, owing to the secondary Rontgen radiation
being unable in the short time of the exposure to affect
the plate. Further, the shorter the exposure, the more
evident are the shadows of the soft parts.
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FIG. 148.—PRECIOUS STONES AND THEIR [MITATIONS,
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149.—LEATHERN PURSE CONTAINING CoOINS AND A KEgyv,

(Photographed in January, 1896.

Old form of Crookes tube.)
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FI1G. 152.—BROKEN RADIUS. (Anold injury to wrist, photographed
through the splints, and showing faulty position of fragments.)

FIG. 153.— ELBOW OF BOy OF I3, SHOWING UNUNITED EPIPHYSIS.
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Fi16. 155.—NoORMAL ApuLt Foor.
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FIG. 156.—SEVEN-TOED FoOT OF BOYy OF SIXTEEN, SHOWING
UNUNITED EPIPHYSES.

FIG. 157.—CHINESE LADY'S FOOT, SHOWING DISEASE OF THE {
Tin1A,
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FiG. 161.-—EXTENDED KNEE, SHOWING SHOT.

F1G. 162.—PHOTOGRAPH OF NECK, SHOWING JAW, TEETH, AND
VERTEBR.E.
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or should only retain a light garment without metallic
buttons ; the tube should be working at its best, and the
room should be absolutely dark. Place the patient first
with his sternum towards the tube, at about 4 inches from
it, and hold the screen, which should be of large size,
against his back; the vertebral column and ribs and
scapule should now be plainly seen, and the heart faintly
outlined. The upper border of the diaphragm, particu-
larly on the right side, is quite evident, and can be seen to
rise and fall with respiration. Now turn the patient
round, and place the screen against his sternum ; the
heart will now be more definitely outlined. The beating
of the heart can usually be fairly well seen, particularly
if the finger be placed at the same time on the pulse.

An atheromatous aorta throws a distinct shadow, and
in a case of Dr. Elder’s, of Leith, we could plainly see an
aneurismal dilatation of the aorta, the existence of which
had been previously suspected. This dilatation could be
observed to beat. Amongst other diseases of this region
which can be recognised by the aid of the screen must be
- mentioned pleurisy with effusion. In a case of Dr.
Affleck’s, the level of the upper surface of the fluid could
be worked out. Phthisical consolidations and cavities
can easily be made out by a practised eye. The former
are more opaque than the normal lung, and in a case that
has not gone far give rise to a peculiar marbling or mottled
appearance. Cavities appear as lighter areas surrounded
by darker borders, but if the cavities contain pus they
throw a dense shadow. Dr. Hugh Walsham has shown
that the presence of tubercle can be recognised by the
Roéntgen rays before abnormal physical signs appear, and
that in suspected early cases, where no Rontgen shadow
could be seen, there was no subsequent evidence of disease.

Attention should be paid to the diminished excursion of
the diaphragm on the affected side (seen also below a
pleural effusion), and to the smallness of the heart. Intra-
thoracic tumours, advanced fibroid conditions of the lung,
gangrene of the lung, and displacements of the heart are
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F1G: 164.—INJECTED BLOODVESSELS OF KIDNEY.
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166.—THE TRUNK AND UPPER EXTREMITIES, BY WILSON NOBLE.
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picture would not be too large for the photographic plate,
If it be too large, the tube must be moved further away,
When these points have been attended to, the plate is
placed in position and an exposure of from thirty to
seventy-five seconds given. The knee may also be easily
photographed when semiflexed or flexed, and the positions
of the patella observed. Lateral photographs are more
easily obtained, and are more satisfactory than antero-
posterior ones.

The hip-joint, owing to its great depth, is more difficult
to photograph satisfactorily ; plates placed underneath it
are apt to be broken by the patient’s weight. A strong-
flat board to support the plate is an advantage.

A preliminary use of the screen will be of advantage in
taking photographs of the thorax or abdomen, especially
in cases where foreign bodies have to be localized. An
exposure of from two to four minutes should be sufficient.

Of the abdomen, for the reasons mentioned on p. 339,
it is much more difficult to get a good negative ; pro-
longing the exposure may be tried, but is not of much
service ; there is, owing to the diffusion and scattering
of the rays, a tendency to a general fogging of the plate,
without the formation of defined shadows.

The successful photography of renal and other calculi
1s a difficult though most important branch of Réntgen
ray work. Biliary concretions of cholesterin may be dis-
missed for the present as being beyond our powers, owing
to their great transparency. Of renal calculi, the oxalate
of lime are the most opaque and therefore the most easily
photographed ; next come the phosphates and urates.
The method adopted in the Edinburgh Royal Infirmary
for such cases is as follows: The patient is first of all
prepared by having the bowels emptied either by a pur-
gative or enema ; the negative, supported upon a stout
board, is placed in position at the back of the patient, who
is recumbent. The negative should be 12 by 15 inches in
size, or larger. A light flannel binder is then fastened
firmly round the abdomen, so as to limit as much as possible

23—2






RONTGEN X RAYS 357

Many attempts have been made to shorten the exposure
for the thicker parts by using fluorescent materials in con-
junction with the negatives. Mr. John Aitken, working
with me in February, 1896, found that the sensitive films
of negatives were more quickly affected by the visible
light of substances fluorescing under the action of X rays
than by the X rays alone. Others have also made the
same observation (Nature, May 21, 1896).

Referring to our own experiments more particularly, we
first tried washing the negatives with solutions of the
platino-cyanides, but obtained better results by placing
a screen, coated with the crystalline material, against the
negative during exposure to the rays. It is of importance
to have the fluorescent material in close contact with the
sensitive film, and it is perhaps better to place the film
between the tube and the screen; but glass plates, in
consequence of their opacity, are not suitable for this;
celluloid films or sensitive paper (Eastman’s ‘X Ray’)
may be used.

The order from the tube would be, supposing the hand
were going to be photographed : Tube, hand, celluloid
film with sensitive surface turned away from the tube,
fluorescent material. y

If glass plates be used, the sensitive surface must be
towards the tube, and the screen placed upon it. Finely-
powdered calcium tungstate or fluorspar yields quite as
good results for this purpose as the platino-cyanides, and
the potassium platino-cyanide is superior to the barium
salt.

By using this method, the exposures, particularly for
the thicker parts, can be much shortened ; thus, a good
photograph of the thorax can be taken in a few seconds,
but the disadvantage is that the shadows are never so
sharply defined, and the negative invariably has a
granular appearance. The result is that most operators
prefer to give a longer exposure, and to get a better
photograph.
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daily to a medium tube at a distance of 4 to 6 inches.
The coil gives a 12-inch spark, and is supplied by ten accu-
mulators, the current-strength being from 3 to 5 ampéres.
Of the cases of pulmonary phthisis one is practically
restored to normal health, two show improvement, one
is ¢n statu quo, and one (an advanced case) has gone steadily
down-hill. A six weeks’ treatment served to restore the
first patient to health ; the second two patients are putting
on weight, and the vomice are drying up. On the whole,
the results are very encouraging. Of the four laryngeal
cases, one has greatly improved, and gone home to his
work, a second has recovered his voice and shows some
improvement, a third is #n sfatu guo, and the fourth is no
better. The first two cases were sent by Dr. Philip, who
also examined them laryngoscopically ; he confirms the
above report. The treatment has had to be intermitted
from time to time on account of the appearance of ery-
thema.

Great care should be taken to avoid setting up a
dermatitis in phthisical and malignant cases, otherwise
most valuable time may be lost. A combination of
general static treatment along with the local Rdéntgen
exposures has been found by me of service in phthisis.

There are several cases now on record of the successful
treatment of carcinoma by, amongst others, Andrew
Clark (British Medical [ournal, June 8, 1gox); Johnson
and Merill—six cases of epithelioma (Phtl. Med. [ournal,
December 8, 1900); and Dr. Lewis Jones (Lancet, Feb-
ruary 22, 19oz). In the latter case the patient suffered
from an ulcerated cancer of the breast measuring 4 by
5 inches. X-ray treatment was begun on November 14,
1901, and ten minutes’ exposures four times a week
were given until January 17, 1902, the total number of
exposures being seventeen. After a few days of the
treatment signs of healthy cicatrization began, gradually
extending round the margin; the new epithelium was
deeply pigmented. Since the suspension of the treatment
healing has gone on steadily, and now, with the exception
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suspension of the exposures the patient has continued to
improve. -

It would seem, then, that the therapeutic effects o
. X rays are, like its effects in producing dermatitis, camula-
tive, and that patients may be expected to continue to
improve for some time after the treatment. Whether
these patients are liable to recurrence, whether the im-
provement is only temporary, whether the healing pro-
duced be sound and permanent, are questions that will
be solved as time goes on. Still, it cannot be denied that
we have in the Rontgen rays a powerful means for the
amelioration of cancer; the pain is relieved, the dis-
charges grow less, the surface takes on a healthy aspect,
and cicatrization appears.

In a case of Mr. Cotterill’'s, of multiple scirrhus (ex-
hibited at the Edinburgh Medical Chirurgical Society,
May 7, 1goz), ultra-violet light was employed by the
author with excellent effect to the cancerous nodules,
which disappeared under its use.

Of the unquestionable value of the X rays and of the
Finsen light in the treatment of rodent ulcer and of lupus
there can no longer be any doubt. It will be well, then,
before comparing their therapeutic effects, to study the
nature and production of the ultra-vielet or Finsen light.

Dr. Finsen’s name has been associated with the red-
light treatment of small-pox and the ultra-violet light
treatment of skin diseases. It is with the latter that we
are now concerned (refer to p. 147).

Production of the Ultra-Violet Rays.

They are found naturally in sunlight. They may be
artificially produced chiefly in two ways :

(a) By an electric arc light.
(b) By an electric spark from a condenser.

Doubtless they are present to a varying extent in other
sources of illumination, but are either deficient in quantity
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or are cut off by some opaque substance, such as by the glass
of a Rontgen ray tube. Probably other powerful sources
of ultra-viclet radiation will be found. I made some
experiments with burning magnesium wire, but was dis-
appointed with the result. The sunlight cannot often be
made use of in our climate, and there are two disadvan-
tages which attend it: one, that it is also such a powerful
source of radiant heat, which must in some way be filtered

)
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F1G. 167.—CONDENSER SPARK LAMP.

off ; and, secondly, that much of its ultra-violet radiation
is absorbed in passing through our atmosphere.

(@) The arc light with carbon electrodes gives oft blue
and violet rays freely and ultra-violet in fair amount ; if
provided with iron electrodes, the emission of the ultra-
violet is‘increased, but it labours also under the disadvan-
tage of being a copious source of radiant heat. Means
must be taken, then, both in its case, and in that of the sun,
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to remove, by some cooling medium or substance opaque
to radiant heat, the excessive heat rays, which would other-
wise cauterize the part.

(b) It has long been known that the electric spark pro-
duced by the discharge of a condenser was of a brilliant
character, and that it had strong actinic qualities, but
Dr. Gorl of Nuremberg was the first person, so far as I
am aware, to make use of it therapeutically (Miinch.
Med. Wochenschrift, No. 19, 1901).

This spark is obtained (see p. 147) by connecting a con-
denser or large Leyden jar to the induction coil used in
Réntgen ray work, and causing the discharge of the jar
to pass between two electrodes, which preferably are of
iron. Acting on a suggestion of Mr. Leslie Miller, I com-
pared the ultra-violet radiation of the condenser spark
with that of an arc light with carbon electrodes.

Recognition of Ultra-Violet Radiation.

We have the following means of recognising the presence
of ultra-violet rays :

(a) They are powerfully actinic.

(b) They can excite fluorescence.

(¢) They can discharge an electrified body (Hertz),
provided the body is negatively electrified.

(@) They have a special action on the skin of the
higher animals, and on the entire tissues of
the lower animals and plants—bactericidal
effect.

(¢) They can produce nuclei for cloud ! condensa-
tion in moist air (Wilson).

(¢) The difficulty of comparing the photographic effects
led me to discard such an attempt.

(b) To compare the fluorescent effect I had some quartz
lenses and prisms made, and projected by their means the
spectrum of the two sources of radiation. One of the
chief difficulties that presents itself in dealing with these
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rays is due to the fact that glass is quite opaque to the
extreme ultra-violet. Hence glass lenses and prisms
cannot be used, and to produce a spectrum by refraction
some more transparent substance, such as rock-salt or
quartz, must be made use of.

For various reasons it is difficult to make an accurate
comparison by this method ; still, the experiments com-
municated by me to the Royal Scottish Society of Arts,
January 27, 1902, showed a greater lengthening of the
spark spectrum by potassium platino-cyanide (and calcium
tungstate) than that of the arc light. The barium salt
did not visibly fluoresce in the spectrum of the spark, and
the calcium salt did not in the spectrum of the arc. 1
also compared the spectrum of Dr. Bang’'s lamp (with
iron electrodes); this yields a wiolet and ultra-violet
radiation similar to that of the condenser spark, though
not so extended, and calcium tungstate fluoresces. As
a result of these experiments, I concluded that the con-
denser spark was richer in ultra-violet rays than the arc
light. (The radiation was of shorter wave-length and
greater frequency.)

(¢) The property of discharging an electrified body is
the most easily tried.

The radiation of an arc light wﬂI, at ordinary atmo-
spheric pressure, only discharge a negatively electrified
body, and the body must have a freshly-cleaned surface
of some special material, such as zinc or aluminium.

The condenser spark will, however, discharge either a
positively or a negatively charged body, and irrespective
of any special material. The discharging is, however,
more rapidly produced if the body be charged negatively,
and still more rapidly if the body be provided with a zinc
surface, so the difference may be one mainly of degree.
Under the latter circumstances (when the body is nega-
tively charged and provided with zinc) the experiments
showed that, while the arc light required twelve seconds
to discharge the electroscope, the condenser spark, at a
similar distance of 5 inches, required only five seconds.
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We may conclude, then, that the condenser spark 1s very
much richer in those ultra-violet rays which discharge an
electrified body than is the arc light.

I gather from these and from the preceding spectrum
experiments that the radiation of the condenser spark is of
a higher order (more ultra ultra-violet) than that of the
arc with carbon electrodes. Dr. Bang’s lamp was now
tried with the electroscope. Without a surface of zinc
to strike it did not affect it, but when the electroscope
was provided with a clean zinc surface and was negatively
charged, then the lamp discharged it very rapidly (in five
seconds through 1 inch of rock-salt).

Transparency and Opacity to Ultra-Violet Rays.

Dr. Finsen proved that these rays can penetrate blood-
less tissues far more easily than those filled with blood.
He placed a piece of sensitized paper on one side of a man’s
ear, letting the blue and violet rays of one of his apparatus
for concentration of sunlight fall on the other side of the
ear. After five minutes this paper was not affected ; on
the other hand, the paper was distinctly blackened in
twenty seconds if all the blood were pressed out of the ear
between two glass plates. In agreement with this is the
fact that if you look, using a spectroscope, through an
ear filled with blood you will only see a red stripe, but if
the ear is made anamic the spectrum will consist of all the
colours. Accordingly, the area of the skin that is to be
treated by light rays must be made as anzmic as possible
(Dr. V. Bie, British Medical [ournal, September 30, 18qg).

It must be observed that Dr. Bie in these experiments
only dealt with blue and violet (not ultra-violet) rays ;
the glass plates would cut off the ultra-violet.

To produce an@mia a compressor through which the
rays can pass must be used, and therefore the question of
transparency is of great importance. To test this question
a series of experiments were carried out by me, of which
the following are of chief interest. (In the following
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the considerable distance, and the various cooling and
concentrating media between the arc light and the patient,
there will not be much of the ultra-violet light left; for
both the quartz and the water absorb a certain percentage
of it, and some will be lost on entering and leaving every
fresh surface. Further, the expense of the installation
is very great (£10o to £200) and its upkeep considerable ;
but the greatest drawback of all is the time occupied in
the treatment, A lengthy exposure of an hour and a
quarter is found necessary, and this has to be repeated
daily for months. A large amount of power—something
. like eight horse-power at 100 volts—is being consumed
to produce a small and tardy effect in four patients. This
would be all very well if there was no other way of pro-
ducing the effect, but, fortunately, owing to recent improve-
ments, there is. The inefficiency of the original method
depends mainly on the great distance the lamp is from
the patient; the intensity of the rays diminishes as the
square of the distance, and this is not wholly compensated
by the concentrating lenses, for these alone serve to cut off
part of the radiation.

The Lortet and Genoud arc lamp is a step in advance.
A small arc light (1o ampéres) is fitted in a metal case or
screen, in which is a double quartz window, between which
a stream of water circulates, The patient, by his own
effort, presses his face or affected area against the outer
quartz window, so that his skin will not be much more
than 2 to 4 inches from the light, which is placed close to
the inner quartz window. The separating media are two
layers of quartz and a stratum of water. The water is
essential for cooling purposes. A slightly improved form
of this lamp in use at the London Hospital is known as
the London Hospital lamp.

With this lamp a sitting of fifteen to twenty minutes 1s
found to be sufficient, and the surface of skin affected is
considerably larger than with the older form, in the ratio
of about g to 2 square centimetres. The cost of the
apparatus is about £25, and it consumes at 100 volts about:

24
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CaseE.—A man, aged fifty-five, recommended by Pro-
fessor Annandale, was admitted to the electrical depart-
ment of the Royal Infirmary on December 4, 1gor. The
patient had suffered for the lust eight years from a rodent
ulcer on the right side of the nose, which had been treated
unsuccessfully in many different ways. The ulcer was
bean-shaped, and about the size of a small mussel-shell,
covered with brown crusts, which, when removed, left
an irregular depression } to } inch in depth, with a raw
grayish, granular surface and shelving edges. Treatment
by Réntgen rays was commenced December 4, 19o1, with
exposures of five minutes daily. SlowY but steady im-
provement followed until January 1051902, when the
X-ray treatment was replaced by exposures of from two
and a half to five minutes to the condenser spark through
rock-salt three times a week. Three days after the first
exposure marked improvement was observed, and after
three exposures the ulcer had almost disappeared. After
five exposures the patient returned home, the only trace
of the disease that remained consisting of some slight
scales towards the upper margin of what had been the
ulcer.

There miay be recurrence, as in the following case :

A patient, aged sixty, recommended by Dr. G. Mackay,
was admitted, October 7, 1go1r, suffering from a rodent
ulcer of the left lower lid. The patient was treated by
daily seven-minute exposures to the Réntgen rays ; after
two months’ treatment the patient was discharged with
the ulcer healed, but a month later he returned with a
slight recurrence. This speedily yielded to a renewal of
the treatment.

Some cases, when treated by the ultra-violet light, im-
prove in a remarkable manner, two or three short (two-
and-a-half-minute) exposures serving to produce improve-
ment. Any pain and bleeding cease, the discharge dries
up, and the margins show cicatrization. In other cases
the Rontgen rays succeed best.
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