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Tais treatise is respectfully inscribed to those Members
of the Medical Profession who wish to avail themselves in
their practice of a principle of nature, which occupies a cen-
tral position, both in regard to organized and unorganized
matter,—which has already accomplished something for
medical science, but which is still undeveloped in its most
important relations to physiology. No value is claimed for
these pages beyond their connection with present experience.
They are intended simply to facilitate the application of elec-
tricity to disease in the existing state of our knowledge, and,
if it may be, to aid others, especially American practitioners,
in advancing a high department of physiological science.

The instruments here described, and which these notes are
mtended to accompany, are those prepared by Mr. DaNitL
Davis, Jr., of this city, who is well known to the medical
profession and the public as a scientific manufacturer.






MEDICAL APPLICATION

OF

ELECTRICITY.

Tae introduction of electricity into medical prac-
tice has been made the subject, within a few years,
of many empirical treatises. Original and valuable
sources of information have at the same time been
multiplied, and the European journals, after a long
interval, are again filled with cases of the successful
application of this agent. Professor Wisgrill, in ad-
dressing the Medical Association of Vienna,* remarks,
that a revolution has now taken place in favor of elec-
tricity, which, after its wide celebrity at the com-
mencement of the present century, had fallen into dis-
use, not from the inefficacy of the means, but from the
mode in which they were employed. The object of
this work is to present, in a reliable form, the results
of experience in this revival of electro-medical appli-
cation, to arrive at general principles, as far as these
can be correctly deduced, and to place the materials

# Brit. and For. Med. Rev. April, 1845.
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2 MEDICAL APPLICATION

of practice or investigation in the hands of all who
look with hope to the development of this principle,
now receiving so general attention abroad, which is
so fertile in its applications, so immediate and so safe
in its operation.

The subject will be divided into the following
heads: 1. Physiological Relations of Electricity.
II. Forms of Medical Electricity. III. Means of
Application, IV. General Application to Disease.
V. Special Application to Disease. In treating the
last division, the effort will be made to give as full
a statement as possible of applications heretofore
attempted, whether experimental in their character, or
established as modes of practice. The propriety of
this course will be acknowledged when it is consid-
ered that the use of electricity is comparatively
recent; that it is acquiring an important place in
scientific regard; and that the extent of its agency,
standing alone, as it does, in relation to vitality, can
hardly be anticipated.



OF ELECTRICITY. &

I.— PHYSIOLOGICAL RELATIONS OF
ELECTRICITY.

1. Tae principle of vitality, in its highest signifi-
cation, has hitherto escaped analysis. It is depend-
ent, however, on physical conditiens, and performs
its functions by the agency of physical forces. A
distinction thus exists between the principle itself and
the agents by which its results in the living structure
are accomplished. This distinction is an essential
one, and constitutes the basis of any system which
proposes to act directly on the vital forces. The
agents employed by the animal organization are prin-
ciples found universally in nature, and in addition to
these, a force which is peculiar to living structures,
the special agent of vitality. 'This is manifested in
two distinct forms,—in the nervous system, and in
the life of the tissues. In the former, its action may
be spoken of as between organized masses; in the
latter, between organized atoms. In both cases, it is
characterized by the same peculiarities. In both, it is
the product of a physical organization, and reacts
with other physical principles. Its precise connec-
tion with these will now be more especially consid-
ered. The following extract from Faraday, on the
nature of the nervous influence, treated in connection



4 PHYSIOLOGICAL RELATIONS

with the electrical endowments of the gymnotus,*
will serve as a fitting introduction to this subject.

2. «'The anatomical relation of the nervous sys-
tem to the electric organs; the evident exhaustion of
the nervous energy during the production of electri-
city in that organ ; the apparently equivalent produc-
tion of electricity, in proportion to the quantity of the
nervous force consumed ; the constant direction of
the current produced, with its relation to what we
may believe to be an equally constant direction of the
nervous energy thrown into action at the same time —
all induce me to believe that it is not impossible but
that, on passing electricity per force through the
organ, a reaction back upon the nervous system be-
longing to it might take place, and that a restoration,
to a greater or smaller degree, of that which the ani-
mal expends in the act of exciting a current, might,
perhaps, be effected. . . . . . So, perhaps, in these
organs, where nature has provided the apparatus by
means of which the animal can exert and convert
nervous into electric force, we may be able, possess-
ing, in that point of view, a power far beyond that of
the fish itself, to reconvert the electric into the ner-
vous force.

3. “With respect to the nature of nervous power,
that exertion of it which is conveyed along the
nerves to the various organs which they excite into
action, is not the direct principle of Zfe; and there-
fore I see no natural reason why we should not be

* Experimental Researches. Series XV. Nov. 1838.



OF ELECTRICITY. 5

allowed, in certain cases, to determine, as well as to
observe its course. Many philosophers think the
power is electricity. Priestley put forth this view in
1774, in a very striking and distinct form, both as
regards ordinary animals and those which are elec-
tric, like the torpedo. Dr. Wilson Philip considers
that the agent is electricity modified by vital ac-
tion.* . . . Now, though I am not as yet convinced
by the facts, that the nervous fluid is only electricity,
still I think that the agent in the nervous sys-
tem may be an inorganic force; and, if there be rea-
son for supposing that magnetism is a higher relation
of force than electricity, so it may well be imagined
that the nervous power may be of a still more exalt-
ed character, and yet within the reach of experi-
ment.”’

4. The physical agent residing in the nervous
system, and also in the tissues, bears a remarkable
analogy to electricity in its three principal character-
istics, — the exertion of attractive force, the control of
chemical affinity, and the rapid transmission of im-
pulses. It will be observed that these analogies are
much more striking and fundamental than any offered
by magnetism or chemical affinity, where electricity

* «Dr. Wilson Philip is of opinion that the nerves which excite
the muscles and effect the chemical changes of the vital functions,
operate by the electric power supplied by the brain and spinal mar-
row, in its effects modified by the vital powers of the living animal,
because he found, as he informed me, as early as 1815, that while
the vital powers remain, all these functions can be as well performed
by voltaic electricity, after the removal of the nervous influence,
as by that influence itself.”

1



6 PHYSIOLOGICAL RELATIONS

exists in other and undisputed combinations with
matter. The impulses connected with volition and
sensation are propagated along the nervous cords with
the same dependence on the integrity of conductors
as in the case of galvanism, though with a modified
law of conduction. The chemical changes effected
by vital force take place under an affinity like that in
nature, alone supplied by electricity. We not only
find this exerted by the ultimate particles of the tis-
sues, but we have an example of the polar decom-
position of common salt (chloride of sodium) taking
place between the secreting organs of the stomach
and liver, muriatic acid appearing at the one, and
soda at the other, in the course of their natural func-
tions. 'This correlation of electro-chemical pow-
ers in different organs is evidently due, not to the
vital force in the tissues of those organs, but to the
agency of the nerves, supplying them, and uniting
their functions. 'The vital force, therefore, in both
its manifestations of the nervous system and of the
living tissues, modifies existing electro-chemical af-
finities as by the power of electricity itself.

5. The attractive force, developed in muscular and
other living tissues, producing the effect of motion,
bears a close analogy to the attractive force so sud-
denly communicated to, and withdrawn from, the
particles of magnetizable bodies by electricity. The
mode of production, however, of this force in the
muscular fibres, which has been so recently and so
ably discussed by Liebig, furnishes the final and most
conclusive analogy between the agents under consid-
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eration. This is concisely presented in the follow-
ing statement by Carpenter.

6. ¢« A great variety of evidence has been for some
time conducting physiologists to the opinion that
every act of muscular contraction necessarily involves
the death and disintegration of a certain amount
of muscular tissue, and it has recently been argued
by Liebig, that this disintegration, resulting from the
action of oxygen upon the elements of which the
tissue is composed, is the real source of the mechan-
ical power; by setting at liberty (so to speak) the
vital force, which was previously employed in a
latent manner in holding together the components
of the structure. Certain it is that the amount of
muscular power exercised by an animal, bears a very
close resemblance (other things being equal) on the
one hand, to the measure of oxygen introduced into
the system by the lungs, and on the other to the
amount of those excretions which seem especially
produced by this metamorphosis. . . . This doc-
trine may probably be extended from the muscular
system, in regard to which alone it has been urged by
Liebig, to the nervous, as well as to the various or-
gans of nutrition. Many circumstances lead to the
belief that the nervous tissue, when in a state of
functional activity, undergoes a rapid waste or disin-
tegration, and a corresponding renewal.” *

7. Not only then the exertion of muscular power,
but every exertion of vital power, follows the law of
elimination of material forces, the development of

* Human Physiology, §§ 377 and 77.
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which, from latent conditions, is inseparably attended
by a change of form in the associated matter. An
illustration of this principle, and of the particular
development of muscular energy, may be found in
Smee’s battery, described hereafter, (§ 17,) where the
chemical affinities are present, but held in abeyance
till the circuit is closed, when oxidation and the
electrical discharge take place. In the case of mus-
cular contraction, according to Liebig, the blood,
replete with oxygen, is present in the muscle, but
remains ineffective until the volition, or nervous
communication, as it were, closes the circuit, permits
oxidation, and eliminates the attractive force; or, in a
different form of the same theory, discharges the
agent previously existing as a repulsive force between
the atoms. It will be remembered that the contrac-
tile power of the muscular tissue depends upon the
arterial condition of the blood.

8. It has thus been shown that electricity is char-
acterized by its ready assumption of peculiar forms,
in association with matter, and by a class of widely
different properties; and it has also been found that
the vital force is characterized by this same series of
remarkable properties and energies. This identity
of action would make the conclusion not unphilo-
sophical, that these principles were fundamentally the
same. This conclusion, however, is not an essential
one to our subject, and, as recently shown by Mat-
teucci, is unsubstantiated by any positive evidence.
The analogy which has been pointed out has its
important applications ; but, beyond this, even if the
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vital force should be a form of electricity, we are at
present wholly ignorant of the nature of its modifica-
tion, and any control which we may succeed in
exercising over it must still be the work of experi-
ment.

9. After what has been said of the relation of these
principles, it will be readily conceived that electricity
has a positive reaction upon the vital force; and in
this fact consists its medical application. Wilson
Philip states, ¢ We have seen that galvanism is capa-
ble of performing all the functions of the nervous
power, properly so called.” * 'That is to say, galvan-
ism can stimulate the muscular movements of animal
and organic life, promote secretion and absorption in
the proper organs, affect nutrition, and influence the
capillary circulation, besides exciting all other func-
tions to the full extent of their dependence on the
nervous system. The same writer supplies the fol-
lowing illustration, in his remarks on the application
of galvanism to the digestive organs and liver: «I
have repeatedly seen from it the same effect on the
biliary system which arises from calomel ; a copious bil-
ious discharge from the bowels coming on a few hours
after its employment.” Another remarkable illustration
of functional excitement, by galvanism, is furnished
by the nerves of special sensation. If a current be
sent in the course of the nerves connected with vis-
ion, hearing, or taste, these sensations are strongly
excited ; a flash of light, a noise, or a metallic
flavor, is at once perceived. The impulses of special

* Vital Functions.
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sensation in the appropriate nerves are thus imitated,
or excited, by the electric current, the impression
varying in fone with the nature of the current, and
receiving its character, as a sensation, from the organ
to which it is conveyed.

10. A more precise view of the relations of elec-
tricity to the nervous system is furnished by Matteucci,
in the following comparative statement.* He ob-
serves, that electricity differs from any other nervous
stimulant, 1st, in that it excites sensation at one time,
and contraction at another, according to the direction
in which it traverses a nerve ; 2d, in that it does not
excite a nerve when passing through it transversely ;
3d, in that neither contraction nor sensation are pro-
duced when its influence upon a nerve is prolonged;
4th, in that it alone has the property of increasing or
diminishing the excitability of a nerve according to
the direction in which it is made to flow ; 5th, in that
it has the power of awakening the excitability of a
nerve after all other stimulants have ceased to act.
Beyond this, however, as might be anticipated, elec-
tricity reacts with the vital agent of the tissues, as
well as of the nervous system. Thus, when a gal-
vanic current is sent through a limb, in the opposite
direction to the motor nervous current, a muscular
contraction takes place, which Marianini has called
idiopathic, or the result of the immediate stimulus of
galvanism on the muscular tissue; but, when the
current is sent in the direction of the ramification of
the nerves, a stronger, or sympathic contraction takes

* London Lancet. September 1847.
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place, which is the product of both the electric and
nervous stimulus. Thus, when the nerve of a frog is
exposed, contractions of the muscles supplied by it,
are only produced when the current flows through the
nerve in the direction of its ramifications ; but they
are produced in a muscle, in whatever direction the
current flows through its tissue.* 'The production
of the bilious secretion, in the experiment already
quoted from Wilson Philip, is more properly, perhaps,
an example of the influence of electricity immedi-
ately on a secreting organ. It will be found, indeed,
hereafter, that the organs of secretion are, in many
cases, excited by the immediate application of elec-
tricity to their tissues, without the intermediate
stimulus of the nerves supplying them. Thus, in
the whole action of vitalized particles, in the se-
creting tissues, in the capillaries where the process
of nutrition goes on, in the blood itself, a new
influence and new affinities are introduced with the
electric agency. The property of electricity alluded
to by Miiller, and on which one of its surgical appli-
catioms is founded, —that of coagulating the blood, —
is a significant one in this connection.

11. In addition to the vital agencies employed in
the system, it is worthy of remark, that there are
constant electric currents necessarily taking place, or
tending to take place, between organs differing in
chemical constitution and in temperature. 'These
currents, between the superficial and deep-seated
muscles and local currents elsewhere, have been

# Lond. Med. Gaz. April, 1830.—Braithewaite’s Retrospect, No. XV.
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observed, and are now admitted facts in physiology.
They cannot but exercise an important function in
the stimulation. of the system. In the organs of
secretion, where different fluids are separated from
each other by a membrane, all the elements of a
galvanic current, of some energy, are present; and
this must necessarily modify the nature of - the
secretion, or react distinctly with the controlling
vital force. These considerations are adduced as
showing the extent of the relations of electricity to
life, and the rational ground which exists for its
application to disease.

II. —FORMS OF MEDICAL ELECTRICITY.

12. Currents of electricity are to be considered
chiefly in relation to their quantity and intensity, —two
elements which may be associated in infinitely vari-
able proportions. Thus the electricity from the
electrical machine has extreme tension, but almost
inappreciable quantity, while the electricity from a
single galvanic pair has great quantity, but so little
intensity that it will hardly pass to an appreciable
extent through the animal system interposed in its
circuit. Between these extremes, currents can be
obtained, in which the quantity and intensity exist in
any desired proportion. These properties have dif-
ferent physiological effects, and this, therefore, is one
of the conditions to be attended to in the construction
and use of apparatus. Currents also may be contin-
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uous, or consist of intermittent shocks, of greater or
less rapidity. 'This modulation also exerts an im-
portant physiological influence, and must be provided
for in the construction of instruments. The current
of the galvanic battery, and induced electrical cur-
rents, do not consist of free electricity, but electricity
modified in its action by intimate association with
the matter, organized or unorganized, which it is
made to traverse. 'This gives it, in many respects,
apparently a greater physiological efficiency than the
same quantity of electricity derived from the ma-
chine.

13. The common electrical machine has been very
nearly dismissed from medical practice, on the ground
of the deficiency of its product and the disproportion
between its quantity and intensity; the former, its
quantity, being sufficient only to produce compar-
atively slight vital changes, while the latter, especially
when accumulated in the Leyden jar, is almost disor-
ganizing in its energy. 'The great success, however,
which has attended its use in Guy’s Hospital, in the
hands of Dr. Golding Bird, in cases of chorea and
amenorrheea, will not now, with propriety, allow it to
be thus summarily disposed of. In some diseases, in
which the nervous system is chiefly at fault, machine
electricity has peculiar applications, which should
not be overlooked among the numerous, and often
more efficient forms in which this agent may be em-
ployed. The first mode of application of machine
electricity is by electrifying the patient while seated
on the insulating stool,and allowing a silent and insen-

2



14 FORMS OF ELECTRICITY.

sible discharge, which, in the dark, is luminous at
prominent points, to take place from the surface of
the body to the surrounding air. Of this, Dr. Bird
holds the following language: ¢ During this dis-
charge, heat is evolved, the circulation becomes
quickened, the secretions generally become more
active, and perspiration breaks out. A person thus
situated is said to be in an electric bath ; and it is by
no means improbable that this might be frequently
employed with advantage in certain affections in
which the functions of the skin and nervous mem-
branes are deficient.”* 'To concentrate this dis-
charge upon a single point, as upon the eye, or the
surface of an ulcer, a pointed conductor, connected
with the rubber of the machine, may be held a short
distance from the organ, or spot to be influenced.
The second mode of application is by drawing sparks
from the person so situated, by means of a knob
attached to a rod, and connected, as before, with the
chain from the rubber. Dr. Bird was accustomed, in
this way, to draw sparks from the spine of a patient
until a papular eruption was produced, which he
considered as aiding in the effect. At the moment
preceding the passage of the spark, a powerful con-
centration of electricity takes place on the part, and
to this may be ascribed its efficiency. 'The third
application is that of the shock which is made by
means of the graduated jar. In this, the conductors
are placed in contact with the body, and the discharge

* Guy’s Hosp. Reports. April, 1841
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takes place between two balls, attached to the jar,
whose distance from each other, upon which the
strength of the shock depends, can readily be adjusted.
The shock, unlike that of the battery, or electro-
magnetic apparatus, is almost necessarily painful, and
will not often be resorted to. It has proved efficient
from its very intensity, in suspended animation, and
also by its passage across the pelvis in amenorrheea.

14. The most powerful electrical agency which
can be brought to bear upon the human system, is,
undoubtedly, the direct current of the galvanic bat-
tery, in which the quantity is proportioned to the
size of the plates, and the intensity to the number
employed. In hospitals and large establishments the
battery should always have a place, as the full power
of electricity, in producing any physiological change,
cannot be tried withoutit. The primary, uniform
current of the battery is, upon the whole, less of a
mere stimulant, more of a re-agent with the vital
powers and living tissues, than any substitute that
can be offered for it.

15. The electro-magnetic apparatus, which has
almost superseded the battery, is generally sufficient
in those cases where stimulation of the nervous
function is the object to be attained. The in-
fluence of the nervous system has been extended
by recent observations in physiology, so as to em-
brace even processes which seem to have the least
relation to vitality. Vital changes can therefore be
effected by the practitioner, in a large class of cases,
by codperating with the nervous power. But beyond

-
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this, the life of the tissues remains, involving chem-
ical changes, and the exertion of organizing power,
which, like all other physical agencies, requires, for
reaction, a definite quantity of electricity. Thisis a
simple application of the law of electro-chemical
equivalents to physiology. 'To act, therefore, directly
upon secreting organs, to affect the vital condition
of the blood, to influence nutrition at its source, to
produce structural change, in the nerve-centres and
fibres themselves, as well as elsewhere, in fine, to
act directly upon the life of the organized atoms, a
relation is needed between the ¢ quantity’ of the
electricity employed, and the effect to be produced.
In such cases, where something more is wanted than
the mere stimulation of the life, which is actually in
a part, by the supply of artificial nervous power, the
battery is needed. :

16. Many of the failures which have attended the
application of electricity, especially since the intro-
duction of the electro-magnetic apparatus, are to be
ascribed to the want of a proper distinction between
reaction with the life of the nervous system, and
reaction with the life of the tissues. Even in influ-
encing the nervous system, the battery is, occasional-
ly, more eflicient than the electro-magnetic agency ;
some cases of paralysis, for example, without struc-
tural derangement, yielding to the former which
resist the latter. We have hence the rule, that
the battery should be resorted to after the trial of
electro-magnetism, before abandoning any case of
disease in which electricity is known to be beneficial.
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Having spoken thus of the superiority of the battery,
in many conditions of disease, it is necessary to
state its disadvantages to the common practitioner.
It is more expensive than the electro-magnetic appara-
tus. It is with difficulty portable. It requires frequent
attention, and renewal of solutions.

17. 'The recent improvements in the battery have
done something to remove these objections to its use.
The figure represents a Smee’s battery, consisting

Fig. 1.

of twelve pairs of platinum and amalgamated zinc,
arranged in the same number of heavy glass tumblers.
The solution used to excite the battery is sulphuric
acid, diluted with ten or twelve parts of water, or,
where a less quantity of current is desired, with
twenty parts of water. The zinc plate, so long as it
is well amalgamated, is not acted upon at all, except
when the galvanic circuit is complete, and the instru-
ment in operation. It is, consequently, always ready
for use. For many applications, a series of twelve
pairs, enclosed in a box, will be sufficient ; but where an
intense current is required, two or more such, in con-
junction, m&y be needed. The elements of this bat-
9 *
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tery are more efficient than those generally referred to.
in the cases hereafter recorded ; and half the number
will frequently produce an equal effect. The wires
conveying the electricity are connected by screw-
cups with the terminal plates of platinum and zinc, or
they may be connected with a less number of pairs,
at pleasure. The wire connected with the platinum
plate constitutes the positive or delivering pole of the
battery ; that from the zine, the negative pole.

18. When the battery current is made to flow
through the body, there is, at its commencement, a
greater or less convulsion of the muscles of the part
interposed, though its continued passage may be
nearly insensible. The current, therefore, frequently
interrupted, becomes a more powerful stimulant,
while its capacity of eflecting organic changes is to
the same extent impaired. The use of the continuous
current of the battery, in cases of irregular nervous
action, and in some surgical applications, is indispen-
sable.

19. The current obtained from the electro-magnetic
apparatus, to which attention will now be more
particularly directed, is one of high intensity and
small quantity, induced by another current, its oppo-
site in these respects, the product of a single galvanic
pair. The theory and facts of electrical induction
will be found elsewhere,* but cannot here be dwelt
upon. The convenience of this form of apparatus,
its compactness and cheapness, and its efficiency in a
large class of cases, have introduced it jnto general

* Davis’s Manual of Magnetism, 2d editics
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practice ; but its disadvantage consists in the fact that
a large proportion of the quantity of the battery has
to be sacrificed to obtain the requisite intensity. The
current of a single galvanic pair, ‘as already stated,
though large in quantity, is too inert to pass, to a
sensible extent, through an indifferent conductor, like
the human body, but it may be made to induce a
secondary current, less in quantity, but of any
required intensity.

20. The form of the single galvanic pair, most
conveniently used in connection with the electro-
magnetic apparatus, is the cylinder battery, a vertical
section of which is represented in Fig. 2. C, C,isa
double cylinder of cop-
per, with a bottom of
the same metal, which pf
answers the purpose of
a galvanic plate, and
formsalso the containing
vessel, for the exciting
solution. There isa mov-
able cylinder of zinc, Z, >
which is to be let down into the solution, whenever
the battery is to be put in action. It is, of course,
intermediate in size, as well as in position, to the two
copper cylinders, and is made to rest upon the exte-
rior one, by means of three insulating supports. The
exciting solution used is one of sulphate of copper,
(blue vitriol, ) containing about two ounces of the blue
vitriol to a pint of water. 'The copper in the solution
is deposited while the battery is in action, so that it
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is necessary, occasionally, to add more of the blue
vitriol to the solution, or to renew it. 'The solution
may conveniently remain in the copper vessel, while
the battery is out of action. The zinc plate becomes
coated in the battery, so that it is necessary to clean
it, after using it, with the wire brush, whenever the
metal has become thickly furred. The coating
should be removed, so as to expose again the bright
surface of the zinc. When the plate is only tar-
nished, or slightly coated, it will be found difficult to
effect the removal of the deposit, and it may be
allowed to remain, without cleaning, until further
use. The wires which convey the current to the
electro-magnetic apparatus, are connected, by means
of the serew-cups, P and N, respectively, with the
copper and zinc plates.

21. From the battery, we pass to the electro-
magnetic apparatus, which is shown in connection

with the battery in Fig. 3. It consists, in its
simplest form, of two concentric helices of wire, and
in the axis of both, a rod of soft iron, or a number
of iron wires. 'The current from the battery passes
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through the inner helix, which is of coarse, insulated
copper wire; and by so doing, it magnetizes the iron
rod or wires in the centre.

22. When this current is interrupted by breaking
the circuit, and the rod or wires within lose their
magnetism, a momentary reactive current is excited
in the outer helix, which is of fine wire, and wholly
distinct from the inner. 'This current possesses the
intensity requisite for medical application. The
condition of its existence is the interruption of the
primary current. . An important object of the appara-
tus, therefore, is to provide means for breaking and
renewing the battery circuit, with whatever rapidity
may be required. When the battery circuit is broken
slowly, the secondary current has the effect of distinct
shocks, or convulsions of the system. When the
battery current, on the other hand, is broken with
extreme rapidity, the separate impulses almost cease
to be distinguished, and tonic contractions of the
muscles are produced, resembling, to some extent,
those from the uninterrupted current of an intense
galvanic battery. Slow, powerful shocks, however,
are often less painful, and sometimes more efficient,
than a weaker and more rapid succession.

23. Two methods of breaking the battery circuit
are provided in the instrument. The first is by
removing one of the battery wires from the screw-
cup, in which it is inserted, on the base-board of the
electro-magnetic apparatus, and drawing it over the
rasp, or break-piece, which is seen attached to the
top of the double helix. As the wire leaps from
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tooth to tooth of the rasp, the battery circuit is each
time renewed and broken ; and when the bundle of
iron wires occupy their place in the centre of the
helix, vivid scintillations occur, at the moment of
interruption, and powerful shocks are obtained from
the handles which are seen in the figure, connected
with the cups of the fine-wire helix. It will readily
‘be found, by experiment, from which screw-cup it is
necessary to withdraw the battery wire, to obtain the
shocks and scintillations. On account of the con-
nections of the machine, it is the wire only from
one screw-cup, which will produce the result.
It will be observed that the screw-cups with which
the battery wires are connected, are made, for the
sake of distinction, higher, and with a larger head,
than those with which the handles are connect-
ed. The wires, or poles, as they are often called,
connecting the battery with the electro-magnetic
apparatus, are of necessity larger than those con-
necting the electro-magnetic apparatus with the
handles, because they convey a less intense current.
This should be remembered in making the connec-
tions, when the wires furnished with the instrument
are of different sizes.

24. 'The second method of breaking the circuit is
the one of chief importance. 'This is effected by the
vibration of a little armature, or piece of iron, which
is seen supported by a slender spring, over the poles
of the electro-magnet, M. ‘When the two wires
from the battery are insertcd in their screw-cups, on
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