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MEDICAL ELECTRICITY

CHAPTER 1
FIRST PRINCIPLES AND DEFINITIONS

Electroscopes—Conduction—Electromotive force—Capacity—Condensers
—Leyden jar—Theory of Arrhenius—The voltaic cell —Electrolysis—
Anions and kathions—Resistance—Ohm's law—Units of measure-
ment—Primary and secondary cells—Magnetic field—Galvanometers
—Electromagnetic induction—The induction coil—The dynamo-
machine—Alternating currents—The transformer.

1. Introduetory.—For the proper use of electricity in medical
treatment, the practitioner requires a sound knowledge of the
elementary principles of the science of electricity, and this should
be sought for in one of the textbooks of the subject—as, for
example, that of Professor Silvanus Thompson. In this chapter
certain points which are necessary as an introduction to what
follows will be briefly mentioned.

2. Gilbert of Colehester.—The foundation of the modern
science of electricity was laid by a medical man—Dr. Gilbert, of
Colchester, Physician-in-Ordinary to Queen Elizabeth, and Presi-
dent of the Royal College of Physicians in the year 1600, the
date of the publication of his treatise *“ De Magnete.”

He extended to a large number of other substances the ancient
observation that rubbed amber attracted light bodies. It seems,
also, that we owe to him the word electricity, for he called all
those substances electrics which, when rubbed, displayed the
same attractive power for light bodies as amber (fjAexrpor,
electrum) does, and soon afterwards the word electricity was
introduced to indicate this power considered as a quantity
capable of measurement.

All bodies, when rubbed with suitable precautions, are, to use
I
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electricity is not yet known, so that we are at present accepting
a sort of Franklinic theory, but modified, in the sense that it is
negative electrification which constitutes the excess of charge, and
positive electrification which constitutes the deficiency, and we
say that a glass rod rubbed with silk is positively electrified
because the silk withdraws electrons from the glass. Sir Joseph
J. Thomson, in his researches into the nature of the discharge of
electricity through gases, came to the conclusion that the convey-
ance of electricity in highly exhausted vacuum tubes took place
by means of negatively charged particles moving at an enormous
velocity from the negative electrode. These particles, to which
he gave the name of * corpuscles,” he showed to have a mass less
than one-thousandth of the mass of a hydrogen atom, and to
consist of negative electricity alone, quite apart from matter,
and he states the position as follows, if we substitute the word
“electron ™ for “corpuscle ” : ““ These results lead us to a view of
electrification which has a striking resemblance to that of Frank-
lin's * one-fluid " theory of electricity. The electric fluid of
Franklin corresponds to an assemblage of electrons, negative
electricity being a collection of these electrons. The transference
of electrification from one place to another is effected by the
motions of electrons from the place where there is a gain of
positive electrification to the place where there is a gain of
negative. A positively electrified body is one that has lost some
of its electrons.”*

4. Conduction.—If an electrified body, insulated by being
supported by silk strings or by a glass stem, be connected with
another similarly supported non-electrified body by means of a
wire for an instant, the second body will become electrified in the
same sense as the first body, but to a less degree, the charge of
the first body being conducted along the wire connection, and
divided between the two bodies. If the connection had been
made with a glass rod, a stick of resin, or a silk thread, no transfer
of charge would have occurred. The metal wire is, therefore, a
conductor of electricity, the glass rod, etc., are not.

Substances vary very much in their power of conducting
electricity. Thus, metals are good conductors, saline solutions
and living bodies are less good ; wood and cotton are poor con-
ductors ; while wool, silk, oils, resins, ebonite, air at ordinary

* From “ The Electron Theory,” by E. E. Fournier d’Albe. Longmans,
Green and Co., 1906.
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withdrawal of the inducing body will therefore leave the other
body charged with a charge of the opposite sign.

6. Electroseopes.—The simplest means by which we may tell
when a body is electrified is an instrument called an electro-
scope. The usual form of electroscope is that known as the
gold-leaf electroscope, which is made of two strips of gold-leaf
hung together from a wire. When these are electrified, they
repel each other and diverge, and so indicate the presence of
electrification. The instrument is usually enclosed in a glass
case, which serves as an insulating support, and protects the gold-
leaves from disturbances by currents of air (Fig. ). This figure
represents a simple form of electroscope, but many elaborated
and improved forms have been devised.

With this instrument one can also discern the sign of the
charge on an electrified body, for if a portion of the charge be

Fig, 1.—GoLD-LEAF ELECTROSCOPE.

transferred to the electroscope, and an additional charge be
added from a positively electrified body—e.g., from a glass rod
that has been rubbed with silk—then, if the former charge was
negative, the leaves will collapse, but if positive, they will
diverge still further,

The best way of carrying out this test is as follows : Approach
the charged body to the electroscope. It becomes charged by
induction, and the leaves will diverge. Touch the knob of the
electroscope with the finger for an instant, and they will collapse ;
but on subsequently removing the body to be tested, they will
again diverge under the effects of a charge of opposite sign to
that of the body to be tested. Now bring up near the electro-
scope the rubbed glass rod. If the leaves collapse, the present
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when the wire is introduced, produces this transfer, is called the
electromotive force from the one body to the other along the
path marked out by the wire. If the potentials at different
points of a conductor are different, there will be an electric current
from the places of high to the places of low potential. The
idea of electrical potential may be illustrated by comparing it
with pressure in the theory of fluids and temperature in the
theory of heat. If two vessels containing fluids are put into
communication by means of a pipe, fluid will flow from the vessel
in which the pressure is greater into that in which it is less till
the pressure is equalized. Again, if two bodies at different
temperatures are placed in thermal communication, either by
actual contact or by radiation, heat will be transferred from the
body at the higher temperature to the body at the lower tempera-
ture till the temperature of the two bodies becomes equalized.
Similarly, when two electrified bodies are put into electric com-
munication by means of a wire, electrification will be trans-
ferred from the body of higher potential to the body of lower
potential,

9. Electrometers.—The only thing that can be observed in
connection with electricity at rest is a difference of potential.
It is possible to measure the quantity of electricity driven
through certain instruments just in the way that a quantity of
water driven through a water-meter can be measured, and some
of these instruments will be discussed in a later paragraph ; but
for the present we can only appreciate electrical charge by
observing a difference of potential, and electroscopes and electro-
meters are instruments for showing or measuring differences of
potential.

The gold-leaf electroscope has been shortly referred to above.
The divergence of the leaves of this instrument may be taken
as an indication that the knob or dise, or way by which electricity
enters the instrument, is at a different potential to its surround-
ings ; but obviously it does not give us more than the roughest
indication of the amount of difference of potential. In cases
where there is a great difference of potential a delicate gold-leaf
electroscope is likely to be spoilt by the violent repulsion of the
leaves, so rougher forms may be used—e.g., leaves of thin alu-
minium or even pith balls suspended by linen threads may be
used instead of the more delicate gold-leaf.

If it is required to measure a difference of potential, an electro-
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be put into a conductor of a certain capacity depends upon the
potential or pressure at which it is charged. A body of unit
capacity holds unit quantity when charged to umit potential,
and holds ten times as much when charged to ten times the
potential. On this account it is necessary to know both the
capacity of a conductor and the potential to which it has been
charged before forming any idea of the quantity of electricity
which it contains. The capacity of a conductor may be com-
pared to the capacity of an elastic bag. The amount of air or of
water that can be forced into an elastic bag of given size depends
upon the pressure at which it is forced in, and provided the bag
does not burst it can be made to hold more and more by increasing
the pressure at which it is charged.

The capacity of a conductor is increased by bringing near to
it other conducting bodies, which are maintained at zero poten-
tial by being connected to earth, and the nearer the ‘‘ earthed ”
conducting bodies are to a conductor the greater becomes the
capacity of that conductor. This is an effect of induction (§ 5)-

The importance of this point is well brought out by an example.
The capacity of a sphere of 10 centimetres radius suspended
freely in space is 10 units, but if another sphere of 11 centimetres
radius be placed concentrically to it, so that the two spheres are
separated one from another all round by 1 centimetre of air, and
if the outer sphere be maintained at zero potential by connection
to earth, then the capacity of the inner sphere is no longer 10 but
110 units, while if the radius of the outer sphere be reduced to
104 centimetres, the capacity of the inner one would become
210 units.*

12. Condensers.—An apparatus consisting of two insulated
conductors, each presenting a large surface to the other, with a
small distance between them, is called a condenser, because when
one conductor is connected to earth a small electromotive force
is able to charge the other with a much larger quantity of elec-
tricity than if it stood alone—i.e., its capacity is increased by
the proximity of the other conductor.

The simplest form of conductor consists of two metallic discs
supported on insulating stems, and facing each other, the inter-
vening non-conductor or dielectric being air. If, now, a different

* If a be the inner and & the outer sphere, then the capacity of a is given
by the formula &

i







LEYDEN JAR—CURRENT ELECTRICITY II

the glass be very thin it may give way under the strain when
charged to a high potential, and be broken to pieces.

Condensers are also made by pasting a sheet of tinfoil on each
side of a pane of glass, or by arranging a number of sheets of glass
and tinfoil alternately. The even numbers of the tinfoil sheets
are connected together to form one armature of the condenser,
the odd numbers forming the other. Condensers are used by
connecting one coating or armature to one pole of an electric
source, and the other to the other pole, or to earth.

Instead of the glass sheets shellac-varnished paper may be
used as the insulator or * dielectric,’”” and owing to its thinness a
large capacity can easily be obtained in this way ; but the ten-
dency of the thin paper to be perforated if high electromotive
forces are applied to it should be borne in mind.

The discharge phenomena of a Leyden jar present many
points of interest, and will be found to have important applica-
tions in some forms of medical apparatus. Generally the
discharge takes place by a series of oscillations, which may be
compared to the movements of a piece of watch-spring, or of an
elastic rod which has been bent aside and allowed to fly back
into its original position. The watch-spring, under these circum-.
stances, swings to and fro several times before coming to rest.

In the case of the Leyden jar discharge, it will be found that
the rate or “ frequency ” of its oscillations can be varied by
varying the electrical dimensions of the Leyden jar or condenser,
and those of the circuit through which the discharge takes place.

I4. Current Eleetrieity.—At the end of the eighteenth century
Volta observed that when dissimilar metals, such as zine and
copper, were brought into contact in air electrical separation
took place, and a small difference of potential (§ 8) could be
observed between the metals, the zinc being positive to the copper,
or at a higher potential. Under these circumstances this differ-
ence of potential does not efface itself by discharging across the
junction of the two metals, as a difference of potential between
two parts of a homogeneous conductor would do, because the
electromotive force set up at the junction of the two metals could
only discharge itself across the junction by a flow in the opposite
direction to that in which it tends to cause a flow ; but that is
absurd. But if the two pieces of metal, while in contact, are
immersed in some liquid that is capable of acting chemically on
one of them—e.g., dilute sulphuric acid—a *‘ circuit ” is formed,
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(b) Osmotic Pressure—When a soluble substance is placed in
water, it goes into solution, at first rapidly, but as the solution
approaches saturation it dissolves more and more slowly. The
dissolved molecules appear to exercise a pressure which opposes
the solution pressure, and eventually a point of equilibrium is
reached when the opposing pressure of the dissolved particles
equals the solution pressure of the substance. This back pressure
is known as osmotic pressure, and is susceptible of accurate
measurement.

We may take as a concrete example the behaviour of zinc
sulphate and distilled water. At 20° C. 53 parts of zinc sulphate
will dissolve in 100 parts of water—that is to say, the solution
pressure of the salt enables it to dissolve in the water to that
extent. At 50° C. 66-g parts will dissolve. At these tempera-
tures the solution pressure of the zinc sulphate is balanced by the
osmotic pressure of the solutions, when those proportions of the
salt are present in solution in the water. If the warmer solution
be cooled, the equilibrium will be disturbed, the osmotic pressure
will become stronger than the solution pressure, and solid zinc
sulphate will be deposited from the solution. Conversely, if the
cooled solution be warmed, its osmotic pressure will be reduced,
and more of the salt will go into solution.

16. Theory of Arrhenius.—The behaviour of solutions when
they are traversed by electrical currents is more easily under-
stood if it is assumed that the whole class of compounds known
as electrolytes break up, or are dissociated, when dissolved in
water. An electrolyte i1s a substance whose constituents are
separated when it is traversed by an electric current. Almost all
chemical compounds are electrolytes, especially the mineral
acids, alkalies, and their salts, and also many organic salts of
analogous composition. We may believe that sodium chloride,
for example, breaks up more or less completely into the two
separate parts, Na (sodium) and Cl (chlorine). Hydrochlorie
acid dissociates into H and Cl, zinc sulphate into Zn and SO,,
and so on, each molecule forming two separate entities, which are
known as ions. The ions carry definite charges of electricity,
those of the metals having positive charges, and those of the
non-metals (chlorine, acid radicals, and the like) having negative
charges. The ions, SO,, Cl, H, Na, etc., do not manifest the
chemical properties of their elements as ordinarily recognized.
The difference is one of their electrical charges, and when the
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The electrolytic solution pressures of different metals—that is
to say, the tendency of different metals to form ions when in
contact with a liquid—varies very greatly for the different
metals.

When ions are formed in the case of zinc immersed in an
electrolyte they acquire definite positive electrical charges, and
consequently the liquid becomes positively charged ; and as both
kinds of electricity must be simultaneously developed whenever
electrical energy comes into existence, an actual negative charge
is developed on the metal. Electrical equilibrium is thus main-
tained, while the tendency of the metal to continue forming
positive ions is opposed.

Tables have been drawn up of metals arranged in order accord-
ing to their tendency to form ions, and from the point of view
of their action when used as the metals of a voltaic cell they
may be divided into those whose electrolytic solution pressure
is greater than that of hydrogen, and those others whose electro-
lytic solution pressure is less.

An abbreviation of such a table would be :

Zinc.
Iron.
Lead.
Hydrogen.
Copper.
Silver.
Platinum.

Those metals whose electrolytic solution pressure is greater
than that of hydrogen are able to deprive hydrogen ions of their
positive charges, and thus to displace hydrogen in an electrolytic
cell. They are the metals which dissolve in acids with evolution
of hydrogen gas.

18. Voltaie Cell.—If the wvoltaic cell be now considered as
an electrolyte, H,50,, in which the two dissimilar metals, zinc
and copper, are immersed, it will be seen that each will exert its
own solution pressure, and will become negatively or positively
charged. The zinc, by virtue of its high electrolytic solution
pressure, tends to form positively-charged zinc ions, and in doing
so becomes negatively electrified. The copper has almost no
tendency to become ionized, and acquires a positive charge not
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In any case, whatever may be the terms employed to describe
it, the essential feature of the voltaic cell is that there is an
expenditure of zinc and a liberation of energy. This liberation
of energy at the expense of the zinc takes place whenever zinc
is dissolved, but in the voltaic cell we have a contrivance for
intercepting the energy set free by the chemical action, and for
utilizing it as a current of electricity in the wire circuit joining the
poles of the battery.

It is customary to consider the zinc plate of a battery as the
positive plate, and the copper or other plate as the negative
plate, while the terminal attached to the zinc plate is called the
negative pole, and that attached to the copper the positive.
The origin of this very confusing nomenclature is, no doubt, the
fact that in the liquid the positive direction of flow of the current
is from zinc to copper, and because the chemical action takes
place at the zinc plate. But in the connecting wire the positive
direction of the flow of current is from copper to zinc (see Fig. 3),
and, as this is the portion of the circuit that we are most con-
cerned with, the word positive will be used to denote the pole
belonging to the copper plate of the battery.

19. Eleetrolysis.—We have seen in the preceding paragraphs
that the solution of a salt in water leads to its dissociation into
ions. This dissociation is incomplete except at stages of great
dilution, but nevertheless we can regard all such solutions as
containing free ions abundantly. A solution containing free ions
acts as a conductor ; indeed, the conductivity depends upon the
presence of free ions, and a liquid conducts electricity well or
badly in proportion to the degree to which it is dissociated, or
(which is the same thing) to the number of free ions which exist
mm it. Water, for instance, conducts very badly when pure, and
it has been calculated that its dissociation is very slight indeed.

The ions in an electrolyte through which no current of elec-
tricity is passing have no definite arrangement in the liquid so
far as we know. Whatever motion there may be among them
has no uniformity of direction, or at least has no tendency to
any separation or sorting out of the positively and negatively
charged ions.

If an electric current be produced in an electrolyte, as can be
done by dipping into it two electrodes which are connected
respectively to the positive and negative poles of a source of
electricity, an orderly motion of the ions is brought about, and

2
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acidity at the anode and alkalinity at the kathode. The gas
evolved at the kathode is hydrogen, that at the anode oxygen,
and the explanation given is as follows !

The electrolyte contains free sodium ions and free SO, ions,
some undissociated sodium sulphate molecules, also a few H
and OH ions from the dissociation of the water, which occurs
only to a very slight extent. During the passage of the current
the sodium ions migrate towards the kathode, part with their
charges, and deposit sodium in the metallic form. Sodium,
however, is decomposed by contact with water into sodium
hydrate and hydrogen ; accordingly hydrogen gas is evolved,
and the liquid near the kathode becomes alkaline from the
dissolved sodium hydrate. At the anode the SO, ions also lose
their charges, and the SO, undergoes a secondary reaction with
the molecules of water present to form H,SO, (sulphuric acid)
and oxygen, which is evolved. Objections have been raised to
this explanation of the events, but it seems very likely that
sodium is really set free in the form of metal at the kathode,
because if mercury be used as the kathode the ewvolution of
hydrogen is decreased, and metallic sodium can be extracted
from the mercury by suitable treatment.

20. The Laws of Eleetrolysis.—The amount of ions deposited
by the passage of a current through an electrolyte was shown
by Faraday to be connected by a simple relation with the quan-
tity of electricity which passes through the electrolyte ; and he
enunciated the following “ laws of electrolysis ** : (1) The quan-
tity of an electrolyte decomposed by the passage of a current of
electricity is directly proportional to the quantity of electricity
which passes through it. (2) If the same quantity of electricity
passes through different electrolytes, the weights of the different
ions deposited will be proportional to the chemical equivalents
of the ions. Thus, if the same current passes through a series
of electrolytes from which it deposits as ions hydrogen, oxygen,
silver, and chlorine, then for every gramme of hydrogen de-
posited, 8 grammes of oxygen, 108 grammes of silver, and
35'5 grammes of chlorine will be deposited.

The guantities by weight of various substances which are liber-
ated by one unit of electricity (taken as one ampére for one
second) are termed the electro-chemical equivalents of those
substances. The electro-chemical equivalent of hydrogen is
slightly greater than o-o1 milligramme, and of silver 1:118 milli-
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for it can then be explained as the breaking up of the atoms
of the gas into negatively-charged electrons and positively-
charged remainders, and this is doubtless the explanation of
what happens when a gas is rendered conducting by any one
of the well-known methods, such as exposure to Roentgen rays,
to radium rays, to ultra-violet light, or to heat, as, for instance,
in a flame.

22. Heating Effects of a Current,—We saw in § 18 that a voltaic
cell may be regarded as an apparatus by means of which the
energy of the chemical action between the zinc and the exciting
fluid or solvent can be in part converted into electrical energy,
and the process may be regarded as a combustion in which the
fuel is the zinc. If a piece of common zinc be simply dissolved
in sulphuric acid in a test-tube the energy liberated serves only
to warm the contents of the tube, but when the zinec is arranged
in a voltaic cell some of the energy can be utilized in the form
of an electrical current flowing through the circuit, and this
current can be made to do work, or can be again converted into
heat in any part of the external circuit of the cell. When an
electrical current flows through a circuit, energy is absorbed by
the resistance of the circuit, and is dissipated in the form of heat ;
or, in other words, a wire carrying the current becomes heated by
the passage of the current through it. The amount of heat gener-
ated depends (1) upon the resistance of the wire, being pro-
portional to the resistance, and (2) upon the magnitude of the
current, being proportional to the square of the current. Ac-
cordingly, when it is wished to avoid the production of heat and
the consequent loss of energy in a circuit, the conductors should
be of low resistance ; and conversely, when the current is to be
used for the production of heat, as in the wire loop of a galvano-
cautery instrument, or in the filament of an incandescent lamp,
then the resistance of the part of the circuit which is to be heated
must be made as high as may be necessary for the circumstances
of the case, and a relatively bad conductor must be chosen for
that portion.

23. Resistance. — A current is set up in a conductor by
electromotive force—that is to say, there will be a current in
a conductor if there be a difference of potential between its
ends (§ 8). Itis soon found in working with currents that with
different conductors different currents are produced by the same
electromotive force. There is, therefore, another factor that
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solid conductor is considered, so we may consider the resistance
of a liquid or electrolyte.

The fact that electrolysis is taking place in an electrolyte does
not prevent the consideration of its resistance in the same way
as that of a non-electrolyte. Compared with metals the resist-
ances of solutions are high; thus a salt solution may have a
specific resistance upwards of a million times greater than that
of copper.

As heat generally increases the resistance of metallic con-
ductors, and decreases that of electrolytes, it is necessary to
take account of temperature whenever measurements of resist-
ance are to be made.

The measurement of resistance in electrolytes may be com-
plicated by electrochemical relations existing between the
electrolyte and the poles of the electrolytic cell, and electro-
motive forces set up in the cell itself may obscure or vitiate the
results if they are not properly recognised and guarded against.

24. Ohm’s Law.—The law showing the relation between
electromotive force, resistance, and current was enunciated by
Dr. G. S. Ohm, and is known as Ohm’s law. It is as follows :
The strength of the current in any civeuil or pavt of a civeuil varies
divectly as the electromotive force in that circuit, and inversely as the
resistance of the civeuif. This may be expressed in symbols thus:

E

C=E,
where C stands for the current, E for the electromotive force,
and R for the resistance. From this formula we obtain in

addition E=CR, or R=%- Thus we can calculate either C, E,

or R if the values of the other two symbols are known or can
be measured.

25. Practical Units.—The units of electrical quantities are all
ultimately defined in terms of the units of mass, length, and
time, and as in all scientific calculations these are taken to be
I gramme, I centimetre, and 1 second respectively, the system
of units is known as the absolute or centimetre-gramme-second
(C.G.S.) system. It is found, however, that for practical cal-
culation and use these units are not of a convenient size—e.g.,
the units of electromotive force and of resistance are inconveni-
ently small, and that of current is inconveniently large. The
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specific heat, and the rate at which it loses heat at its surface,
we can calculate the temperature after the current has passed
for any given time.

A watt is not a measure of work done, but of the rate of doing
work. To obtain a measure of work done the time during which
it goes on must be also considered. Thus one watt for one hour,
or, shortly, one watt-hour, is a measure of work done.

By Ohm'’s law E=RC, and if in the equation W=EC, RC be
substituted for E, we obtain the formula W=C*R, for the rate
of doing work, for losses in a conductor, or for the heating effects
of a current traversing a conductor.

The Board of Trade unit in which the energy sold to con-
sumers by the electric lighting companies is measured is I,000
watt-hours, or one kilowatt hour, and costs from threepence to
sixpence.

This amount of energy can be made up in various ways ; for
example, taking the ordinary pressure of supply as 100 volts,
ten ampéres at that pressure for one hour, or one ampére for ten
hours, alike represent theamount of energy of one unit. A carbon
filament incandescent lamp of sixteen candle-power requires
about sixty watts to keep it at a proper degree of brightness, and
on a circuit of 100 volts it takes a current of 0’6 of an ampére.
Five of these lamps would use 300 watts, and if kept going for
five hours the amount of energy absorbed would be 1,500 watt-
hours, or one Board of Trade unit and a half, costing ninepence,
if the price of the unit were sixpence. The modern metallic
filament lamps of sixteen candle-power require only twenty
watts, and the consumption of energy in them is therefore about
one-third of that of the old carbon filament lamps.

26, Thermo-Eleetricity.—In 1822z Seebeck discovered that a
difference of potential could be produced by heating or cooling
the point of junction of two dissimilar metals. If a rod of
bismuth be soldered to one of antimony, and the free ends be
connected by a wire, a current will flow through the circuit so
formed if the junction of the bismuth and antimony be heated or
cooled, and the current will continue to flow so long as the
junction is maintained at a different temperature to the rest of
the circuit. When the junction is heated the direction of flow
is from bismuth to antimony through the heated part, but when
it is cooled the current flows in the opposite direction. Other
metals, and some alloys and minerals, show the same effects,
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The similarity between this table and that given in § 17 is
easily seen.

This order is given for the elements in the presence of dilute
acid ; with other exciting fluids the order may be slightly different
by reason of the influence which may be exerted by osmotic pres-
sure and electrolytic solution pressure under varying conditions.

It follows that the cell with the greatest electromotive force
would be one the poles of which consisted of the two materials
at the extreme ends of the table, and many of the improvements
in batteries made with the object of increasing the electromotive
force have been by substituting bodies further down the list for
the copper plate of Volta’s cell. Thus in Smee’s cell we find a
platinized silver plate, and in Groves’ cell a platinum plate,
while in Bunsen’s carbon is used. The best of these cells when
working properly have an electromotive force of something under
2 volts ; that of a Bunsen’s cell is from 1'8 to 1°g volts.

As will be seen in the description of secondary batteries, a
positive plate of peroxide of lead affords a means of getting a
high electromotive force, and the combination of it with a zinc
negative plate has been suggested under the name of the zinc-
lithanode battery, and has an electromotive force of 2'5 volts
per cell -

If several cells be coupled together in series—that is to say,
with the negative pole of the first joined to the positive pole of
the second, and so on—the electromotive force of the combination
measured from the positive pole of the first to the negative of the
last cell will be equal to the sum of the electromotive forces of
the cells taken separately ; thus, when high electromotive forces
are required, the arrangement of a sufficient number of cells in
series provides a means of obtaining it. If ten cells of an electro-
motive force of 1°5 volts apiece be arranged in series, the electro-
motive force of the whole battery will be 15 volts. In medical
treatment, an electromotive force of 30 or 40 volts may be re-
quired, and a medical battery is, therefore, provided with a
suitable number of cells connected together in series to give such
a voltage.

28. Internal Resistance of Cells.—This is determined by the
concentration of the fluid in the cell, by the distance between the
plates, and by the area of the plates. The internal resistance is
low if the plates be large and close together, and high if the plates
be far apart or small. If the whole circuit of a cell be considered,
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may also be arranged in parallel (Fig. 5)—that is to say, two or
more cells may have their positive poles connected together to
form one pole of the battery, and their negative poles in like
manner to form the negative pole. When cells are connected in
series, the electromotive force of the battery is the sum of the
electromotive forces of the cells composing it ; the internal resist-
ance of the battery is also the sum of the internal resistances of
the cells. When similar cells are connected in parallel, the
electromotive force of the combination is no more than the
electromotive force of one of its components ; but its internal re-

o Y e W 9 o
F16. 4—S1x CELLS ARRANGED IN SERIES.

sistance is diminished in proportion to the number of cells coupled
together. With six cells in parallel the internal resistance is
one-sixth of that of one cell. It is sometimes useful to couple
up the cells which are at hand in the best manner for obtaining
the desired result, as the following example will show :

Suppose the resistance of a cautery is 0’1 ohm, and the cells
to hand are of 16 volts each and 0°5 ohm internal resistance,
and suppose that the cautery requires 8 ampéres to heat it.
If ten cells are coupled up in series, we shall indeed get an electro-
motive force of 16 volts acting through a resistance of 51 ochms,

¢ 8 Y ¢ ¢

FiG. 5—51x CELLS ARRANGED IN PARALLEL.

and this will give a current of a little over 3'1 ampéres ; but if
they are coupled in parallel, the battery resistance will be only
0'05 ohm, and the total resistance will be but 0'15 ohm in the
whole circuit. True, the electromotive force will be only 1'6
volts, but by Ohm’s law the current in this case will be 106
amperes. In the former case the cautery would not be heated,
in the latter we should have enough current and to spare. Con-
versely it is of no use to arrange batteries in parallel when a
current has to be passed through a high resistance, such as the
human body, a resistance of at least 1,000 ohms, compared with
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the battery then becomes a two-fluid battery. In Fig. 6 the
arrangement of a two-fluid battery is shown : V is the porous
pot containing one liquid and one plate, the other liquid and the
other plate standing outside it.

Solid depolarizers may also be used, the one best known being
peroxide of manganese, which is used in the Leclanché cell.
Oxide of copper has also been employed, while fused chloride of
silver is the depolarizer in a battery known as the chloride of
silver cell.

31. Daniell’s Battery.—The oldest and most constant form of
two-fluid battery is that known as Daniell’s cell. So constant
is this cell that it is sometimes used as a standard of electro-
motive force. Its electromotive force is 1°079 volts, but varies

Fic. 6.—Two-FLUID CELL.

slightly according to the nature and concentration of the solutions
employed. A Daniell’s cell consists of copper in contact with
a solution of sulphate of copper kept saturated by crystals of
copper sulphate placed on a shelf near the surface of the liquid,
and sepdrated by a porous partition is a zinc plate in contact
with a solution of sulphate of zinc acidified with sulphuric acid.
Frequently the copper is so shaped as to serve as the containing
vessel. The porous partition, while it prevents the mixing of
the two solutions, offers but little resistance to the electrolytic
passage of the current. The reactions, then, are as follows :
Zinc 10ons go into solution at the zinc plate, and copper ions go
out of solution at the copper plate. Since this latter is already
of copper, there is no tendency to polarization here at all, and so
long as the copper sulphate solution is unexhausted there will
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33. The Chromic Aecid Cell.—This form of cell, sometimes called
the “ bichromate battery,” is still in use where accumulators
or electric light mains are not to be had, and where large currents
are required occasionally. Its plates are of zinc and carbon,
and the exciting liquid consists of a solution of potassium bi-
chromate and sulphuric acid. Sodium bichromate has been
recommended instead of the potassium salt, as the sodium salt
contains, weight for weight, more chromic acid than the potas-
sium salt. A suitable formula is the following : Potassium bi-
chromate or sodium bichromate, 6} ounces ; water, 35 ounces ;
sulphuric acid, 6 ounces.

The chromic acid cell requires proper attention. If its action
fails and the liquid is found to be green in colour, it must be

FiG. 7.—EDIsoN-LALANDE CELL.

renewed. The mixed materials for making fresh solution can be
bought in a dry form in bottles. The battery requires to be
taken to pieces occasionally, the carbon plates to be soaked in
water and brushed with an old tooth-brush, and the zincs to
be washed clean and amalgamated. For this they should be
scraped smooth and wetted with dilute acid, and then some
mercury should be well rubbed into them with a stick of wood
wound round at the end with worsted. The surface, when
properly amalgal}mted, looks as bright as silver, and should
appear to be wetted by the mercury at every point.

The zincs of this battery must always be removed from the
solution immediately after use, and, in fact, should be well cared
for and frequently reamalgamated, if the battery is to give the

3
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tages of the battery are that it possesses great powers of recovery,
does not waste when not in use, and will consequently supply
current at intervals for months, or even years, without much
attention. Its electromotive force is also fairly high—viz.,
15 volts.

None of the cells in which dilute acid is used for the exciting
liquid can be left to themselves in the same way as the Leclanché,
for in all of them corrosion would gradually destroy the zinc if
it were left in the acid.

Leclanché cells should receive a little attention about once in
six months. The larger sizes in glass jars can be easily inspected,
and the condition of the zincs and the level of the liquid ascer-
tained.

If the zincs are blackened, they should be scraped and amalga-
mated, and the liquid can be renewed. The cells should not be
filled to more than two-thirds of their capacity, because it is
an advantage that the oxygen of the air may come into contact
with parts of the carbon surfaces, and by being condensed there
may assist in depolarizing. The proportion of 6 ounces of sal-
ammoniac to a pint of water makes a solution of proper strength.
The upper inch of the glass cells ought to be brushed over with
vaseline to prevent ““creeping ' of the salts. This is the formation
of crusts of the sal-ammoniac round the top and outer sides of
the cells ; it is harmful because it may lead to leakage and waste
of current and to corrosion of connecting wires.

When hard crystals form in masses at the bottom of the cell
and round the zincs, it is time to take down the battery and to
set it up afresh. If there is reason to think that the cells are
worn out, the porous pots may be recharged with manganese
dioxide and broken carbon, which can be bought ready mixed,
or, better still, they can be replaced by new ones.

The management of the small Leclanché cells used in portable
batteries is much more difficult, because it is impossible to see
their condition. One can do little beyond emptying out the
liquid with a fine syringe, and putting in fresh sal-ammoniac
solution in the same way from time to time. In the so-called dry
cells this is dispensed with, and the latter are, therefore, more
convenient, and they are also cheaper.

35. Dry Cells.—These are in many ways exceedingly con-
venient, and have come into general use for portable medical
batteries. They are sealed cells of the Leclanché type, with a
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of plates has a screw connection or terminal for the attachment of
wires. In the smaller forms there are usually three plates, one
positive and two negative, but there may be five, seven, eleven,
or more plates in each cell. Each cell is complete in itself, but
for convenience it is usual to arrange several cells side by side
in one receptacle, and the cells are then connected together in
series—that is to say, the positive of one cell to the negative of
its next neighbour, and so on, leaving at one end of the series
an unconnected positive terminal, and at the other an uncon-
nected negative terminal. The accumulators in common use for
medical purposes are made in teak-wood boxes, lead-lined, and
having partitions to separate the cells.

Convenient small accumulators are also made for use on motor-
cars, and these can easily be adapted for medical purposes by

Fic. ro.—AccuMULATOR CELL, SHOWING ARRANGEMENT
OF PLATES.

the exercise of a little ingenuity. These motor-car cells, or
" ignition cells,” are usually put together in pairs, and are en-
closed in celluloid vessels, which makes it easy to inspect the
plates at any time in order to ascertain their condition.

Both sets of plates are of lead, but as a result of their mode of
preparation their surfaces are dissimilar, the positives being
covered with a thick layer of dark chocolate-coloured peroxide
of lead, while the negatives are grey from a surface of spongy
lead. In many types of cell the plates or “grids” are full of
small perforations, containing lead peroxide ** paste” in one
case, and spongy lead in the other. Positive and negative plates
are kept apart by insulators of glass, or wood, or celluloid in the
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too prolonged a charge. When fully charged any surplus energy
applied is expended mainly in the electrolysis of the acid, though
the supports may be attacked if charging is much prolonged. A
simple way of determining when a cell is fully charged is by
auscultation. If a brisk effervescence can be heard the cell is
fully charged. A slight effervescence may be heard before the
charging is quite complete, and if the charging current is very
small the effervescence is not particularly loud even when charg-
ing is complete ; but a little practice will soon enable a judgment
to be formed. There are other methods of determining when a
cell'is fully charged, but in the case of small medical cells these
are more troublesome.

When a cell has just been charged, it will be found for a short
time to have an electromotive force of nearly 2:5 volts, but the
working voltage is z volts. When the cells are discharging, the
electromotive force is maintained at this point till about 75 per
cent. of the charge is expended ; after that the electromotive
force falls quickly.

It may be taken as a general rule that as soon as the electro-
motive force of a cell falls below 2 wvolts, or 1-8 at the lowest,
that cell should at once be recharged. If it is not attended to,
sulphate of lead is liable to encrust the surfaces of the plates,
and this insoluble salt increases the internal resistance, and
decreases the storage capacity of the cell until at last it may be
ruined. -

The internal resistance of a storage cell is almost infinitesimal
when it is in good order, and may generally be neglected in
calculations concerning them, at least in medical work. It is
this low internal resistance which makes them so useful for
cautery purposes, where large currents are needed.

The difficulties found in working with accumulators of the
type having “ pasted " plates has caused some makers to return
to the original type of accumulator as invented by Planté, where
no pastes of the oxides of lead are used.

The lithanode cell is a form of secondary cell which works
well, and is made in several different sizes and in portable sets,
some of which are admirably adapted for medical purposes.
In the lithanode cells the positive plates consist of slabs of a
very dense lead peroxide compound enclosed in a metallic frame-
work, and they are free from some of the faults common to the
“ pasted " plates.
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Irregular charging and discharging do not affect them so un-
favourably as is the case with lead accumulators. They are not
yet in practical use. The working electromotive force of the
cell is 1'3 volts.

37. Magnetism—the Magnetic Field.—When a magnet is
suspended freely at the surface of the earth, it is found that it
swings so as to set itself with one pole pointing towards the north
(or at least approximately so) and the other towards the south.
The poles are spoken of as the north-seeking and south-seeking
poles respectively, and these names are abbreviated into north
and south (N. and S.) for convenience.

The region of space about any magnet, and throughout which
we consider its action, is called its field, and lines of magnetic
induction or lines of force round a magnet can be mapped out.
These will then all leave the iron at points or surfaces indued

F16. 11.—L1NEs oF FORCE OF A BAR MAGNET.

with N. magnetism, and will return to it at points or surfaces
indued with S. magnetism, and the intensity of a magnetic field
at any point will be given by the number of lines of force which
cross per unit of surface at right angles to them at that point.

It is easy to map the field of force round any magnet, since
every magnet tends to set itself parallel to the lines of force at
the point where it is. If, then, the magnet whose field is to be
mapped be laid down on a sheet of white paper, and a small
compass needle be moved about in its vicinity, the direction of
the needle at any point will give the direction of the lines of force
at that point, and these can be plotted on the paper. And soft
iron filings in a magnetic field set themselves along the lines of
force, mapping them out to the eye in a very beautiful manner.

If a sheet of paper be laid down over a bar magnet, and iron
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iron or steel whose electrons are revolving in similar orbits,
whereas these orbits are arranged irregularly when the metal is
not magnetic. On the electron theory it is assumed that the
atoms of all matter contain one or more electrons which are in
continual revolution round the centre, in orbits. They circulate
in all sorts of planes, and their orbits face every way. For
iron, when brought into a field of magnetic force, the orbits are
drawn round into parallel positions, and when the field of force
is withdrawn, some magnetism remains, because some of the
orbits continue in their new position. With soft iron the
permanent magnetism thus produced is very feebly preserved,
and a mechanical shock is sufficient to cause most of it to dis-
appear, but with steel the magnetism so produced is much more
permanent.

39. The Electromagnet.—To illustrate the magnetic prop-
erties of a wire carrying a current many devices have been
used from time to time as lecture experiments, and some have
had important practical applications, as, for instance, the electro-
magnet and the galvanometer. Soon after the discovery by
Oersted of the effect of a current upon a magnetic needle it was
found that a wire coiled into a spiral or helix behaved as a magnet
when a current traversed it, and the effect became very much
more conspicuous if the helix were wound upon an iron rod or
core. The explanation of the effect of the iron core is as follows :
Iron conveys magnetic lines more readily than air does, and
therefore a given magnetizing current will set up a larger number
of magnetic lines when the path for these is either partly or
wholly in iron than when it is wholly in air.

By winding a coil of insulated copper wire around horseshoe-
shaped pieces of soft iron, Sturgeon constructed magnets of great
power, and gave them the name of electromagnets. Since his
time electromagnets have had many useful applications, and as
the field magnets of dynamo machines and motors they now play
a most important part in the industrial applications of electricity-

Whenever a magnetic field is set up by the passage of a current,
the growth or formation of the magnetic field is accompanied by
an absorption of energy. This energy is not lost, but is stored
in the magnetic circuit, to be released again during the collapse
or decay of the magnetic field which takes place when the current
in the circuit is cut off. A mechanical analogy to this is seen in
the storage of energy in a compressed elastic body such as a spring.
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used in medical treatment are enabled to produce large deflections
of the galvanometer needle.

It must not be forgotten that the deflection of the needle of a
galvanometer is not a direct measure of the current circulating
in it. Galvanometers must be constructed to suit the special
purposes for which they are intended, and some instruments
will give considerable deflections with minute currents, while
others require currents of huge magnitude to produce even a
slight movement of the needle, On this account it is necessary,
before comparing the deflections of one galvanometer with
another, to be able to express their deflections in current, and
galvanometers may be graduated by comparing them with
standard instruments. When buying an instrument it is
customary to specify the magnitudes of current which it is
proposed to measure with the galvanometer required ; the in-
strument-maker is then able to provide a suitable instrument,
which has been already graduated to read directly into current,

41. Measuring Instruments.—A galvanometer graduated to
give readings in ampéres is commonly known as an ampére-
meter or ammeter. The currents used for medical applications
are usually measured in milliampéres (§ 25), and the galvano-
meters used are called milliampéremeters. Galvanometers can
be graduated to give readings in wvolts, and are then called
voltmeters. They are useful when it is wished to measure the
electromotive force existing between two conductors at different
potentials, as, for example, between the poles of a voltaic cell or
battery.

Many devices depending upon the magnetic properties of a
wire carrying a current have been adapted for measuring pur-
poses. Similarly, the heating effects of a current, the electrolytic
or chemical effects, and the effects of electrostatic attraction
(§ 2), have been used in the construction of measuring instru-
ments.

42. Measurement of Resistance.—A galvanometer may be
used for calculating the resistance of a circuit or of a part of a
circuit. Suppose a Daniell’s cell of electromotive force 1°1 volts
be connected up through a galvanometer, and the reading of the
latter be 0'05 of an ampére, then the resistance of the circuit will
be by Ohm'’s law—

| T I

R=E=ﬁ=zz ohms,
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other alloy whose resistance does not change very much with
changes of temperature. The coils are enclosed in a box for
protection, and are connected to consecutive sections of a heavy
brass conductor upon the outside of the box, as shown in Figs. 13
and 14. The plugs are used to cut out any of the coils which are
not to be included in the circuit. When a plug is inserted the
current flows across the plug to the next section, and there
is practically no resistance at that point. When a plug is with-
drawn, the current must pass through the coil. With a set of
coils arranged in the following order: 1, 2, 2, 5, I0, 20, 20, 50,
100, 200, 200, 500, 1,000, any resistance from I to 2,100 ohms
can be put into circuit, as any of the coils can be thrown in or
out of circuit by removing or replacing plugs on the top of the
resistance-box. Such a resistance-box can be used to measure
resistances by what is called the “ substitution method.” A

Fig. 14.—REsSISTANCE-BoxX.

battery, a galvanometer, and the unknown resistance are con-
nected together in circuit, and the deflection of the galvanometer
is noted. A resistance-box is then substituted for the unknown
resistance, and the box is unplugged till the deflection has the
same value as the fust, when the resistance unplugged gives the
value required.

44. Wheatstone’s Bridge.—The method generally used for
measuring resistances is called Wheatstone’s bridge method,
and consists of an arrangement of conductors as shown diagram-
matically in Fig. 15, in which P is a battery having its circuit
divided along two channels at B, and reunited at D, so that
part of the current flows through A and part through C. When
the current is flowing thus there is a gradual fall of potential
along both wires, so that for every point along one there is a point
along the other which is at the same potential, and therefore a
galvanometer attached to these correspbnding points would
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This has been formulated by saying that the induced current is
such that the field it would set up tends to neutralize the change
in field that is causing it (Lenz's law). These induced currents
were discovered by Faraday, and on that account the induced
currents employed in medicine are still known as “ Faradic
currents '’ among medical practitioners.

In § 38 it was stated that there is a magnetic field of force
about every wire carrying a current, and the effects just referred
to depend upon the field of force surrounding the wire of the
inducing circuit, and generally it may be said that every change
of the magnetic condition of the space round a conducting
circuit produces an induced E.M.F. or current in the circuit.
Thus, the increase or decrease of a current in the inducing
circuit, or the approach or withdrawal of the inducing circuit
will change the magnetic conditions round the other circuit,
which may be termed the “ secondary " circuit, and will set up
a current in it. Also, for the same reason, the approach or with-
drawal of a magnetic pole will set up a current in a circuit
during the periods of approach or withdrawal, and since the
induced current depends upon the variation of the magnetic
field in which the circuit is placed, it matters nothing whether
the field is caused to vary by moving the magnet or the coil, or
by making and unmaking a magnet by any means, or by varying
a current in a neighbouring circuit.

The production of electric currents by electromagnetic induc-
tion is of enormous practical importance. The commercial
developments of electricity rest upon the dynamo machine,
which is an apparatus for the generation of electricity by the
induction effects of magnetic fields upon coils of wire. The
importance of the dynamo machine lies in the fact that it affords
a means for the direct conversion of mechanical power into
electrical power. It does this simply and efficiently so that the
primary battery is no longer used as a source of electrical energy,
except for minor and special purposes.

46. Induced Electromotive Force. — It was stated at the
commencement of § 45 that * currents in one circuit will induce
currents or, more correctly, electromotive forces ” in another.
The meaning of the correction is that, although the induction of
currents implies the induction of electromotive forces, yet electro-
motive forces may exist without being able to give rise to currents.
An electromotive force can only give rise to a current when

4
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which is a common form of electric supply, a consideration
of the self-induction of the circuits is absolutely necessary if
serious errors are to be avoided. .

Conductors supplied with alternating current, especially when
they are wound in the form of coils so as to set up strong mag-
netic fields, are found to have an apparent resistance which is
very much greater than they have when tested by steady currents,
and the introduction of an iron core into a coil of wire which is
carrying an alternating current can easily be shown to produce
a still further increase in its apparent resistance. From this it
is clear that Ohm’s law (§ 24), which specifies that the magnitude
of a current in a circuit is determined by two factors only—viz.,
the electromotive force and the resistance—needs to be modified
for the case of varying currents by the introduction into the
calculation of a new factor : namely, the self-induction of the
circuit. It is the opposing electromotive force, or back E.M.F.
of self-induction, which increases the apparent resistance.

Sometimes it is convenient to use the expression *‘ ohmic
resistance ™' to signify the resistance of a circuit as measured for
steady currents, and to distinguish it from the * virtual resist-
ance”’ of the same circuit when varying currents are being
considered. The word * impedance” is generally used for
virtual resistance.

It is very necessary for medical men to have some knowledge
of the phenomena of electromagnetic induction, and of the
behaviour of circuits carrying varying currents. Without an
acquaintance with this part of the subject it is impossible to
understand the induction coil, or the construction and manage-
ment of the various forms of medical apparatus in which alter-
nate currents are used. * High-frequency " phenomena, too,
can only be comprehended by those who have given attention
to the effects of self-induction and mutual induction. The pre-
ceding paragraphs may serve to indicate the importance of the
matter, but for a proper elucidation of the laws of varying
currents and of electromagnetic effects in general the reader
must consult a modern textbook of electricity.

48. The Induetion Coil.—One of the most interesting of the
early observations in connection with electromagnetic induction
was that shocks and bright sparks could be produced from a single
voltaic cell if the circuitcontained spiral coils of wire. From the
last paragraph we learn that these effects depend upon the self-
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interrupted in the windings of the coil, and the magnetic field of
the apparatus is caused to vary with every make and break of
contact, and the current induced in the wire coil at break
can be led off by properly-arranged conductors, and is the
so-called ‘‘ primary current ” of a medical coil, being distinct
from the battery current. The primary current is a series of
impulses or waves all passing in the same direction, and corre-
sponding in time and frequency to the interruptions of the
battery current ; each wave is due to a sudden rise and fall of
electromotive force in the wire, the whole time of each wave
being a very small fraction of a second, and varying considerably
in different coils.

The secondary current of an induction coil, as its name
suggests, is derived from a second entirely independent coil wound
upon the same bobbin as the primary coil. Being in the same
magnetic field as the primary coil, it is acted upon in the same
way, but the effects produced in it are not quite the same. In
the secondary coil there is an induced electromotive force corre-
sponding to the rise of magnetism, and an opposite electromotive
force corresponding to its fall. Both of these can give rise to
currents through an external circuit, and because they are in
opposite directions the currents from the secondary coil are said
to be alternating. They are not exactly alike in all respects
although the total flux of electricity is the same in each ; for the
electromotive force set up at the “ make ” of the battery current
is lower, and the duration of the wave is longer than at the
break, because the rise of the magnetizing current in the primary
or inducing coil is more gradual than its fall.

The electromotive forces developed by induction in the
primary and secondary coils vary very much in different instru-
ments. In both coils the electromotive forces reach maxima
which are higher than that of the battery which supplies energy
to the apparatus.

Fig. 16 is a plan of the arrangement of the wires in an induc-
tion toil, and Fig. 17 shows an actual coil. The lettering is the
same in both of the figures. One pole of the battery is con-
nected to the coil at A. The current then passes by the
adjusting-screw B, the vibrator H, and the support K, to a
magnet D, which actuates the contact-breaker. After traversing
this the circuit gives off a branch to the binding-screw P, and is
continued to the primary coil E, E, the return wire from which
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The mode of action of the automatic vibrator or contact-
breaker is clearly shown in the figures. The electromagnet D,
by attracting the iron armature H, draws down the spring and
breaks the circuit at the point of the screw B, whereupon the
attraction of the electromagnet ceases and the spring is released,
and flying up, re-establishes the circuit; the action is then
repeated, and the spring is kept in constant movement. By
turning the screw B the pressure upon the spring and its rate of
vibration can be modified. Instead of the separate electromagnet,
it is easy to utilize the magnetism of the iron core of the coil for
working the contact-breaker, and this is done in those patterns
of medical coil which have a fixed core : but in that case some
mode of regulation other than that of a sliding core is required.

In order that the coil may be used for medical purposes there
must be some method of regulating its strength (§ 509).

49. The Dynamo Machine.—Commercial applications of
electricity would not be possible without the dynamo, because
the primary battery, convenient as it is for some purposes, is
altogether unequal to the work of producing electrical currents
on a sufficientlylarge scale. Even in medical work there are now
many applications of electricity which require currents of such
magnitude that a dynamo or electric light mains are absolutely
necessary for them.

In a dynamo there is a fixed magnetic part or ** field-magnet,”
and a moving system of conductors or ““armature,” which
rotates in the magnetic field between the poles of the field-
magnet.

In the early days of dynamo electric machines the field-magnet
consisted of one or more permanent steel magnets. Instruments
of this kind still survive, and under the name of “ magneto
machines " have had a certain vogue for medical purposes.
Otherwise electromagnets have now completely superseded
permanent magnets for dynamos, and though the shapes seem to
vary in different types of machines, all are essentially horseshoe
magnets or groups of these.

The field-magnet of a dynamo is an electromagnet magnetized
or “ excited ” by the passage of a current through the coils of
wire wound upon it, the current for the purpose being usually
taken from the armature of the machine. The slight permanent
magnetism which exists in all field-magnet cores is sufficient
to start small currents in the armature when it is rotated.
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ments pass in turn under the ends of two collecting-brushes of
metal which make contact with them.

The commutator is a necessary part of a direct current
dynamo, for it serves to rectify the alternate currents generated
in the coils during their rotation, and delivers them to the field-
magnet coils and to the outside circuit as a continuous current in
one direction. For alternating-current machines the commu-
tator is replaced by two insulated metal rings on the shaft, and
the ends of the wire are attached to them. The collecting-brushes
touch these, and collect an alternating current. The field-
magnet of an alternator must either be a permanent magnet,
or else it must be excited from a separate source of direct
current.

When the whole of the current from the collecting-brushes
passes first through the field-magnet coils, and then through the
outer circuit, the dynamo is said to be “ series-wound,” the two
portions of the circuit being in series, whereas a ** shunt-wound ”
dynamo has the field-magnet coils in parallel or in * shunt " with
the outer circuit (Figs. 18 and 19). Each of these arrangements
presents advantages for certain purposes.

50. Power for Dynamo-driving.—With the magnitudes of
current and at the pressures needed for much of the electro-
therapeutic work of to-day, chemical batteries are insufficient
as the source of current. In the absence of a public lighting
supply a dynamo is almost a necessity, for the transportation
of accumulators to and from a charging station is expensive
and troublesome. On the other hand, it is rather an under-
taking for a medical man to set up a private dynamo for charging
the accumulators, for one needs not only the dynamo, but also
the power to drive it.

Manual power, windmills, water-motors, hot-air motors, and
gas and oil engines, have all been applied to the driving of
dynamos. In any particular case the local conditions will help
to decide which is likely to be the most convenient source of
power. In charging an accumulator from a dynamo the electro-
motive force of the charging source must be maintained steadily
above that of the cells to be charged, for if this is not done the
cells will discharge back through the dynamo, with a result quite
opposite to that desired. On this account manual power is too
unsteady for serious purposes. An apparatus for dynamo-
driving has been contrived by adapting a bicycle, and so making
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adjusted, and the little shunt-wound motors used for operating
interrupters for induction coils and other medical purposes are
sometimes spoiled through such inattention. In buying a motor .
it is necessary to specify the pressure of supply (in velts) from
which it will be driven, the amount of power (in horse-power or
fractions of a horse-power) it will be expected to exert, and, in
the case of alternating-current circuits, the periodicity of the
alternations must also be mentioned. Motors for use on alter-
nating circuits are more complex machines than are direct-
current motors. For an account of their construction, their
advantages and disadvantages, special engineering textbooks
must be consulted.

The character of the electrical supply in the different electricity
supply works in the United Kingdom will be found in the
Appendix. There a list is given of towns having a public supply
of direct or of alternating current, with particulars of the pressure
of supply, and in the case of alternating current, of the periodicity
of the alternations.

52. Alternating Currents,—The system of distribution of
electrical energy by alternating currents is in use in many
places in the British Islands.

An alternating current is one which rises from zero to a
maximum, and falls away again, to be followed immediately by
a reversed current, which also grows to a maximum and wanes
in the same manner. When a closed coil or circuit of wire is
rotated in a magnetic field, the wire is traversed by an alternating
current of this kind once for every complete revolution of the
coil, and this recurs again and again as often as the coil is rotated,
giving one cycle or period for each revolution.

Each cycle consists of two semi-cycles which are equal and
opposite ; the one corresponds to the passage of the coil through
lines of N. magnetism, and the other to its passage through lines
of S. magnetism.

The changes in value of any regularly varying quantity, as, for
example, electromotive force or current, can be represented
graphically by a curved line, just as the variations in the body
temperature of a patient are recorded upon the temperature
charts used in clinical work.

If a horizontal line be drawn to represent periods of time, and
if magnitudes of electromotive force be represented by distances
above the base line (positive) or below it (negative), then an
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icity " means the number of periods or cycles occurring in one
second.

53. The Transformer.—One great convenience of alternate
currents is the ease with which they can be made to induce fresh
alternating currents at a different voltage. With continuous
currents the pressure of supply can be cut down by resistances,
but by means of a transformer the pressure of supply of an
alternating current can be changed into any other pressure,
higher or lower, as may be desired, and that without the waste
of energy which occurs in the case of resistances. Thus the
energy represented by a current of T ampére at 100 volts can be
transformed into a current of 100 ampéres at 1 volt, or into a
current of {; ampére at 10,000 volts, subject only to small

5
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FiG. 21:-—'-PL.|’LN OF TRANSFORMER WITH CLOSED IR{}H EIRCUIT.

losses in the apparatus. Whenever the pressure of the alternating-
current mains is higher than may be required in medical applica-
tions it can easily be reduced by the use of a transformer, and
this should always be borne in mind.

The principle of the transformer is that of the induction of a
current in a wire immersed in a varying magnetic field. A
transformer consists of an iron core wound with two distinct
windings of insulated wire, and thus resembles an induction coil ;
but no interrupter is required to produce the variations in current,
as these exist already in the alternating current supplied to the
transformer. The two sets of windings are called the primary
and the secondary windings, and the alternating current supplied
to the primary when it is connected to a system of alternate-
current supply will set up a varying magnetic field, which will
induce in the secondary a varying electromotive force, whose
value will depend upon the ratios of the number of turns of wire






CHAPTER II
MEDICAL BATTERIES AND APPARATUS

The continuous current—Commutators—The galvanometer—Interrupted
currents—Medical coils—Leduc apparatus for interrupted currents—
Resistances—Electrodes—Arm-bath electrodes—The electric bath—
Rhythmic interrupters.

54. The Medical Battery.,—This term is used to signify an appa-
ratus for the production of current for medical purposes, and it
includes several distinct forms of instrument. One of these is an
arrangement in a suitable box of a number of small voltaic
cells coupled together in series, and having a contrivance or
“current collector ”” for varying at will the number of cells
taken up into circuit with the patient.

It is also fitted with attachments or terminals for wire con-
ductors, and should further possess a current reverser or * com-
mutator ”’ and a galvanometer. Such an instrument is usually
spoken of as a continuous-current battery, to distinguish it from
the interrupted-current battery, in which an induction coil
with one or more cells for driving it takes the place of the cells
grouped in series. The various fittings are fastened to a plate
of ebonite, which is fixed over the cells in the box (see Figs. 22
and 23).

Special batteries are also made for furnishing current for
galvano-cautery instruments and for the operation of exploring
lamps, and these will require description in their proper place.

The distinction between continuous current and interrupted
current is an important one in most of the applications of electric
currents to patients.

The terms ** continuous current,” or “ constant current,” or
** galvanic current,” are applied to the current of the cells of the
battery, but the current furnished by the induction coil is known
as the interrupted or faradic current. The current from the cells

of the battery flows through the circuit in one direction from the
63
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positive to the negative terminal so long as the circuit is closed,
and if the resistance of the circuit remains unchanged its strength
is uniform, and when the circuit is broken by removing the
electrodes from the patient or by opening a key, the current
ceases abruptly. If the electrode be caused to slide over the
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Fic. 22.—CoMBINED MEDICAL BATTERY, SHOWING CURRENT COLLECTOR,
GALVANOMETER, COMMUTATOR, AND SWITCH.

R, N, current reverser (see Fig, 27). G, F, switch for changing over from
continuous to interrupted current, and vice versa. The induction coil is on
the left beneath the surface, but the handles for regulating its current are
seen projecting. P, S, switch for primary and secondary currents of coil.

surface of the body there will be variations of strength in the
neighbourhood of the moving electrode, for the point of entry of
the current, or point of greatest density of flow, will vary in
position, even though the total current flowing in the circuit, as
indicated by the galvanometer, be steady and uniform.
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Thus the *‘ continuous '’ current may be applied either in the
form of a steady flow, as its name would naturally imply, or in a
series of impulses produced by the operator by means of some
circuit-closing or circuit-opening device ; or, again, the current
through any particular part can be made to vary in a gradual
manner by means of the sliding movements of the electrodes, as
already described. In all of these forms it is still spoken of as

F16. 23.—CoMBINED MEDICAL BATTERY.

the continuous current for purposes of convenient description,
and to distinguish the current of the cells from that of the
induction coil.

It is very often useful to combine the instruments for con-
tinuous and interrupted currents in one case, and such an
arrangement 1s called a * combined battery.” These combined
batteries are in very general use, and are made and sold by all
instrument-makers who deal in medical electrical apparatus,
The figures illustrate two useful forms of combined battery.

Although it is in many ways an advantage to have the coil
and the battery of cells combined in one instrument, the medical
man is likely to find it convenient to have a separate portable

2
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can be seen that a movable metallic arm springing on tostud No. 1
will throw one cell into circuit between the binding-screws,
marked + and —, and similarly when the arm is placed on any
other stud it brings into the circuit the number of cells shown
by the figure marked against the stud.

The stud marked o is connected with one pole, say the positive
pole of cell No. 1, and leads to a binding-screw marked +, stud
No. 1 being attached to the negative pole of the same cell.
When the movable arm touches stud No. 1, the current passes
along it, and from there goes to the other terminal of the battery,
as shown in the figure. Cell No. I. only is then included in the
circuit ; if the pointer be transferred to another stud, numbered,
let us say, 6, then six cells are in circuit and are being used.

A more complicated current collector has been devised, by
means of which the current may be taken from any cell, or any
group of cells, commencing at any point. In the single collector
the first cells are always drawn upon, and are likely to run down
before the last cells, which are only needed occasionally. With
the double collector, if six cells are required, not only could cells
I to 6 be chosen, but cells 4 to g, or 7 to 12, or 13 to 18, or any
other set of six. With the single collector the first cells must
always provide current, and cell No. 12 can only be used when
eleven cells are insufficient. Accordingly, with a single collector
the last cells of the series are very seldom called on at all, while
the first cells have to do duty every time the battery is used.
Another advantage of the double collector is that with its aid
the working of every cell of the battery can be separately tested.
If in the figure of the single collector (Fig. 24) the positive
terminal of the battery be not joined to stud No. o, but to a
second arm, pivoted on the same axle, but electrically insulated
from the first one, and capable of independent movement
(Fig. 25), and if this second arm be joined to the positive terminal,
it can be seen that with the two arms on the studs 3 and 6 the
current would be taken from cells 4, 5, and 6 only—that is to
say, the group of cells 4 to 6 would supply the current to the
circuit. In like manner any number of consecutive cells from
one upwards could be picked out from any part of the whole
series. It is usual for one of the arms to carry a circle so
divided and numbered as to read off directly the number of cells
in use.

The studs of current collectors must be of good size, and the
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pointer just broad enough to touch two at once, in order that
the number of cells in the circuit may be increased or diminished
without breaks of current and unpleasant shocks at the change
from one stud to the next. At the same time care must be
taken that the movable pointer of any collector is not left for
any length of time in contact with two studs at once, for when
it is in that position one cell is short-circuited, and its energy
is being wasted. This waste can be reduced by the use of a
collector having an arm split longitudinally with its two por-
tions joined through a resistance of fifty ohms.

Fi1G. 25.—DouBLE COLLECTOR.

56. The Commutator or Current Reverser.—An apparatus for
reversing the direction of the current in the external portion of
the circuit is indispensable for some medical purposes. It is
difficult to make a satisfactory examination of the reactions of
nerve and muscle without one.

Ruhmkorff's commutator (Fig. 26) consists of a cylinder of
vulcanite M, having at each end a metal cap or ferrule, C, D,
and supported between two uprights in such a way as to revolve
easily about a horizontal line ; each end is connected to a binding-
screw A, B, and each metal cap 1s prolonged in the form of
a cheek, E, F, along one side of the vulcanite cylinder for two-
thirds of its length. On either side of the cylinder, springing
against it, are two pieces of metal I and L, connected with the
terminals of the battery. When the cylinder is turned by means
of the handle Z, either of the metal cheeks can be brought into
contact with each of the springs, I, L.. The positive pole of the
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battery connected, say with L, can thus be brought into connec-
tion with either the binding-screw at A or at B, so that the
current can be made to pass in either direction at will round the
external portion of the circuit between A and B. The + and
— signs on the vulcanite cylinder indicate the polarity of the
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Fig. 26.—CoMMUTATOR OF RUHMEORFF.

binding-screws. In the position shown A is positive ; a half
revolution of the cylinder alters A to negative, and therefore the
reverse side of the cylinder, which then comes into view, will
have the + and — signs transposed also.

Another form of commutator is shown in Fig. 27. In this the

Fig. 27.—DE WATTEVILLE'S COMMUTATOR.

two crank arms move together. In the figure N stands for
normal, R for reversed. These commutators also serve as
interrupters of the circuit.

57. Galvanometers.—The older types of galvanometers are
now superseded in medical practice by newer forms of instru-
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through its coils is the resultant of two forces—viz., the attrac-
tion of the earth’s magnetism tending to hold the needle in the
magnetic meridian, and the attraction of the field of force of
the coils tending to draw it into a position at right angles to
this. Changes in the magnetism of the needle do not alter the
relation which the two opposing pulls bear to one another, and
therefore the deflections of the needle are not altered if the
magnetism of the needle becomes diminished, as may be the
case with the lapse of time. This makes the horizontal galvano-
meter trustworthy for use as a standard instrument,

Before use all horizontal galvanometers must be so placed
and levelled that the needle comes to rest at the zero of the
scale, and swings freely about that point.

The working range of a galvanometer is increased by the use
of a shunt circuit for diverting a known fraction of the current
from the coils of the instrument. Fig. 29 shows the arrangement.

] =
AT
) ."f;

AR

Fi1G. 20.—Prax oF SHuUNT CIRCUITS OF A GALVANOMETER.

Between the binding-screws, marked + and —, the galvano-
meter coils are represented. Two other paths are shown beneath,
either of which can be completed at the points of their respective
screws ; both of them have a lower resistance than the circuit
of the galvanometer coils, and when closed they convey nine-
tenths and ninety-nine hundredths respectively of the current,
while the remaining tenth part or hundredth part traverses the
galvanometer coils and produces its proper deflection. But if
the deflection is known to be due to one-tenth of the current
only, then to get the total current the indicated reading must
be multiplied by ten, and the same for the other or 100 times
shunt.

Both shunt circuits are not to be closed at one time.

By means of a battery and a resistance-box it is easy to verify
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to so simple a figure as 1,000 ohms, the method can still be
used by applying a simple calculation based on Ohm'’s law (§ 42).

The expansion of the wire when heated by the passage of a
current may be used as a measure of the current, or by suitable
graduation of its scale it may be made to read directly in volts.

Fig. 30 shows the construction of a * hot-wire " instrument.
C is the wire stretched between H and K by a spring F. A
thread attached to its centre passes round B to a spring A.
When the wire expands the pull of A deflects it, and the move-
ment is communicated through B to the pointer E.

Fi6. 30.—ARRANGEMENT oF ** Hot WIRE "’ INSTRUMENT, CALIBRATED AS
' A MILLIAMPEREMETER,

59. Interrupted Current— The Medieal Coil.—In medical
practice the induction coil has been universally adopted as the
source of interrupted currents, but it is necessary to point out
that the current of an induction coil is a special form of inter-
rupted current of some complexity. The coil is useful because it
affords a convenient means of producing sensory and motor effects
at small cost. For purposes of stimulation it serves admirably,
and in so far as electrical treatment consists in the simple stimu-
lation of living tissues the induction coil is a valuable appliance.
Its use for accurate work, however, has the drawback that the
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Methods 1, 3, and 4 regulate both the primary and secondary
circuits, the others regulate the secondary circuit only.

In choosing a coil it is important to see that the interrupter
works smoothly, for many coils are defective in this important
respect, and give irregular shocks, which are very unpleasant.
Before buying, it is a good plan to set the coil in action, and to
test it upon the hand or cheek. A good interrupter gives out a
smooth musical note. It should not make a clattering sound.
It is a convenience to choose a coil which is driven by a dry cell,
as these cells give the least trouble.

The character of the discharges of an induction coil are modified
by the number of turns of wire in the secondary windings. A coil
of few turns (two or three hundred) has a lower electromotive force
and a lower resistance than a coil of many turns (two or three
thousand), and besides its resistance there is another factor which
increases with the number of turns, and is known as its self-
induction ; this retards the rate of rise and fall of current in the
coil, and diminishes the magnitude of the current which can be
taken from it. Thus a coilof many windings has a high electro-
motive force so long as very small currents are taken from it,
but this falls rapidly when the resistance of the external circuit
is low. A short coil has a lower electromotive force, but is
capable of giving a proportionately larger current with less fall
in its electromotive force. For treatment with moistened skin
and wet electrodes a long coil is not needed, but for the stimula-
tion of the superficial cutaneous nerve endings with a dry skin and
a wire brush—a method sometimes, though rarely, adopted—a
long coil is needed, as the dry skin has a very high resistance,
and requires a high electromotive force to drive through it even
the small current which can be borne in this mode of treatment.
Some medical coils are therefore provided with two interchange-
able secondary coils ; but the same advantage can be had from
a single coil if its windings are tapped so that either the whole
or a part can be used at will.

Fig. 31 shows a simple form of portable medical coil which
answers all requirements, and has its secondary coil subdivided
so that one-third of the windings forms a short coil secondary,
while the effects of a long coil can be had by using the whole of
the windings.

Duchenne long ago maintained that the physiological effects
from long windings (secondary )were not identical with those from
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short (primary). At that time electrical science could offer no
explanation of this. It was suggested that the difference was
a matter of electromotive force, which is greater with a long
secondary. This did not satisfy Duchenne, because the differ-
ences observed by him were independent of the mere strength
of the electromotive force or current. Differences in these
points may be adjusted, and were adjusted by him, but the innate
differences 1n quality remained in spite of adjustments. The
essence of Duchenne’s contention was this, that the ratio of
motor to sensory effect was not identical in the two types of
coil, and that with long coils (secondary) the sensory effects were
strong at weak degrees of motor effect, while with short coils
(primary) the opposite was the case.

F1G. 31.—PORTABLE SLEDGE CoIL, WITH SUEDIVIDED SECONDARY
WINDING.

60. Measurement of Induction-coil Currents.—sSome of the
methods of comparison or measurement which have been pro-
posed for use with medical coils deserve to be mentioned. The
oldest is that proposed by Du Bois Reymond, and still in general
use in physiological laboratories. In this the secondary wire is
wound on a separate bobbin (sledge coil), which can be moved
to and fro along guides so as to bring it nearer to, or further from,
the primary coil. A millimetre scale on one of the guides, or on
the base board of the apparatus, serves to mark the relative
positions of the two coils, and the measurements are made in
millimetres of distance. The method is of some use when applied
to identically wound coils which are identically excited, though
variations in the action of the hammer are not taken into con-
sideration, whereas these may be of considerable importance.
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The measurement of the electromotive force and current of
the *‘ primary " circuit is complicated by the influence of the
battery which drives the coil, and which exerts its own proper
action upon any measuring instrument which may be put into
the circuit. Reference to Fig. 16 will show that the current
induced in the primary circuit is led off by two branch wires
which come from the two ends of the primary windings. The
patient, therefore, is in shunt to the exciting circuit when con-
nected to the terminals at P, and a galvanometer connected up
in his place would carry some of the battery current. The
secondary coil, however, is an independent coil, and the effects
of induction in it can be measured, though not by an ordinary
galvanometer. With such an instrument the alternate impulses
from the coil tend to deflect the needle first in one direction and
then in the other, with the result that the needle either remains
quite still or else oscillates about its position of rest. If the
magnetic needle be replaced by a small bundle of fine soft iron
wires, these have no magnetic polarity, and will be attracted by
the coils of the instrument quite independently of the changes
of direction of the current in the coils, and by means of such a
soft iron bundle steady deflections are obtained with the currents
of a secondary coil.

Mr. Giltay of Delft, Holland, has made an instrument* on this
principle for use with medical coils. In it a bundle of soft iron
wires are suspended between a pair of coils in a position at an
angle of 45 degrees with their axis. When a current traverses
the coils, the core tends to set itself in the axis of the coils, and
its movements are made visible by means of a scale and pointer.

Dr. S. Sloan of Glasgow has designed a “ Faradimeter ” for
the measurement of the currents of medical induction coils.
His instrument is more convenient than that of Giltay in several
respects, particularly in simplicity of construction and in porta-
bility. The moving part in this case is not a bundle of soft iron
wires, but is a suspended and freely-moving fine wire coil. An
account of this instrument will be found in The Journal of
Physical Therapeutics, vol. iii. (April, 1902).

The electromotive force of an induction coil can be best
measured by an instrument invented by Lord Kelvin, and
known as an electrostatic voltmeter. It is based upon the
mutual attraction of two bodies oppositely electrified, and has

* Ann. der Physik und Chemie, Bd. 50, Leipzig, 1893 (figure).
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the advantage of using no current, and therefore it measures
the electromotive force of the coil on open circuit, subject to
corrections for the capacity of the voltmeter. When the circuit
of an induction coil is closed, the voltage at its terminals falls
away rapidly, particularly if it be closed through a low resistance.

A particular secondary coil was tested by means of an electro-
static voltmeter, and the potential difference at its terminals on
open circuit was nearly ninety volts, but when the circuit was
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Fi1G. 32.—THE SLOAN FARADIMETER.

closed through a resistance of 1,000 ohms, in shunt to the volt-
meter, the potential difference registered was only ten volts.
This observation shows the importance of measuring the
electromotive force of a medical coil under conditions resembling
those under which it is to be used, and teaches us that some coils
with long windings may appear to have a much higher electro-
motive force than they actually possess under conditions of use.
In all these methods of measuring induction-coil currents we
find ourselves face to face with a physiological difficulty, which
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is that the measuring instruments indicate the mean current of
the apparatus, but the motor and sensory responses of living
tissue to varying currents are not proportional to the mean
current. .

The physiological response is proportional, not to the mean
current or average current, but rather to the maximum current,
and to its rate of change or its suddenness of rise and fall. It
follows, therefore, that it is not enough to know the mean
current or mean electromotive force of a coil unless the maxima
and the rate of change can be deduced from them. When the
shape of the curve of a current is known the maxima can be
calculated from the observed magnitudes of the mean current
(§ 52), but if the shape of the current curve is unknown or
irregular, then readings of mean current or mean electromotive
force are not a sufficient indication of the physiological effect.

In the case of medical induction coils in general the shapes of
their curves of current are both diversified and inconstant, and
even for any single coil the determinations of its characteristics
which might be made on one day could not be depended upon
to recur unaltered in the next.

61. Current Curves of Coils.—Many curves have been drawn
from time to time on theoretical grounds to represent the dis-
charges of induction coils, and actual tracings have also been
taken. Previously to 1894 some curves were published by
Dr. Kellogg,* and his method of doing so by means of an instru-
ment devised by himself is fully described in his paper, which
_ is a valuable contribution to our knowledge of the medical coil.

We have already seen that the secondary-coil current is alter-
nating in direction with its two semiphases unequal. The
greater the number of the secondary windings the longer will be
the total duration of each impulse of current. At a slow speed
of the interrupter the make and the break discharges are distinct
from one another with intervals between them. At a more rapid
speed the discharges will follow each other without any period
of no current between them, and with still more rapid inter-
ruptions the make and the break waves will interfere with each
other.

The accompanying tracings of the secondary discharges of
induction coils throw light upon the differences observed by

* “The International System of Electrotherapeutics,” edited by
Dr. Bigelow (F. A. Davis and Co., Philadelphia, 1894).
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Fig. 34 shows the character of the current waves of a coil
with a long secondary when the iron core is removed. The
lower curve shows the growth, the period of steady flow, and the
abrupt rupture of the exciting circuit, while the upper shows the
currents induced in the secondary coil. It is easy to see which
one of the waves corresponds in time to the make and which to

Fic. 34.—CurreNT CUurvEs oF CoiL wirtH Loxne WINDINGS, BUT
wiTHOUT CoRE (MECHANICAL INTERRUPTER).

S, secondary curve ; E, exciting current.

the break of the exciting circuit ; the former starts less abruptly
from the zero line, and is a lower wave than the latter. Their
durations as measured are about 0'0025 second, the frequency
of the interruptions in this particular instance being one of
8o per second.

In Fig. 35 everything is as before, except that the iron core
has been inserted. The change in the contours of the tracings

F1G. 35.—CurrRENT CURVES oF CoIL witH Lone WINDINGS, AND WITH
Iron CoRrE.

S, secondary curve ; E, exciting current.

is profound, for the wave of current at break now lasts half
as long again (or about 0'0037 second), while the current at
make is prolonged to more than o'or second—that is to say, it
has a duration nearly three times as long as was the case when
no 1ron core was present.

'r:?
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It is also instructive to compare the lower curve which repre-
sents the exciting current. Its rise is slow, so slow that it has
not reached the steady state at the moment of rupture, although
the rate of interruption is a slow one.

Another interesting point is the effect of alterations in the
speed of the interrupter. As would naturally be expected from
the duration of the waves, a speed can be reached at which the
waves at make and at break begin to tread upon each other's
heels, so to speak, so that before the make wave is over it is
suddenly reversed by the wave at break, and vice versa. Fig. 36,
from the same coil, shows this point clearly.

Fic, 36.—INTERFERENCE OF CURRENT WAVEsS WITH RariD
INTERRUPTIONS,

S, secondary curve ; E, exciting current,

The extent of the interference of the two waves of current
depends upon the character of the contact-breaker, and varies
in different coils. The more rigid the spring the more likely it is
that the rebound or break will follow too quickly upon the make.
The shocks of an induction coil can often be very considerably
altered in character by a little adjustment of the contact-screw,
because changes in its position may alter the play of the spring,
and so make a difference in the way in which it rebounds after
contact. This change in the action of the interrupter can often
be recognised by an alteration in the note or sound which it gives
out. Again, the interference of the current waves will be more
readily produced when these are long than when they are of short
duration. Thus a coil with long windings and a heavy core must
be worked at a lower rate of interruption than is permissible with
a short coil, if it is wished to keep the waves of current separate.

The length of the primary winding is also a factor, for the self-
induction of a long primary will exercise its own retarding effect
upon the growth and decay of current.

Thus for painless muscular stimulation the best construction
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would be one with short windings both in primary and secondary,
with no iron in the core, and with a mechanical interrupter.
The best frequency of impulse for muscular stimulation has been
determined by Leduc as that of 100 interruptions per second,
with durations for the individual waves of one-thousandth of a
second, and with intervals nine times as long.

As induction coils must have an iron core if they are to be
operated by the ordinary vibrating spring contact-breaker, we

i;

FiG. 37.—CURRENT CURVE oF WELL-CONSTRUCTED COIL, USING
ONE-THIRD OF THE SECONDARY WINDING,

are at once confronted by a constructional difficulty, and must
inquire afresh as to whether it 1s possible to employ an iron core
and still to obtain waves of short duration. The answer to this
15 in the affirmative if pains be taken in the general design of
the instrument, and the interrupter is light and springy.

—_—

Fi1G. 38.—CURRENT CURVE OF SAME CoIL, USING THE WHOLE
SECONDARY CoIL.

Figs. 37 and 38 show the curves of secondary current in the
icase of a coil having a slender core of about twenty-four iron
wires, which is sufficient for the automatic operation of the
interrupter.

From these we see that the waves of a well-constructed
1 coil may be very short, and that the good points of such a coil
are not seriously impaired by the presence of a small amount
of iron in the core. The curve shown in Fig. 37 possesses just
| the characteristics advocated by Leduc, except that the frequency
115 not quite that of 100 per second. These tracings are taken
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waves. It was this interesting discovery which has led to our
investigation of the current waves of various coils by the oscillo-
graph method. The tracings obtained, some of which are
figured above, show conclusively that the current waves of
medical coils in common use may range in duration from one
two-hundredth to one thousandth of a second (0'005 to 0-001)
for the currents at break. The impulses at the “ make ™ may
be even longer, but as they are usually of much lower electro-
motive force, they produce an effect which is negligible.

The conditions under which long waves are produced are the
conditions associated with a high degree of self-induction, and
this is greatest in coils with long lengths of wire in the primary
and secondary windings, and in coils with much iron in the cores.
When the interrupter is operated by an auxiliary electro-magnet
in the circuit the self-induction of the whole circuit is notably
increased, and shows itself in the increased length of the waves,
the wave of current at “ make " in the secondary circuit being
especially long under these circumstances.

The effect upon the contraction of striped muscle seems to be
alike for long and for short waves within the limits existing in
the discharges of medical coils. The effect on sensation, on the
other hand, is very greatly influenced by the length of the waves.
Thus waves with a duration of 0005 second (one two-hundredth
of a second) possess the stinging painful quality in a high degree,
and this decreases as the waves grow shorter, being slight for
wave-lengths whose duration is less than one four-hundredth
(00025 second) of a second. The production of sensation by
currents 1s a matter of the transportation of ions. With the
short waves the movement of ions is relatively small, and there-
fore the stimulation of the sensory nerves is also small. It is
for this reason that the sinusoidal current of the electric lighting
mains is too painful in its effect to be suitable for use in electrical
testing as a substitute for coil currents.

63. Mechanical Interrupters.—When the question of the use
of coil currents in diagnosis is examined, we find that there is
no apparent reason why interrupted currents from other sources
should not be used in their stead. Dr. S. Leduc (Nantes) has
recently called attention afresh to this matter, and by using a
continuous current source and a mechanical interrupter, he has
shown that all the effects upon muscle which are generally
considered to be peculiar to the induction current or *“ faradism,”
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which the brushes are passing over the intervals which separate
adjoining segments. One brush is fixed, and the other 1s mov-
able through an arc of go degrees, and by a displacement of the
movable brush one can so arrange matters that the circuit only
becomes closed when one segment of the pair has already per-
formed a half, three-quarters, or more of its passage under the
fixed brush, in which case the current can only get through
during one-half, one-quarter, or less of the whole period. The
speed of the motor is regulated by a rheostat, and this deter-
mines the number of interruptions in a given time. The speed
of rotation can be measured directly by a speed-counter on the
axle. A milliampéremeter in the circuit measures the current,

Fic. 30.—Pran oF CoMMUTATOR oF LEDUC.

The dotted lines show the range of movement of the upper brush-holder,

but for correct values it is necessary to compare the readings
indicated when the motor is in movement with those indicated
when it is at rest. The latter give the true values, and the
former can be used as a measure of the duration of the time of
passage of the current during each period. If the word ‘ period ’
is taken to mean the time between one interruption and the next,
the current can pass and be ‘on ' during one-half, or one-fifth,
or one-hundredth of the period, and be interrupted and ‘ off’
during the remainder of the period. Thus if the current passes
during one-tenth of a period and is off for the remaining nine-
tenths the current registered by the milliampéremeter when the
commutator is rotating will be the tenth of the true current.
By thus comparing the currents indicated with the commutator
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shows alternating impulses produced in a similar way. These
figures are from actual tracings taken with the oscillograph.
In both the ratio of length of impulse to length of interval

Fic. 42.—1UINIDIRECTIONAL CURRENT WAVES PRODUCED MECHANICALLY.

is to be noted, and it is to be remembered that by moving
the brush-holder the impulses can be made longer or shorter
at the expense of the interval without increasing their frequency.

—=
F1c. 43.—ALTERNATING CURRENT WAVES PRODUCED BY A
MECEANICAL INTERRUPTER.

The frequency is varied by changing the speed of rotation of
the apparatus. In these figures, too, the whole tracing represents
a time of one twenty-fifth of a second.

64. Regulation of Current—Resistances.—When the current
1s regulated as described in § 55, it will be seen that, neglecting
the resistance of the battery, the electromotive force is the only
thing altered in the circuit. But by Ohm's law we know that
the current 1s numerically equal to the electromotive force
divided by the resistance of the circuit, so that it might be regu-
lated by introducing or removing resistances, the electromotive
force being kept constant. In some cases it is more convenient
to regulate by this method, as, for example, in regulating the
current from the electric light mains, in which the electromotive
force is maintained at a constant figure. An adjustable resist-
ance for varying the current in a circuit is sometimes called a
“ rheostat.” In general, with batteries, when the total resist-
ance of a circuit is large, it is more convenient to alter the electro-
motive force than the resistance in the circuit. Thus, suppose a
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of moderately thick uncovered German silver wire. The current
is led in at one end of the helix, and leaves it by a metal
traveller sliding on a metallic arm joined to the other end of

F16. 44—ADJUSTABLE RESISTANCE FOR MEDICAL USE.

the coil. The resistance interposed is easily seen to be pro-
portional to the number of turns of the wire between the end
attached to the terminal and the sliding piece. The form of this

A1, T

4
=

F1G. 45.—WIRE RESISTANCE WITH TRAVELLER.
S, strong ; W, weak.

resistance is favourable to cooling, as the wire is freely exposed

to the air. It is especially useful for regulating the current
in cautery or lamp instruments.

P -
J o e s
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F1G. 46.—GRAPHITE RHEOSTAT.

A very useful form of adjustable rheostat for high resistances
and small currents is a sliding graphite resistance (Figs. 46 and
47). It consists of two parallel pencils of graphite, with a metal
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65. The Management of Batteries,—The trouble of keeping
batteries in order is commonly put forward as an excuse for
neglecting electricity in medical practice. As a matter of fact,
with a proper modern battery there is no trouble worthy of
mention. It is important in buying a battery to choose one
which will remain in good order without much attention. On
this account acid cells are to be avoided.

Care must always be taken to guard against accidental or
intentional short circuiting of any battery. TFew batteries will
stand short circuiting for many minutes ; the dry batteries most
used in medical practice are particularly sensitive to it. Short
circuiting may easily occur if the electrodes are carelessly thrown
down after use, and should happen to lie in metallic contact with
each other,

It is bad practice to try to test a battery by connecting the
terminals by a direct metallic contact except through a coil of
high resistance, for the strength of current may be so great as to
damage the galvanometer, and it will probably be too large
even with one cell for a galvanometer graduated in milliampéres
to give readings of it. If no resistance coil be at hand, the plan
of putting the electrodes into a little water in a saucer will
usually suffice to reduce the current in the circuit to a quantity
which can be measured in milliampéres. If the battery be not
fitted with a galvanometer, one must be attached for this mode
of testing. It may be connected to the terminals of the battery,
in series with the resistance employed. If this has a value of
about 1,000 ohms the current is reduced to a magnitude suitable
for measurement with the milliampéremeter ; the pointer must
then be gradually moved round the studs, the galvanometer
being watched carefully. If the battery is in proper order, it will
indicate a regular rise in current step by step for every cell
added to the circuit. If the galvanometer needle falls to zero
as the pointer is passing from one stud to the next, it indicates
that the current is broken at that moment, and if a patient
were in circuit he would receive an objectionable shock. If the
needle falls to zero when the pointer is on a stud, it shows that
the connection between that stud and the battery is faulty.

When a battery has been dismounted and put together again,
especially if it has many complex connections, there is a danger
that the positive pole may have been accidentally connected to
the binding-screw marked negative, and wice versa. This is
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the instrument-maker are called in. It need not be said that this
is the wrong way of doing things, for everyone using a battery
should make himself familiar with the proper management of it,
in order to avoid the expense and annoyance of frequent recourse
to the instrument-maker.

As a matter of fact, with moderate care no difficulty need occur
from faulty contacts. It is advisable for the sake of neatness to
use but one form of binding-screw, as far as possible. There are
of course many forms in constant use, and a few minutes may
be wellspent in inspecting an electrical instrument-maker’s stock.

64. Electrodes.—The conductors through which the current
is applied to the body are called electrodes. The word electrode
has also been used to describe the connections by which the cur-
rent leaves the battery or enters any instrument, and also the
wire conductors of a circuit, but in medical usage the word
electrode is employed to signify the special terminals which are
applied to the patient. They were formerly called rheophores.
The variety in nature and shape of the electrodes used in medical
practice is great, and it will be useful to describe some of them.

The old-fashioned brass handles and wet sponges should be
wholly abandoned, in spite of the fact that instrument-makers
still persist in supplying them, and the proper form of electrode
to use is a disc or plate of metal covered over with chamois
leather, or some other absorbent material.

Care must be exercised to keep the electrodes clean, and on
this account metal is a better material for electrodes than carbon,
which has been employed. Uncovered metal must not be applied
directly to the skin, as it produces painful sensations, or may even
cause sores, by electrolytic action upon the surface of the skin.
The absorbent coverings must be often renewed, and as far as
possible a separate set should be kept for each patient. Lint,
absorbent cotton-wool, and even asbestos cloth and blotting-
paper, as well as leather, have been used for covering the
electrodes.

In some medical applications both the poles of the battery are
used equally, and in that case the electrodes at the two poles
may be similar, but in others the current is applied to the
affected part with one pole, which is then known as the “ active
electrode,” the circuit being completed by the placing of the
other electrode, called the “ indifferent electrode,”” on any con-
venient part of the body ; under these circumstances the active
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A good form of disc electrode is one in which the operation of
renewing the absorbent covering can be quickly carried out
without needle and thread. Its construction is shown in Fig. 50.
It consists of two cupped discs of metal, which screw together,
and so hold the edges of the wash-leather or cotton material
firmly fixed between them.

When the indifferent electrode is slipped between the clothing
and the skin, the pressure of the clothes serves to keep it in place,
or if the patient is lying down the electrode may be put under-
neath the shoulders or the hips, or it may be held against the

- chest or abdomen by the patient himself, or by an assistant. In
either case the operator is able to give his whole attention to the

FiG. 50.—Disc ELECTRODES, SHOWING MODE OF AFFIXING
THE COVERS.

| other or active electrode. Care must be taken to see that the
‘contact of the indifferent electrode with the skin is well main-
tained, and that no dry clothing lies between. Sometimes it is
‘useful to fasten the electrodes to the surface by a few turns of a
bandage, or by a soft garter or belt of some kind. Electrodes to
buckle or clasp upon a limb are figured in the catalogues, and are
also useful.

A very good electrode can be made of a painter’s brush, by
soldering a binding-screw to the metal ferrule which contains the
bristles. Small flat brushes of this kind make capital electrodes
for applying to the face in facial paralysis and other conditions
needing face treatment, and larger round brushes are good for
applications to the limbs. They do not conduct so well as the

7
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tennis bat, with the handle part bent over so as to hang the
electrode from the end of the pan. It is fitted with a binding-
screw at the extremity.

The arm-bath is specially suited for cases of paralysis of the
muscles of the forearms and hands, as, for example, in the
extensor paralysis of lead-poisoning, and in paralysis from
injuries to the nerves of the arm and forearm ; also in rheumatic
and gouty affections and rheumatoid arthritis affecting the
elbows, the wrist, or the finger-joints, and in Raynaud’s disease,
or in chilblains affecting the hands, while the foot-bath is valuable
for applications to the feet in the last-mentioned disorders. A
consideration of this list will show how often the arm-bath can
be of service, particularly in general practice or in the electrical
department of a hospital.

When an electric bath is so arranged that one electrode only
is immersed, and the whole current passes from it to the patient,
it has been called a monopolar bath, to distinguish it from the
dipolar bath, which consists of a vessel of water in which both
electrodes are placed so that the current passes from one to the
other through the water. A limb immersed in such a bath
receives part only of the current flowing between the electrodes,
the remainder being carried by the water and wasted.

The dipolar bath is useful for the treatment of the forearms
and hands, but has its chief application in the full-length electric
bath to be described below.

When a monopolar bath is used as an electrode, the other may
consist of an indifferent electrode of large size placed upon some
part of the body, or it may be used in a second bath, and this is
generally the best arrangement.

6g. The Four-cell Bath of Dr. Schnee.—This is a monopolar
bath carried to a high degree of elaboration. It consists of a
special chair provided with four baths, one for each limb of the
patient who sits in the chair (Fig. 52). The baths are fitted
with carbon electrodes connected to the source of current, which
can be made to traverse the patient’s limbs in any required
manner. Thus in cases of paraplegia the two foot-baths could
be used, in hemiplegia one arm-bath and one foot-bath, and so
on. A switchboard forms part of Dr. Schnee’s apparatus, and
it is fitted with voltmeter and ammeter, with an adjustable
resistance for purposes of regulation, and with a small motor
generator by means of which sinusoidal or interrupted current
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it adapts itself so completely to the surfaces of the body.
Secondly, by moistening the skin uniformly and thoroughly, it
lowers its resistance and favours the comfortable passage of the
current through the skin.

Thirdly, all parts of the body are brought under treatment
together, and this simplifies matters both when the body as a
whole is to be treated, or when there are a number of separate
areas all requiring attention.

Fourthly, because the warm water serves to keep the patient
warm and comfortable during the time of the application. We
may also include the stimulating action of the hot water upon
the skin, for this is an additional therapeutic means that may
often be of service in the cases which are being treated by
electricity.

The bath itself should be made of porcelain or glazed earthen-
ware, or it may be made of wood. The former is the best, as it
is easily kept clean and has a good appearance.

A bath five feet six inches in length is long enough for the
great majority of cases. For most female patients a five-foot
bath is long enough.

The water in the bath should be agreeably warm, averaging
g9° F., but it may be slightly warmer or cooler to suit the
wishes of the patient. It is noteworthy that a difference of one
or two degrees makes a great difference in the sensations of
warmth felt by the patient at these temperatures. On this
account a bath thermometer should always be used to ascertain
and regulate the temperature. The bath should be so filled with
water that when the patient lies in it the whole body and the
shoulders may be covered.

Two electrodes consisting of metal plates are fixed at the
head and foot of the bath, and they should always be kept clean
and bright. These metal plates are provided with binding-
screws to which the battery wires are attached (Fig. 53). Copper
has a bright appearance, but zinc may also be nsed. It is of no
use to have the electrodes plated with nickel or silver, as is
sometimes done for appearance’ sake, for the plating quickly
leaves the positive pole. The electrode placed at the head of
the bath is usually the larger, and may measure eighteen inches
by twelve, that at the lower end of the bath being eleven inches
by nine. In order to localize the current more or less in any part,
a movable paddle (Fig. 54), two or three inches square, connected






THE ELECTRIC BATH 103

The feet may be allowed to touch the electrode at their end
- of the bath, because the epidermis on the soles is thick enough

to take care of itself. If a patient is timid, the feet need not be
placed in actual contact with the metal, but they should be
kept in close proximity to it. The arms must be extended if
they need a share in the treatment, and folded if the current
through them is to be kept small. A part only of the total
current in circuit traverses the body, the remainder passing
through the water in which it is immersed. The water in the
bath offers a broad conducting medium with a large transverse
sectional area, several times larger than the patient, and there-
fore a considerable part of the current traverses the water and
is altogether lost to the patient.

An electric bath was installed at St. Bartholomew’s by the
late Dr. Steavenson in 1882, and was for many years the only
electric bath at a London hospital. Recently, one or two other
hospitals have recognised their advantages and have taken them
into use. The bath method of applying electricity has further
been extended by the introduction of arm-baths and foot-baths,
as well as the large general bath; so that there are now at
St. Bartholomew’s Hospital five of these small baths in regular
use, to the great advantage of many patients, and with the effect
of greatly simplifying the process of treatment; better results
are now obtained in many conditions of disease by bath methods
than was formerly the case. r

The resistance in an electric bath will vary with its length,
with the depth to which it is filled, and with the temperature of
the water.

Dr. Hedley* has contributed largely to our knowledge of the
physics of the electric bath, and his book should be studied by
all those who are interested in the subject.

A porcelain bath five feet six inches long has a resistance of
about 110 ohms, when filled with water at 100° F. to a depth of
fifteen or sixteen inches.

A question of interest with the electric bath is the following :—
How much of the total current passes through the patient, and
how much is conveyed by the water ? The answer will depend
upon the dimensions of the bath, and also on the quantity of
water in the bath ; the problem is best attacked by regarding

* " Hydro-Electric Methods in Medicine.” London: H. K. Lewis, 18906,
Second Edition.
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: should be from ten to fifteen minutes. The baths may be given
. on consecutive or on alternate days.

21. The Electric Douche Bath.—A douche of water may also
be used to convey an electric current to a patient in a bath,

In the Revue Internationale d Electrothérapie for June, 1894,
Dr. Guyénot, of Aix-les-Bains, has described a method of applying
electricity by means of douches. The current is led to and
from the patient by two streams of water, the conductors being
connected to the metal nozzles through which the water flows,
and he insists upon the ease with which the jets of water can be
made to carry the current to the whole surface of the body, or
to any part of it, so as to give the effect of a general or of a
localized electrization. The article gives careful working details
of the modes of applying either the battery current or the
induction-coil current, and the account is well worthy of attention.

#2. Rhythmie Interrupters.—In medical treatment it is some-
times useful to interrupt or to vary the current rhythmically,
and several mechanical devices have been invented for turning a
current off and on at regular intervals. The advantage of using
regularly varying currents is gradually becoming recognised, and
such currents are specially adapted for cases in which electricity
is employed to stimulate the nutrition, either of the whole body,
or of any part of it. In conjunction with electric baths of all
kinds the rhythmic interrupter is almost a necessity.

By the term “ rhythmic interrupter ' is meant a mechanical
device for turning currents on and off in a regular periodic
manner, and there are two main varieties of rhythmic inter-
rupter, giving different effects, and both are valuable in medical
treatment. In the older type the current is simply switched on
and off at a uniform rate, the change from “ on " to * off  being
abrupt ; while in the newer type there is a gradual growth of
current from zero to its maximum, followed by a similar gradual
decrease to zero again. This is the most generally useful type
of rhythmic interrupter for medical treatment, but the first type
requires some brief notice, too. For sudden turning on and off
of current a simple metronome, with wires dipping into mercury
cups, fills the requirements completely. This apparatus is well
known in physiological work, and is known as Kronecker’s (more
correctly Bowditch's) metronome (Fig. 56). This type of
rhythmic interrupter, in one form or another, has been in use
since the very early days of electro-therapeutics. To connect






EHYTHMIC INTERRUPTERS 107

the greater is the range of the current through the patient, who
is connected up in the circuit in such a way that the current
passes first through the interrupter and then onwards through
the patient. To increase the range of resistance in the cup a
small glass funnel is inverted in it, and the platinum wire moves
up and down in this inverted funnel. When the point of the
wire is at the top of its excursion upwards, its point, though still
immersed, 1s in the narrowest part of the stem of the inverted
funnel, and the resistance then is high and the current small.
On the other hand, when the wire has descended to its lowest
point it lies close to the metal of the cup, and is surrounded by a
wider area of fluid, and the resistance is low, and the current,

Fic. 57.—RHYTHMIC INTERRUPTER, OPERATED BY CLOCKWORK,

therefore, is large. It is easy, with this little contrivance, to
arrange a current varying rhythmically between 1 and 1o milliam-
peres through a patient, and this gives as wide a range as is
required. Therate or periodicity should be of about one complete
eycle in four seconds, or fifteen per minute.

As the amplitude of the range of current through the patient
depends upon the amount of the resistance which can be inter-
polated by the excursion of the moving wire, it follows that the
liquid in the cup should have a high resistance and not a low one.
To add salt to the water decreases the range of current very
much. Tap water is the proper fluid to make use of in the cup.
In order that it may be easy to adjust the platinum wire it is
made to slide through a vertical hole at the end of the horizontal
arm, and can be clamped when in position, the best being when
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it can almost touch the bottom of the cup at the end of its down-
ward range, and almost emerges from the surface of the water
at its topmost position. This mode of fixing the platinum wire
also permits of its easy withdrawal for cleaning, and the metal
cup is also free of all fixed connections for the same reason. The
current enters the base of the cup from a metal saucer on which
the cup stands, the cup and the saucer being made of a nickel
crucible and its lid, which are inexpensive and eminently suitable.

F16. 58.—RuyTHMIC INTERRUPTER, MOTOR-DRIVEN.*

I have used an apparatus of this kind for a number of years.
With this device either continuous or interrupted or alternating
current may be rhythmically regulated.

During rhythmical electric stimulation the tissues stimulated
are given recurrent intervals of repose in the course of the treat-
ment, and time is thus given for renewal of blood-supply, and
fatigue is prevented. A sustained stimulation without any

* For these two drawings I am indebted to the courtesy of the pro-
prietors of the Lancet, the original description having appeared in that
journal for November 13, 1909.
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intervals tends to induce fatigue quickly, particularly in weak or
paralyzed muscles, and it is probable that harm may be done
by electrical applications which set up a sustained tetanization
in such muscles. If experimental proof were needed of the
value of rhythmic stimulation, it is to be found in the experi-
ments of Débédat® upon the muscles of young rabbits. He
showed that rhythmic stimulation of the muscles of one hind-
limb for ten minutes daily caused, after twenty days, an increase
of 40 per cent. above the weight of the corresponding untreated
limb. The current used was that of an induction coil. With
continuous current also applied rhythmically the increase was

RIS i -H.&ﬂﬂ.-.t.w_,;_q;-';g“g,l_.l il ':h

FiG. 50.—Dr. Hampsor’s RuvTuMmic INTERRUPTER.

only 18 per cent. When similar applications, but with no
rhythmic intervals, were used, the gain in weight was nil both
for interrupted and continuous currents. Bordier,} working
with human subjects, has obtained similar proofs of the good
effect of rhythmic currents, for he reports an increase in girth of
4 inch in the arm after two months of rhythmic stimulation.
Another excellent motor-driven rhythmic interrupter is shown

in Fig. 59. It is designed by Dr. Hampson, of the Queen’s
Hospital for Children, and is described in the Archives of the
Roenigen Ray, October, 1910, p. 182. In the Lancet} recently

* Archives d’ Lleclricité Médicale, February and March, 1894.

t Ibid., 1902, p. 331 (with illustration).

} Lancet, January 8, 1910 (with illustration).






CHAPTER III

ICAUTERY AND LIGHTING INSTRUMENTS—THE ELECTRO-
MAGNET
"The galvano-cautery—Batteries for cautery purposes—Accumulators—

Wires and leads—Lamps—DBatteries for lamps—The cystoscope—
Endoscopes—The antrum lamp—The electro-magnet—QOzone.

73. Indirect Applications of Electrical Currents.—The preceding
ichapter contained an account of the apparatus commonly used
for the direct application of electrical currents to the body. The

present one considers certain instruments in which electricity is
‘indirectly employed, and which are often valuable in medical
practice. These are the galvanic cautery, the various forms of
rexploring lamp, and the electro-magnet as used for the removal
rof splinters of iron and steel from the tissues, particularly from
those of the eye. A few notes on the medical applications of
rozone are also ‘added, although this agent has not yet been
employed very largely for medical purposes.
74. The Galvanie Cautery.—The forms of galvano-cautery in
common use are numerous, but their plan of construction depends
upon one general principle. They consist of small loops of
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COXETER & S0H. LONDON.
Fic. 60.—CAUTERY PoINTS.

platinum wire mounted on straight or curved copper supports,
which are insulated from each other by varnish and by turns of
waxed thread, which also serve to hold them together to form a

convenient stem (Fig. 60). These are made in various lengths
II1I
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\loop when hot. As the wire loop is shortened the regulating
resistance must be progressively adjusted, or the wire will become
roverheated. Steel wire is sometimes used for these loops on
raccount of its cheapness, but platinum is the best. It is as well
fto mention that the temperature of a cautery must not be
iallowed to rise above dull redness. At a white heat the cauter-
lizing action is so rapid that searing of the surface does not take
iplace, and haemorrhage may follow as profusely as after division
tof the tissues by a knife. Many forms of cautery and mount
iwill be found illustrated in the instrument-makers’ catalogues.
‘The resistance of the cauteries just described may vary from
(0'025 to 0°04 ohm.

The current required to bring the platinum loops to redness
ivaries between five or six ampéres for the smallest to upwards of
itwenty for the larger ones.

Still larger currents are required for a few cauteries, which
thave been constructed for special purposes.

75. Cautery Batteries.—The batteries of small cells which are
tused in medical treatment are of no use for cautery currents.
‘They are designed for high electromotive forces and small
tcurrents, while for cautery purposes large currents and low
telectromotive forces are required. Chromic acid cells can be
used for cautery purposes, because when of good size they are
rable to yield large currents for brief periods. Fig. 63 shows a
sspecial form of this battery with four cells, which is arranged to
ipermit of use as a two-cell battery with pairs of cells in parallel
|(§ 2g9) for cautery purposes, or with four cells in series for ex-
iploring lamps, which need a rather higher electromotive force
ithan is required for cauteries. In places where storage cells
recannot be used this form of cell may be had recourse to, but
iwwherever the electric mains are available or an accumulator can
Ibe kept in order these will be used in preference. The use of the
telectric lighting mains for cauteries and lamps and for accumu-
Hator charging will be considered in the next chapter.

A small four-celled accumulator can be fitted with a switch for
rrearranging the cells in two pairs in parallel. It can then be used
eeither as a two-cell accumulator (four volts) of double cells for
fcautery purposes, or as a four-celled one for lamps (eight volts).
IFig. 64 shows such an apparatus, which is constructed for surgical
ipurposes. It weighs fifteen pounds, and is provided with two

rresistances, fixed upon the lid of the box, one for lamp and one
8
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for cautery use. The connections are so arranged that the lamp
resistance is in series with the lamp terminals, and the cautery
resistance with the cautery terminals. The cells must not be
left in parallel when the battery is not in use.

F1G6. 63.—CHRoMIC AcIiD BATTERY FOR ELECTRIC LAMPS AND
GALVANO-CAUTERY.

#6. Conduetors,—It is important to use thick copper wire
conductors in cautery work because the resistance of the whole
circuit being very low, that of the conductors becomes an
important fraction of it, and may determine whether the cautery

will be properly heated or not.
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It may be useful to give an example here of the calculations
{ito be made in arranging the apparatus for heating a cautery.
.I ! Suppose that a cautery having a resistance of 004 ohm and re-
Lquiring a current of 20 ampéres is to be heated, and that the
Ilbattery power available consists of two accumulator cells in
|sseries, each with an electromotive force of two volts, the internal

To obtain a current of twenty ampéres from four volts the
ttotal resistance in circuit may amount to 02 ohm. If proper
lleads are used, their resistance will be 0°0014 ohm per metre.
"We will suppose each wire to be 1'5 metres in length, their

Fic. 64.—AccUMULATOR FOR LAMPS AND CAUTERIES.

total resistance will then be 0'0042 ohm. The necessary resist-
sance in circuit in this case (resistance of battery, of leads, and
0f cautery) therefore amount to 002+ 00042+ 0:04 =00642, or
s5ay 0'005 ohm. This leaves a margin for faulty contacts and
tor rheostat of 0°135 ohm, and the cautery would be adequately
aand easily heated.

But now suppose that the leads are of a size having a resist-
iance of 0'04 ohm per metre. This will give a total resistance in
sircuit of 0'02 + 0124 0'04 =018 ohm, leaving a bare margin of
09'02 ohm for faulty contacts. This would be insufficient, as
here are several points of contact, and a small degree of oxida-
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varies also. If the filament is slender, or if it is long, their
resistance is high ; if it is short or thick, their resistance is less
high. A long slender filament may require ten volts or more to
light it properly, while a shorter one may glow with four volts.

The rate of consumption of energy by incandescent lamps with
carbon filaments is about four watts (§ 25) per candle. Thus
if a ten-volt lamp absorbs 0’4 ampére, a six-volt lamp would
require 0'7 ampére to give the same light. In the modern metal
filament lamps the consumption of energy per candle-power is
much less, being only one watt per candle-power in some of them,
and they are therefore much superior to the old carbon filament
lamps, requiring less current, and taxing the endurance of the

“battery far less. When the current is supplied from a portable
battery, it is very advantageous to use metallic filament lamps
for the sake of the saving in current.

Among primary batteries useful for lighting small lamps the
chromic acid cell may be used if no means of recharging accu-
mulators are available. Dry cells are more convenient, but do not
last long if used much, though they may be trusted for a fair
number of short examinations. It should be borne in mind that
dry cells gradually fail as they get old, whether they be used or
not. From three to six months may be taken as the duration
of usefulness of a dry cell. A Leclanché battery also answers
well for lamps if portability is not required.

If accumulators are used, small ones may be had for the sake
of portability. Small accumulator batteries for lamps are put up
by several electrical instrument-makers. If the small accumu-
lators can be recharged at home from the mains without trouble
they are extremely convenient, but this convenience is lost if
they have to be sent away every time to be recharged.

The introduction of electric ignition for motor-cars has done
much to improve the manufacture of small accumulators and to
familiarize medical men with their management. The small
two-celled accumulators used in motor-car work may be employed
for surgical exploring lamps, and two of these batteries joined in
series give a pressure of eight volts. For galvano-cauteries these
‘accumulators are rather small, but they may be used at a pinch
for the purpose, and two batteries should then be connected in
parallel, and a suitable resistance (§ 64) must then be connected in
the circuit. '

As the different forms of small lamp vary a good deal in their
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One interesting form of lamp-instrument has a rod of glass
-along which the light of a lamp is conveyed by a series of internal
rreflections. It is quite cool, and may be used for purposes of
texploration (see Fig. 69).

Fic. 68.—Trouvi's HEAD Lamp.

'~8. The Cystoseope.—This is an instrument for examining the
iinterior of the bladder, and is one of the most important of all
‘the electric-lamp instruments.

FiG. 69.—GLass Koo Laup,

I't consists of a beaked sound containing a telescope with which
the wall of the bladder is viewed through a reflecting prism of
rock-crystal. A lamp protected by a metal cap forms the beak

'of the instrument, and throws its light upon that part of the
- bladder-wall which is in the field of view of the telescope. By

rotating the instrument the different parts of the mucous
membrane can be brought into view, and the direction of the
vision is indicated by a small knob fixed upon the eyepiece of the
instrument.

Fig. 70 shows the simple cystoscope in its modern form, but
of late years there have been many additions to it. Thus it can
be modified so that the optical part may be removed, leaving the
outer tube in place for washing out the bladder, while in another






=

ELECTRIC ENDOSCOPES I2T

tains many illustrations of cystoscopic appearances in morbid

conditions.
79. Electric Endoscopes.—Other exploring instruments of
value are the various forms of endoscope, in which a lamp con-

Fic. 71.—CvysToscorE AND DuMMY BLADDER.

tained in the handle of the instrument projects a beam of light
through a prism or upon a mirror inclined at an angle of 45
degrees, which deflect it along the axis of a tube which can be

Fi1G. 72.—SIMPLE ForM oF INFLATING URETHROSCOPE.

introduced into the channel or passage to be examined. Many
forms of endoscope have been devised, and one of them is shown
in Fig. 72. Fig. 73 shows another type of instrument, in which
a small lamp is carried near the extremity of a speculum. The
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magnet.” The student should consult the journal just quoted
for further information on the subject. -

Although the action of huge electro-magnets in attracting
large pieces of iron from a distance may impress the casual
observer, it must be borne in mind that there is a limit to the
number of magnetic lines which can be crowded into a mass
of iron, and that any increase of current beyond that by which
the iron core is magnetically saturated is of small advantage.
Thus it is probable that any electro-magnet carrying a sufficient
current to produce magnetic saturation will be equally effective
in attracting small particles of iron, and that for the small
fragments which occur in the globe of the eye there can be no
advantage in using very large instruments, because the attractive
effect is due to the magnetic field at the pole-tip which is pre-
sented to the eye, and depends also to a very great extent upon
the size of the particle of iron or steel to be acted upon. It is
the small particles rather than the large ones which are so difficult
to extract.

84. Ozone.,—This unstable oxygen molecule (0O,) has been
proposed for use in therapeutics by many writers, but hitherto
no striking advantages have been proved to follow its use.
Indeed, it has been shown to be noxious when present in the
air in any but the smallest proportions. The presence of less
than a milligramme of ozone per litre was found by Dr. Bordier
to prove fatal to a guinea-pig in half an hour, and the results
found post mortem indicated that the ozone acted as a violent
irritant to the respiratory tract.

Ozone in moderate quantities is found in the neighbourhood
of all high potential electrical apparatus when in action, being
produced by the effect of the brush discharges upon the oxygen
of the air. Frequently some nitric oxides are produced at the
same time, and these doubtless increase the irritant action of
the ozone. Nevertheless ozone has been tried in various affec-
tions of the respiratory tract, as, for instance, in whooping-
cough and in phthisis, and it has been strongly recommended
by French writers for the first of these disorders. It is also said
to increase the percentage of heemoglobin in anzmic persons.

Ozone is coming into use for the disinfection of crowded rooms,
as it possesses very marked oxidizing properties, and adds
nothing to the atmosphere except oxygen. Many forms of ap-
paratus for producing ozone have been devised.
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In the best forms of apparatus air or oxygen is blown quickly
through a channel between two surfaces of glass whose other
surfaces are covered with a layer of tinfoil, and are connected
to the terminals of an induction coil or a high potential trans-
former. A convenient form for the apparatus to take is that of
two concentric cylinders, the one fitting inside the other with an
air-space between. When the apparatus is in action, a violet
glow is seen in the air-space, and the air blown through it comes
out with the characteristic smell of ozone. For purposes of
inhalation it has been advised to use oxygen rather than air for
the source of the ozone, in order to avoid the production of the

Fi1G. 78.—0zZONE APPARATUS,

oxides of nitrogen. The oxygen can be obtained from a cylinder
of the compressed gas, and this obviates the need of any bellows
for maintaining the flow.

A compact ozone-producing apparatus has lately been intro-
duced by the Ozonair Company* for the purification of the air
of rooms, as well as for numerous industrial processes. This
apparatus consists of an ozonizer, with an induction coil or high-
potential transformer, and an electric fan, combined i1.1 a con-
venient form. It produces a continuous flow of ozonized air,
and there is said to be a total absence of nitrous vapours. Itis
made to work upon any electric light supply, and the consump-

* g6, Victoria Street, Westminster.
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tude of current. There is no advantage at all to the consumer
from the higher voltage, but rather the reverse, but the advantage
to the supply companies in the saving of capital outlay on copper
for mains is considerable.

86. Reduction of Pressure—Resistances.—In almost all appli-
cations of the current to medical practice the first need is for a
means of reducing the pressure. The pressure of supply is too
great for most medical purposes. In order to reduce the pressure
resistances are employed, for by means of the resistances in a
circuit the magnitude of the current in the circuit can be regulated.
Thus a resistance of 100 ohms in a circuit of 100 volts will prevent
the current from exceeding one ampére, and a resistance of
100,000 ohms will cut down the current to one milliampére, and
S0 on,

It is important to distinguish between the effect of a resistance
in cutting down the current in a circuit, and its effect in lowering
the voltage in a circuit or portion of a circuit. In § 28, when
treating of the internal resistance of cells, an attempt was made
to draw this distinction, and it may now be repeated that the
effect of resistance upon the voltage in any part of a circuit is a
relative one—that is to say, the fall of volts in a part of a circuit,
such as a resistance, depends upon the resistances in the other
parts of the circuit, and may be estimated by comparing the
resistance of the part under consideration with the resistance of
the rest of the circuit. For instance, take a resistance of
g9 ohms interpolated in a circuit of 100 volts, when the resistance
of the remainder of the circuit is very small, say, for purposes of
illustration, one ohm, then the drop of volts in the resistance
will be gg volts. But if four such resistances be inserted in
different parts of the same circuit then the drop in volts at each
resistance will no longer be gg volts, but will be one quarter of
that amount, and the fall in the potential from 100 to o will take
place in four steps of about 25 volts, one at each resistance. It
follows from this that a resistance intended for regulating the
voltage in any part of a circuit must be made proportional to
the resistance of the circuit to be regulated. If the resistance
of the part to be regulated is 50 ohms, then a resistance of 50 other
ohmswill halve the voltage acting on it, but a resistance of 500hms
will not equally halve the pressure if the other part has a resist-
ance of g50 ohms, for in this case the fall in volts at the first
resistance would be only one-twentieth of the total electromotive
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and copper in contact with a patient, might have serious
consequences.

Shunt circuit instruments for use with heavy currents are
made as a rule of a number of open coils of thick iron wire
affixed to the back of a slate or marble slab, with ample air
spaces for ventilation, by which means the heat generated in
the coils is dissipated. The coils are joined together in a series,
and at intervals a connection is led off to a stud on the front
of the switchboard, whence the current is taken to the appro-
priate binding-screws through a moving crank arm (Fig. 8o).
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F1G6. 80,—PLAN OF SHUNT RESISTANCE FOR LARGE CURRENTS.
M, Mains ; S, switch ; L, pilot-lamp ; B, B, terminals.

In this figure the wire coils of the shunt circuit are composed
of sixteen lengths of a spirally-coiled wire. If the potential
difference between the positive and negative wires of the source
Is 200 volts, the difference of potential existing between the two
ends of each section will be one-sixteenth part of the total, and
between the beginning and end of a double section one-eighth
of the total, or, in the case under observation, 25 volts, and thus
the row of studs numbered from 1 to 8, which are connected to
points on the resistance, provide places from which current can
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péremeter, induction coil, commutator, and box for cords and
electrodes. The apparatus can also be arranged on a table or
fitted as a switchboard to attach to a wall.

The induction coils supplied on these switchboards are not
always of good design. Coils for medical use should be wound
with short lengths of wire, and should have a quickly moving

Fig, 82 —CoMmPLETE FIirTIiNG FOR UTILIZATION OoF DIRECT CURRENT
Maivs For MEDICAL USsES.

interrupter, and a core containing a very moderate amount of
iron (§ 61).

The milliampéremeter must be guarded against short circuits,
as these would be very likely to overheat and destroy the windings
of the galvanometer coils.

It might be thought that regulation of current in the ordinary
way by resistances in series with the patient would be sufficient
for general medical purposes.

For instance, a current of 5 milliampéres could be applied to
a patient from a 2oo-volt main by using a cheap graphite re-
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sistance (Fig. 46) of 40,000 ohms, but the effect upon the patient
would be disagreeable ; for if the resistance of the skin were
high, as is frequently the case, it would be subjected to a
high electromotive force until the skin resistance had been
reduced by thorough moistening of the surface. Pain would be
telt, and blistering possibly produced. On the shunt circuit
this is not the case, for the operator can commence with a low
electromotive force, which can be gradually raised as high as
may be needed, so that the initial application of a high voltage
to a badly conducting skin surface is avoided.

FiG. 83 —TRANSFORMER, WITH Two SLipDING REsSISTANCES, ONE FOR
CAUTERY INSTRUMENTS AND ANOTHER Fokr SMALL Lamps.

88. Alternating Current—Transformers.—The general prin-
ciples of the transformer have been mentioned in § 53, and, as
might be expected, it is often of use in medical work.

The commonest type of transformer for medical use is a
““ step-down "’ apparatus, or one which is used to convert a small
alternating current at the pressure of the electric lighting mains
into a larger current at two or four volts for cauteries, or at eight
or ten volts for small incandescent lamps, or to generate sinu-
soidal current at a low pressure for use in the electric bath (§ 68).

The first transformer specially designed for medical use was
Woakes' transformer, which dates from 18g1. It had several
secondary coils upon one bobbin—one for cautery to give about
four volts, and wound with thick wire to carry a heavy current
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collected. These “slip rings” can also be fitted to a direct
current motor on the shaft at the opposite end to the commu-
tator, and can be used to draw off alternating current from the
motor when it is running. The slip rings are joined to opposite
points upon the windings of the armature. If three slip rings
were fitted and these were joined to three equidistant points
upon the armature windings, alternating current could be col-
ected from any two of the slip rings—that is to say, there would
be an alternating current between 1 and 2, another between
2 and 3, and a third between 1 and 3. The three currents are
successive in point of time, but overlap each other, one growing
as the others fade; and by means of three conductors this
“ three-phase "’ system of currents could be applied to three
regions of a patient’s body. If necessary, the currents might be
regulated by a triple transformer, with thrée iron cores, and three
sets of primary and secondary windings.

g1. Transformation of Pressure—Motor Generators.—The re-
duction of the pressure of the supply mains can also be effected

FiG. 85.—MoTorR GENERATOR.

Two sets of windings upon one framework

' by conversion or transformation. In § 53 it was explained that
lone great convenience of alternating currents was the ease with
' which they can be made to induce fresh alternating currents at
'a different voltage by means of a transformer. In the case of
\direct current the same thing can be done, though in a more
‘roundabout way, for whereas the transformer used with alter-
inating current is a simple and stationary device, with direct
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The uses of the mains for the charging of accumulators and
for