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INTRODUCTION.

THis * Series ” has been undertaken for the purpose of
providing thoroughly practical and reliable Text Books and
Manuals upon Nursing and its cognate subjects,

The works will be written or compiled by authors recog-
nised as fully qualified and competent to treat the subjects
dealt with, at the same time language as free as possible
from technical expressions will be employed, and the price
will be such as to place the books easily within the reach of
those for whom they are intended. It is thus hoped in due
course to establish A COMPLETE LIBRARY OF
NURSING WORKS, the necessity for which no one can
seriously question, particularly in the face of the great
advance which has of late years taken place in this most
important branch of work, and the every probability of the
State’s recognition of the registration of Nurses sooner or
later demanding a definite system and standard of exami-
nations to be set up.

There are in course of preparation, * Lectures on Ob-
stetric Nursing,” “ A Complete Glossary of the terms used
in Nursing,” “ Massage for Beginners,” “ Fever Nursing,”
and others.

EDITOR.
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PRACTICAL LESSONS IN ELECTRO-
THERAPEUTICS.

AUTHORS’' PREFACE.

HAT portion of the function of electricity dealt with
in these lessons is one which has, unfortunately, lent
itself but too easily to the purposes of the charlatan

in his impositions upon a credulous public.

One of the objects, therefore, of the course of lectures
upon which these lessons are based was to bring forward,
in an easily assimilable form, first, the elementary facts of
the science; second, the physiological and pathological
phenomena, which depend for their production upon the
application of various forms of electricity; and last, the
methods by which it has hitherto been possible to employ
this agent in the treatment of pathological conditions.

It was thus intended to keep clear of purely theo-
retical statements, and to illustrate by experiments such
points as had important bearing upon the elucidation of
the subject.

In these lessons we have adhered to the same plan,
replacing actual experiment by diagrams with descriptive
letterpress, and avoiding, as far as may be consistent with
clearness, the use of technical terminology.

To meet the requirements of Nurses and students, in
showing how electricity may be used in the treatment of
disease, we have arranged our material in such a way as to
lead gradually from the consideration of the groundwork
upon which the science has been constructed, a/ways bear-
ing in mind its Medical aspect, to that of the delicate pro-
cesses by which dosage can be accurately measured, and
either localized or widely diffused as the nature of the case
may demand,

B




2 PRACTICAL ELECTRO-THERAPEUTICS.

It is needless to remind our readers that these lessons
are not meant to be inclusive in any sense of the term.
Rather are they intended to form an introduction to the
study of more comprehensive works, and to point the way
in which a student may most advantageously proceed to
gain a thorough knowledge of the subjects treated.

THE AUTHORS.
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Energy—Electrical Energy—Transformation of Energy—Re-transformation
—Loss — Electric Generators : Mechanical, Chemical, Thermal—
Similarity of Electric Currents—Comparison of Generators.

HAT is electricity ? The question is very difficult
—we might almost say impossible—to answer at
the present time, with any degree of certainty.
There are many theories, but it would be useless to attempt
to discuss them here. In evidence of the difficulty of giving
a satisfactory definition of electricity, we may refer our
readers to the words of one of the greatest physicists of the
day (Sir William Thomson), who, in his inaugural address
delivered last January to the Institution of Electrical En-
gineers, said that he had spent forty-two years in endeavour-
ing to fathom the problem of what electricity is—forty-two
years in which he might almost say the subject was never
entirely absent from his mind—and yet he was still unable
to give any solution of the problem. We will not theorise
on the subject, but consider it sufficient for the purposes of
these lessons if we regard electricity as a form of energy.

ENERGY.

Energy in some form is present throughout all nature.
We cannot alter its total quantity. We can neither create
nor destroy it, but we can change or transform its character,
and so cause it to perform useful work. In the course of
these changes various phenomena may be observed, to
some of which it will be our duty to call special attention.

Most, if not all, of the known forms of energy may be
transformed into electrical energy. The forms of energy
best suited for illustration are three in number—zsz. (a)
mechanical energy, (#) chemical energy, and (7) thermal
energy. All energy of either of these three forms may be
potential or kinetic—potential when at rest, kinetic when in

B 2



4 PRACTICAL ELECTRO-THERAPEUTICS.

action. We will briefly call attention to some well-known
illustrations of these forms of energy before proceeding to
to consider how they may be transformed into electrical
energy.

MECHANICAL ENERGY.

(a) Mechanical energy. Every machine which possesses
a handle and has to be driven involves the use of mechani-
cal energy. If we take a sewing machine with a handle or
treadle, and we turn that handle or treadle, we employ
mechanical energy; the energy in the arm or leg of the
operator is potential so long as the limb is at rest, but it
becomes kinetic so soon as we exert the limb to set the
machine in motion. In winding up a clock we employ
mechanical energy, and store it in potential form in the
raised weights or coiled spring, and it is given out again
in kinetic form as the machine performs its work.

CHEMICAL ENERGY.

() For illustration of chemical energy we need only
point to an ordinary gas-burner. Here we have the
potential energy latent in the gas as it comes- from the
main, and in the oxygen of the air, becoming transformed by
combustion, into the kinetic energy manifested in the heat
and light of the gas flame.

THERMAL ENERGY.

(¢) As regards thermal energy, we may refer to the
steam-engine, where the potential energy of combustion is
“transformed into the kinetic energy of steam.

TRANSFORMATION.

We may now consider more particularly the methods
of transforming each of the above-named forms of energy
into electrical energy. First, then (a) of Mechanical Energy.
The simplest form of mechanical energy capable of being
transformed into electrical energy is friction. If we take a
rod of ebonite or sealing-wax, and rub it lightly on dry fur
or silk, or even upon the coat sleeve, we shall find that




RE-TRANSFORMATION. o

some of the energy of the rubbing has been transformed into
electrical energy ; for, on presenting the freshly rubbed rod
to some small cuttings of thin paper, we shall find that
they are attracted to the rod, and jump through a percepti-
ble air space to adhere to it, thus proving the presence of
electricity. A better illustration is found in the old-
fashioned electrical machine, where a disc or a cylinder of
glass is made to revolve rapidly while a pad or pads rub
against its surface. By means of this arrangement the
utility of friction is much increased, and the mechanical
energy required to turn the handle is partially transformed
into electrical energy. This is apparent in the sparks which
may be drawn from the machine.  Another kmt:l of
machine, which we may here mention, but which will be
more fully referred to in another lesson, is the dynamo.
Mechanical energy is required to drive ‘a dynamo, and
electrical energy is obtained from it.

RE-TRANSFORMATION.

We will now point out how this electrical energy may
be re-transformed into energy of its original form, If we
take a dynamo and set it in action by the use of mechanical
energy we are able to get from it electrical energy, and this
electrical energy may be used to actuate a machine called
an electro-motor, which will in its turn give out mechanical
energy. We have thus mechanical energy producing
electrical energy, and this same electrical energy repro-
ducing mechanical energy. This we may term an energy
cycle, and illustrate it by the following diagram. Fig. 1 M is
the mechanical generator ; EE is the electrical energy ; EM
is the electro-motor ; and ME is the mechanical energy.

We must be careful to note that in this transformation
and re-transformation, much of the energy used to start
with is lost in the process, and the diagram is intended to
show this. Let 100 represent the value of the mechanical
energy supplied to M ; 75 may be taken as the value of the
electrical energy of EE, supplied to the electro-motor EM,
and 50 as the value of the mechanical energy of ME. We
thus have only one-half the original energy available on
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re-transformation, and frequently in actual practice the
proportion is still less.

Secondly (&), of Chemical Energy. Take a cylindrical
glass vessel containing dilute sulphuric acid, and introduce
therein a strip of copper and a strip of zine, both of which
have been previously well cleaned. Do not let the strips
of metal touch one another either inside or outside the vessel.
If we watch the metals and the solution we shall not be able
to see any evidence of chemical action going on. But
now let us connect the metals together on the outside by

FlG 1.

a wire, and a violent chemical action is at once apparent in
the vessel. Bubbles of gas are seen to rush across that
portion of the solution which is between the metals from
zinc to copper. Some of the bubbles rise to the surface and
others adhere to the latter metal. The zinc is being
decomposed, and, if allowed to remain long in the solution,
would he quite eaten up. Let us now introduce in the
outer connecting wire a galvanometer (which is an instru-
ment specially constructed to indicate the presence of and
measure electric currents, and of which more will be said
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hereafter), and we shall find a distinct deflection of the
needle. This indicates the presence of an electric current in
this outside wire. Or, let us bring near the wire a simple
magnetic compass needle. The needle will be violently
agitated, and thus give us another proof of the presence
of an electric current.

We have then in this arrangement (see Fig. 5), which is
known as the simple voltaic cell, distinct evidence of chemical
energy producing or being transformed into electrical energy.
The chemical energy at work inside the vessel, or rather a
portion of it, is transformed into electrical energy outside
the cell. The electrical energy thus obtained may also be
re-transformed into energy of its original form. To do
this take several of such voltaic cells, arranged with the zinc
of one connected to the copper of the next. Connect the
copper of the first cell and the zinc of the last to metal
conductors of silver or platinum, which must be placed a
short distance apart in a glass vessel, containing ordinary tap
water. As soon as the connection is completed, chemical
decomposition of the water will commence, the component
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gases, oxygen and hydrogen, coming off in bubbles, while
the volume of water perceptibly diminishes.

Fig. 2 represents diagrammatically the arrangement of
apparatus for experimental proof of the chemical energy cycle.
A is the battery of voltaic cells; B is the galvanometer,
showing its needle deflected; C is the vessel containing
water, in which the silver or platinum conductors, ¢ and «
are placed ; &, &, 4 are conducting wires.

This process is called the electrolysis of water, and is
best carried out with the aid of an apparatus called a

voltameter, in which the gases can be collected and tested

separately (see Fig. 27).

Here, again, we have an energy cycle completed.
Chemical energy is transformed into electrical energy, and
this in turn is re-transformed into chemical energy. We
again have much loss of energy in the process.

Thirdly (¢), of Zhermal Energy. Take two strips of
dissimilar metal, and join one end of each to the other.
Then apply heat to the junction, and connect their free ends
together through a galvanometer. The galvanometer needle
will at once be deflected, showing that the thermal energy
applied to the junction of the metal strips has been trans-
formed into electrical energy.

FIG., 3.
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RE-TRANSFORMATION. 9

Fig. 3 represents diagrammatically a simple thermopile
in action. A is the couple of dissimilar metals ; B is the
galvanometer showing a slight deflection of its needle ; Cis
a gas or other flame engaged in warming the junction of the
couple 4 ; d, 4 are connecting wires. :

‘This is the simplest form of thermopile. If we take a
thermopile, composed of several such metallic couples
properly arranged, we can ring electric bells, and have other
proofs of the presence of electrical energy. , . ‘

To re-transform electrical energy so obtained into its
. original form, we may by using a very powerful thermopile

FIG. 4.

produce considerable heat. For instance, thermopiles have
been used to light incandescent electric lamps, and if we
attach the conducting wires of a suitably-arranged thermopile
to the cautere of an electro-cautery apparatus, it will become
white-hot and ready for use in the same way as if connected
to its ordinary battery.

Fig. 4 represents diagrammatically the arrangement of
appparatus for experimental proof of the thermal energy
cycle. A4 is the thermopile of many couples; B is the
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heating apparatus ; C is the electro-cautére ; &, 4 are con-
necting wires.

Again we have completed our energy cycle. Thermal
energy transformed into electrical energy, and this electrical
energy re-transformed into thermal energy. Loss, however,
takes place in the process as before.

LOSS OF ENERGY.

In speaking as we have done of the loss of energy we
do not wish it to be understood that any energy can be
really lost, Itis, rather, dissipated as regards the immediate
use we wish to make of it. The doctrine of the conservation
of energy prohibits all idea of actual and permanent loss.
When we speak, therefore, of loss of energy in its trans-
formation from one form to another, we mean that we can-
not so control the transformation that the entire change shall
take place in the exact direction we desire, and that
machinery and apparatus never give out in a form available
for useful work all the energy put into them.

ELECTRIC GENERATORS.

The transformation of energy into electrical energy is
usually known as the generation of electricity, and the
apparatus or machines by which the change is effected are
called electric generators.

We have, therefore, referred to three classes of electric
generators—(a) mechanical, () chemical, and (¢) thermal.

SIMILARITY OF ELECTRIC CURRENTS.

It is sometimes supposed that the electricity generated
by the different kinds of generators is not the same, but this
is an error. Exactly the same kind of work may be done
by electricity generated mechanically as by that generated
chemically or thermally, provided the generators are suitably
constructed.

We cannot catch electricity to examine it and determine
its colour, construction, and general appearance. We can
only judge of it by its action, and so long as we find that

Bas's L SRR PSR .
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electricity generated by either of the above-named classes of
generators is capable of the same chemical, mechanical,
thermal, and physiological action, we have no right to
assume that the method of generation makes any difference
in the character or quality of the electricity generated.

Wherever a current flow of electricity is set up two
factors are necessarily present. These factors are electro-
motive force and current-strength.

The physical similarity of electric currents, however
generated, lies in the presence of these two factors. The
difference lies in variations of the relative value of these
factors.

These internal differences (of the relative value of electro-
motive force and current-strength) will be considered later
on; at present we desire to impress upon our readers the
fact that electricity is practically the same, however gene-
rated.

It follows, then, that the source from which electricity
for medical purposes should be drawn, or, in other words,
the form of generator used, is to be determined by con-
siderations of convenience and economy only.

COMPARISON OF GENERATORS.

For medical purposes we require an electric generator
which shall be :(—

51) Always accessible,

z) Easily controlled.

(3) Steady in its action.

(4) Not liable to disturbance by ordinary atmospheric
changes.

(5) Not troublesome by reason of its noise or unpleasant
fumes.

(6) As small as possible.

(7) Not costly to purchase or maintain.

Let us see how far the classes of generators above
referred to fulfill these requirements. Of the mechanical
class we will take the dynamo, passing over for the present
the frictional or other static machine. A dynamo may be
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expected to fulfil conditions 1, 2, and 4, but not the c-thers
It requires to be driven by a steam, gas, or water engine ; is
costly to purchase and maintain ; generally involves noise
(by 'its motor engine), and moreover generates far larger
quantities of electricity than are required for electric treat-
ment in most Hospitals. Given an establishment with many
patients requiring electric treatment, and electricity required
also for other purposes, such as light and power, it might
well be that a dynamo driven by an engine would be the
best form of generator to use ; but extreme care would be
necessary to get condition 3 fulfilled. A dynamo current
may be quite steady enough for such purposes as light and
power, but far too unsteady to be used with safety upon the
human body. Steadiness in action is a most important con-
dition, and as the fire, the engine, the belting, and the
dynamo itself, each and all form separate possible sources of
irregularity, we do not consider it advisable under any circum-
stances to draw current direct from a dynamo for Medical
purposes. If accumulators or secondary batteries be inter-
posed the condition is very much improved, but these
belong more properly to the chemical generator class.

The thermopile may fulfil conditions 1, 4, and 6, possibly
7 also, but it is difficult to control, seldom steady in its action
for long, is almost sure to give off unpleasant fumes, and is
costly both to purchase and maintain. To obtain currents of
useful strength very many pairs of metals must be used, and
their arrangement for efficient working renders it very diffi-
cult to reach and repair any of the couples which may get out
of order. Consequently the difficulty of control and cost of
maintenance are very great.

Until the thermopile be much improved, therefore, we
cannot consider it a suitable generator of electricity for
Medical purposes.

Chemical generators usually fulfil conditions 1, 2, 3, 4, 5,
in part 6, and in some cases 7. Theyare very far from per-
fect in the way in which they fulfil these conditions, as we
shall have to show in the next lesson ; but as matters stand,
chemical generators are the most convenient to use for
Medical purposes
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LESSON II.

Chemical Electric Generators—Cells: Simple Voltaic, Leclanche, Silver
Chloride, Daniell, Minotto, Bichromate, Grove, Bunsen—Secondary
Cells or Accumulators—Batteries Arranged in Series and in Parallel.

E finished our last lesson with the consideration of
the relative advantages and disadvantages of the
different classes of electric generators, and arrived

at the conclusion that for Medical purposes those belonging
to the chemical class are most suitable. We have now,
therefore, to turn our attention to

CHEMICAL ELECTRIC GENERATORS.

These vary much in form, construction, and the chemical
agents employed. There are, however, certain general
qualities which it is advisable that all chemical electric
generators should possess. They may be briefly summarised
as follows :—

1. High electro-motive force (written for brevity,
E.M.F.).

2. Constancy.

3. Low internal resistance.

4. Absence of internal action when at rest.

5. Cleanliness.

6. Freedom from noxious or corrosive fumes.

Chemical generators are usually composed of one or
more cells. A single cell is generally termed a ceZ/, but two
or more cells constitute a battery. We will first consider
different types of single cell, and then deal with them when
constituting batteries,

The single cell of a chemical electric generator is
sometimes arranged in one containing vessel or jar only,
sometimes in more than one. These containing vessels or
jars are often called cells, but as this is apt to lead to
confusion, we propose in these lessons to speak of them as
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jars, leaving the word “cell” to mean a single complete
chemical electrical generator, whether composed of one or
more jars.

The simplest form of cell is that known as the simple
voltaic cell, and referred to as such in Lesson I. It was
invented by Volta, a Professor in the University of Pavia,
about one hundred years ago, and consists of a vessel of
glass, earthenware, or similar substance; containing a weak
solution of sulphuric acid, In the solution a strip of copper

FIG. 5.—SIMPLE VOLTAIC CELL.

and a strip of pure zinc (which have been previously well
cleaned) are placed so that they are not in contact with
each other. A piece of copper or other conducting wire
i1s attached to the top of each metal strip, and the cell is
ready for use.

Fig. 5 represents diagrammatically a simple voltaic cell
in action. A is the containing vessel or jar, B is the
exciting solution, Z# is the zinc plate, C« the copper plate,
6 is the positive pole, 7, the negative pole, G is the galvano-
meter connected by the wires 44,
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The chemical reaction that takes place is shown by the

following equation :(—

Zr 4+ H,; 50,=Zn SO; + H;;

or in words, zinc and sulphuric acid become sulphate of
zinc and hydrogen. The zinc enters into combination with
the radical of the acid and turns out the hydrogen. The
sulphate of zinc produced in the reaction remains in
solution, while the hydrogen escapes in bubbles, which
may be seen sometimes lightly adhering to the metal strips,
sometimes rising to the surface of the solution.

The electric action starts at the zinc plate (which is
gradually eaten up), and passes across the solution to the
copper plate. This may be seen by putting a cell into a
lantern, and showing its magnified image upon the screen
while the process is going on. A strong stream of cloudy
bubbles will be seen, as it were, issuing from the zine, and
passing across the fluid to the copper. The zinc is therefore
called the positive metal plate, when the infernal/ action of
a cell has to be considered ; but we must be careful not to
confuse this with the positive pole of a cell or battery, for
when the exfernal action has to be considered, and the
outer ends or poles of the metal plates have to be dealt
with, the copper is positive and the zinc negative.

This is obvious when we remember that no effective
electric action takes place until the elements are connected
outside the cell, and the circuit, as it is called, is completed.
We show this in the diagram (Fig. 5), where the zinc plate
is represented by a thick line marked Z#, and also marked
inside the excitant + or positive. The direction of the
circuit is shown by the arrows ; and following these we see
that it passes inside the cell from zinc to copper, and
outside from copper to zinc. The part of the circuit from
which we obtain electricity for useful work is manifestly the
external portion, so that where the use of electric currents
from a cell or battery is concerned, the copper is positive
and the zinc negative.

The outer ends or terminations of the elements are
called poles, and it is to these poles that the conducting
wires are fixed, by means of which the current flows, or is
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assumed to flow, out from and back to the cell or battery.
Inside the cell the zinc is always the positive plate, but
outside its end or termination is always the negative pole.

This simple cell is not of much practical use, because it
fails to fulfil several of the conditions named above as
necessary for an efficient chemical electric generator. Let
us take them in order :—(1.) Its E.M.F. (of which we will
say more presently) is only moderate (about one volt).
(2.) It is very inconstant both as regards E.M.F. and
current strength. (3.) Its internal resistance, while fairly
low to start with, soon becomes much greater by reason of
local action set up by impurities in the metals and acid
used. (4.) Considerable action goes on inside the cell
when it is at rest, so that both the zinc and the acid of the
solution are soon used up. (5) and (6) are fairly fulfilled ;
but as these relate to convenience rather than electrical
efficiency, they are of less importance than the others. The
simple voltaic cell, therefore, had to be improved upon
before the principle of Volta could be put to much practical
use. Many forms of cell have been devised, some good for
one purpose and some good for another. Bearing in mind
that we are dealing solely with generators for medical work,
we will only describe those forms of cell which are most
useful for that purpose.

All such cells have for their essential parts two strips,
plates, or other suitably shaped pieces of metal or similar
substance, called the elements, and one or more exciting
fluids called excitants.

The ‘metals’ used are various ; though zinc always forms
one of the pair, the other is generally carbon or copper, but
is sometimes silver, platinum, tin, iron or gold. The zinc
must be either pure or amalgamated with mercury. The
exciting fluid is either saline or acid. Of the saline fluids,
solutions of sal ammoniac and of chloride of sodium (ordi-
nary salt) are the most common. Of the acid fluids,
solutions of sulphuric, hydrochloric and nitric acids are
generally adopted.

We will arrange the different forms of cell under head-
ings showing the kind of exciting fluid used thus—
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A.—Cells with saline solution.

B.—Cells with acid solution.

Under A we place (I.) Leclanché, (I1.) Silver chloride,
(I11.) Sulphate of mercury cells.

Under B (1) Daniell, (I1.) Bichromate, (III.) Grove,
and (IV.) Bunsen cells, to which may be added (V.) Second-
ary cells, or Accumulators,

A —(L) The Leclanché cell has for its elements zinc
and carbon, together with powdered binoxide of manganese,
and for its excitant a saturated solution of sal ammoniac
(ammonium chloride), or sodium chloride. = These are
arranged usually in two jars, one within the other. The
outer jar is generally of glass for large cells, but may be of
properly prepared wood, porcelain, or vulcanite, and con-
tains the excitant, together with the zinc element, and has
also standing within it, and surrounded by the excitant, the
inner jar or pot, which is of a porous nature, and contains a
strip or block of carbon surrounded by the powdered
binoxide of manganese.

The Leclanché cell is also made with only one jar, the
binoxide of manganese being applied in a conglomerate
mixture attached to the surface of the carbon elements.
The porous inner jar or pot is thus not needed. This
arrangement 1s known as the agglomerate form of ILe-
clanché’s cell.

Fig. 6 shows an outline sketch of a Leclanché cell. A
is the outer jar, B the inner porous jar, C the carbon
element surrounded with binoxide of manganese, Zz is the
zinc element, ¢ is the positive pole, and z, the negative pole.
D shows an agglomerate block for use in the place of the
porous jar B.

. The chemical reaction of this cell is shown by the equa-
tion—
Zn 4+ 2NH,C/ 4+ 2 Mn O, = Zn Cl, +
H;O 4+ 2 N H; + M#n, O,

That is to say, the ammonium chloride is decomposed and
zinc chloride formed, while the hydrogen set free reduces
the manganese dioxide.

The E.M.F. of the Leclanché cell is about 14 volt, so

C
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F1G. 6.~LECLANCHE CELL.

that it fairly fulfils condition 1. When required to work
only a short time it is nearly constant, and as medical pur-
poses generally only require currents for a short time condi-
tion 2 is fulfilled. Further, as this cell possesses the power
of recovering itself by reason of the presence of excess of
binoxide of manganese (which yields up oxygen to unite
with the hydrogen bubbles), it is specially suited to work
which requires a constant current for a short time at fre-
quent and irregular intervals. Condition 3 is not well ful-
filled, for when the porous jar or pot is used the internal
resistance is considerable, but in the agglomerate form,
where this inner jar is dispensed with, the internal resistance
is much reduced. There is no internal action when at rest,
so that condition 4 is satisfied ; 5 and 6 are also fairly ful-
filled.

There are many forms of Leclanché cell and special
adaptations of it to medical batteries by many makers. It
would be needless and probably quite useless to attempt to
enumerate and describe them. Any student who has
grasped the main principles upon which the Leclanché type
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of cell is arranged, will have no difficulty in recognising any
variation of the type.

(II.) The silver chloride cell has for its elements silver
chloride and zinc, and for excitant zinc chloride or sodium
chloride. It is generally made up of very smallcells. The
one containing vessel or jar is usually of vulcanite or glass.
The silver chloride 1n a granular form (to increase its surface
area), is fixed in a porous bag or case, whilst the zinc is in
the form of a flat rectangular plate. The elements are tied
together by indiarubber bands, but are separated from actual
contact by means of a pad of blotting-paper, which pad is
saturated in the excitant. Its E.M.F. is about 12 volt, and
conditions 3, 4, 5, and 6 are well fulfilled, but 2 is not.

FIG. 7.—SILVER CHLORIDE CELL.

Fig. 7 shows in outline a chloride of silver cell as
arranged by Gaiffe, of Paris, for pocket coil work., A is the
containing vessel, B the porous pad saturated with the excit-
ing solution, S is the silver chloride element, Z# is the zinc
element, s, is the positive pole, and z, the negative pole.

This form of cell is useful for portable batteries in con-
nection with small induction coils, as they are effective when

made quite small, and can be carried in the pocket with
perfect safety.

c2
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(IILI.) The sulphate of mercury cell, sometimes called
after the inventor the Marie-Davy cell, has for its elements
zinc and carbon, and for excitant sulphate of mercury. The
single jar contains a mass of the sulphate, into which the
carbon dips. Water is poured on, so that the salt slowly
dissolves. When the cell is in action the mercury sulphate
is broken up, and mercury in metallic form is deposited on
the surface of the carbon.

As regards our conditions—(1) Its E.M.F. is 1°5 volt;
(z) it is not constant; (3) internal resistance is small ; (4)
there is very little, if any, action when at rest; (5) it is
fairly clean; and (6) does not give off fumes.

This form of cell is much used by some makers in con-
structing medical batteries, but unless the solution be very
frequently renewed the cell is of very little use. Its need
for constant attention and renewal of the excitant is a serious
drawback.

B.—(I.) The Daniell cell has for elements zinc and
copper, and for excitants dilute sulphuric acid and sulphate
of copper. It has two jars. The inner contains the zinc,
standing in the dilute sulphuric acid ; the outer contains the
copper, standing in the copper sulphate solution, having also
a few crystals of the sulphate just dipping into the solution to
keep up its strength,

¥1G, 8.—DANIELL’S CELL,
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Fig. 8 represents a Daniell cell in section. A is the
outer jar, B the inner porous jar, C# is the copper element
standing in the sulphate of copper solution D, Z# 1s the zinc
element standing in the sulphuric acid solution E, H is a
tray containing a few sulphate of copper crystals, ¢ 1S
the positive pole, and z, the negative pole. s

The chemical reaction is shown by the following equa-
tions :—

Zn + H, S0, = Zn SO, + H, (inner jar).
H, + CuSO,= H, SO, + Cu (outer jar).

The way in which this cell fulfils the conditions named
is—(1) Its E.M.F. is low (equal to one volt); (2) it is very
constant ; (3) internal resistance is rather high; (4) its in-

FIG. §.—MINOTTO CELL.

ternal action when at rest is very small ; (5) it is clean ; (6)
gives off very little in the way of noxious fumes. There are
many modifications of the Daniell cell, one of the chief of
which is the Minotto, i which the copper element—in the
form of a plate fitting loosely to the shape of the jar—is
placed at the bottom together with a few copper sulphate
crystals. Piled upon it is sawdust or sand till the jar is
nearly filled. This absorbent medium is then saturated
with dilute sulphuric acid, and the zinc element—which
must also be of suitable shape—is placed on the top.

Fig 9 represents a Minotto cell in section. A is the
containing jar, B the sawdust or other absorbent saturated
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with dilute sulphuric acid, C# is the copper element covered
with the sulphate of copper crystals D, Z» is the zinc
element, ¢, is the positive pole, and z, the negative pole.

We have thus an arrangement which allows us to dispense
with the inner jar, and which is fairly portable. The absorb-
ent prevents the fluid spilling, while at the same time it
does not interfere with its action as an excitant.

The internal resistance of the Minotto cell is very con-
siderable.

B.—(I1.) Thebichromate cell, whichwasinvented by Pog-
gendorf, has for its elements zinc and carbon, and for excit-
ant a solution of bichromate of potash and sulphuric or
hydrochloric acid (the latter being the best). The single
jar is generally of glass or porcelain and contains the solu-
tion into which the elements dip. As, however, the
excitant will continue to act upon the zinc when the exter-
nal circuit is open, these cells are usually supplied with
some simple mechanism to enable the zinc to be raised out
of the solution when the cell is not in use.

Fig 10 is a diagrammatic sketch of a bichromate cell
arranged in the form frequently adopted for working medi-
cal coils. A is the jar. B is the exciting solution. D is
an insulating and close-fitting lid or stopper. C is the car-
bon element in two plates. Z# is the zinc element attached

FIG, 10,—BICHROMATE CELL.
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to the movable rod or pin E, which is in metallic contact
with the negative pole z;; ¢ is the positive pole to whic-_.h
both carbon plates are attached. When the cell is not in
use the zinc is raised out of the excitant by means of the
rod E. In the drawing the zinc is shown only half immersed
in the excitant, but when the full power of the cell is required
it should be completely immersed.

Owing to the fact that the combinations of chromium are
complicated and easily disturbed by conditions of tempera-
ture and saturation, it is difficult to state exactly what the
chemical re-action is.

This cell has (1) the high E,M.F. of 2'0 volts; (2) but
is not constant ; (3) its internal resistance is low ; but (4)
there is great internal action when the cell is not at work ;
so much is this the case that the zinc must always be
removed when not in use ; (5) it is clean ; but (6) gives off
slightly unpleasant fumes.

B.—(II1.) The Grove cell has for its elements zinc and
platinum, and for excitants nitric acid and dilute sulphuric
acid.

There are two jars. The outer contains dilute sulphuric
acid and the zinc element ; while the inner, which is porous,
contains the platinum or platinum foil dipping into strong
nitric acid.

Condition (1) is well fulfilled, as the E.M.F. is 1°9 volt;
(2) is also good , for the cell is very constant (for the time
the solution lasts). The hydrogen liberated in the outer
jar, passing through the inner jar to the platinum element,
decomposes the nitric acid, is itself oxidised and produces
water and nitric peroxide gas, which forms no film upon
the platinum element, and so does not interfere with the
electric constancy of the action ; (3) its internal resistance
is low ; (4) it is not without internal action when at rest,
but such action is small as compared with that of the
bichromate cell ; (5) owing to the use of such acids, it can
hardly be called cleanly; (6) the strong fumes given off
from the nitric acid in the form of nitric peroxide gas
render this cell very objectionable under ordinary circum-
stances of medical work,
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B.—(IV.) The Bunsen cell is very similar to the
Grove, but the elements are zinc and carbon. This com-
bination gives about the same E.M.F. as the other, but the
Bunsen cell is notoriously difficult to keep in order.

(V.) Secondary cells, Storage cells, or Accumulators, do
not properly belong to any class of electric generators, for
energy must be put into them in the same form as it is
afterwards obtained from them. That is to say, we charge
them with electricity in order that we may obtain electricity
from them.

The word accumulators isratheramisnomer and is alsomis-
leading. These cells do not accumulate electrical energy in
the sense of being able to give out more than they receive.
On the contrary they are no exception to the rule laid down
in Lesson 1., regarding the loss of energy always involved
by the use of apparatus or machinery, and therefore they
give out less than the total energy put into them. They are
secondary cells, because they do not generate electricity, but
require to be charged with it from some przmary source.
They are storage cells, because when charged they will hold
and retain ready for use at any time in the reasonably near
future the charge given to them.

These cells consist of a vessel of glass or other suitable
material, containing two or more plates or sheets of lead
placed close together, but not in actual contact, dipping
into dilute sulphuric acid. The lead plates are specially
prepared, and are such that when a current of electricity of
sufficient strength is passed the positive plate becomes per-
oxidised, while the negative plate is deoxidised, by the
hydrogen which is liberated. The plates remain in this
condition till the electric current is drawn off from them,
but as soon as the two lead surfaces are reduced to a state
of chemical inactivity the supply of current ceases.

The E.M.F. of these cells is two volts. They are mainly
useful in medical work when a perfectly steady and constant
current of considerable strength is required for a pro-
longed period. By their use currents generated by
a dynamo may be rendered perfectly safe and convenient
for medical use. Secondary cells are, however, costly to
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purchase, and costly to maintain, inasmuch as they must be
frequently re-charged, and require very special care and
attention in their management.

BATTERIES.

An electric battery may consist of one or more cells.
When one cell alone is used, it may fairly be termed a bat-
tery, but the word battery is generally taken to mean several
cells grouped together, and electrically connected in such
manner as shall best suit the conditions of the work they
are required to perform. ‘

When the cells of a battery are connected together, with
the negative pole of one cell in contact with the positive
pole of the next, or zice versa, and so on to the end, they
are said to be connected in serzes.

FIG. 1I.—BATTERY (CELLS IN SERIES).

Fig. 11 is a diagram showing eight cells connected to-
gether in sezzes, thus forming a battery having an E.M.F.
equal to the sum of the E.M.F.s of all the cells. For
instance, if each of these cells has an E.M.F. of 1°5 volt, the
total E.M.F. of the battery is 12 volts.

NoTe.—In these diagrams it is customary to represent
the cell by lines, one thick and one thin line to each cell.
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The thick line should always be taken to represent the zinc
in these lessons.

When the cells are connected, with the negative pole of
one cell in contact with the negative pole of the next, and
the positive of one cell to the positive of the next, and so
on to the end, they are said to be connected in parallel or
in multiple arc.

Fig. 12 is a diagram of six cells connected in parallel
or multiple arc, thus forming a battery having an E.M.F.
equal to that of eme cell only, but capable of giving large
current strength.

FIG. 12.—BATTERY (CELLS IN PARALLEL
OR MULTIPLE ARC).

The cells of a battery are sometimes connected in groups,
two or more in parallel in each group, and the groups in
series,

TR
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&

FIG. 13.—BATTERY (CELLS IN GROUPS).

Fig 13 is a diagram of six cells connected in two groups
of three each. The cells of each group are connected in
parallel, and the groups are connected in serzes. A battery
1s thus formed having an E.M.F. equal to that of two cells,
and capable of giving considerable current strength.

The practical use of arranging batteries in different ways
will be shown more fully after the terms E.M.F., Current-
strength, and Resistance have been explained.




LESSON IIL

Electric-Motive Force—Current Strength—Resistance—Ohm's Law—Defi-
nition of Terms.

S indicated in Lesson II., all current flow of electricity
involves two factors, which are termed respectively
electro-motive force and current strength.

ELECTRO-MOTIVE FORCE

depends upon difference of potential at the poles of the
generator. It is analogous to the differences of pressure at
the two ends of a water-pipe necessary to produce a flow of
water through the pipe, and is that by reason of which the
electric current flows, or is driven through or along a
conductor,

[ o e — —
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If, for instance, we have two vessels, A and B, at
different levels (as shown in Fig. 14), connected together
by the pipe C, A being filled with water, B remaining
empty, and the stopcock a shut off, it is manifest that while
the apparatus is thus arranged, the condition is one favour-
able to the flow of water from A to B through C so soon as
the stopcock @ is opened. While @ remains closed, there
can be no flow through C, however great the difference of
level between A and B. The difference of level exists

)+
A

B

FIG. I§.

before communication is made, but it cannot be said to
produce pressure until the stopcock is opened.

Fig. 15 illustrates the analogy applied. A and B
represent the poles of a battery, or other electric generator ;
A is the positive pole carrying the sign +, B the negativé
pole carrying the sign —; C represents the connecting
wire or other conductor through which direct communica-
tion can be made ; a is a switch or key by means of which
the electric connection between A and B is completed. A
and B, in electrical phraseology, are said to be at different
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potentials, corresponding to the difference of level in the
water pipes. Directly the connection is completed by
closing the switch a, electro-motive force resulting from the
difference of potential comes into play and drives the
electric current on its way.

CURRENT STRENGTH.

The quantity of electricity flowing through or past any
point in a conductor during any given time is designated
the current strength, or more shortly “the current.” As,
however, we desire to avoid all risk of confusion regarding
the terms involved, we prefer to call this factor in the
current flow current-strength.

The quantity of water flowing at any time in any part of
the pipe C corresponds to the current strength.

As pressure and quantity of water are needed to produce
a flow of water, so both electro-motive force and current-

FIG. 106-
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strength are necessary to produce a flow of electricity. We
must not forget the necessary presence of these two factors
in all currents of electricity. ~They may, and often do, vary
enormously relatively to one another. We may have great
electro-motive force and small current-strength, or vice versa.
We may have them both great or both small, and so on,
but they are both always present.

FIG. I7.

RESISTANCE.

Any obstruction offered to the flow of electricity is
called resistance, and is somewhat analogous to the
resistance to flow of water offered by friction in the pipe, or
by other obstructions, partial or entire. '
~ Fig. 16 represents an obstruction in a water-pipe, which
1s analogous to electric resistance. A and B are water
vessels as before. C is the connecting pipe, and a the tap ;
& 1s an obstruction in pipe C, which obviously hinders the
free flow of water from A to B, so that though the pressure
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due to difference of level between A and B remains as
before, only a small guantity of water will pass at any given
time. The presence of obstruction 4 does not alter the
pressure, but it does considerably alter the quantity which
can flow.

Fig. 17 represents an electric circuit, of which a human
arm forms a portion. The arm offers resistance to the flow
of electricity, and corresponds to the obstruction & in the
water-pipe arrangement of Fig. 16, A and B are the
terminals of an electric generator, possessing difference of
potential as before. C is the connecting wire, a is the key
or switch, and R the resistance. The E.M.F., due to the
difference of potential between A and B, remains as in the
first case (Fig. 16), but owing to the resistance offered by
the arm to the flow of current, only a small current-strength
can pass from A to B. The presence of resistance R does
not alter the E.M.F., but it does alter the current-strength.

Pressure in a water pipe is the factor which overcomes
obstruction and causes flow. In like manner electro-
motive force in an electric circuit is the factor which over-
comes resistance in that circuit, and similarly makes the
current flow. The quantity flowing depends upon the
amount of resistance in the circuit.

Electric-motive force is generally written for shortness
E.M.F, and we shall so write it during the remainder of
these lessons. Current-strength is sometimes called current
intensity, and is written for shortness sometimes C, some-
times I. We prefer the former, but as that is hardly
explicit enough shall adopt the symbols c-s. Resistance is
represented by the capital letter R,

E.M.F., c-s, and R, can all be measured, and their units
of measurement are as follows :—

E.M.F. is measured in Volts.
C-S o 5y ,, Amperes.
R 0 ¥ ,» Ohms.

The ampere is too large a unit for medical purposes, so
its thousandth part has (on the suggestion of Dr. de
Watteville) been adopted. This medical unit of c-s is called
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the milliampére, written shortly #z.a. (or y); but we must not
forget that this is only the thousandth part of the proper
unit (the ampére), which has to be used in all calculations.

OHM'S LAW.

The relation between E.M.F., c-s, and R is known as
Ohm’s Law, and is expressed by the equation :—Current-
strength in ampéres equals electro-motive force in volts,
divided by the total resistance in the circuit in ohms, or

shortly
E

C = — where C stands for c-s in ampéres, E. for E.M.F. in
R

volts, and R for R in ohms.

By means of this law, when the values of any two of the
symbols are known, it 1s easy to find that of the third, for
the equation is true in whatever way it may be written. If
we know the values of E and R, but want to find C, we use
the equation written above. If we know the values of
E and C, but want to find R, we use the equation written

E
as R = E If we know the values of C and R, but want to
find E, we use the equation written as E=C x R. It
will be advisable to illustrate the use of Ohm’s law by a few
numerical examples :—

(1) How much c-s will be passed through a patient
whose R is one thousand five hundred ohms, if a battery
having an E.M.F. of thirty volts be used ?

E

Ans. : r.:=—I-{z'.e., C-5 = 138+ = 0.020, or 2o milliam-
péres.
~ (2) What is the R of a patient through whom a c-s of
eighteen milliampéres is passed by a battery having an
E.M.F. of twenty-five volts ?
E

Ans.: R = —ie, R= ;% — 1380 ohms: therefore

C
D



34 PRACTICAL ELECTRO-THERAPEUTICS.

R of patient is 1389 ohms.

(3) If a c-s of fifteen milliampéres has to be administered
to a patient whose R is one thousand two hundred ohms,
what amount of E.M.F. must the battery used possess ?

Ans.: E = C x%°*R, ie, E = o015 X 1200=18
volts : therefore E.M.F. of battery must be eighteen volts.

(4) If the cells of the battery used in the last example
have each an E.M.F. of 128 volt, how many such cells
must be employed ?

Ans.: To find this we have only to divide the total
E.M.F. required by the E.M.F. of each cell, 7e. ;. = 14

cells.

Thus we see that by using this law we may find out
with accuracy many things which would otherwise be mere
guess work. It tells us at a glance that it is quite useless
to attempt to pass a ¢S of 20 m.a. through a patient ot
normal R (one thousand two hundred ohms) with a battery
of five or six cells, whose total E.M.F. cannot exceed
twelve volts and is probably not more than eight; on the
other hand, supposing the R of the patient to be reduced
to, say, two hundred ohms by using one electrode internally,
the Cs (the same nnmber of cells being used) would be
dangerously increased.

The total E.M.F. of batteries depends upon (a) the
E.M.F. of each cell, and (¢) the way such cells are arranged
or connected up.

(a) The E.M.F of each cell is determined by the
difference of potentials of the elements used and the
character of the excitant, as we have previously shown.
The size of the elements or the size of the cell itself has no
tnfluence on the E.M. 5 A cell made in a jar as large as
an oyster barrel has no greater E.M.TI. than one made in
a test tube, if the elements in each case be of the same
materials and the excitant similar.

The idea that large cells possess greater E.M.F. than
small ones is a very natural one, but it is entirely erroneous,
as may easily be proved by experiment. :

As shown above, E.M.F. is the factor in current flow
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which overcomes resistance (R); therefore if a battery of
small cells will not overcome the R of the body or part
thereof and pass a current through, it is equally certain
that a battery of large cells (provided, of course, that the
number of cells used be the same) will in like manner, fail
to pass any current through the same R.

() To get the maximum E.M.F. from a battery the
cells must be arranged or connected up 7 sezies as shown
in Lesson II.

As the total E.M.F. of the battery has to overcome the
total R in the circuit, of which the nfernal R of the battery
forms a part, the advantage of /o infernal R is apparent.

The c-s of batteries depends upon (1) the size of the
elements, (2) the activity of the excitant, and (3) the manner
in which the cells are connected up.

(1) The size of the elements and the portion of their
surface in contact with the excitant are the main factors
controlling the c-s of a battery. Large cells having large
surface area of their elements in contact with the excitant
are capable of giving great c¢-s, and will therefore be more
useful than small cells when strong currents are required.
(2) The activity of the excitant has also to be taken into
consideration, for a weak excitant means slight chemical
action, and slight chemical action in a battery means
feeble electric current. (3) Cells in series give the maxi-
mum E.M.F. and the minimum c-s, because when so

connected we have the sum of all the internal R’s to work
. the t 15
against, and as C-S = oo any arrangement of cells

which increases the total R by adding to the internal R,
weakens the value of c-s. Cells in parallel give the maxi-
mum c¢-$ with the minimum E.M.F., because by this
arrangement all the positive elements become practically
one, as do also all the negative elements, so that we have
what is equivalent to one large cell, having consequently the
E.M.F. of one cell, and an internal R represented by the reci-
procal of the sum of the reciprocals of the R-s of all the cells.

Let us take an example by way of illustration—A battery
of five cells, each cell having an E.M.F. of 1°2 volt, and an
internal R of one ohm, is used to pass a current through

D2
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an external R of a half-ohm.  With the battery arranged
In series our equation would be :—

E § % 12 6
C-§ =—12t,08= —— — — =109 ampere,
R (3x1)+05 575
With the battery arranged in parallel our equation would
be :—
12 1'2 L2
C-5 = = = — = I'7I ampere.

$+0'5. o2405  OF

In this case, then, we have a c-s more than fifty per
cent. greater when the cells are arranged in parallel than
when they are arranged in series. But we must call atten-
tion to the fact that in this example the R of external
circuit is very low, and that in practice it frequently happens
that owing to the great external R five cells arranged in
parallel would not possess sufficient E.M.F. to pass any
current at all. The student might with advantage try a few
similar examples for himself.

The ordinary medical batteries are generally arranged
with fixed connections in series, and for many appllcatlﬂns
of electricity to the body this is the most convenient form
of arrangement.  For the electro-cautery and electro-laryn-
goscope, &c., it is of great advantage to be able to arrange
the cells in parallel. Whenever it is required to pass a
large c-s through a low R, as is the case when a cautery has
to be heated, cells should be connected in parallel, but
when at other times, as generally happens in medical work,
a small c-s is required through a high R, the cells should
be connected in series.

Having now dealt with batteries, their internal working,
and the arrangement of their cells, so far as thé generation
of continuous currents is concerned, we proceed to give
definitions of a few terms employed in their use. It will
be best to arrange them alphabetically :—

ANODE.

The electrode attached to the positive pole.
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CIRCUIT.

The system of conductors by means of which electricity
flows out from and returns to the battery or other generator.
For instance, a patient, a galvanometer, the Elecitrodesj and
rheophores, when all connected together electrically to the
poles of a battery form a circuit.

CONDUCTORS.

A conductor is any substance which will allow electricity
to pass through or along it. Ordinary conductors are
wires of some metal, such as copper, silver, or iron. The
human body is also a conductor under certain conditions.

CURRENT.

The quantity of electricity flowing through or past any
point in a conductor during any given time,

ELECTRODES,

The conducting media of many and various forms which
are connected to the distant ends of the reophores, and are

used to conduct electricity to the patient by direct contact
with his body.

INSULATION.

This consists in the isolation or confinement of electric
currents and charges in such a manner that they do not
escape from their proper conductors. All substances which
are bad conductors are insulators more or less—e.g., silk,
india-rubber, gutta percha, dry air, glass, wood, &c.—but
none are perfect insulators. The difference between the
conductivity and insulating power is one of degree only.
A substance which might be a fairly good insulator for a
current of low E.M.F. might be a fairly good conductor for
one of high E.M.F.

KATHODE,
The electrode attached to the negative pole.
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RHEOPHORES.

The flexible conducting wires which conduct electricity
from the terminals of the battery or switch board.

SWITCH BOARD.

The board usuvally placed at the top or front of a
medical battery (but which may be quite separate) on which
the knobs, buttons, screws, switches, &c., are placed, and
from which electricity may be taken to a distance from the
battery. This is sometimes incorrectly termed the element
board. A useful form of switch-board is shown in Plato I,
which is taken from one in use at the Institute of Medical
Electricity, 35, Fitzroy Square, London, W.

TERMINALS.

The termination of the wires which conduct electricity
from the cells to the switch-board. They are sometimes
called binding screws, or binding posts.

In bringing this lesson to a close we desire to call atten-
tion to the fact that we have so far dealt with the generation
and control of continuous currents only. Other forms of
current and their generation will be considered in a future
lesson, but at present we content ourselves with the con-
sideration of the continuous current drawn direct from the
battery.
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LESSON IV,

Work Outside the Battery—Electro-Physical Action—Cataphoresis; Elec-
tro-Chemical Action—Electrolysis ; Electro-Physico-Chemical ‘Action

—Catalysis.

AVING in our previous lessons dealt with the com-
mon modes of generation of the continuous current
when used in its application to medical purposes, as

well as with conduction and with resistance, we are prepared
to consider some of the phenomena dependent on the
transformation of electrical energy into physical and chemi-
cal work.

This transformation takes place outside the battery, and
is an accompaniment, as it is an evidence of resistance, and
the work done—allowing for the loss referred to in Lesson
I.—is the equivalent of electrical energy, expended in over-
coming the resistance between positive and negative poles.

As examples of these properties of the continuous cur-
rent, we propose to discuss (@) Cataphoresis, (4) Electroly-
sis, and (¢) Catalysis, for it is upon the functions named
that many important uses of the continuous current are
dependent.

CATAPHORESIS (a).

In order that this function may be explained, it is
necessary to refer briefly to the well-known purely physical
phenomenon of osmosis.  Speaking generally, the theory ot
osmosis is, that when two fluids of varying density are
separated from one another by a porous septum or animal
membrane, diffusion takes place from the fluid of less through
the septum to the fluid of greater density.

Fig. 18 illustrates a vessel (A) divided into two parts by
a porous septum (B). Into one compartment we pour a
fluid (C) of a certain density. In the other compartment
we place an egual bulk of a fluid (D), whose density has
been previously increased by the addition of a salt, such as
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sulphate of soda. After some time we note that the
surface level of D rises, while that of C falls. There has
been a transference of fluid from one compartment to the
other in spite of the force opposed by gravity to such an
alteration in level. But the process is extremely slow.

__If, however, in C we place an electrode (E) connected
with the positive pole of a battery, and in D an electrode
(F) connected with the negative pole in the same battery,
we shall find that the process of transference of fluid from
C to D (other conditions being the same as in Fig. 18) will

be much accelerated. In a given time the level of D will
be very much higher when a current is passing from E to F
than when osmosis, unaided by electricity, is the agent at
work. But further than this, independently of the respective
densities of C and D, there will be a transference of fluid
from C to D when electrical energy from E to F is trans-
formed into mechanical motion. There is an actual
mechanical transference of fluids from C to D. This is
what is meant by cataphoresis.

Further to illustrate this important process, upon which
the method of cataphoric medication, to be hereafter referred
to, is based, the fluid C may be replaced by a weak solution
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of iodine, and D by a weak solution of starch. The current
passing from E (4) to F (—) through the fluids will carry
with it through the septum (B) a portion of the solution of
iodine. On that side of B nearest the negative pole (F) the
ordinary blue starch-iodine reaction will be clearly seen, at
first only in the region of the septum, but later in lines of
colour from that to the electrode F.

ELECTROLYSIS (4).

This process is the reverse of that combination of
chemical bodies which is induced by the passage of elec-
tricity (spark or otherwise). And in order that it may—
from its vast importance in relation to many surgical and
other procedures—be completely understood, as far as pre-
sent knowledge will enable us to understand so marvel-
lous a function, it will be necessary to remind our readers
of certain phenomena dependent upon simple chemical
action.

Chemical action is essentially a transmutation of energy.

Power stored up (latent) in unoxydised bodies becomes
active (kinetic) when conditions favourable to oxidation
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present themselves. During this process, the energy set
free may manifest itself in heat, light, or electricity, or in
some other forms of motion (sound, &c.).

A simple example of the development of heat by chemi-
cal combination is that afforded by the addition of sulphuric
acid (oil of vitrol) to water. A thermometer placed in the
mixture gives immediate evidence of rise of temperature.
In this case the concentrated acid (H, So,) enters into
chemical union with certain molecules of water, becoming
not merely diluted, but chemically united with it. This
change is expressed by the symbols H, So, + (H, O), =
H So, (H, O),

FIG. 20,

Again, a mixture of hydrogen and oxygen, in the propor-
tion of two parts of the former gas to one of the latter,
placed in a glass vessel, such as that shown in the subjoined
figure, may be made to illustrate several facts closely related,
though apparently dissimilar, to those discussed in the last
paragraph.

A (Fig. z0) is a glass bottle of any convenient form
sufficiently strong to withstand the strain of a mild explo-
sion. Its neck is closed by a cork, perforated by wires B and
C, connected respectively with the positive and negative
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poles of a coil battery. On completion of circuit, a spark
passes between the points B and C, and simultaneously there
is a loud explosive sound. This is caused by the union of the
gases (H, + O=H, O) ; that is to say, as the result of the
passage of a spark through the gases, the mechanical
mixture has been changed into a true chemical compound
(water), and the main accompaniments of this action are
iound to be light, sound, heat, and diminution in volume.
In this case the current has supplied the factor needed to
complete the conditions requisite for the union of gases
already mixed, though not united.

ELECTROLYSIS.

The experiments just referred to illustrate sufficiently
for present purposes what is known as chemical synthesis,
and will enable us to appreciate more easily the converse
series of phenomena collectively known by “the term
analysis. In analysis we find the processes, so to speak,
running backwards—disintegration of compound bodies,
disappearance of heat, electricity and so forth.

Our special duty is to deal with that department of
analysis which is connected with the transformation of
electrical energy, and particularly of that form of electrical
energy commonly known as continuous or voltaic, and which
may conveniently be termed electrolysis.

By electrolysis we mean a breaking up of chemical com-
pounds into their constituent elements by the agency of
electricity, the process being accompanied by the loss of
heat, and usually by change in the volume of the substance
submitted to experiment.

The conditions requisite for the performance of elec-
trolysis are :

(1) A fluid or semi-fluid conductor ;

(2) Conveniently placed electrodes ;

(3) A continuous current of sufficient electro-motive

force to overcome the resistance interposed between
the electrodes.



44 PRACTICAL ELECTRO-THERAPEUTICS.

As the result of the passage of a continuous current
through a suitable conductor, decomposition of the fluid
takes place, acid bodies being set free at the positive pole,
anc% alkaline bodies at the negative, The products of such
action are termed “ 7o7s,” those collecting at the + electrode
an-ions those at the — electrode, Zat-fons. ;

A

.Y

FIG 21.

Fig 21 shows a simple method of demonstrating these
facts.

A is a vessel containing a solution of common salt B ;
C.C, are pieces of blue litmus paper suspended in the neigh-
bourhood of positive pole (E) and negative pole (F) res-
pectively ; on passage of current from E to F through the
fluid, C is reddened, while C, becomes more markedly
blue, thus proving that acidity is produced in the region of
the one, and the alkalinity in that of the other pole.

In Fig. 22 the same result may be shown even more
clearly.

In this case B is coloured with a solution of litmus.
The action of the current is to redden the fluid near E, and
to deepen the blue tint in that near F.
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The same principle applies to the process known as
electro-plating.

Metal is deposited on bodies connected with the —
pole, the acid separating, and being found at the + pole.

ELECTROLYSIS.

A further illustration of electrolysis, and one which will

be of much service when we come to consider the applica-
tions of this function of the current to surgical purposes, 1s
exhibited in the arrangement known as the voltameter.
Fig 23 gives a fair idea of this apparatus. A is an up-
right glass tube dilated into funnel or globular shape at its
upper part ; at its lower end it communicates by a cross-piece
F with two smaller parallel tubes (D and D,), each termina-
ting at 1ts upper end by a pointed nozzle (E and E,) con-
trolled by a glass stop-cock, and at its lower end by an ar-
rangement which admits a wire (B and C), ending within
the tube in a fine platinum electrode.

FIG 22,
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A contains water slightly acidulated (to make it a better
conductor), and the stop-cocks controlling E and E, being
opened, the fluid is allowed to run, until it begins to pass
out at E and E, ; the stop-cocks are now closed, and D
and D, remain full of fluid. The liquid in A F has now

FIG. 23.

run down to G. If, however, a sufficiently strong current
from B to C be slowly switched on, the level of G will rise
until it reaches a point H. The side tube (E B) will now
be half full of fluid, the upper space being occupied by
oxygen gas, while E, C will contain only hydrogen gas.
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The gases, hydrogen and oxygen constituting the water,
originally contained in A F, have been separated from one
another by the current, which has thus again demonstrated
its function of electrolytic decomposition.

CATALYSIS.

We have to take into consideration under this heading a
complicated series of phenomena, which can only vaguely
be defined, but which are probably dependent upon several
functions of the continous current.

Catalysis may be said to include both cataphoresis and
electrolysis, together with certain other functions which go
to produce the effects classified by Remak,* and the leading
points in which may be selected as follows :—

(a) Dilatation of blood-vessels and lymphatics, with
impulse to the circulation dependent on passage of
an electric current.

(4) Increased power of absorption conferred upon the
tissues.

(¢) Promotion of osmosis, and following upon these
two processes, increase of tissue bulk—especially in
muscles. To these may be added the influence
upon molecular exchange and nutrition effected by
exciting or soothing the nerves directly, or indirectly
through the parts which they supply; changes in
molecular arrangement of vital structures and in their
nutritive activity, due to the phenomena of electroly-
sis ; and finally, the consequences of the mechanical
transference of fluids from one pole to the other.

We have thus in catalysis a connecting and overshadowing
link between the cataphoric and electrolytic influences of
the current, between the electro-physical and the electro-
-i:hemir.:al processes described in the earlier portions of this
esson.

* Vol. vi., ** Von Ziemssen's Electro-Th ics,” 0
M I ro-1herapeutics,” by W, Erb, M.D., translated



LESSON V.

Other Forms of Current—The Induction Coil—Interrupted Currents—
Alternating Currents—Fallacy of the Term Faradic—Magneto Machines
—Franklinic or Statical Electricity—Frictional machines—Influence
Machines.

LECTRIC currents generated as before described may
have some of their properties so changed, and the
relative value of the tactors E.M.F. and C-s. so altered,

that they become distinct forms of current, and are capable
of producing entirely different effects upon the human body.
Of these new forms we will now consider (@) interrupted
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FIG. 24

currents and (&) alternating currents. The main character-
istic of the interrupted current is that it flows always in the
same direction, but is stopped and started again with more
or less rapidity. Alternating currents, on the other hand,
alternate in direction, and are always noticeable for their
high E.M.F. and small C-s.

The above diagram (Fig. 24) illustrates in a general

i
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way the difference between the three forms of current, viz.,
continuous, interrupted and alternating. The straight, con-
tinuous line C C represents the continuous current flowing
steadily in one direction. The straight, dotted line I C repre-
sents the interrupted current flowing infermaitient/y at more or
less regular intervals in one direction. The diagonal lines
A C represent the alternating currents which rush across
from positive to negative, and consequently aliernate in
direction.

The most common method of changing the continuous
into either the interrupted or alternating current, or both, is
by means of the induction coil.

The induction coil consists of the following essential
parts, viz., a primary wire, a secondary wire, each twisted
into a coil; an interrupting hammer or vibrating spring,
sometimes called the contact breaker, and a soft iron core.

The primary wire receives the current direct from the
battery, and contains within its electric circuit the interrupt-
ing hammer. The secondary wire is entirely separate from
the primary wire and insulated from the electric circuit of the
battery. The soft iron core is sometimes adjustable and
capable of sliding in and out of the centre of the primary
coil. Fig. 25 represents diagrammatically an induction
coil,
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A is the primary coil, shown as a few turns of stout wire.
B is the interrupting arrangement. C is the secondary coil,
shown as many turns of fine wire, and pushed back a little
in order to render A visible. D is the soft iron core, shown
as a bundle of straight wires. G is the electric generator,
shown as a battery of three cells. S, S, are the terminals
from which the secondary alternating current may be con-
ducted to the patient.

We will now trace the action of the different parts of an
induction coil. The primary coil receives the current direct
from the battery, but by reason of the interruptions in the
circuit (caused by the interrupting hammer), and their effect
upon the convolutions of wire, has set up within itself cer-
tain other currents, which are due to what is known as self-
induction. The consequence is that the current obtained
from the primary circuit of an induction coil is very different
to that obtained from an equal length of wire of same size
laid out straight and subject to the same rate of interrup-
tion.

The interrupting hammer or vibrating spring may be
purely a mechanical contrivance for breaking and making
again the electric circuit with suitable rapidity, but is more
generally an electro-magnetic arrangement. A small electro-
magnet is so placed that when the current is passed through
its coils, a soft iron armature attached to a spring is drawn
towards its poles, and away from a conducting pin fixed
suitably near the other side of the spring. As soon as this
happens, however, the circuit is broken by reason of the
break of contact between the conducting pin and the spring,
the poles of the magnet lose their magnetism, and the
armature is forced back by the spring, till the latter again
completes the circuit by making contact with the conducting

in.
: Thus a regular and continued vibration is set up, in-
volving the rapid make and break of the electric circuit of
which the primary coil forms a part. The common electric
trembling bell is a good illustration of the principle upon
which the interrupting hammers of induction coils are
worked. The primary coil and its soft iron core or an
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extension thereof often form the electro-magnet of the inter-
rupting arrangement of induction coils, and it is so repre-
sented in Fig. 25.

The secondary coil generally consists of many turns of
fine wire, and is so arranged that it and the primary can be
moved relatively to one another. The wire of this coil is in
no way electrically connected with the primary circuit. It
depends upon induction for its electric properties, for when
such a coil is placed near the primary coil in which interrup-
tions are set up, currents a/fernafing in direction are 111du¢e_d
in it. The strength of these induced alternating currents 1s

FIG. 26.

increased or diminished in accordance with the nearness of
the secondary coil to the primary, being greatest when the
secondary entirely contains the primary, and least when
they are farthest away from each other.

The effect of the soft iron core is to increase the strength
of the induced currents,

The most common methods of regulating the power of
induction coils are as follows :—(a) Altering the number of
battery cells used ; (4) altering the number of vibrations of
the interruptor ; (¢) altering the relative position of the two
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coils ; (&) altering the number of turns of the primary wire
brought into circuit,

Striking evidence of 1the presence of induced currents
may be noted by means of a simple experiment (see Fig. 26).
As before, A is the primary coil, C the secondary. Attach two
electrodes to terminals S, S,, and let them be connected to
some sensitive parts of the body—say the two hands (well
moistened). Then start the coil with C in the position
shown—iz.e., more than its own length away from A.
Alternating currents will be distinctly felt by the subject
holding the electrodes, and as C is in no way connected
with any electric generator, it is manifest that whatever
current comes from it can only be the result of induction.
If, while everything else remains the same, C be steadily
moved towards and over A, as shown by the dotted lines,
the induced currents steadily increase as the distance between
the two diminishes.

The test may be made still more delicate by substituting
a telephone for the electrodes. Extremely small alternating

FIG. 27
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currents make a distinct humming noise in a telephone, and
it will be found in this case that even when the sgcondar}r
coil is some feet away from the primary a noise 1S heard
in the telephone, thus showing the presence of induced
currents.

All complete Medical induction coils should possess
terminals from which the interrupted primary current may
be drawn. Fig. 27 illustrates such an arrangement, and
shows the two distinct circuits ready for work. The parts
of the coil are as before, but in addition terminﬂls‘P' EE
allow of the attachment of electrodes to the primary circuit,

e
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FIG. 23.

R is an adjustable resistance placed in scries with the
patient for the purpose of regulating the C-s administered.

The induction coil enables us to completely change the
form of the continuous current supplied by a battery. Two
or three cells are generally enough to work a medical coil.
The current put in to the coil is therefore continuous in
direction, and has low E.M.F., with comparatively large C-s;
but as it leaves the secondary coil it is alternating in
direction, and has high E.M.F., with very small C-s.

The diagram (Fig. 28) illustrates this. On the left side
the factors C-s and E.M.F. are represented by two straight
lines, the C-s being very broad as compared with the E.M.F.,
and this 1s the condition of things as the continuous current
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is put into the coil. On the right side the size of the lines
is entirely changed, and they are also interrupted, thus
representing the change, especially in the relative value of
C-s and E.M.F., which is accomplished by the coil. It is
manifest that this figure does not illustrate all the changes
wrought by the coil, but it shows the most important of
them. We will mention, as an example, the result obtained
with a fair-sized medical coil at the Institute of Medical
Electricity, The current was supplied to the primary coil at
an E.M.F. of seven volts and C-s of five hundred m.a. passed ;
from the secondary coil we obtained fwe/ze m.a. only at fwo
hundred and sixteen volts E.M.F. :

When it is remembered, as shown in Lesson III., that
the factor of current-flow which overcomes R is the E.M.F,,
it is easy to see what an important change in the character
of the current is brought about by use of the induction coil.

Before leaving this part of the subject, it is necessary to
point out the incorrectness of using one term only to ex-
press the two forms of current obtainable from an induction
coil. The terms Faradic and Interrupted, so commonly used
for coil currents, are not sufficiently discriminating. The
primary current is inferrupted, and so is the secondary ; but
the latter is also alternating. These two forms of current
are so different, and so differently affect the body (as we
hope to show in a future lesson), that to apply the same
term to both is incorrect, confusing, and often distinctly mis-
chievous. Medical men should, therefore, be careful when
giving directions for treatment by induction coil to state
clearly which form of current they wish applied ; and a
Nurse on being directed by a Medical man “to Faradise”
a patient, or to apply “the Faradic current,” “the Jnter-
rupted current,” or “the coil,” should at once ask which
current is really meant—whether the Interrupted Primary or
the Alternating Secondary ?

MAGNETO MACHINES.

These machines depend for their action upon the
circumstance that when a coil of wire is revolved or other-
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wise made to move, so as to cut the lines of force within a
magnetic field, currents of electricity are set up in that wire,
They usually consist of a fairly powerful magnet of the
horseshoe pattern, against the poles of which bobbins of fine
wire are pivotted in such a way as to revolve rapidly when a
handle is turned. The wires on these bobbins have currents
of electricity generated in them in proportion to the number
of lines of magnetic force which they cut as they revolve.
The currents so generated are collected and conducted to
the terminals of the machine. They are alternating as
regards direction, and like the currents from the secondary
of an induction coil, possess high E.M.F. and smal: C-s.

A few years ago Medical-magneto machines were very
popular, owing to their handiness and cheapness, but for
therapeutic purposes they have very little value, and are
therefore seldom recommended now. The currents generated
are usually jerky and unsteady, so that these machines may
rather be reckoned as instruments of torture than as thera-
peutic aids.

FRANKLINIC OR STATICAL ELECTRICITY.

This form of electricity differs largely from those hitherto
considered. It is chiefly to be noticed for its high potential
and consequent power of overcoming resistance, while the
C-sisvery small. When a conductor is brought into contact
with one of the poles of a frictional or influence machine in
operation, it becomes electrically ckarged—i.., covered with
electricity of high potential. This charge remains so long as
the insulation is good enough to prevent its escape ; but if the
insulation be disturbed and broken down, the charge rushes
away by any channel offered. Ifthat channel be an air-space,
thechargeproducesa spark in its passage. A charge of statical
electricity is sometimes compared to the energy possessed
by a wound-up or compressed spring, the energy being
stored up so long as the spring is compressed, but being

discharged in one sudden effort directly the spring is
released,
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The simplest method of generating statical electricity is
shown by the following experiment. Take a rod of sealing
wax or ebonite (making sure that the surface is clean and
dry), and rub it briskly a few times against a piece of dry
cloth or fur ; a coat sleeve or cloth dress will do very well.
Having placed on the table a few scraps of light paper, hold
the rod in one hand, and present the freshly rubbed end to
the paper scraps. They will at once spring up and attach
themselves to the rod. The reason for this is, that the
friction has left a charge of negative electricity upon the rod,
while the paper scraps being connected to earth through the
table, &c., possess a relatively positive charge. When these
charges of opposite polarity are brought into proximity to

FIG. 29.

one another, their tendency to combine and their attraction
for each other enable them to do a certain amount of work
in the act of combination. The scraps of paper being very
light are carried upwards against the force of gravity by
electric attraction, and the first step in statical electricity—
that of attraction—-is demonstrated. The paper scraps do
not adhere long to the rod, but soon fall back upon the
table, because the act of combination of the two charges has
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brought about neutralization. ~There being no further
electrical attraction, the paper scraps are no longer
able to resist the force of gravity.

We thus see that electro-static charges of opposite
polarity attract one another. In a very similar manner it
may be shown that such charges having the same polarity
repel one another, but we do not consider it pertinent to the
object of these Jessons to go further into the question,

FRICTIONAL MACHINES

may be briefly defined as convenient arrangements for
multiplying the electrical action described in the experiment
with the rubbed rod. One of the simplest forms is the
cylinder electrical machine illustrated in Fig. 29. A is a
cylinder of glass made to revolve by means of the handle,
B ; C is a cushion covered with amalgam (having the silk
flap C, attached), against which the glass rubs as it revolves ;
D is a metal comb called the collector; E is the prime
conductor, insulated from the rest of the machine ; F points
to sparking knobs, one attached to the prime conductor E
(from which the + electricity is obtained), and the other to
the rubber C (from which the — electricity is obtained).

The plate electrical machine is constructed with a
circular plate or disc of glass, which takes the place of the
glass cylinder in the first-named instrument ; but its action
1s practically the same.

INFLUENCE MACHINES.

These machines generate statical electricity more
effectively and efficiently than the frictional machines. They
depend upon induction or electric influence for their action,
and are so constructed that a small initial charge, given from
an external source, such as a rubbed rod, for instance, is
speedily increased and multiplied many times in a few
seconds.

Fig. 3o illustrates an influence-machine of the type
known as the “Wimshurst,”
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A A are two glass plates, which, without touching one
another, are made to revolve in opposite directions by the
handle B. CC, are strips of thin metal foil, which act as both
carriers and armatures. D D, are metal collecting combs.
E is a metal conductor, carrying a collecting brush at each
end, which latter comes in contact with each carrier as it
rotates. F F, are the main conductors, which communicate
the opposite charges of electricity to the sparking knobs G,
or to other conductors, of which the human body may be
one.

All machines generating statical electricity are liable to
derangement by atmospheric disturbances. Any moisture
which may settle upon the insulating parts of these machines
is sure to cause leakage of the electricity generated, and this
is often so serious a matter, that if the air of the room in
which the machine is placed be at all damp the action fails
entirely.

Influence machines are less liable to trouble on this
account than frictional machines, but all of them require
great care and attention to keep them dry and clean enough
for satisfactory working.
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LESSON VI.
Need for Measurement—Measuring Instruments.

HAT accurate measurement of dosage is necessary is

a truism recognised by Medical men, Nurses and

patients alike, when drugs and old-fashioned medicines
are concerned ; but unfortunately electricity is by many
regarded as an exception, and the need for its measurement
for Medical purposes entirely ignored.

A little consideration, however, will show the need for
the accurate measurement of doses of electricity. A con-
timious current possesses the property of producing various
chemical changes in the tissues and fluids of the body (as
shown in Lesson IV.), and the extent of these changes
depends upon the C-s employed and the length of time
during which it passes. If, then, we proceed to pass an un-
known C-s for an indefinite time, it is manifest that we may
easily either produce far greater changes in the body, or
part of it under treatment, than we intend, and so do harm
instead of good, or we may produce changes so slight as to
be entirely valueless. -

Dosage [of electricity must be defined in terms which
represent definite and distinct measurements expressed in
recognised units. The factors of a dose of electricity are C-s
and Time. The methods of measuring the latter it is
needless to refer to ; suffice it to say that the unit employed
is the minute. The measurement of the former is not
quite so easy, and we will now proceed to give a Short
description of the methods employed.

The instruments most commonly used to measure C-s are
called galvanometers, or when suitably graduated, am-meters, -
ampere-meters or milliampere-meters. They depend for
their action upon the magnetic influence of the electric
current. The fundamental principle is easily shown by
what is known as Oerstedt’s experiment, illustrated in Fig 31,
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A magnetic needle NS is pivoted on the stand A, and 2
single copper or other conducting wire BC is held just
above and parallel to it. Ifa current of electricity from two
or three cells be passed through BC, the needle NS will
deflect and tend to set itself at right angles to its previous
position. It will remain more or less deflected, according
to the strength of the current passing, so long as the current
continues to pass in the same direction,

If, instead of the single wire of the above experiment a
coil of wire be used, and so arranged that the needle be
pivoted or suspended in the centre of that coil, the action
- of the current upon the needle is much stronger. By using
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FIG 31.

many turns of fine wire, the effect of the current is multiplied
many times, so that a weak current may produce a large
deflection of the needle.

The magnetism of the earth has, of course, to be taken
into account in any instrument which depends upon electro-
magnetic action, and many forms of galvanometer have been
constructed to reduce this difficulty to a minimum. One of
the best of these is known as the astatic galvanumfi:ter, n
which two magnetic needles of equal strength and size are
fixed together, one above the other, in reversed positions, as
shown in Fig. 32.
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The force which urges N, S, to set itself in the magnetic
meridian is exactly counterbalanced by the force which acts
upon S;N,. This astatic pair of needles will therefore
remain in any position in which it i1s placed, and is indepen-
dent of the earth’s magnetism.

Any galvanometer will not do to measure the small cur-
rents, which are, for the most part, used in Medical work,
for the simple reason that the coils employed have to be
wound in accordance with the quantity of C-s it is desired to
measure. A galvanometer, for instance, constructed to
measure the strong currents used in electric light and power
work would not deflect at all with the few milliampéres
which are required in Medical work, and a delicate galvano-
meter suited to the measuring of small currents, would be
seriously injured if a current from a light-circuit were to pass
through it.

Galvanometers for Medical work should be graduated in
milliampéres (the milliampére being the one-thousandth
part of the ampere, which is the unit of current strength as
shown in Lesson 1II.), and it is very necessary that atten-
tion be paid to this. Most galvanometers sent out by
medical instrument makers are simply current indicators
and not current measurers, The divisions of the scale
marked on the face of the instrument are often equal
throughout, and, therefore, do not mark proportional incre-
ments of the current which passes through the instrument,
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while the value of each division is altogether an unknown
quantity.

Unless a galvanometer be graduated in m.a., or has
been “calibrated ” so that the value of its deflections be
known in terms of m.a., it is of very little service in Medical
work and should never be employed by those who value
accuracy.

It is not difficult, however, to obtain at a reasonable
cost galvanometers graduated in m.a. ; nor is it difficult to
calibrate one not so graduated so that the value of its
deflections may be known. All that is required is the loan
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FIG. 33

of a milliampere-meter for a few minutes, the galvanometer
to be calibrated, a small battery, an adjustable resistance
(such as a few coils of wire or a water rheostat), and a sheet
of squared paper.

Fig. 33 shows how the instruments should be arranged
for the purpose. A is the standard milliampere-metre, B
is the galvanometer to be calibrated, R is the adjustable
resistance, D is the battery, and E the switch.

Having arranged the connections as shown above, make
the resistance R sufficiently high to allow such a C-s to pass,
when the circuit is completed, as will indicate 1 ».a. on the
standard A, then with the same C-s passing read the deflec-
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tion of B. Reduce R till A records, say, 4 #.a., and simultane-
ously read the deflection of B. Repeat observations with
increasing C-s at reasonable intervals till the maximum
deflection of one or both instruments is obtained. These
observations should be recorded carefully, and then plotted
upon the squared paper in the manner shown in Fig 34.
Let us suppose that we have obtained the following read-
ings :—

A. B.
Milliamperes 1 Divisions 1°5
T s N S
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FIG. 34.
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we then plot the curve, and by its use are able to see the
value in m.a. of any deflection upon the galvanometer B.

For instance, 7 divisions = 6°'5 m.a., 12 divisions =
nearly 13 m.a., 18 divisions = 22 m.a., and so on.

As long as we have this curve to refer to, B is practi-
cally as useful to us as A would be, because though its scale
is not marked off in m.a., yet we know the value of its divi-
sions in terms of ».a.

The voltameter is another form of instrument for mea-
suring C-s and depends upon the electrolytic action of the
current (see Lesson 1V.), the amount of gas set free in a
certain time being a measure of the C-s employed. These
instruments, however, are not of practical use in medical
work.

Galvanometers of very high resistance may be used to
measure the E.M.F., or rather the potential difference
between any two parts of an electric circuit. Such galvano-
meters are generally graduated in volts, and are called
voltmeters.

In Medical work the voltmeter is very little used, and is
only necessary to test the condition of the battery. A mil-
liampere-meter, however, should always be in circuit with
the patient during electrical applications, as &y this means
only is it possible to droperly measure the dose given.

.




LESSON VII.

Rheophores—Covered Electrodes for Medical Purposes; Plate and Handle ;
Standard Sizes and Areas ; Bare Electrodes for Surgical Purposes.

E have now considered the generation and trans-

.\/1 \/ formation of electricity, and its control and

measurement, so that before proceeding to describe

its effects upon the body, and the various methods of

application, we have only to deal with the conducting media

called electrodes, which are used to communicate the

electricity to the body by direct contact, and the wires or

other conductors, called rheophores, which connect them to
the battery.

The rheophores may be simple wires of conducting
metal, but are more often stranded cord or braid, having
fine copper wire closely woven in with the cotton so as to
be very flexible. All rheophores should be well insulated,
for otherwise they may cause shocks to be received by the
patient through accidental contact or they may short-
circuit the battery through accidentally touching one
another.

Electrodes vary much in size, shape and material,
according to the form of application they are required for.
We will consider them in two classes, viz.: —(A) Covered
electrodes for Medical purposes; (B) Bare electrodes for
Surgical purposes.

(A) The general requirements for these are :—(1) Good
conductivity ; (2) Firm pliability, so as to make complete
surface contact with the whole area of the skin covered ;
(3) Compactness, so as not to occupy unnecessary space :
(4) Good insulation for such part as has to be handled by
the operator ; and (5) general handiness and cleanliness.

(1) Any good conducting metal will fulfil this condition,
but it is necessary to remember that, except under very
special circumstances (to be hereafter referred to) the

F
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metal must not be allowed to come in direct contact with
the skin of the patient. . Electrodes are, therefore, covered
with some soft material, such as flannel or chamois leather,
by way of padding. These covers, when dry, are very bad
conductors ; but when moistened with water, or better still
with salt and water, become good conductors.

(2) This condition is, perhaps, best illustrated by
reference to the human hand, which is so pliable that it can
easily form itself to the shape of any surface it is required to
rest upon, while at the same time it is firm enough to retain
its form under pressure. Of course, no mechanical elec-
trode can equal the human hand in this respect, but it is
easy to see that the condition may be fairly well fulfilled
without the use of any elaborate or costly construction.
Thick slabs of metal are too rigid, and thin strips of metal
foil too flexible.

(3) By compactness we mean that the parts of the
electrode which form the handle, or the means of attachment
to the body of the patient, as the case may be, and the
terminal for connection with the rheophore shall be as
small and unobstrusive as are compatible with utility. This
is specially necessary with electrodes which have to be
passed beneath the clothing of a patient.

(4) The handle, of whatever shape and material it may
be, must be well insulated, so that the operator may not
receive any of the current intended for the patient. When
the insulation of a handle becomes damaged, so as to
promote electrical leakage, it should not be used further till
it is repaired.

(5) By general handiness we mean that the shape of the
electrode and its attachments should be such as is best
suited to the particular work it has to do. Clumsy instru-
ments are never conducive to efficient working.

Cleanliness is very important. All electrodes should be
so constructed that eack and every part thereof may be easily
and guickly cleaned, and if necessary disinfected. Pads and
covers are best made of inexpensive material, which may be
frequently renewed at nominal cost. If they be elaborate
and costly there is much risk of their being allowed to
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become dirty and even infectious. It must never be for-
gotten that the frequent contact with the skin of different
patients which most electrodes make, renders it absolutely
necessary that the contact surface should be at all times
clean beyond suspicion.

This class of electrodes may be further subdivided into
plate electrodes and handle electrodes.

Plate electrodes are those which can be most readily
attached to the body of the patient or upon which the body
may rest. They are of comparatively large area and of
many shapes. We will illustrate a few.

FIG. 34.

Fig. 34 shows three plate electrodes drawn to quarter
scale. A is a convenient shaped plate for attachment to
various parts of the body (such as the lumbar region of the
spine or the abdomen) ; a, is the metal plate, @, the terminal
for the rheophore attachment, and a, is the flannel pad. B
15 a neck plate. C is a foot plate showing a rheophore
ready for attachment, B is shown with a tape band or

F 2
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strap for fastening round the neck. A might be also so
furnished, but we prefer to have the tape or band separate,
as it is likely to get damp and so prove unpleasant to the
patient, and it is also more cleanly.

We have found the most convenient metal for plate
electrodes to be &dlock tin, as it is easily bent to any required
shape, and does not readily crack when straightened out
again. It can also be cut with an ordinary pair of scissors
to any special shape that may be desired.

Another form of plate electrode which we have found
very convenient to tie upon the limbs is made with broad
metal braid—theatrical costumier’s braid answers very well
—which is cut to the desired length and padded with two or
three thicknesses of flannel. A flat terminal screw let into
the back completes the arrangement, which may or may not
have tapes for tieing on attached.

Handle electrodes are those which are supplied with an
insulated and insulating handle to facilitate use by the
operator, especially when stroking or other labile applica-
tions have to be carried out. They are generally circular
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FIG. 35.
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in shape, and are made of some good conducting material,
such as copper, tin, brass or carbon, with handles of wood,
vulcanite, porcelain, or glass. The portion which comes
in contact with the skin of the patient—i.e., the electrode
proper—is generally covered with some padding material,
similar to that used with the plate electrodes above referred
to.

Fig. 35 illustrates some forms of handle electrode. A is
a solid electrode, with pin-hole attachment for the rheo-
phore a,. B is an electrode with interchangeable handle, 4,

A

being the metal electrode, covered with flannel or other
padding, and having a screw attachment to fit into the
handle #&,, the screw socket of which is shown by dotted
lines. A hooked rheophore—such as that shown in Fig. 34.
—can be fixed in between &, and &, as they are screwed
together. Cis a fine electrode with round head, and having
its rheophore connection at the extreme end of the handle.
Some handle electrodes have sponges attached in lieu of
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the padding, and these form a very useful surface for con-
tact with the skin in some cases on account of their soft and
pliable nature. The common form of sponge-holder is,
however, very objectionable, on account of the insufficient
hﬂld it has upon the sponge when used for labile applica-
tions.

Fig. 36 shows three forms of sponge-holder. A is the
common form, which, as stated above, we cannot recom-
mend. B is a very useful form, the sponge being held in
position by a metal rod, which passes right through the
handle, along the dotted line shown, and which also acts as
a conductor for the electricity. C is a cup sponge-holder
(Dr. Steavenson’sform). The vulcanite cup ¢, whoseedgeonly
1s shown in the drawing, is shallow, so as to be easily passed
beneath a patient’s clothes. The sponge is screwed on to
the centre of the cup, and is connected to the rheophore
attachment ¢,.

It is advisable to have all electrodes which have to be
used with a handle made with a screw attachment, and all
handles of whatever size and shape with a screw-socket, so
that any handle may be used with any electrode, and wzice-
versa. As it is desirable to be as accurate as possible in all
Medical work, and as the size of the electrodes, or rather
their surface area which comes in contact with the skin, has
much to do with the quantity of C-s which will pass through a
patient, it is advisable to have all electrodes of known sur-
face area, and also in regular progressive sizes. Erb recom-
mends the following sizes and areas :—

Fine, circular, with a diameter of o'5 centimetre

Small e oG
Medium, square, with a surface of 20 sq. ,,
Large, rectangular i 50 .
Very large ,, 2 100 Or more

The medium and large electrodes may often with
advantage be circular in shape, in which case their diameters
will be 2°5 and 4 centimetres respectively.

This arrangement of size and area seems reasonable and
convenient, and we think it might be generally adopted with
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advantage ; but it by no means covers the whole ground
of what is required for external application. Modifications
are often required for special cases, and the ingenuity of the
operator must be trusted to supply these when needed ; but
the standard electrodes above referred to will be found
sufficient for almost all ordinary external treatments.

..-'!"J it
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All rectangular electrodes should have their corners
rounded off, and great care should be exercised with the
pad covers so that they extend well beyond the edge of the
metal. If the metal comes in direct contact with the skin,

electro-chemical action is set up at the point of contact and
a scar results.
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Bare or surgical electrodes may be broadly defined as
electrodes whose application brings the metal into direct
contact with the skin or other tissue which it is desired to
influence, and which are, therefore, dare of any intermediary.
They may be classified into (@) cutting and (&) non-cutting
instruments, and their number is legion. A detailed
description of each of the developments of the bare electrode
would carry us far beyond the scope of these lessons; and
though it may be as well to mention in Class a single and
multiple needles (straight and curved), knife and trocar
electrodes, wire electrodes and the galvano-cautére ; and, in
Class &, rectal, cesophageal, vesical (or urethral), eustachian
and uterine electrodes, we intend to illustrate only in—

a.—(1) The straight needle electrode (Fig. 37).

(2) The ncevipunct (Fig. 38).

.&.—(33 An cesophageal bougie electrode (Fig. 39).

a.—(1) This consists of a straight platinum needle (#),
an inch or more in length, and as thick as an ordinary sew-
ing needle. Its point is fairly fine, and its base sufficiently
stout to give it the requisite stiffness (platinum bends easily).
This, when in use, is fixed into a metal stem (57) by a small
side-screw (x), and the stem in turn emerges from a hollow
vulcanite or ivory holder (£), through which passes a wire
connected with a terminal screw (f), which may thus easily
be fixed to the end of a rheophore.

a.—(2) The ncevipunct 1s an instrument designed by
Dr. Harries,* which is intended to combine the advantages
of multiple loose needles without the disadvantages insepar-
able from the difficulty of retaining the latter in proper
position, and of rightly estimating the depth to which the
needles are inserted into the tissues to be operated on. It
~ consists of a perforated metal plate (), with a strong central
stem (¢), within which slides a smaller stem (&) regulated by
a screw (e), to which is fastened a perforated insulating
screen (f) of vulcanite, glass or other material. The screen
(/) is movable along the calibrated stem (¢), which is in
turn fixed to a hollow insulating handle (g). The screen (/)

* This design has been well carried out by Messrs. Coxeter and Son, of Grafton
Street.

a—_— i i
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may then be fixed by its screw (¢) at any point along the
groove. Through the plate ( #) pass a number of movable,
straight, platinum electrolysis needles of equal length (#),
and capable of being separately fixed to the plate by the fine
screws (xx). When not in use the points of these needles

HARRIES' ELECTRIC NEVIPUNCT.

reach as far as the perforations in the insulating screen L)
By moving the screw (e) the screen (f) is advanced or
retracted, the needle points being correspondingly exposed
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or withdrawn in relation to the distal surface of the screen.
The calibration of the groove enables us to determine with
accuracy the length of the needle exposed beyond the screen,
and thus to make certain of the depth to which it is possible
to pass the instrument, while the fine screws (xx) enable us
to use just as many needles as necessary and to arrange
them as may be advisable. Through the handle (g) passes
a wire connected at one end to the grooved stem (¢), and at
the other to a screw (¢) for connection with a rheophore.

4.—(3) The cesophageal bougie electrode may be con-
sidered as representative of its class. It consists usually of
a gum elastic tube (x) of any desirable size, terminating at
its distal end in a brightly-polished, rounded, elongated, or
olive-shaped, metal knob (£). At its approximate end 1s an
arrangement (#) by which the copper wire passing through
it may be easily placed in connection with a rheophore.
Figure 39 clearly illustrates this and renders further descrip-
tion unnecessary.

.
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LESSON VIIL

Physiological Action (a) of Continuous Current; (#) of Interrupted Current
(¢) of Alternating Current.

(@) OF CONTINUOUS CURRENT.

N Lesson 1V. some of the physical and chemical func-
tions of the continuous current were described under
the headings of Cataphoresis, Electrolysis, and Cataly-

sis. We have now to carry our investigations a little further
than the purely experimental stage, and note the results of
the application of some of these powers to the problems
presented by living tissues, Most of these results are
capable of being explained on ordinary scientific grounds.
Others can scarcely be said to be satisfactorily accounted for
even theoretically.

It will be convenient in the first place to mention very
briefly the phenomena of catalysis, for it is these that chiefly
concern us in the use of covered electrodes.

The first visible consequence of the application of a suffi-
cient continuous current to the human skin is a reflex jerk,
which is not repeated until or unless the current is varied in
strength, or is suddenly broken. Very soon the part in con-
tact with the electrode becomes reddened (physiologically
congested), and this is due, probably, to the two factors of
vessel-nerve paralysis and stimulation of the blood-stream.
Thus the blood-current becomes more rapid, and the small
vessels through which it passes being no longer controlled
by their motor (or contractile) nerves, the current area is at
the same time increased. The larger proportion of blood
thus supplied to the part influenced heightens its tint, and at
the same time allows the ordinary consequences of improved
blood-supply to show themselves. The part feels warm
(sometimes unpleasantly so), nutrition is improved, and
absorption and exchange of tissue are accelerated.
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In addition to this, the researches of Dr. Stone and
others have shown that passage of a continuous current con-
verts the portion of the body traversed into a secondary
battery, or, in other words, sets up a condition of polariza-
tion—iz.e., a current opposite in direction to that which is
being used is initiated in the body, and goes to reduce the
current strength capable of being passed from the outside
with a given electromotive-force. This point will require
furtherconsideration when we come to discuss skin-resistance.

As accompaniments of these functions there is general
stimulation of tissues (muscle, nerve, &c.) in the neighbour-
hood, and not infrequently there is alleviation of pain.

The experiment illustrated in Fig. 19 has already shown
that there is an actual mechanical transference of fluids,
from the anode to the cathode in cataphoresis under suit-
able circumstances, and the experiment known as Porret’s
has proved to demonstration the fact that semi-fluids actually
collect at the cathode.

German observers have made use of this cataphoric
function, to show the possibility of passing certain solu-
tions through the skin with the aid of the continuous current.
A few attempts have been made in this country, also, to take
advantage of it in the administration of drugs. But most of
these have been half-hearted, and some experimenters have
hoped to be successful when even the elementary conditions
have been disregarded. We have, however, in several cases
succeeded in bringing this power of the current to our aid,
and by chemical and other tests have proved beyond doubt
that in cataphoresis, properly applied, we have a therapeutic
aid of much potency, the possibilities of which are probably
illimitable.  On a later page we shall give indications as to
cases suitable for, and the methods of applying, cataphoric
medication. At present we are content to refer our readers
for further information on the subject to a letter by Dr.
Harries in the Medical Press of December 11th, 1889, and
a paper in Zke Lancet of October 25th, 1890.

The electrolytic function (see page 89), will require
somewhat full treatment when we come to its Surgical appli-
cations. Until then we postpone further mention of it, and
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of dilatation and other curious effects of the application of
the bare electrode.

(}) THE INTERRUPTED PRIMARY,

The physiological action of the interrupted primary cur-
rent will not demand any lengthened discussion. Itis suffi-
cient to state that it holds a place—as regards function—
between the continuous and the alternating (or secondary)
currents. With currents of great strength, it may be that
electrolysis is possible, both with the interrupted primary and
the secondary current, but with the C-s ordinarily employed
in Medical work, we may safely leave this power out of con-
sideration. The catalytic action of the continuous current is
to some extent probably present, for we soon observe con-
gestion in the part to which application is made. This is
due partly, no doubt, to local paralysis of the vaso-motor
nerves, but chiefly to stimulation of the blood-stream in the
interpolar regions.

Generally we may look upon the interrupted primary as
a local stimulant, though, when the breaks are rapid, it is
often of service in relieving pain,

(¢) THE SECONDARY, OR ALTERNATING, OR COIL CURRENT.

Usually the coil current is looked upon as having its
chief use in the regulation of function, whether of muscle or
of nerve.

On bringing electrodes connected with the poles of a
coil into contact with the skin, the first fact noticeable is
that muscles in the neighbourhood contract ; the next fact,
and this should be clearly impressed on the memory, is that
the muscles continue to contract,

This is noticeable also when the interrupted primary cur-
rent is used, and serves to emphasise the observation which
we have already made, in making or breaking contact with
the continuous current, that variation—moderate or extreme
(opening and closing circuit)—in a current is an essential to
the development of the proper muscle function, viz., con-
traction.

But further observation will show that application of the
electrodes to the nerve supply is sufficient to induce contrac-
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tion of the muscle so supplied and stimulated, and thus we
have demonstrated the most commonly used properties of
the alternating current. These results are accompanied by
the usual local congestion, and last only during the period
of contact. The power of currents to relieve pain will be
mentioned when the modes of electrical treatment are dis-
cussed.

Space will not permit us to do more than mention the
experiments which, during the course of demonstrations
given last year, we were able to show, proving—

(1) That with sma// alternating (medicinal) currents
there is practically no electrolysis.

(2) That alternating currents control the functions of
nerve and muscle.

(3) That though sensation may appear to be continuous,
there are very marked differences between the effects of
application of the alternating and continuous currents,

(4) That high potential alternating currents may easily
be passed through a patient, though there be no contact
with electrodes. This is not the case with continuous
currents.
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LESSON IX.

SKIN RESISTANCE.

N dealing with the applications of electricity to the
human body, a factor which demands our most careful
consideration 1s skin resistance.

By many electricians this living protective insulation, in
its ever varying degree in one direction or the other, is
unfortunately too often ignored, or nearly so, for even in
books purporting to be authoritative we read directions
given as to the use of five, ten or more cells for the attain-
ment of a certain object.

Now, independently of the difference in E.M.F. of dif-
ferent cells, and of the changes in potential that occur when
the battery-charge runs down—which have been alluded to
in earlier lessons—the resistance of the skin itself may vary
from 40,000 ochms or more when dry, to 1,000 ohms or less
when moist with perspiration, a continuous current being
used. The differences with dry or moist skin when alter-
nating currents are employed are not quite so great, but they
are sufficiently so to make the condition of the skin a matter
of much importance when we are using a current for cura-
tive purposes.

In a paper read before the Institution of Electrical Engi-
neers on March 27 we have gone pretty fully into these
questions, in so far as they concern battery-generated, con-
tinuous, and ordinary coil alternating currents, and in a
further paper we have dealt with dynamo-generated con-
tinuous and alternating currents. (Trans. Brit. Assoc.,
Leeds, 1890.)

It is therefore unnecessary in these lessons that we
should do more than impress upon the student, with a view
to guarding against the dangers of shock or excessive elec-
trolytic or other painful or even damaging action, the care
that is needed to ensure, by the use of measuring instru-
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ments, that a current strength shall be no stronger than
necessary, and, on the other hand, that it shall possess suffi-
cient E.M.F. to overcome skin resistance and actually pass
through the body from one electrode to the other. It is
conceivable that a current generated by a battery, say, of ten
or fifteen cells, shall, when the skin is moist, pass through
the body to the extent of eight to twelve milliampéres, while
the same battery, when the same patient’s skin is dry, may
on another occasion scarcely send a perceptible current
through the body at all. Between these extremes there are
the intermediate conditions, in which, with a given E.M.F.,
a current of intermediate strength may be passed.

The natural condition of least resistance, viz., that which
accompanies a state of free perspiration, may be, and is,
commonly simulated by the use of salt and water solution.

In this case the period of soakage is important, for soak-
age extending over thirty to sixty minutes may diminish
resistance to a tenth part of its original value.

As an illustration of the varying values of body resist-
ance mainly due to the skin, we append the following table
of observations made upon patients during actual treat-
ment.

TABLE.

PARTS TREATED. R. IN OHMS.
Lumbar region to ankle ... n T4200
Cervical region to sacral region ... e X520
Through knees ... e 02O
Knee to foot 087
Through knees ... i SI; 228
Hand to hand ... e A THTOG
Foot to foot S o ¢
Neck to feet e - OB
Neck to brachial plexus ... i = ‘8a2n

Neck to hand 2 ThG
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Methods of Application—Medical, General and Local; Surgical.

HE methods of application of electricity to the human
body are many and various. We will group them
under two heads—viz., A, Medical ; B, Surgical.

The former we take to be all those in which covered or
padded electrodes are used, or those wherein both electrodes
are applied externally ; while the latter are those in which
uncovered or bare electrodes are used, or wherein one or
both electrodes are applied internally.

In all applications it is most necessary to proceed with
great care and give minute attention to detail. The patient
must be placed in suitable position and rendered as comfort-
able as circumstances will permit. The operator must be
gentle, firm, prompt, and essentially * Nurse-like.” The
apparatus must be conveniently placed so as to be under the
complete control of the operator, without disturbing the
patient, and also so that the galvanometer or other measur-
ing instrument in circuit may be easily read.

A.—Medical applications may be subdivided as (1) Gen-
eral, and (z) Local.

(r) General applications are made in such a manner
that the whole body, or at least the nervous centres of the
body, are brought in the direct line of electric influence.
One of the most valuable forms of this method of applica-
tion is that recommended by Doctors Beard and Rockwell,
and called Central Galvanisation. They say, in their book
on * Medical and Surgical Uses of Electricity ” :—

“The object in central galvanisation is to bring the
whole central nervous system—the brain, sympathetic and
spinal cord—as well as the pneumo-gastric and depressor
nerves, under the influence of the galvanic current. One
nole (usually the negative) is placed at the epigastrium,
while the other is placed over the forehead and top of the

G
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head, by the inner borders of the sterno-cleido-mastoid
muscles, from the mastoid fossa to the sternum, at the nape
of the neck, and down the entire length of the spine.”

A sponge or other well-padded electrode is held by the
patient at the epigastrium, and the other electrode (prefer-
ably also a sponge, of medium size) is applied by the opera-
tor to the patient’s forehead (centre), and a current of from
+ to 2z m.a. passed for two minutes. Next the electrode is
moved to the cranial centre (the hair having been previously
wetted), and 2 to 6 m.a. passed for another two minutes.
In like manner the operator then attacks the neck (front,
sides and back), passing from 2 to 10 m.a. for about four
minutes, and then proceeds to the spine, using a labile or
stroking action along its whole length, passing from 5 to 15,
or even 2o z.a. for another eight to twelve minutes.

The dose ranges from § #z.a. in the most sensitive parts
to zo m.a. in the least sensitive. Of course all cases will
not be equally benefited by the same current strength, and
there are many degrees within the range named which may
be advantageously employed, but we do not think that more
than 2o m.a. should be used unless under very exceptional
circumstances. The period of duration of each application
may also advantageously vary with individual cases. Messrs.
Beard and Rockwell give fifteen minutes as the outside
limit, but we find from experience that while a period of
even ten minutes is fully enough for some patients, yet one
of twenty minutes is distinctly beneficial to others.

General Faradisation is a somewhat similar method in-
volving the use of coil currents. The term Faradisation 1s
a bad one, as mentioned in a prior lesson, because it does
not differentiate between the simple interrupted current
(interrupted primary) and the alternating secondary current.
Still, the process employed is the same in either case, and
consists in passing, by means of a bare or thinly covered
foot plate (on which the patient stands or rests his feet),
and a padded handle electrode used labile by the operator,
coil currents either interrupted or alternating, as the case
may require, through the whole of the patient’s body,
starting with the head and working downwards in a manner
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similar to that used in central galvanisation, but including
also the upper and lower extremities. In some cases it is
more convenient that the patient should sit upon one pad,
the legs being included, or not, in the labile applications
according to circumstances.

When either of the above methods is employed itis very
advantageous for the operator to make the applications to
the kead and neck with his hand or hands, including him-
self in the circuit for the purpose. If one hand only is used
to apply to the patient, the other may simply hold the elec-
trode, and thus complete the circuit through both patient
and operator. If two hands are required for the patient, a
pad electrode may be conveniently attached to the opera-
tor’s neck.

The advantage of thus using the hand or hands as elec-
trodes is that, owing to the adaptability of the hand to deli-
cate gradations of pressure and contact area, the current
strength administered may be regulated with great nicety to
suit the susceptibility of the parts treated. The operator’s
own sensations are a useful adjunct to the measuring instru-
ment employed in gauging the sensations of the patient, and
further, many valuable manipulations may be carried out at
the same time.

To the less sensitive parts this plan is unnecessary, for
the comparatively strong currents—which may most advan-
tageously be administered to the back—would be very dis-
agreeable, and even painful, to the operator, if passed
through his hands. A handle electrode should be used as
a rule to all parts of a patient other than the head and neck.

Another very valuable form of general application is
that known as the electric bath. This requires especial care,
more particularly in the electrical arrangements, in order that
leakage of the current may be avoided. The bath should be
preferably of some non-conducting material, such as porce-
lain or hard wood, and must not be in metallic contact with
the earth. That is to say, the supply pipe or pipes must not
touch the bath, nor the water in the bath, and the waste-
pipe must be insulated, by having a short piece of india-
rubber tubing let in at some convenient section near where it

G 2
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leaves the bath. Unless some such means be adopted it is
plain that when the water becomes electrified the current
will leak away to earth along the pipe, which latter, being of
metal and of large area, possesses very little resistance. For
the same reason it is not advisable to use an enamelled metal
bath, for though, if the enamel remain perfect, the insulation
may be good enough, yet the moment there is the least flaw
or chip all insulation is gone, and the bath becomes useless
for electrical purposes. In some instances metal baths are
used, the bath itself being made thus one large electrode,
but this arrangement is not recommended now, owing to the
electrolytic action between the electrified water and the
metal, and other electrical difficulties. It is always well to
avoid electrical complications as far as possible ; therefore
one of the first essentials of an electric bath is a well-insu-
lated, non-conducting bath.

The water for filling the bath should be rendered a good
conductor by the addition of salt or acid, preferably the
former (13lb. of common salt to thirty gallons of water will
do), and should be of such temperature that the patient may
remain immersed therein with comfort for from ten to fifteen
or twenty minutes—about 98 degs. F. is best, but anywhere
between go degs. and 100 degs., according to the fancy of the
patient, will do very well. Suitable switches connected with
the battery should be arranged on or near the sides of the
bath, but out of the patient’s reach.

The current should never be switched on till after the
patient is in the water, and placed comfortably in position
therein, and it should always be switched off again before
the patient attempts to leave the water. If this be not done
feeble or disabled patients might easily come into contact
with one or both electrodes, and so receive a shock, involv-
ing unpleasant or even serious consequences.

If it is desired to electrify the water only, two large pad
electrodes may be used, one being placed near the feet of
the patient, not necessarily in contact with them, and the
other near the head. The current should then be gradually
turned on till the required C-s is arrived at.

This form of bath, though no doubt useful in some
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cases, does not commend itself to us, for two reasons:
first, because the water is generally a better conductor than
the human body, and therefore nearly all the current
passes through the water from electrode to electrode with-
out entering the patient at all ; second, because even if,
owing to some change in the relative conductivity of the
water and the patient, some appreciable share of the current
does enter the body, it is impossible to measure how much,
and thus the dose administered remains an altogether
unknown quantity.

A better way is to put only one electrode in the water,
preferably near the feet, and to place the other on some
convenient part of the body which is just out of the water.

In most cases where a general tonic effect is desired, a
good plan is to place one electrode in the form of a pad
just under the nape of the neck as the patient lies ‘back at
full length, with the whole body, except head and neck,
fully immersed in the water which carries the other electrode.
A sling of webbing attached to the two sides of the bath,
and rendered adjustable as regards length by a strap and
buckle, enables this to be done satisfactorily. The sling
being adjusted, the electrode is laid thereon. and the
patient les back, making good firm contact with the pad.
In cases where this is not convenient, the neck pad may be
tied in position by a piece of tape. In other cases, where
desirable, one or both hands may grasp a conducting rod
laid across the top of the bath. A very useful adjunct to
any of the above is sponging the head, neck, and spine for
a few minutes with a sponge electrode connected to one
pole, while the other remains in the water, but great
care 1s necessary in dealing with the applications to #ke
kead.  Only a very small current must be used there, and
every precaution taken to prevent shocks.

LOCAL APPLICATIONS.

A great variety of these are possible, and it is manifest
that they must differ from each other mainly in accordance



86 PRACTICAL ELECTRO-THERAPEUTICS.

with the part on or in which it is desired to localise the
current, and the nature of the trouble it is intended to
alleviate or cure. We will instance applications for lum-
bago, for sciatica, for rheumatism in the arm, and for facial
neuralgia.

In applying electricity for lumbago, the positive pole
should be attached to a large pad electrode placed over the
centre of the abdominal region, and the negative applied by
means of a medium handle or sponge elecirode to the lum-
bar region, being allowed to remain for some minutes over
the special seat of the pain ; 10 to 20 #.a. may be used, or
practically as strong a current as the patient can bear, and
this should be passed for ten or fifteen minutes at a sitting.
Such sittings may, in acute cases, be repeated twice or
thrice a day. Sometimes doctors order the coil current to
be used for lumbago, and it should be applied in a similar
manner, but should not be strong enough to produce violent
muscular contraction. (Plate 11. illustrates this method.)

For sciatica, several forms of application are used, each
of which may or may not prove successful alone, and a
combination of which is often advantageous. One form is
to fix the positive attached to a large pad electrode upon
the sacral region, using the negative handle labile along the
whole line of the sciatic nerve and its chief branches, and
giving special attention to the apparent seat or seats of pain.
Sometimes the poles may be reversed with advantage.
Another form is to use two-handle or sponge electrodes,
and take the sciatic nerve in sections of a few inches from
above downwards, or vice versd, giving one or two minutes
to each longitudinal section. Another form is to use two-
handle electrodes, placing them as nearly as possible on
either side of the nerve, and so pass the current trans-
versely through it in sections. Sometimes very mild, and
sometimes very strong currents are ordered, and no doubt
each dose has its uses according to the requirements of the
case. Coil currents may be used in a similar way.

Applications for rheumatism in the arm are made some-
what in the same way as those described for sciatica, care
being exercised to so arrange the electrodes that the particu-
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lar nerve or muscle it is desired to influence shall be brought
directly in the line of the current flow. Another form of
application to the arm consists in placing the hand ina
basin of water (or rather warm salt and water) together with
one pole, and applying the other pole to the parts con-
cerned by means of a sponge or handle electrode, or even
fixing a plate or pad electrode upon the shoulder or the
brachial plexus, or some other suitable spot, and allowing
the current to pass steadily for the required time, Here
again coil currents may be used in the same way. (Plate
III. illustrates this method.)

Applications for facial neuralgia require very great care,
and strict attention must be given to the direction of the
current. It must be remembered that the negative pole
seems to possess great local stimulating power to the nerves
over which it is applied ; and therefore, if, as in treatment
of neuralgia, the object be to soothe and quiet an excited
nerve, it is manifest that the negative pole must not come into
the already excited region. A very good form of application
for this trouble is to place the negative pole by means of a
pad electrode on the nape of the neck, and then apply the
positive by means of a small handle or sponge electrode to
the seat of pain, and along the course of the nerve branches,
giving special attention to their terminations. In doing this
it is not well to use a stroking action, as the sensation is
distinctly unpleasant under the circumstances. The elec-
trode should be lifted and replaced on a fresh spot,
during which process the current should be switched off ; in
fact, a series of small local and distinct applications should
be made. Sometimes the negative pole may be advantage-
ously placed over the sternum, or over the trunk line of the
nerve just below and in front of the ear. In using coil cur-
rents in such cases, it is generally best to make applications
to the nerve branches by means of the operator’s hand and
fingers, especially if he or she have knowledge of the mas-
sage movements suitable for combination with the electric
treatment. (Plate IV. illustrates this method.)

Of the methods of application of static electricity it is
unnecessary to say much, Great attention must be paid to
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the insulation of the patient, as if this be not good the
electricity, owing to its high potential, will leak away to
earth, and so be wasted.

Applications of static electricity are generally made with
the patient fully clothed, and seated upon an insulated and
insulating chair or platform. One knob or conductor of
the machine is connected to the patient, and the operator
holds, by an insulating handle, a metal electrode, which is
connected to the other knob or conductor, near to the part
of the patient’s body it is desired to treat. This causes the
passage of sparks between the electrode and the patients
body. In another method a large brush-like electrode is
used. Here the passage of electricity takes the form of a
breeze rather than a spark ; the many points of the brush
having the effect of spreading the discharge over a con-
siderable area of the patient’s body, so that it becomes far
less concentrated. Sometimes the machine i1s connected to
earth, and so a milder form of application is obtained.

The above-named forms of application are given as
typical instances of convenient and suitable methods. It
will be readily understood that they may be advantageously
modified or altered in a variety of ways in accordance with
the necessities of each particular case. Rule of thumb
applications should not be indulged in. The operator must
first get a clear idea of the wishes of the prescribing
medical man regarding the part or parts to be treated, the
dose to be administered, and, if possible, the direct object
of the treatment; then his or her own intelligence must
dccide upon the exact method to be employed and devise
whatever modification may be needed to meet the circum-

stances of the case.
SURGICAL.

Our description of the methods of application of the
bare or Surgical electrodes can in the present lessons, for
obvious reasons, extend only to those typical instruments
figured in a pu’:vinua chapter (pp. 71, 73 and :.r;), viz.—

(1) The straight needle electrode (Fig. 37);
(2) The naevipunct (Fig. 38);
(3) The bougie electrode (Fig. 39).
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The action of each of these is dependent upon the
electrolytic function of the continuous current, which is used
in most of the Surgical applications of electricity, to the
exclusion of the interrupted primary and alternating cur-
rents.

(1) THE STRAIGHT NEEDLE ELECTRODE.

In order that this most useful modification of the bare
electrode may be advantageously employed, it is necessary
that one pole of the battery shall by means of a large pad
or other electrode be kept in contact with some portion of
the skin surface as near as conveniently may be to the site
of the projected operation. This done, the other pole of
the battery is by the aid of a flexible rheophore fixed by the
terminal screw of the handle or holder, and the metal stem
(s7) with its needle (4) being 7z sifx, our apparatus is ready.

Suppose we wish to remove a series of hairs from the
face, and that we select the chin as our starting point. It
will be advisable, for various reasons, that the pad should
be connected with the positive and the needle with the
negative pole. Arranging the former on the chest, or back,
or using an electrode which can be grasped in the hand,
the skin surrounding the particular hair selected is grasped
between the thumb and forefinger of the operator’s left
hand. The needle is now inserted into the follicle beside
the hair in such a way that its axis may be as nearly as
possible that of the hair. The current is switched on to a
strength of from two to five milliampéres, and with the
gentlest imaginable pressure the needle passes down the
follicle beside and parallel with the hair until it reaches a
point at which resistance is felt. Here further progress
inwards must be suspended, for the point of the needle has
reached the fundus of the follicle, and further insertion is
not only needless, but harmful. Retaining the point in
this position for a few seconds (fifteen to thirty will generally
suffice), a fine effervescence will be noted at the point of
entry. ‘T'he needle may now be withdrawn, and grasping
the hair with a fine forceps, it will be found to be perfectly
loose, and should come away without perceptible traction.
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If force be needed to withdraw the hair, the operation has
not been properly done and will need to be repeated.

Care must be taken that the needle is passed only along
the follicle, and not forced through the skin ; also that careful
note is made of the C-s employed, and the time occupied.
Disregard of these points will lead only to failure, and may
cause scarring—a matter of importance when the face is the
part operated on. There should be #zo bleeding, (See
Plate V.)

Other methods—for instance, grasping the kas» witha
forceps before passing the needle and using it as a poinf
d’appui—are recommended in some well-known works ; but
with an experience extending over the removal of many
thousand individual hairs, the writers strongly recommend
the former as being the only satisfactory and reliable one,
having regard particularly to the prospect of complete and
permanent destruction of the growth.

(2) THE NAEVIPUNCT.

The same instrument may be used in very similar
fashion for the destruction of small growths, either on the
skin or mucous membranes, and it is with the purpose of
being able to attack nzvus and other developments covering
a larger surface that the nazvipunct has been devised. This
replaces the single needle, and, from the possibility of
arranging the separate needles to cover exactly a surface of
any shape (or size, the instrument being correspondingly
enlarged, in so far as its area and number of needles is
concerned), the necessity of repeated insertions of the
instrument at a single sitting is obviated. Cases of port-
wine stain of any extent may thus be satisfactorily treated.

(3) THE BOUGIE ELECTRODE.

The bougie electrode is an instrument of rapidly-
increasing usefulness, and its proper, careful, and successful
application in cases of stricture of rectum, urethra, an_d
cesophagus is already well recognised as giving results far in
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MODES OF APPLICATION. QI

advance of other and older plans of slow and rapid dilata-
tion.

In such cases a pad is connected with the positive pole
as before, and the bougie electrode by means of its screw
(#) is placed in communication with the negative pole of
the battery. The metal knob (%) being placed immediately
at the seat of contraction a small current—two to six m.a.
or more—is passed through the lesion for a period of one,
two, three, or more minutes, as the nature of the case and
the forbearance of the operator may dictate. The sittings
may be repeated as frequently as needed for complete
dilatation, and at such intervals as the experience of the
operator may lead him to consider safe, but as operations
such as these can only be performed by Surgeons, it is un-
necessary to weary the reader with further detail.

The instances here given are intended only as typical
examples of the numerous and frequently successful uses to
which the Surgical electrode has been applied, and we trust
that those who feel interested in this department of work
will not be content with a superficial acquaintance with the
methods recommended, but will take every opportunity of
obtaining practical acquaintance, not only with the opera-
tions themselves, but with the management and control of
the apparatus needed—for in scarcely any department of
surgical work 1s a mastery of the instruments employed
more imperative than in that at which our space permits us
to take only a passing glance, and for which the future holds
triumphs as yet undreamt of in our philosophy.
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LESSON XI.
GENERAL HINTS ABOUT ELECTRICAL APPLICATIONS.

(1) LWAYS test your battery and connections, so that
you may be sure they are in working order, before
touching the patient. A convenient method of

doing this for the continuous current is to place both elec-

trodes in the same vessel of water, or to touch them to-
gether, and thus completing the circuit for a second or two

(not more), note the deflection of the galvanometer needle.

If the needle deflects freely proceed to the patient ; if it does

not, examination of the connections, and perhaps of the

battery, will be necessary. If there is no galvanometer in
circuit apply some metal portion of the electrodes or rheo-
phores to the tip of your tongue, and when the switch is
turned on a peculiar semi-acid, semi-metallic taste will be at
once noticed if the battery is working. This latter is only

a very rough and ready test, but it is better than none at all.

Coil currents, both interrupted primary and secondary, are

best tested by bringing the electrodes into contact with

some convenient part of your body, such as the hands, or
one hand and some part of the arm.

(2) Make sure that the patient is conveniently placed
with regard to the apparatus, so that after movement may be
avoided as much as possible.

(3) See that the patient is as comfortable as circum-
stances will permit.

(4) Take your own position so that the switch board is
well under your control, being particularly careful that you
can see and easily read the galvanometer.

(5) Take care that the salt and water for moistening the
skin and damping the electrodes is neither too hot nor too
cold (about blood-heat is the best), and that the solution 1is
not too strong ; about half-an-ounce of common salt to a

quart of water will do very well.
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(6) When padded electrodes are used, wipe off super-
fluous water with a cloth before applying to the body, and
do not let water run, drop, or splash upon the patient’s
clothes, especially upon underlinen.

(7) When any electrode or electrodes have to be fixed
to the body, be careful to have them well tied, strapped or
bandaged on, so that the contact may be firm and other-
wise good.

(8) When using sponge or other handle electrodes use
gentle but firm pressure. Too light a touch will cause irre-
gular and uneven contact, which 1s very unpleasant and irri-
tating to the patient.

(9) Never turn on all the current strength of the pre-
scribed dose immediately, but starting with the smallest pos-
sible current, gradually increase it until the proper strength
is reached.

(ro) When the time of the prescribed dose is up, turn
the current off gradually in the same way, and be sure that
all the switches are turned off before you leave them.

(r1) Remember that the sudden breaking of contact
anywhere in the circuit means a shock to the patient, and is
therefore to be most carefully avoided.

(12) Clean, wipe, and where necessary disinfect the
electrodes immediately after use, and put straight in the
room any disorder which the operation may have occa-
sioned. -

GENERAL HINTS ABOUT THE MANAGEMENT OF ELECTRICAL
APPARATUS.

: (1) Batteries should be kept in a dry, moderately cool
place.

(2) Batteries of the Leclancht type, which are kept
ready charged, should be used regularly. They are far
more likely to fail through faults developed by standing idle
than to suffer by too much use. Batteries of this kind should
be used once a week at the very least.

(3) Batteries, switch boards, connections, rheophores, and
electrodes should be kept scrupulously clean, and all bright
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metal parts should be frequently polished. Strict attention
to cleanliness will often save much outlay for repairs.

(4) In all batteries using acid as an excitant, it is advis-
able, and in most of them necessary, that the zinc be not
allowed to remain in the solution when the battery is at
rest.

(5) If a battery refuses to work, look first for the fault in
the connections. Test them ; clean and tighten them all
and try again. If the fault still persists look to the fluid of
the battery, which may be weak or exhausted ; then to the
zincs, which may require re-amalgamating, or may be eaten
up and useless ; and lastly to the carbon or other element.

(6) A saline solution is generally good to use as long as
it exists at all, but an acid solution requires frequent
renewal. Bichromate solution, which is the most common
form of acid solution, always turns dark and green in colour
when it is spent and useless.

(7) In coil batteries the vibrating hammer and contact
spring require the most frequent attention. A little adjust-
ment of the screws here will often suffice to remedy what
seems to be an obstinate fault.

(8) Remember that in ccils you have two distinct cir-
cuits to deal with. A fault in the primary circuit prevents
both alike from working ; but a fault in the secondary will
not necessarily disable the primary. As the primary circuit
includes the battery and the vibrating hammer arrangement,
it is evident that it is far more likely to contain the fault
than the secondary ; but at the same time it must be borne
in mind that the fault may be present in the latter.

(9) Never leave rheophores connected to the battery ter-
minals, especially in portable batteries, because some sudden
and une:v:pr:cted movement may cause their ends to come in
contact, and so the battery will be short-circuited and irre-
trievably damaged.

(10) Never let your galvanometer come near any mag
net, or its movements will be disturbed and its records ren-
dered worthless.

L
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LESSON XII

(z) Indications for Use of Electricity in Medicine: (2) In Surgery. List
of Books for Reference and further Study of the Subject.

N the section on electro-physiology, we discussed the
methods in which electricity, either continuous, inter-
rupted or alternating, is supposed to act. It is unneces-

sary here, therefore, to do more than remind the reader of
the catalytic, cataphoric, and electrolytic functions of the
continuous current, and of the stimulating, sedative, and
vaso-motor influence of the interrupted current, whether
primary or secondary.

Some recent writers on electro-therapeutics have thought
proper to disparage the use of the term caZalysis.  But bear-
ing in mind the definition so clearly given to this term by
Remak, we fail to see that it is other than most convenient,
serving to obviate the use of much verbiage in the matter
of naming individual ¢ effects” of the applications of the
continuous current.

It is now-a-days the fashion to object to the use of terms
introduced by the masters of our science, but until some-
thing better is brought forward, we are content to follow in
the wake of so great a leader as the celebrated German
electro-physiologist.

Catalysis, then, may be used where we desire to improve
nutrition, to promote circulation, to absorb effusions, to dis-
perse glandular or other enlargements. In the latter
instances the cataphoric function of the continuous current
is probably of considerable aid in the process, and in all
these cases it is advisable that a comparatively low current
strength, with considerable electrode area, should be used
for short periods. Particularly should this be remembered
when applications are made to sensitive portions of the ner-

vous system, or when the brain itself is the part under treat-
ment,
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Disregard of these points may induce unpleasant effects
—headache, nausea, giddiness, trembling, &c.—and thus
defeat the objects sought to be attained. In parts where
skin, muscles, or abdominal viscera are to be influenced, the
current strength may be larger, but even here most of the
beneficial results may be obtained with currents under
twenty milliampcres.

But where the chief object is simple cafaphoresis, it is not
only permissible, but sometimes necessary that stronger cur-
rents should be employed.  Again, where it is desirable to
pass drugs, such as iodides, bromides, mercury, quinine,
cocaine, chloroform, or others, through the skin, it is use-
less to attempt the process with any hope of satisfactory
results, unless large electrodes (particularly the negative
pad), and a current strength of twenty milliampéres upwards
to thirty or even more, is used, for from twenty to forty
minutes or longer. In this manner it is possible with
cocaine solution (ten per cent.) so to anesthetise the skin,
that a patient is able to bear the galvano-cautere without
flinching.* 1In cases of local parasitic growth (ringworm,
&c.), solutions of parasiticide salts have been passed by this
plan so satisfactorily that a few sittings have sufficed to cure
disease of considerable standing.

In rheumatoid arthritis and similar cases, treatment by
cataphoresis is indicated, and the authors have found that
this method has given results satisfactory to an unexpected
degree. Further practical developments of cataphoric medi-
cation are in progress, and it 1s believed that by its aid it
may become easy to apply Jocal remedies in the treatment of
discase to a much greater extent than has hitherto been
possible. ¥

* In a recent case of rachialgia, Dr. Harries anmsthetised the skin in the region
of the lower cervical and upper dorsal vertebrie so completely by this methoed, that he
was able to apply the gnlv.-um-u.:nulcreldtcp'l r 1o six intervertebral spaces without
any complaint of pain by the patient, either during or after the operation. ;

+ It has just been brought to our notice that, at the recent International M edical
Congress in Berlin, Mr. Edison, of New York, has described an experimental case of
gout treated by this plan. Itis only fairto ourselves to say that, previously to the
experiment thus described, we had for months reduced this matter from the experi-

mental to the practical stage, and both before and since Mr. Edison's attempt, have
adopted ** cataphoric medication " as a part of our daily work.
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Concerning the indications for the use of the interrupted
primary and secondary currents, and their effect in stimulat-
ing muscular contractions, in increasing general tone, reliev-
ing pain, and of their immense value to physicians in the
confirmatory diagnosis of obscure nervous or other diseases,
it is unnecessary in an elementary series of lessons to en-
large, for their use should be strictly limited to cases in which
treatment is carried out under direct Medical supervision ;
and a catalogue of diseases would be neither interesting nor
profitable here. It may be well, however, to state that the
indiscriminate use of these powerful therapeutic agents—as
indeed of the continuous current—may be fraught with
danger to the patient and disappointment to the operator.
And it is for these reasons that the use of electric appliances,
so commonly and recklessly used by advertising charlatans,
ignorant of the merest rudiments not only of Medical but of
electrical science, should be avoided as one would the
plague. As for the so-called electric “belts” and other
“ body-appliances,” the less said the better. It is enough to
state that most of them are incapable of sending a current
through the resistance offered by the human skin—hence
the necessity experienced by their vendors for constantly
forcing them upon the public by means of the attractive
but mendacious advertisements which disgrace the columns
of many of our daily papers.

(2) In the Surgical applications of electricity the con-
tinuous current is always employed, unless under this head-
ing we include those gyn=cological operations in which the
bare electrode is made use of, in the application of the
alternating or interrupted current, as a stimulant to internal
parts in relaxed conditions. Other than for these purposes,
the continuous current is brought into play in treating many
uterine states, whether they be due to inflammation, to
injury during delivery, or to abnormal pregnancy (tubal, &c.).

In stricture of cesophagus, rectum, urethra or uterine
canal, the electrolytic action of the continuous current has
proved of the greatest benefit, not only as a palliative, but
as a curative agent; and in those troublesome cases of
enlargement of the prostate in which serious Surgical

H
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measures are often recommended, Dr, Harries has found the
urethral electrode most efficacious in treating the condition.

Where it is desired to remove small superficial growths,
whether on skin or mucous membranes, such as nzvi,
warts, fibrous and hairy growths, polypi, &c., there is no
method which can compare with that which involves the
subcutaneous insertion of needle or other electrodes.

Lastly, in aneurism, the coagulating influence of the cur-
rent has been employed with variable success, but this opera-
tion is both difficult and dangerous, and from statistics of
cases, it can scarcely be recommended even when used by
operators expert not only in Surgery, but in electricity.

It is scarcely necessary to add that a most useful appli-
cation of the continuous current is that form of it which is
employed as a cautery. The galvano-cauteére is both handy,
cleanly, and manageable, and is much less likely to cause
after-pain than the red-hot iron cautery, and its use is indi-
cated where any form of cautery work is needed.
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QUESTIGONS.

Autnor's NoTe.—General answers to these questions are to be found in the
text, but we wish it to be understood that complete answers to such questions can
only be given after careful study of the subject in larger works.

10,

II.
12.

13:

LESSON 1.

. From which of the known forms of energy can electricity

be obtained ?

. How may mechanical energy be transformed into

electrical energy ?

. Give the name of a machine by which the re-transforma-

tion of electrical energy into mechanical energy may
be accomplished.

. What form of energy is transformed into electrical

energy in a voltaic cell ?

. What is a thermopile ?

How could you illustrate the completion of an energy
cycle?

. In any transformation of energy is all the initial energy

available for work in its new form ?

How do you reconcile the statements “ Energy cannot
be destroyed,” and “ In transformation and re-trans-
formation much of the energy used to start with is
lost in the process” ?

. What influence does the method of generation of

electricity have upon its chemical, mechanical,
thermal and physiological powers ?

On what does the physical similarity of electric currents
depend ?

Wherein do electric currents differ from one another ?

What are the chief characteristics required of an electric
generator for Medical purposes ?

Which form of generator best fulfils these conditions ?

LESSON IL

. What are the main points of utility which chemical

electric generators should possess ?
Describe a ““ simple voltaic cell.”
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In a voltaic cell what part or parts are used up in the
process of generating electricity ?

What is the positive plate of a battery cell ? and which
the negative pole ?

Define the “elements” and “excitant” of a battery cell.

Of what character is the excitant of the Leclanche cell
—acid or saline ?

What advantage does the agglomerate form of the
Leclanche cell possess over the more common form ?

Describe the Daniell cell and show wherein it differs
from the silver chloride cell.

What is the excitant in the bichromate cell and why
should the zinc not be allowed to remain in the solu-
tion when the cell is not in use ?

Wherein do secondary cells or accumulators differ from
other battery cells ?

What is meant by connecting battery cells *“in Series,”
“in Parallel,” and *in Groups ”?

Sketch a battery of nine cells arranged in groups of three
each.

LESSON III.

. On what does E.M.F. depend ?
. With what phenomenon of hydrostatics may E.M.F. be

compared ?

Define Current-strength.

What 1s the effect of Resistance—and how is it over-
conie? :

. Name the practical units of measurement for E.M.F.,

current-strength and resistance.

. Name the practical unit of current-strength for Medical

purposes and state what relation it bears to the
ampere.

. State the name of the law which sets forth the relation

between E.M.¥., C-s, and R and write it down in the
form of an equation.

Mention some of the uses of the application of this law
in practical work.
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On what does the E.M.F. of batteries depend ?
When it is desired to obtain the maximum E.M.F. from
a battery how should the cells be connected up ?
What influence has the size of the elements upon the
power of the battery ?

When maximum C-s and minimum E.M.F. are required
of a battery how should the cells be connected up ?

What is meant by an electric circuit ?

Name a few conductors.

What is the function of an electrode ?

Why should electric conductors be insulated ?

Is there any hard and fast line between insulators and
conductors ?

What are rheophores ?

How “;nu]d you know a switch board and what is its
use

Mention other names for “ Terminals.”

LESSON 1V.

In what portion of a circuit would you expect to be able
to transform electrical energy into work ?

. What relation would work done in such a transformation

bear—(1) To resistance in circuit? (2) To the electri-
cal energy expended in overcoming such resistance ?

Give examples of functions of the continuous current.

What is osmosis? Illustrate your reply by a rough
sketch of a simple method of demonstrating this
phenomenon,

In what direction would you expect fluids to pass, sup-
posing esmosis to be taking place through a septum
placed between fluids of different densities ?

Distinguish between osmeosis and cataploresis. By
what simple arrangement might you prove chemically
that cataphoresis was taking place ?

In cataphoresis, is the direction of transference always
that to be expected in osmosis 7 1f not, what is the
direction alwways taken by fluids in cafaphoresis 7
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What is electrolysis ?

. Give an example of chemical conditions, under which

latent may be converted into kinetic energy. Does
the energy thus set free always manifest itself in the
same way ?

What happens when a thermometer is placed in a fresh
mixture of oil of vitriol (H, SO,) and water ?

Given a mixture of hydrogen and oxygen in the propor-
tion of two parts H to one part O, in suitable appara-
tus. What would you expect to happen on passing
an electric spark through the mixture ?

Name the resulting chemical compound.

What are the accompaniments of the action taking place
in such a mixture ?

In the combination thus produced, what chemical pro-
cess is illustrated ? What term is applied to the
converse chemical process ?

What are the accompaniments of analysis? and of
electrolysis ?

Name the conditions requisite for the performance of
electrolysis.

A continuous current being passed through a suitable
conductor, in what way does decomposition of the
fluid take place—as regards bodies set free at the
respective poles ?

What term is applied to bodies thus set free at the
poles ? At the positive pole ? At the negative pole ?

Sketch roughly one or more methods for showing the
reactions (chemical) at the electrodes.

In the process known as electro-plating, at which pole
would you expect the metal to be deposited ?

Describe the volfameter. What happens when a con-
tinuous current (of sufficient E.M.F.) is passed
through acidulated water contained in such an
Instrument ?

What is catalysis ? What other functions of the current
are included in cafalysis ?

What are the leading points named by Remak as
characteristic of catalysis ?
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LESSON V.

. What is a Confinuous current ?
. In what main characteristics do Z/nferrupted and Alter-

nating currents differ from continuous currents and
from each other?

. Name the apparatus commonly employed to change the

continuous current of a battery into interrupted and
into alternating currents.

Give a list of the chief parts of an induction coil, and
state in general terms the nature of the work each
has to perform.

. Mention some of the ways in which the strength of an

induction coil may be regulated.

Why is it not necessary to put the secondary wire of an
induction coil in electrical connection with the
primary ?

If you had a primary coil with interrupting arrange-
ment and battery complete and a sepirate movable
secondary coil, how could you demonstrate the phe-
nomenon of induction ?

What change in the relative value of the factors E.M.F.
and C-s is wrought by the use of an induction coil ?

Why are the terms Faradic or interrupted as applied to
coil currents objectionable ?

How do magneto machines generate electricity ?

What form of current do the magnetos supply ?

How is Franklinic or statical electricity generated ?

Describe a simple experiment for generating electricity
by means of friction.

Wherein do influence machines differ from frictional
machines ?

Why are these machines (frictional and influence) diffi-
cult to keep in working order?

LESSON VI.

. What are the factors of electrical dosage ?

Why is it most necessary to measure the dose of elec-
tricity administered ?




S

IO,

IT.

Lz,

13.
14.

QUESTIONS. 105

Name the instrument generally used to measure C-s, and
state on what it depends for its action.

How should these current measureers be graduated ?

What is the use of a voltmeter?

Which form of meter should be always in circuit with
the patient during electrical applications (voltmeter
or milliampere-meter) and why ?

LESSON VII.

Why should rheophores be well insulated ?

Name the two main classes of electrodes.

Describe a good covered electrode, dealing minutely
with the construction of its parts and their respec-
tive use.

What is meant by a plate electrode? Give an illustra-
tion of its use.

Why is a fixed strap or band attached to a plate elec-
trode objectionable ?

Describe two or three convenient methods of connect-
ing rheophores to electrodes.

On what point does the common sponge holder electrode
fail in utility ?

Give a list of the standard electrodes recommended by
Erb, and name the diameter or surface area in each
case.

Why should rectangular electrodes have their corners
rounded, and why should pad covers always extend
well beyond the edge of the metal ? :

What are ABare electrodes? How may they be
classified? Give examples (a) of cutting electrodes ;
(4) of non-cutting electrodes.

Sketch a straight needle electrode. With which current
is it employed ?

What is the electric nevipunct? What advantages does
it possess over the straight needle electrode ?

Draw and describe a simple dougie electrode.

How would you arrange the electrodes for treatment of
a stricture (say of the rectum)?
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LESSON VIIL

1. When a sufficient continuous current is applied to the
living skin in the neighbourhood of muscles, what
happens—on completing circuit? on breakmg cir-
cuit ? on variation of current-strength? on mainten-
ance of an unvarying current-strength ?

2. Describe other phenomena occurring on the passage of
such a current for a sufficient time.

3. After the passage of current of a certain given E.M.F -.
for a certain period, the C-s as measured by the mil- A
liampere-meter is diminished. Why ?

4. In Porret’s experiment what fact is clearly demonstrated -
and what is implied ? 3!

5. What is meant by Cataphoric Medication 7

6. Which form of current is used in the application of
this method of treatment ?

7. Is electrolysis possible with interrupted currents? with
alternating currents ?

8. Briefly, what are the Medical functions of the inter-
rupted primary current ?

9. What are the chief uses of the alternating current in

- Medical work ? What is noted on application of
coil current electrodes to the skin ?

10. What is the striking difference in the results of continued
application of electrodes in connection with continu-
ous and coil currents respectively ?

11. Must the electrodes necessarily be placed over the
muscles, or will application in any other position
produce similar results (as regards the muscles) ?

12, Are small alternating currents capable of causing
electrolysis ?

13. What relations obtain between alternating currents and
the functions of nerve and muscle ?

14, Is it possible, without contact, to pass alternating or
continuous currents through a patient ?

.I..rl"'. .
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LESSON IX.

What is skin resistance ? i

Why is the common method of prescribing electricity
(“use 5, 10, or more cells”) fallacious? Is it
dangerous ? *Why ? _

In using currents for Medical or Surgical purposes
what are the points that zus? be remembered ?

What is the natural condition of least resistance ?

. How is it artificially produced for Medical applica-

cations ?

. What is the average resistance from hand to hand?

LESSON X.

. Why is it necessary for the operator to be so placed with

regard to the apparatus that the milliampere-meter
can be easily read by him ?

Mention some forms of general application.,

Describe in full the method of Central Galvanisation.

To what parts of the body should the hand or hands
of the operator be used as electrodes when coil cur-
rents are used, and why?

Why are metal baths, even if enamelled, not suited for
electric baths ?

Describe carefully a method of administering an elec-

tric bath, and state the reason for each step de-
scribed.

. How would you proceed if ordered to administer 1o

m.a. of continuous current to a patient suffering from
lumbago. Name all the details of the process, and
state the kind of battery you would use.

In administering electricity for facial neuralgia what
special points require careful attention ?

. Describe briefly a method of application of statical

electricity.
How would you arrange the apparatus for using the

straight needle electrode ? What precautions should
be observed in hair electrolysis ?
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In what cases is the ncevipunct useful? Why ?
In what class of cases is the bougie electrode applic-
able ?
LESSON XI.

How would you test your battery and connections
before making an application to a patient ?

What is a convenient proportion of salt and water to use
for moistening electrodes ?

. Why is it necessary to have electrodes which should be

attached to the patient f7m/ly fixed on ?

How should current be turnedon—suddenly or gradually,
and why ?

Why is it not well to allow batteries to stand idle for
many days together ?

What change in its appearance indicates that a bichro-
mate solution is spent and useless ?

. What part of a coil battery is most likely to get out of

order and consequently should be examined first
when the apparatus fails in working?

Why should not rheophores be left connected to the
terminals of batteries when not in use ?

LESSON XII.

Under what circumstances is it advisable to make use
of the catalviic function of the continuous current ?

In order that this may be done how would you proceed.
1 In the matter of current-strength? 2 In that of
electrode area ?

What would be the average Cs employed for cafalysis ?

Would you use stronger or weaker currents for cafa-
plioresis ¥

In cataphoric medication, name some of the drugs that it
has hitherto been possible to use. Have any definite
practical results yet been obtained by this method ?

Would you expect the results of cataphoric medication to
be local or general 7

Name some Surgical conditions in which continuous
current applications have been of benefit.

. What are the advantages of the galvano-cautere ?

B

R L e R PR



GLOSSARY.
A

ApsorpENT. Capable of imbibing ; a vessel which imbibes,
as the lacteals or lymphatics.

AccuMULATORS. See Secondary Cells.

AGGLOMERATE CELL. A battery cell of the Leclanché
type, in which the binoxide of manganese is attached
in a mass to the carbon element, and the inner or
porous jar is dispensed with.,

ALTERNATING CURRENTS. Those whose direction of flow
changes rapidly, often many times per second.

AMALGAM. A pasty mixture of tin and mercury, or tin,
zinc and mercury, which is applied to the rubbing
cushions of frictional machines.

AMALGAMATED. Coated with Amalgam.

ARMATURE (OF AN ELECTRO-MAGNET). A piece of soft iron
which is attracted towards and adheres to the magnetic
poles during the time of magnetisation.

AMMETER. An instrument for measuring current strength
and graduated in amperes.

AMPERE. The practical unit of current strength.

AMPERE-METER. See Ammeter.

AnaLvsis. The process of separation of a compound into
its constituent parts.

AnioNs. The atoms which in Electrolysis move towards and
attach themselves to the positive pole.

ANODE. The electrode attached to the positive pole in
electrolysis.

AsTATIC NEEDLES. A pair of compass needles, so fixed
relatively to one another that they are not influenced
by the earth’s magnetism.

ATTRACTION (ELEcTRIC). The force which draws, or tends
to draw, one charged body towards another body
possessing a charge of opposite polarity.
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B.

BARE ELECTRODE. The metallic ending of a rheophore,
shaped according to necessity, used commonly for the
performance of some Surgical operation,

BATTERY (ELECTRIC). An electric generator, consisting of
one or more cells, either chemical or thermal.

BicaroMATE CELL. A battery cell having for its elements
zinc and carbon, and for excitant a solution of bi-
chromate of potash and sulphuric or hydrochloric
acid.

BunseN CELL. A battery cell similar to the Grove, except
that its elements are zinc and carbon.

&

CALIBRATED. Corrected to a definite standard by direct
comparison with a standard instrument.

Caravysis. A physiological process, dependent upon
certain functions of the continuous current.

CatapHORESIS. That function of the continuous current
by which substances in solution may be conveyed
through animal membranes.

CatarHORIC MEDICATION. The method of treatment in
which drugs are conveyed through the skin by aid of
the continuous current (Harries).

Cautitre (ELECTRO). An instrument by means of which
electric currents are used for cauterisation.

CELL. A single complete chemical electric generator.

CHARGE (StaTic). The quantity of electrification produced
by friction, or other means, upon the surface of a
body.

CoiL CurreNTs. Interrupted currents, either primary or
secondary, obtained from an induction coil.

Circulr (ELEcTrIC). The system of conductors by means
of which electricity flows (or is assumed to flow) out
from and returns to the battery, or other generator.

ComeiNaTiON. The chemical union of bodies to form a
compound.

Ll:..r
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Conpuctors. Substances which will allow electricity to
pass through or along them. Ordinary conductors are
wires of copper, silver, iron, &c. The human body is
also a conductor under certain conditions.

Conpuctivity. The property which certain substances
possess of allowing electricity to pass through or along

them. _
CoNGLOMERATE. A mass of small particles cemented

together.

CorE (OF AN INDUCTION coIL). A mass of soft iron,
generally in the form of a bundle of wires placed in
the centre of the coiled primary wire.

CoNSERVATION (OF ENERGY). The doctrine which declares
that the amount of energy in the universe is unalter-
able, and cannot be added to or destroyed by the act
of man.

ConstanT, Remaining unaltered during a given time.

ConstaNcy. The property of remaining constant,

Continvous CuUrRreNT. That which flows in the same
direction, without break or irregularity (other than a
steady increase or decrease), for a given time. A con-
tinuous current is nof necessarily constant.

CourrLes. The pairs of dissimilar metals, or like substances,
which form the elements of batteries or thermopiles.

CurrenT (ELECTRIC). See current-strength.,

CurreNT Frow. Electricity passing from one point to
another point, overcoming resistance, and involving the
presence of E.M.F. and current-strength.

CURRENT-STRENGTH. The quantity of electricity flowing
through or past any point in a conductor during any
given time. Generally called current only, and repre-
sented by C in Ohm’s Law formula.

CycLE (ENERGY). A complete round or course of trans-
formation and re-transformation of energy.

D.

DaNIELL CELL. A battery cell, having for its elements zinc
and copper, and for excitants dilute sulphuric acid and
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sulphate of zinc. It has two containing jars, one inner
and one outer.

DIFFERENCE oF PorTeNTIAL. The difference of electric
level between two points,

DisINTEGRATION, The separation of constituent parts of a
substance.

Dosace. The measure of electricity as evidenced by
current-strength and time.

DyNamo. A machine for generating electricity by magnetic
influence on coils of wire, which are caused to rotate
or otherwise move in an electro-magnetic field by the
aid of external power.

E.

ELecTrICAL EFFiciENcy. The ratio of the useful electric
energy obtained from a generator or transformer to the
total energy required to actuate such generator or
transformer.

ELEcTrICAL LEAKAGE. The escape of electricity from its
proper conductor.

ELEcTrIC GENERATOR. A machine or apparatus which acts
as a primary source of electricity by reason of pro-
cesses set up within itself, either with or without
extraneous aid.

ELeEcTrRO-CHEMISTRY. Those chemical processes which are
dependent upon electrical action,

ELecTro-CAUuTERE. See Cautére.

ELecTrOoDES. The conducting media of many forms
which are used to conduct the electricity to the patient
by direct contact.

ELecTrOLYTE. Bodies which suffer chemical decom-
position during the passage of electric currents through
them.,

ELectroLysis. The process of chemical decomposition by
means of electric currents.

ELecTrO-MoTIVE Force. That which is produced by the
difference of potentials at the poles of a generator, and
by which the current overcomes resistance and flows
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through or along a conductor  Generally written
E.M.F.

ELecTRO-MoTOR. A machine which, being supplied with
electrical energy, gives out mechanical energy. ‘

ErecTro-PHyYsics. That department of science which
deals with the physical properties and functions of
electricity.

ELeEcTrRO-STATIC CHARGE. See Charge.

ELEMENTS (OF A ciLL). The strips or plates of dissimilar
metal or other material, which are used in chemical
and thermal generators of electricity.

E.M.F. See Electro-Motive Force.

ExErGcY (ErLectricaL). Power to do work by means of
electricity.

Excitant. The fluid or fluids used to act upon the
positive element in a chemical generator of electricity.
Also called the exciting solution.

ExciTiING SoLuTiON. See Excitant.

ExTErRNAL ActioN. The action in an electric circuit,
other than the internal action of the generator,

F.

Farapic ErEcTrICITY. An incorrect term used to denote
coil currents. It is misleading because it does not
differentiate between the interrupted primary current
and the secondary alternating current.

FARADISATION. An inaccurate and imperfect term for the
act of electrifying with coil currents. See also Faradic.

FieLp (MacneTic). The space influenced by magnetism,
and said to be traversed by magnetic lines of force.

FrankriNic Evectricity.  Electricity generated by
frictional or influence machines.

FricrionaL MacHiNgEs. Those which generate electricity
by means of friction.

G.

GarFre CELL. A form of silver chloride cell.
GavLvanic Evectricity. Electricity generated by chemi-
cal means. Called also Voltaic Electricity.
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Garvanism.  The use of galvanic or voltaic electricity ;
more correctly, the use of continuous currents as
distinct from interrupted or from alternating currents.

GaLvANISATION (CENTRAL). A method of treating the great
nerve centres of the body with eontinuous current.

" GALVANOMETER. An instrument for measuring electric
currents by means of their action upon a suspended or
pivoted magnet.

GALVANOMETER NEEDLE. The small magnet or pointer
attached thereto in a galvanometer, whose deflections
upon a graduated scale denote the magnitude of the
current passed through the instrument.

GENERrATION (ELECTRICAL). The process of development of
electrical force.

GENERATOR (THERMAL). A generator of electricity by
means of heat.

GrovE CELL. A battery cell having for its elements zinc
and platinum, and for its excitants strong nitric acid
and dilute sulphuric acid.

14

INcANDESCENT. That which by reason of its intense heat
gives out light without flame.

InpuctioN. The electric influence which interrupted er
varying currents exercise upon conductors and other
currents brought near to them.

Inpuction CoiL. An apparatus which transforms currents
of low E.M.F,, and comparatively large current-strength,
into interrupted and alternating currents of high E.M.T,
and small current-strength.

INFLUENCE MACHINE. A machine which generates statical
electricity by means of the electric influence of a small
charge, either residual or communicated.

InsuraTiON. That which isolates or confines electric
currents and charges in such a manner that they do
not escape from their proper conductors.

INTENSITY OF CURRENT. An incorrect expression relating
to a current due to high E.M.F.
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INTERNAL ActioN. That action in an electric circuit
which takes place within the generator.

INTERNAL ReEsistance. The resistance to current flow
within the battery or other electric generator as distinct
from the resistance of the external circuit.

INTERPOLAR. Between the poles,

INTERRUPTED CURRENT. That which while still flowing in
one direction is stopped and started again at more or
less regular intervals, and generally with great rapidity.
The current from the primary wire of an induction
coil,

=

K.

KATHODE., The electrode attached to the negative pole
in electrolysis.

Karions. The atoms which in electrolysis move towards
and attach themselves to the negative pole.

KEv. A mechanical arrangement by means of which an
electric circuit may be closed or opened at will.

KinEric ActioN. We speak of “ Kinetic Force” when
potential or latent force has been developed into its
active form.

L.

LapiLE. Moving with a stroking motion.

LateNt—HippeN. This term is equivalent to potential
(not used electrically).

LecLaNcHE CELL. A battery cell having for its elements
zinc and carbon, with binoxide of manganese, and for
its excitant a saturated solution of sal-ammoniac or
sodium chloride.

LympHATICS. The small vessels by which the secretions of
the lacteal vessels and intercellular spaces are conveyed
into the general circulation.

M.

I‘n’I.-lGN_ETIC_ Compass.  An instrument for determining the
direction of the magnetic north pole by means of a
I 2
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magnetised light steel needle pivoted or suspended
above a card marked with the points of the compass.

MAGNETIC FORCE (LINES OF). ‘The main directions of
influence in a magnetic field.

MAGNETO-MACHINES. Machines for generating electricity
by the influence of permanent steel magnets on coils of
wire which are caused to rotate or otherwise move in a
magnetic field by the aid of hand or other power.
Medical magneto-machines usually generate alternating
currents.

MarIE Davy CerLr. A form of sulphate of mercury cell.
MirLiaMPERE. The one thousandth part of an ampére and
the unit of current-strength for Medical purposes.
MILLIAMPERE-METER. A galvanometer which measures the

current-strength in milliampeéres.

MinorTo CELL. A battery cell of the Daniell type in which
the copper element is placed as a plate at the bottom of
the containing jar and is separated from the zinc by a
loose packing of sawdust or sand saturated with dilute
sulphuric acid. Only one containing jar is thus needed.

MoTtor. The machine or engine which puts another
machine in motion.

MuLTiPLE ARC (IN). A term synonymous with parallel as
a method of connecting up battery cells.

N.

NA£vIPUNCT. An instrument designed by Dr. Harries for
obviating the necessity of repeatedly puncturing the
skin in certain operations—and consisting of several
needles connected electrically, with an insulating stem.

NecaTive PoLE. That pole by means of which electricity
returns or is assumed to return to the generator.

O

Onum. The practical unit of resistance, being 10 absolute
units of resistance. _
Oum’s Law. The law regarding the relation between
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E.M.F. current and resistance. It declares that the
current in amperes equals the E.M.F. in volts divided
by the resistance in ohms, ;

Osmosts. The physical principle by which fluids of varying
densities traverse animal membranes.

gE

PARALLEL (CeLLs IN). The method of * connecting up”
battery cells for quantity, the elements being arranged
positive to positive and negative to negative.

PuysioLocicaL. Relating to the functions as distinguished
from the sfructure of a living body.

PLaTES (OF A BATTERY). The metal elements when the
strips are flat and of large area.

Prate ErLecTrODES. Those consisting of flat sheets or
strips of metal.

PocGENDORF. The inventor of the bichromate cell.

PorarisaTioN. In a battery cell the tendency to a reverse
current opposing the main current.

PorariTy (OpposiTE). The electrical condition of opposi-
tion in comparing one pole with another.

PoLEs (oF a BATTERY). The terminals or wires which
conduct the electricity out from and back to the bat-
tery.

Porous JAr. A jar of porous material standing within the
outer containing jar of a battery and having within itself
one of the elements.

Positive PoLe. That pole by means of which electricity
flows, or is assumed to flow, out from the generator.

PORTABLE BATTERY. A battery complete in itself which is
capable of being moved or carried about without
difficulty.

PorenTiaL,  Electric level, differences of which set up
electro-motive force, or electrical pressure.

PRESSURE. See Potential.

PRIIH-L-'\.I:EY CURRENTS. Direct currents passing through the
primary coil or wire.
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Privary WiRe. A part of the external circuit directly con-
nected with the poles of an electric generator.
Pure. Chemically free from admixture.

Q.

QuanTiTY (OF ELECTRICITY). The current-strength passing
as measured in units of time,

R.

REeAacrioN. The chemical change or changes taking place
when substances capable of chemical action upon each
other come together under suitable conditions.

REsistancE. That property of bodies which renders them
bad conductors of electricity.

RE-TRANSFORMATION. The conversion into its original
form of a mode of metion, e.g., heat into electricity
(thermopile) and back again into heat (cautére).

RueopHorES. Conducting wires of convenient length, and
arranged for easy attachment to battery, switch board
or electrode.

S.

SAL-AMMONIAC. A solution of chloride of ammonium
(NH, ).

SALINE. A compound of an acid with one of the alkalies.

SATURATED. Holding in suspension as much as possible.

SEcoNpDARY CELLs. Cells which bave to be charged
clectrically before electricity can be obtained from
them.

Seconpary WiIRE. The fine wire composing the secondary
circuit of an induction coil.

Stconpary CUrrENTS. Currents produced in the second-
ary wire. These are opposite in direction to primary
currents.

SEpTUM. By the term as employed in these lessons we mean
a piece of animal membrane interposed between solu-
tions of different densities.
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Series (CELLs IN). The arrangement of battery cells in
such a way that the positive element of one is con-
nected to the negative of another and so on.

StLr Inpuction. The electric influence which interrupted
or varying currents exercise upon their own conductors
especially when such conductors are wound in a coil.

SHorT-Circurr. Used as a verb to express an uninten-
tional shortening of the external circuit, so that its
resistance becomes a minimum.

SILVER CHLORIDE CELL. A battery cell having for its
elements zinc and silver chloride, and for its excitant
chloride of zinc or of sodium.

SKIN Resistance. That insulating property of the skin
which renders it a bad conductor of electricity.

STABILE, A term the converse of “labile,” implying steady
application of an electrode to a part.

StaTicAL ErLecTriciTy. Electricity of high potential and
small current-strength, usually generated by a frictional
machine.

StorAGE CELLs. See accumulators.

SULPHATE OF MERCURY CELL. A battery cell, having for
its elements zinc and carbon, and for excitants sulphate
of zinc and sulphate of mercury.

SWITCH. An arrangement for making or breaking a circuit.

SWITCH BOARD. A board upon which are arranged one or
more switches.

SyNTHESIS. The process of chemical combination, which
results in the production of a chemical compound.

415

TELEPHONE. An instrument arranged so as to admit of the
propulsion of sound (by electrical aid) to great dis-
tances.

TER:»:IINALS- The extremities of a rheophore or other con-

uctor.

THERMOPILE. An arrangement for converting heat into
electricity.
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TRANSFERENCE (MEcHANICAL). The actual passage of
substances from the positive to the negative pole by
aid of the continuous current,

TransrorMATION (ELECTRICAL). The conversion of elec-
tricity from one form into another, e.g., from continuous
to alternating.

TransMUuTATION. The process of changing one mode of
motion into another; eg., /heat into electricity and
vice versd.

U.

UniTs. Standards for measurement—of time, strength,
resistance, &c., &c.

3

Vort. The unit of electromotive force.

Vorraic ELEctrICITY. That form of electricity which is
generated by a voltaic battery.

VOLTAMETER. An instrument for measuring current-strength
by the electrolytic decomposition of fluids.

VOLTMETER. An instrument for measuring differences of
electric potential.

VuLcaNITE. A hardened product of the treatment of india-
rubber with sulphur, by which certain of its properties
are improved.
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ELECTRICITY IN MASSAGE.

R
-

NoTE.—As it is often claimed that Electricity is passed
from the rubber to the rubbed in the operation of Massage,
we have been asked to add such information as we possess
relating thereto. To that end we think we cannot do better
than give a short extract from a paper we recently had the
honour of reading before the “ Society of Arts” :

“While on this portion of our subject, it might be well
to refer to some experiments we have made to determine
whether electricity can be passed from rubber to rubbed in
the act of massage. For this purpose, several readings were
taken from both operator and patient before and after the
operation ; and it was found that, while in all cases the
patient gained electrically by the rubbing, in most the
operator gained also. In some other cases, though the oper-
ator gained nothing, or even lost a little, the loss was not at
all proportionate to the gain of the patient. These results,
we think, are amply accounted for by the fact that exercise
seems always temporarily to increase the body currents,
provided it be not sufficiently violent or long sustained to
cause exhaustion. Massage acts upon the patient by im-
proving the circulation and emptying the lymphatics, and
so, to that extent, is akin to gentle exercise; hence the
increase of the body currents noted in the patient. Massage
is to the operator often more than gentle exercise, and is
frequently accompanied by a certain amount of exhaustion,
Any gain in body current on the part of the operator is
probably due to the exercise taken ; but this gain may be
rendered negative by accompanying exhaustion. We are
thus led to conclude that electricity does not pass from
rubber to rubbed in massage.”




ADVERTISEMENTS.

THE WAY WE HELP NURSES.

We now make it a rule to supply Nurses with our Preparations at the
same rate as to the trade, which gives them a discount on our goods

of over 25 per cent.

Nurses must write direct and enclose their card, and we will send

them samples gratis, and a Special Price List tu Nurses.

Per LB,

Hartmann's Patent Wood Wool Wadding 1s. 0d,

(ANTISEPTIC )

Ab olutely the most absorbent drescing made. Invaluable for

suppurating wounds. Will absorb discnarges of every aescription.

Hartmann's Patent Wood Wool Tissue 2s. 0d.

(ANTISEPTIC))
The Universal Hospital Dressing.

In a continuous roll. Consisting of a layer of Wood Wool Wadding

between two pieces of Sublimate Gauze. Always ready for use,
and any length can be cut ofl with the scissrs,

Hartmann's Hygienic Wood Wool Diapers 1s. & 2s.

(ANTISEPTIC)

For Home Use, Delicate Health, for Ladies Travelling and
Accouchement they are Invaluable and Indispensable. They
are Soft, Light, Antiseptic, and are sup. lied at the actual cost of
Washing. After use they are simply burnt.

Hartmann's Sanitary Wood Wool Sheets

(ANTISEPTIC)
For *ACCOUCHEMENT,” Bedsores, Uptral_]nnli &ec. "Risk
of Puerperal Fever Diminished.” A Great Boon for Physician in

attendance, Patient and Nurse,
{'14 in. by 18 in. - -
In Three Sizes s 20 45 - -
132 L] —

¥ ::.-.2 L ] v

Hartmann's wooa SWwoor Vaccination Pads

For pritecting the arms of infants. Antiseptic, absorbent and
comfortable, Highly recommended by the principal Public
Vaccinators.

Hartmann's Sublimate Lotiforms

ALL THE LEADING HCISPITPLLS USE OUR PREPARATIONS,

THE SANITARY W0OD WOOL COMPANY, 11, Hatton Garden, London,

Per LB.

Per Doz,

15, od.
15, b6d.

25. bd

Penr poz.

S, Od

Per BoT.

£s. 0d. J

(For preparing a Solution of Corvosive Sublimate at & moment s notice )

NURSES may lkave Samples of ony various Drﬂﬂ'ugr, & c.,gratis and

pfost free on application,

131
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ADVERTISEMENTS,

Sampson Low, Marston & Co.’s Publications.

—

Th ’s Prime Ministers: ASeri
e yueen's rrime winisters . A oeries
of Political Biographies, Edited by STuarT J. REID. With Photo-
gravure Portraits (unpublished ones in some cases) and Facsimiles
of Autographs. In uniform crown 8vo, cloth gilt, 35 64,
A limited Library Edition of 250 copies, each numbered, printed on hand-made

paper, parchment binding, 10s. 6&. net per volume, ** Beaconsfield " and ** Melbourne
Vols. now ready.

[. The EARL OF BEACONSFIELD, K.G. By JAMES ANTHONY
Froupg. Fifth Edition.

HAWe believe that Mr. Froude's estimate of Lord Beaconshield, on the whole, will be

the one accepted by posterity. . . . It is the man's character which interests us,

and this, we think, Mr. Froude has exhibited in its true light, and in colours that will
not fade," —5Standard.

II. LORD MELBOURNE. By Hexry DunckrLEy, LL.D. ( Verax ")

1t is hard to imagine a better piece of work than this short study ofLord Mel-
bourne by Mr. Dunckley. Amongst some of the most amusing of Mr, Dunckley’s
pages—and hardly a page of this little book is dull after the preliminary matter 1s
passed by—is his account of Lord Melbourne's dealings with theology and Church
nreferments.” —Spectator.

111. SIR ROBERT PEEL. By Justin McCarTHY, M.P.

i Mr. McCarthy relates clearly and well the main incidents of Peel's political life,
and deals fairly with the great controversies which still rage about his conduct in
regard to the Roman Catholic Relief Bill and the Repeal of the Corn Laws.”

Safurday Keviemn.
IV. The Right Hon. W. E. GLADSTONE, M P. By G.W. L.

V. %BﬁﬁFﬁLPﬂLMERSTOH. By the MARQUIs 0oF LornE, K.T.

[fn preparation.
V1. The EARL of DERBY, K.G. By GEORGE SAINTSBURY.

[ /2 preparation.
¥ * Other Volumes in preparation.

o T 3 I, T 1y
Low's Standard dlobels.
NEW AND CHEAPER I1ISSUE.

Crown 8vo, fancy boards, zs. ; cloth uniform, zs. 64, each.

LORNA DOONE. IE'E?-R.Il.lh.ncmtnm-:. | ADELA CATHCART,

By Mrs. RIDDELL. By GEorGE MacpoxarLi.
%EL{E{D&H ﬁdrﬁﬁaﬁrgl%ﬂﬂ. - SOME ONE ELSE. By B. M, Croken.
By R. D. H!.ntﬁﬁE‘E{:‘. CRIFPE} T!flE EARHIEH.

AN . iy R. D. BLACKMORE.
THEHEE%EEI{%EIEEUHLL HoLmES. DRED. By HARRIET BEECHER STOWE,
HER GREAT IDEA, and other Stories. | THE VASTY DEEP.

By Mrs. WaALFORD. | By StuarT CUMBERLAXND.
THE CASTING AWAY OF MRS. DAISIES AND BUTTERCUPS.

LECEKES ANDMRS. ALESHINE; By Mrs. RippELL.

axp THE DUSANTES. iy | MARY ANERLEY.

Frank R. STOCKTON. . By R. D. BLACKMORE.

*.* To be followed by others.

LoNDON : SAMPSON LOW, MARSTON & CO., LiMITED,

St. DunsTan's House, FETTER LANE, FLEET StreeT, E.C.
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EVERYONE INTERESTED IN NURSING
WORK SHOULD READ

Nursing Necord,

A Journal for Nurses, a Chronicle of Hospital and Institution
News, and a Review of Women's Work, &c., &c.

(The Representative Organ of the Kursing Profession.)

EVERY THURSDAY. PRICE ONE PENNY.

For One Year, post-free to any part of Great

Britain and Ireland ; : . . 6s. 6d.
For Six Months, post-free, to any part of
(Great Britain and Ireland . i ; 3s. 6d.

For Three Months, post-free, to any part of
(GGreat Britain and Ireland . . . 15. 9d,

To America and the Continent, Annual Sub-
scription, including postage . : ; 9s. od.

SAMPSON LOW, MARSTON & CO., Ltd,

St. Dunstan's House, Fetter Lane, London, E.C.
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(Clothed with AIR, the best Non-Conductor of Heat.)

COMFORT AND CLEANLINESS

WITHOUT FEAR OF CHILL,

v CELLULAR
UNDERCLOTHIN G

IN COTTON, MERINO, WOOL, OR SILK.

Equally suitable for all Seasons & Climates, for Men, Women, & Children.
Four Medals Gained, 1888-9-90.

Lancet, July zoth, JEE-G-:—“ This i;- l;eemr: and I!L'_I!I.H'ﬁ.] principle of clothing.”

The Hospital Gazelte, November grd, 1888 :—""Having worn Cellular under-

clothing both in #'L-:'\i' hot as well as cold weather, we can speak from experience as
1o its comfort, cleanliness, and healthfulness.”

Land and Walter, October 13th, 1888 :—"" The Cellular Cloth Sheets I use my-
self, in preference to the usual bed-linen, and I find them much warmer, and without
the sensation of cold on getting into bed ; they are also very durable, cleanly and
easily washed. These reasons induced me, about 12 months ago, to adopt the
Cellular sheets in a large fever hospital under my management, and [ have had no
cause to alter the high opinion 1 first formed of them."”

* Medical Officer of Health.”

CELLULAR SHEETS.
3yds. by 2yds. 16/- ; 3yds. by 23yds. 18/6 ; 3yds. by 23yds. 21/- § pair.
Any article sent Carriage Free on receipt of Remittance, by

OLIVER BROS., 417, OXFORD STREET, LONDON, W.

— D R—

ROBERT SCOTT, 14 & 15, POULTRY, LONDON, E.C.

The Articles will be exchanged or Money returned if Goods not Approved of.

Read ¢ The Theory and Practice of Cellular Clothing,”” which,
with full Price List, containing Names of 100 Retail Agents,
will be sent free on application to

HE CELLULAR CLOTHING Co., Ltd.
124, LONCON WALL. LONDON E.C.
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ROYAL BRITISH

NURSES’ ASSOGIATION.

PRESIDENT :
H.R.H. Princess Christian of Schleswig Holstein.

e e e e N e i T N N g i Mg ™ V™ N o™

Membership is now only open to Medical Men and Hospital
Trained Nurses. Full particulars can be obtained by sending a
stamped and addressed envelope to the Secretary.

The First and Second Annual Reports can be obtained by
sending a postal order for half-a-crown to the Secretary.

The Register of Trained Nurses for 1891 is now ready, price
2/6, post free; and full particulars as to the regulations, &c., for
Registration, can be obtained by sending a stamped and addressed

envelope to
MISS NANCY PAUL,
Secrelary and Registrar.
8, Oxford Circus Avenue, Oxford Street, London, W.

WOMEN OF THE TIME.

A Dictionary of Biographical Records of
Eminent Women of the Day.

Revised to date, and Edited by CHARLES F. RIDEAL,
Fellow of the Royal Society of Literature.

DEMY 8VO, CLOTH, I4S,

L.onpon : SAMPSON LOW, MARSTON & CO., LIMITED

ST, Dunstan's Housge, FETTER Lang, FLEET STREET, E.C,
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Great Reduction in Prices.

HUMANIZED MILK.

*“**How to feed an infant deprived of its mother's milk 2’ is,
indeed, one of the most important sanitary questions of the present
day ; for upon its proper solution will depend the health, strength,
and vigour of the rising generation,—Social Science Review.

This important need has been met by Humanized Milk. It is not
only of the greatest possible value to infants who cannot be nursed, but
will be found eminently beneficial to older children, and even to adults who
suffer from weak digestion.

AN EMINENT PHYSICIAN writes as follows:—* 1 have employed the
Artificial Human Milk, prepared by THE AYLESBURY DAIRY
GQHFLHY, for some time for the feeding of infants in my wards at the Briish
Lying-in Hospital. The results have been most satisfactory. the infants have taken

the Milk readily, and have thriven on it remarkably well. The conception is scientifi-
cally ingenious and well founded, and the manufacture is accurately carried out by
THE AYLESBURY DAIRY COMPANY. The introduction of this
Artificial Human Milk appears to me, after practically employing it, 10 con-
stitute a great improverient in the alimentation of infants whose mothers are unahle
to nurse them, It is by far the best substitute hitherto discovered
for the milk of the mother, and may advantageous.y supersede
the services of a wet nurse.”—Awgust 2gtk, 1881,

H NutieY VicaraGe, UckFIELD, New. azud, 1BEE.

" The Rev. 1l RRY J. PECKHAM has much plzasure in stating that the
Milk has been most suceessfic], His child, aged two and a-hall years, had been
wasting away for the last nine momhs, and nothing seem to do him any good ; but
from almo t the day on which he began to take the Artificial Human Milk a
marked improvement set in, the child has gained flesh and seems able to retain and

digest solid food.
“ Mr. Peckham is quite willing THE AY I ESBURY DAIRY COM-

PANY should make what use they pleased of this letter,’

Humanized Milk, which has been specially prepared by the Aylesbury
Dairy Company since 1880, can be sent to any part of the Kingdom, as,
when specially sealed for use in the country, it will, with ordinary care,
remain sweet, UNTIL OPENED, for several days.

REDUCED PRICES.
Small (Champagne) Bottle, 6d. | Large (Champagne) Bottle, 10d.

To be obtained only from

THE AYLESBURY DAIRY COMPANY, LIMITED,
31, St, Petersburgh Place, Bayswater, London, W.

Full particulars en application,
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Fr'agr'ant Soothing, Cleanly -The Oueen.
6 T ‘{ Awarded Silver Medal,
SRHI BR International Health Ex-
hibition, London, 1884.
iz ROSE
Antiseptie.
Prepared with Boric Aeid, POWDER .,9

In use EIGHT YEARS with Signal Success

AS A
Rursery, Toilet, & Antiseptic Dusting Powder,
A lady supevintendent of nurses wriles, in reference fo a case of Enurests :—

‘I have seen it used with excellent effect.”

MEDICAL OPINIONS.

‘I have found it most satisfactory, and shall be obliged by your sending by
return a 3s. box.' ,
I shall be gl il to have more of 3,(;||.:|r SﬂNITAﬁY ROSE POWDER' which 1

like very much ; , kindly send a 3s. size,
““ An'extended trial of the Powder has proved most satisfactory, and I shall re-

commend the article with great confidence.”

*Send a ss. bottle of SANITARY ROSE POWDER. I am well satisfied with ir,
"m[] have recommended it to several patients.”

1 find it superior to the old fashioned Fiolet Powder, and shall have much

pleasure in recommending it.

** 1 have used your powder for my own infant with satisfactory results.”

“ Many of my patients are using the Powder, and speak most highly of its
sanitary qualities,"”

* Your " SANITARY ROSE POWDER' is the best Toilet Powder I have seen.”
I useit in practice, and recommend it to my medical brethren and nurses.”

* I have been using your SANITARY ROSE POWDER' in my own nursery, and
am much pleased with it.
**1 much approve of your ROSE POWDER—It has only to be known to ensure
1.-« l"-rrt il use,
* The best form of Dusting Powder for n ursery and toilet uses,'— . Wedrcal Asnrnmal,

i T

May be had White, Pink or Cream, in bottles is., 1s. 9d., and 3s. ;
large bottles 5s., from all Chemists.,

See that the Trade Mark, ** THREE Arrows,” is on each package.
TRIAL SAMPLE FREE to any MEMBER of the MEDICAL PROFESSION.

e — i &

PROPRIETORS \—
JAMES WOOLLEY, SONS & CO.,
Manufacturing Pharmaceutical Chemists, MANCHESTER.,
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POST FREE FOR 14 STAMPS.

SKETCHES OF
HOSPITAL LIFE

BY

HONNOR MORTEN.

CROWN 8vo BOARDS,

e T N P e e e e e i e

‘“ A book which it is a pleasure to read, so simply and earnestly is it
w.itten, Nor is it lacking in humour and in those touches ol nature
which give reality and vividness. Some of the sketches are pathetic
(the death of ¢ Lolo,’ for ex: wmple, will bring tears to many gentle eyes);
but most of them have the ring of cheerfulness which, strange to say,
appears to be the note of hospital life. The little book da.s:,r-.{,u and

should win, a wide success.”—Graphic.

EE

. . Is worth reading, and will pleasantly occupy a vacant hour,

even leaving some food for after-thought."—British Medical Fournal,

itk bg7 flusirations. Reyal 8ve, leatler binding, price 24s.

HANDBOOK or SURGERY

By Dr. F. ESMARCH.

An Entirely New Translation from the Third German

Edition by R. FARQUHAR CURTIS, M.D.

In his preface to this Edition the Author says:—'* I have taken pains to make
use of the extraordinary advances which surgery, and especially its technique, has
made in recent years. An Sfadex, which 15 as L':lln:IﬂLh_ as possible, will greatly
facilitate the search for names, artcles, and llustrations. 1 have omitted all the
colowred plafes which added to the expense and were not executed 1o my taste.
1 have had tweodcuts made instead,’

LONDON

SAMPSON LOW, MARSTON & CO., Ltd,,

St. Dunstan's House, Fetter Lane, Fleet St., E.C., and all Booksellers
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The “ Aursing Record ” 5curs

MANUALS AND TEXT BOOKS.

(Containing Seven Lulﬂured Plates.)

Lectures to Nurses on Antiseptics
in Surgery.

By E. StaxnMmORE BisHopr, F.R.C.S5. ENG., Hon. Surgeon, Ancoats
Hospital, Manchester.
Price 2s., Post Free.

No 2.

Norris’s Nursing Notes:

A Manual of Medical and Surgical Information for the use of Hos-
pital Nurses and others. With Illustrations, and a Glos=ary of Medical
and Surgical Terms. By RACHEL NORRIS (mee Wilmams), Late
Acting Superintendent of Royal Victoria Military Hospital at Suez, and
formerly Matron to 5t. Mary’'s Hospital, W.

Price 2s., Post Free.

No. 3.
A MANUAL OF

Practical Electro-Therapeutics,

By ARTHUR HARRIES, M.D., A.LE.E, and H. NEWMAN LAWRENCE,
M.I'E.E. With Phe tographs l1ul Diagrams,

Pmee 1s. 6d., Pnst Free.
Nr.:: 4

Massage for Beginners.
By Lucy FITcH.
Prie; is., P»:I:rst Free.

ETC., ETC. ETC.

SAMPSON LOW MARSTON & GD LIMITED,
ST. DUNSTAN’S HOUSE, FETTER LANE, ID‘NUD"«I 3, G
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Grafton (ollege,

Training Nurses and others in Medical Electricity and Massage.

Temporary Premises : 35, FITZROY SQUARE, LONDON, W,

Lectnrers

ARTHUR HARRIES, M.D., A.LLE.E., etc,
(Awuthor of "' Cataphoric Medication," &c.),

H. NEWMAN LAWRENCE, M.ILEE.

(Author of ** Some New Forms of Electrical Treatment,” ** A Handbook for
Operators in Medical Electricity and Massaze,” &c.),

(feint Anthors of ‘' A Manual of Practical E ectro- Therapentics,” '' Alternating
v. Centinuwous Currents in relation to the Human Body," '' Electricity

ine relati n to the Human Body—its Danrers and ils Uses," &%¢.)

AssiSTED BY CompPETENT DeEMoNsSTRATORS 1N THE PracricaL ParTs
oF THE Work.

A R Nl R e e e e

ACH Course of I struction lasts Thrze Months, and includes
Lectures and Demonstrations on Electro-Therapzutics and
Masso-Therapeutics, with the practice of them, together with the
necessary Instruction on Auvatomy, Physiology, and Electricity.
Fee for the Complete Course, 10 Guineas.
Trained Nurses, 5 guineas. _
For Section A., B,, C.,, or D. and E. alone, 3 Guineas.

At end of every term, Examinations, both theoretical and practical,
will be held (by independznt examiners), upon the results of which,
together with the student’s general prozress during the term, certificates
of proficiency will be granted by the Institute of Medical Electricity.

Five Free Studentships are offerel each term, to be held by
Nurses or Probationers, particulars of which may be obtiined on
application.

For syllabus of Lectures and other information, apply to—
THE SECRETARY, 35, FITZROY SQUARE, W.
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| Sampsdh -L{]‘H, Mai'stdn' & (0.’ Publicatinﬂs;. _
FRENCH GRAMMARS.

By Mons. F. JULIEN, French Master of King Edward the Sixth's
Grammar School, Birmingham.

FRENCH AT HOME AND AT SCHOOL. Containing the

Accidence, the most indispensable Rules of Syntax, Useful Sentences for Conver-
sation, the Regular and Irregular Verbs, and French-English and English-French
Vocabularies. Square crown 8vo, cloth, price 2s.

ORAL AND CONVERSATIONAL METHOD. Seventh Edition.

PETITES LECONS DE CONVERSATION ET DE
GRAMMAIRE. Little Lessons on the most Useful Topics, &c.—Verbs,
Regular and Irregular—Anecdotes—Correspondence, &c. Square crown 8vo,
uluﬁ'&, 250 pages, price 3s. ; with ** Phrases of Daily Use and Practice,” 35. 6d.

PHRASES OF DAILY USE AND PRACTICE. Forming

a Supplement to ‘* Petites Legons.” Square crown 8vo, limp cloth, 64.

FIRST LESSONS IN CONVERSATIONAL FRENCH
GRAMMAR. Being an Introduction to the ** Petites Legons de Conversation
et de Grammaire.” Feap. 8vo, 128 pages, price 1s.

“ An admirable elementary manual. It brings the rudiments of French within the
capacily of the youngest pupil.” —Scofsuran,

ENGLISH STUDENT'S FRENCH EXAMINER. Beirga
Series of Progressive Papers intended to prepare Students for the Oxford and
Cambridge Local Examinations, the Higher Examinations, the London Univer-
sity, &c. Sguare crown Bvo, cloth 25,

PRACTICAL AND CONVERSATIONAL READER,

Adapted also to Translation, Recitation, and Dictation ; followed by an Outline
of French Accidence in ** Questions and Answers."” Square crown 8vo, price 2s. 6,

SECOND EDITION, NOW READY,.
Imperial 32mo, marblcd edges, ornamental cloth, 3s. 6. ; roan, 4s. 6.

LOW’S POCKET ENGYCLOP/ADIA

A Compendium of General Knowledge for Ready Reference.
Containing 1,206 columns, upwards of 25,000 References, and
Numerous Plates.

SPECIALISTS IN MANY DEPARTMENTS OF LEARNING HAVE
CONTRIBUTED TO THIS VOLUME.

** The handiest book of reference ever " An enormous mass of information.
offered to the public."-Couré Circular. —Saturday Keview.

" A veritable muftume in parve.” * Yery correct and trustworthy.”
y —Leeds Mercury. —Standard.
I'he neatest, smallest, and most useful encyclopzdia we have yet seen.' —Spectalor.

The First Edition of 10,000 Crpies was exhausted within a few weeks
of Publication.

LoNpoN : SAMPSON LOW, MARSTON & CO., Livizep,

5T. DunsTan’'s Housg, FETTER LANE, FLEET STREET, E.C.
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—

Peptonised Milk is Sweet & Palatable

WHEN PREPARED AS DIRECTED WITH

ZYMINE (Extractum Pancreatis) FAIRGHILD

ITS PREPARATION
Costs Less than a Penny a Pint.

ZYMINE (EXTRACTUM PANCREATIS), Fairchild,

[s a Dry Powder,containing in the most active and concentrated form
all the Enzymes of the Pancreas.

IT WILL DICEST ALL KINDS OF FOOD: 5 grains, with a little soda, will
sufficiently peptonise a pint of milk in a few minutes ; 30 grains, with
a little soda, will peptonise 4 oz. of beef, producing a concentrated,
nutritious and delicious beef tea.

ZYMINE PEPTONISING POWDER (Fairchild)*

IN GLASS TUBES.
[s the most convenient form for preparing peptonised milk, gruels,
jellies, custards, blanc-manges, &c., &c.

THE INSTRUCTIONS given in one of the direction slips enable
even inexperienced domestics to quickly prepare any peptonised food.
e One tube added to a pint of cows’ milk so pre-
y digests it that it will no longer form a curd to
B¢ irritate and inflaime the infant or invalid
* stomach. They render cows’ milk precisely
like mothers’ milk, * The introduction of
which has probably done more than any other
therapeutic measure of recent times to lessen infant mortality.” —
British Medical Fournal.
These Powders are admirably adapted for use with the B. W, & Co. Thermo-

Safeguard Feeding Bottle, pronounced by the Edinburgh Medical Journal, '* the
best of all feeding bottles.”

This Bottle differs from all others in the fact that a
thermometer, which instantly registers the tempera-
ture of the food, is embedded in the glass. Inadditon,
the bottle possesses the advantage of being graduated
in ounces, so that the precise amount of food ad-
ministered can be known, thus tending to avert the evil
of over-feeding.

““It has a great deal to recommend it."—25Brifish
Medical fournal,

While the Zymine Peptonising Powders are the most eleganf and eonvenient form
for peptonising milk, they are somewhat more expensive than the simple Zymine ;
where cheapness is of first importance the latter may therefore be used.

* Beware of imitations of t-hauu_Puptuni_uing Powders. .&-lwn:qa see that the name
FAIRCHILD is on the package,as substances of an entirely different character are
being sold in the market under the name of Peptonising Powders.

The above are supplied at Moderate Prices by Chemists everywhere.
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KEPLER MALT EXTRACT.
THE problem of restoring flesh to the emaciated is at least as impor-
tant as that of enabling the obese to get rid of some of their superfluous
fat, with which they had become invested by too generous a diet, too
lethargic a habit, or the force of hereditary predisposition. Indeed,
the practical importanc: of enabling the debilitated and emaciated
convalescent to recover from the effects of the malady which has for
the time being prevented his digestive and assimilative apparatus from
discharging its duty to the organism, is too obvious to require
demonstration. The organism is in a condition bordering on physio-
logical bankruptcy, and the problem to be solved is the administration
of a substance which shall not only be itself readily assimilated, but one
which shall at the same time tend to assist the enfeebled organs in dis-
charging their functions. The difficulty of the problem has for
centuries baffled the perseverance and skill of the medical chemist, and
it is only within quite recent times that the profession have been placed
in possession of a class of preparations which may legitimately claim to
fulfil the requirements to which we have alluded.

Even now there are virtually only two articles which answer this
description—wiz., Cod Liver Oil and Extract of Malt. The nutritive
virtues of the former are now universally recognised, but, unfortus
nately, those who stand most in need of its restorative virtues are often
precisely those whose digestion recoils from its assimilation. In pro-
perly prepared Extract of Malt we have a substance which is not only
possessed of highly nourishing properties, but one which in virtue of
the unexhausted ferments which it contains is admirably fitted to take
place of the oil, over which it has the advantage of facilitating instead
of hampering the digestive process.

. In the interests alike of the practitioner and the patient, we cannot
insist too strongly upon the fact that the value of Extract of Malt
resides entirely and exclusively in the presence of certain constituents
by no means easy to preserve in their integrity during a long and
tedious process of manufacture. The ferments upon which the value as
an aid to digestion depend are delicate bodies exceedingly liable to
have their activity impaired or destroyed en route ; hence it can be no
matter for surprise that the market is flooded with sor-disant Extracts of
Malt in which but little of the malt ferments remain.

. The difficulties have been overcome and the problem solved in an
uniform and satisfactory manner in the Kepler Extract of Malt, which
has for some years occupied the first place among Malt Extracts,

The Kepler Extract of Malt and * Kepler Solution,” supplied to the

profession in § Ib. and 14 Ib. bottles, at 2s, 6d :
Special terms to HUEPitalﬁﬂ. y At 2s. 0d. and 4s. each, retail,

BURROUGHS, WELLGOME, & 0., Snow Hill Buildings, London, E.C.
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JEYES' FLu\d™

of which b |

CREOLIN IS A REFINED PREPARATION, i

-

1

NON-POISONOUS, NON IRRITATING, DISINFECTANT

whicli rapidly overcomes bad odours, and is therefore

MORE SUITABLE FOR DISINFECTING PURPOSE§

than any other disinflectant, specially such poisonous substances as

CORROSIVE SUBLIMATE & CARBOLIC ACID.

P. CALDWELL SMITH, M.A, M.D., D.Ph., Camb.

Lecturer on Hygiene, Western Medical School, Glasgow, says—

“It is in my experience the Ideal Deodorant, and as a |

true Disinfectant, [ can speak of it in wvery high terms,

It has this great advantage, that it is not poiscnrus.”

}.H_‘_-w—i.h '-q»:. k
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Hepes' Fluid should be fownd ainll Sickrooms. '
= N : . 2 z +
MCDE 5 Kluid should be used -".G‘].’l Spray and inhaled 1o prevenl aml cure infections
dlisenses, i L 4:_
& ® - 1
Jepes' Fluid should be used 1n Lavatones. L
Jepes’ Sanitacn FHonsehold [oaps are safe and most effective in cleaning the '
|i||l'||I | | gt '.I|--l'l| iI:I tlll ?‘.-I-'I-.:IIHIIIL
Hepes’ Sanitacy Toilet ﬁ.;l.1p-3. alsn possess the antiseptic properties of the Flueld,
and-are most benehcial to the skin.
oo
Namiples and furiler infor malion on application fo }

JEYES’ SANITARY COMPOUNDS Co., Ltd.

43, Cannon Strast, London, E.C,



