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PREFACE,

I FEEL it necessary to explain the reasons which
have induced me to publish these Lectures in =
separate form. In the spring of 1847 T was ho-
noured by being appointed one of the Lecturers
at the Royal College of Physicians, and chose for
my subject Electricity and Galvanism in relation
to Physiology and Therapeutics. These Lectures
were fully reported in the London Medical Ga-
zette. Since their appearance in the pages of that
Journal I have been repeatedly urged to publish
them as a distinet work, but could never bring
myself to regard them of sufficient importance for
that purpose. A short time since, however, I was
applied to on the same subject by the excellent
publishers of the Gazette, who informed me that
there had been a considerable demand for the
numbers of the journal in which these Lectures
had appeared.
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MRg. PRESIDENT,

MoRE than twenty-three centuries have
passed away, since the great father of physie, the
“divine old man” of Cos, felt the necessity for the
adoption of some conventional term by which he
could express the influence under which the dif-

B



2 ELECTRICITY AND GALVANISM.

ferent phenomena, as well of the macrocosm of the
world at large as of the microcosm of man himself,
were developed. We are indebted to his in-
genuity for the invention of the hypothesis of
a principle which is supposed to influence all the
manifestations of creative power observed in the
universe. Lo this he applied the name of ¢vais,
viz., “nature.” Hippocrates, however, invested
his ¢uaes with a kind of intelligence, under which
it was supposed to exert a tendency to promote
all actions which were beneficial, and repress those
which were injurious, to the well-being of man.
He, indeed, seems to have regarded it as a kind
of tutelary deity; in which dark notion he appears
to have been followed by others, on whom a light
had beamed which had not reached the distant
ages of the Coan sage, and thus leaves them with-

out an excuse for the adoption of such an opinion.
We indeed know that

“ Nature i1s but the name for an effect,
Whose cause 1s God !

and in this light we profess to be investigators
into its laws and phenomena. The different
sections into which such investigations have been
divided, have received the name of physical
sciences, or sciences of nature. Of these, the
departments devoted to an investigation of the
structure and laws of the animal frame, in health
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and disease, become the especial object of pursuit
of the practitioner of the healing art. If, how-
ever, his information be limited to such portions
of knowledge exclusively, it will indeed be scanty.
He can never be expected to extend the domains
of the art he professes, or hope to add fresh ap-
pliances to the science of healing.

“ Medicina est ars conjecturalis” was the remark
uttered some eighteen centuries ago, and such
must ever be the case so long as the practitioner
of medicine limits himself to his own exclusive
pursuits. The light such a man can hope to throw
upon any of the phenomena of life, will be often
Just sufficient to render his darkness visible. But
he who, whilst devoting his attention chiefly to
the art he professes, at the same time reflects
upon it all the light he can derive from the col-
lateral sciences, will often succeed in throwing
upon it a beam which illuminates the phenomena
he is studying to an extent previously unhoped
for.  Witness the influence of chemistry and
general physics in unravelling the intricate web
of many of the vital functions. There have, in
all ages, existed men of narrow minds, who have
heaped their ridicule upon those who have pos-
sessed the advantages to which I have just
alluded, as if medicine were the only science in
which the element of excellence must consist in a

profound ignorance of all other subjects. This
B 2



4 ELECTRICITY AND GALVANISM.

miserable delusion is still not without its influence,
but no better apology can be offered for the cul-
tivation of the physical sciences than was made
by the elegant Celsus: —¢ Qua quidem studia,
quamvis non faciunt medicum aptiorem tamen
medicine faciunt.” If these views should in-
fluence the practitioners of medicine in all nations,
how much more cught they to throw a weight of
responsibility on those of England. In all other
of the European nations, the appellation applied
to the professor of our art has always some
reference to his individual occupation. Whilst
watpos, medicus, medicin, arzt, or their inflections,
constitute his title in the Greek, Latin, French,
and German tongues respectively, it is in our
language alone that he is dignified by the title of
physician, thus arrogating to himself a title de-
rived from the ¢uois of Hippocrates, and which
it ought to be his greatest honour to deserve. It
must ever be the high and deserved boast of this
college, that it first sanctioned the application of
the then heterodox and infant science of chemistry
to medicine. Its illustrious founder, the great
Linacre, was the first physician who, in spite of
the then degraded and despised condition of the
votaries of chemistry, dared to lend the weight of
his high authority and illustrious name to the
support of their dogmata, and by effecting an
amicable union between the chemists and Galenists,
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laid the foundation for most, if not all, the im-
provements which the art of medicine has under-
gone since the era of our first president.

I am sure that all whom I have the honour of
addressing will concede to me the importance of
the physician frequently making excursions into
the domain of the physical sciences, and culling
from it whatever blossoms he thinks likely to bear
fruit in his own peculiar department. That he
may often find his cherished sucklings abortive is
probable; but that he will as often thus graft a
vigorous shoot on the venerable trunk of medicine
18 certain,

I have, Sir, ventured to make these remarks as
in some sense apologetic for the subject-matter of
these lectures, which, at your own wish, are no
longer to be limited to the mere details of the
materia medica, but are permitted to be devoted
to a consideration of some of the applications of
physics to medicine. I could only wish that I
were more fitted for this honourable task, and
would beg to deprecate your patience should I
fail in performing this duty properly; for if, used
as I am to the duties of the lecture room, I find
it impossible to enter the theatre of Guy’s Hos-
pital, without a deep sense of my responsibility,
how much more must be that feeling enhanced
when I find myself addressing the fellows and

licentiates of this College, many of whom may
B 3
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truly be said to be the conseript fathers of my
profession, and to whose example and guidance I
have long looked up with feelings akin to awe and
veneration !

Few subjects have more frequently, or with
greater interest from time to time, attracted the
notice of the physician than the nature and ap-
plications of electricity, and its modifications to
medicine and physiology. Too frequently, how-
ever, has the importance of this wonderful and
ever-present agent been overlooked, and its ap-
plication to medicine left to the empiric. Recent
researches have invested this matter with the
deepest interest, both to the physiologist, the
chemist, and the man of general science; more
particularly when, from late investigations, it ap-
pears that we are constantly generating this agent,
and that qguoad the supply of electric matter, man
far exceeds the torpedo or the electric eel, and is
only prevented from emitting a benumbing shock
whenever he extends his hand to greet his neigh-
bour, from the absence of special organs for in-
creasing its tension. I therefore purpose, as the
subject of these lectures for the present session, to
draw the attention of the College to the part
played by electricity in a physiological as well as
therapeutical point of view, and hope to shew
that the functions this agent fulfils in health, and
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its applications in disease, are of far greater im-
portance than have been hitherto considered.
More than 2000 years have elapsed since Thales
discovered that pieces of amber, when rubbed, at-
tracted light bodies, and explained the phenomena
he observed by supposing that the amber pos-
sessed a soul, was endowed with animation, and
was nourished by the attracted bodies. Nothing
further was added to the observations of the Mi-
lesian philosopher until the 13th century, the
knowledge of electricity remaining for 1500 years
mn the same state as among the Indian children
on the banks of the Orinoko at the present day,
who, according to Humboldt, amuse themselves
with exciting by friction the dry and polished
seeds of rushes, and attracting filaments of cotton
with them. About the time alluded to, a cele-
brated physician, Gilbert, of Colchester, a con-
temporary, according to Dr. Friend, of our first
Edward, in his essay “de Magnete,” recorded
several phenomena connected with electrical ex-
citation, and gave to them the title of electricity
—a term derived from the Greek word #j\expor.
Notwithstanding the very considerable develop-
ments which the science of electricity received, it
was not until the beginning of the present century
that anything of real value was done towards
elucidating its connection with physiology.

Few things are more interesting and instructive
B 4
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than to trace the birth and progress of an infant
seience,— to watch the labour-pangs by which it
struggles into existence against the obstacles op-
posed to it by ignorance, prejudice, and those
influences which the illustrious father of the in-
ductive philosophy, the great Lord Bacon, so
happily denominated idols, inasmuch as men are
too apt, in this blind fealty to the idola specus,
theatri et fori, to shut their eyes to the first bursts
of truth; nor is it until the light of a discovery
blazes out with sufficient brilliancy to dispel the
mists and fogs of error and preconceived opinions,
that much is done towards giving it its proper
position in the circle of the sciences. With all
such difficulties had the infant science of galvanie
or physiologic electricity to contend with; and,
had time permitted, it would have afforded me no
small pleasure to have pointed out its course from
its discovery to the present time. I must now,
however, content myself with the briefest glance
at its history.

Philosophers have almost universally adopted
the opinion of matter being constituted by the
aggregation of atoms possessing Fig. 1.

a spherical figure, No one can

cast a glance upon a diagram re- %%(
presenting a series of spheres
without at once perceiving that
such bodies cannot touch each other except at
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certain parts of their peripheries, and consequently
the existence of interspaces is obvious; and few
subjects in the range of physical science have at-
tracted more attention than the question of the
condition of these interspaces, whether they were
merely empty voids, or full of some form of matter
— whether, in a word, they were vacua or plena.
They have now long been considered to be filled
with a light ethereal form of matter, identical, it
is presumed, with that which extends beyond the
confines of our atmosphere into infinite space,
constituting that great ocean of scarcely ponder-
able medium in which the great orbs of our
system roll on in their respective paths. The
existence of such a medium is now beyond all
doubt or question, from the evidence of its retard-
ing influence upon some of those licht cometary
satellites, some, probably, scarcely denser than
mere whisps of vapour, which ocecasionally visit
the neighbourhood of the earth, and which,
from their levity, become excellent tests of the
influence of a retarding medium. Sir Isaac
Newton attempted to calculate the density of this
ether, and found that it must be at least 700,000
times less heavy than the air we breathe. Com-
pared to it, therefore, our atmosphere would be
far denser than is the solid mass of a granite rock
in comparison with air.  We know that gaseous
bodies, when thrown into a vibratory motion, give
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rise to certain curious phenomena, very different
from those observed when in a state of rest.
When such vibrations are performed with a cer-
tain regularity and rapidity, they give rise to
musical sounds or tones. In like manner, when
the interstitial ether is made to assume analogous
movements, a new set of phenomena are displayed,
differing in their character according to the ampli-
tude and rapidity of their undulations. Thus,
when the particles of ether undulate with a
rapidity not exceeding 458 millions of millions in
a second of time, we have the well-known pheno-
menon of heat or caloric evolved; when the
unduldtions are increased, so as to range from this
number to 727 millions of millions, the various
tints of light become developed in addition to
heat ; whilst, if the vibrations exceed this number,
little heat and scarcely any light is to be detected,
but they are replaced by the actinic or tithonic
phenomena, under whose influence the magic
results of the daguerréotype and photography are
produced.

Whether electricity is distinet from this ether,
or whether the phenomena it produces when it is
in what is called a free state, and which are re-
garded as characteristic of its presence, depend
upon cther assuming vibratory movements differ-
ing in amplitude and velocity from those producing
light, heat, and photographic effects, is yet un-
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known. That there is a remarkable connection
between light, heat, and electricity, is, to say the
least, quite certain; for one can never be excited
without calling into existence one or both the
others. The conventional theory now generally
adopted is, that electricity is a compound impon-
derable form of matter composed of two elements,
denominated the positive and negative electric
fluids, which, when separated, produce analogous
phenomena, but, when united, neutralise each
other so effectually that the existence of the neu-
tral fluid can never be detected, save by separating
its component elements. Whilst heat and light
are readily detected when set free, by their well-
recognised effects, we have, in dealing with the
subtle agent whose properties we are now inves-
tigating, to use a new series of tests. These are
either founded on the law that bodies similarly
electrified repel each other, or on the development
of the phenomena of light and heat. Nothing is
easier than to demonstrate the existence of elec-
tricity in ponderable matter, for it can scarcely
be submitted to any mechanical, chemical, or
thermal influence without decomposing the com-
bined electrie fluids,

On the table is an electroscope (fig. 2.*) contain-
ing two slips of leaf-gold, hanging parallel to each

* Fig. 2. Gold-leaf electroscope, consisting of twa slips of gold
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other and suspended from a brass cap. Now in
common with all bodies, these pieces Fig. 2.

of gold contain electricity, and yet its
presence is not apparent, in conse-
quence of it being in a neutral or
combined state; the negative and
positive fluids exciting in combina-
tion, and neutralising each other as
completely as the sulphuric acid and
the magnesia in Epsom salts. DBut
if we decompose this compound, and
set free the electric fluids, the two
pieces of gold leaf will at once render this ap-
parent by exhibiting the phenomena of mutual
repulsion. To exhibit this I will now abruptly
draw the corner of my silk handkerchief over the
cap of the gold-leaf electroscope before me, and
thus in an instant shall decompose its neutral elec-
tricity, wiping away (as it were) the positive
fluid, and leaving the gold leaves negatively elec-
trified, which thus diverge to the extent of an
inch or two. On touching the cap with my finger,
I give back the positive fluid in sufficient quantity
to neutralise the negative electricity of the gold
leaves, equilibrium is restored, and they again be-
come quiescent.

To show the influence of chemical action in

leaf suspended within a glass jar from a wire passing through a
glass tube, by which their complete insulation is effected.
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disturbing the normal electric equilibrium, I have
here a few glass vessels in which a little nitric
acid is undergoing decomposition. The result is,
that the electricity of the decomposing atoms is
resolved into its two elements, the negative fluid
being impelled towards my right hand, and the
positive towards my left; and, if the two ends of
the series of platinum and zine plates are con-
nected by these wires, the separated elements
unite, and equilibrium is restored (fig. 3.%).

Fig. 3.
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With these separated fluids I can produce re-
markable effects, depending upon the energy with
which their union occurs. 1 now allow their
union to be effected by means of this piece of pla-
tinum wire, which becomes brilliantly ignited,
from the violence of the neutralisation or discharge

* Fig. 3. Voltaie battery consisting of a series of Grove's cells.
The positive current passes from the wire P, connected with the
first platinum plate to the wire Z, connected to the last zinc
plate, in the direction of the arrows.
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of the two fluids, being sufficient to set in active
vibration the interstitial ethereal elements of the
platinum, and thus produce the phenomena of
heat and light you are now witnessing. I now
allow the discharge or union to take place between
these fragments of carbon; the intense evolution
of licht well attests the violence with which the
ether is made to vibrate. Now I will compel the
two elements to traverse this water before they
unite : so powerful is the influence of these won-
drous agents, that chemical affinity is annihilated,
the water is resolved into its elements, and torrents
of oxygen and hydrogen are evolved. Lastly, I
have before me two bars of iron surrounded by
wire ; these are at present merely inert metal,
possessing nothing peculiar, save in figure. Let
us now compel the two fluids to traverse the wire
round these bars before they unite. In an instant
the bars assume new properties, becoming magnets
of enormous power, rapidly and violently attract-
ing the iron ball suspended over them, and seizing,
with almost uncontrollable power, the bar of iron
I now present to them.

1 said that change of temperature is sufficient
to disturb the electric equilibrium of bodies. This
1s invariably true, and a single illustration will, I
hope, be regarded as suflicient.

On the table before me is a large magnetic
needle suspended on a pivot; some coils of insu-
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lated copper wire pass above and below the bar,
the apparatus being, indeed, the well-known gal-
vanometer (fig. 4.*). Here is a bar of the metal
bismuth ; and I will twist the terminations of the
wire coil round the ends of the bar. The needle
remains at rest; no disturbance of electricity occurs.
But observe what occurs the instant the flame of a
spirit-lamp comes in contact with one end of the
bismuth. The magnetic needle, large and heavy
as 1t is, begins to move, and soon traverses an arc
of thirty degrees. By the propagation of the ca-
lorifie vibrations through the bismuth, its electric
equilibrium is disturbed, and a current of the posi-
tive and negative fluids traverses the wire coil,
and produce their well-known effects upon the
magnet.,

I trust T have not trespassed too long upon
your patience in thus bringing before you facts

¥ Fig. 4. A, a galvanometer furnished with a coil of thirty folds
of thick insulated copper wire, between which is suspended the
magnetic needle, n s. The bar of bismuth is connected, by
copper wire twisted round its two extremities, with the screws of
the galvanometer, Heat is applied to one end of the bar by the
spirit lamp, C,
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with which T am sure all present are familiar, I
felt, however, that your time might not be use-
lessly spent in thus recalling to mind the well-
recognised effects of electricity, before passing to
its more occult phenomena.

All are ready to admit the presence of electri-
city in inanimate matter, and, perhaps, to extend
it to those animals which are endowed with the
mysterious property of benumbing the hand which
grasps them; still, all may not be so willing to
accord these attributes to man, and to regard him
as endowed with a large accumulation of electric
fluid.

But nothing is easier than to elicit ample evi-
dence of this truth; and I can readily produce
the phenomena of divergence by my own electri-
city. For this purpose I will stand upon a stool
with glass non-conducting legs, and thus, in an
electrical sense, am no longer an inhabitant of
earth, being insulated from its electricity. Placing
a finger of one hand in contact with the cap of
the electrometer before me, I with the other will
briskly draw a non-conducting comb of tortoise-
shell through my hair, the comb being connected
with the earth by a wire. Immediately the gold
leaves diverge; indeed, I have evolved so much
electricity, that one of the leaves has become torn
by the violence of its divergence from its com-
panion.
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In inanimate nature, we find electricity playing
a part so important, that it could scarcely be dis-
pensed with. Many of the most important of the
chemical phenomena of the universe would disap-
pear in its absence. ZLittle of the intensity of
chemical affinity, as it is termed, — Sfew of the
marvellous phenomena so profusely scattered for
our inspection and use in the great mineral dis-
tricts of this and other countries would be deve-
loped, — were it not for the presiding influence of
the wonderful thing we call electricity. There
can, indeed, be little doubt of its being one of the
most energetic and most generally diffused means
employed by the All-wise Creator for the produc-
tion of most of the phenomena of the material
world.

If, then, this agent exists 2o freely diffused in
the animal, can we doubt its having some im-
portant funetion to perform ? In the torpedo and
silurus its influence is obvious, in furnishing
them with powerful weapons of defence and at-
tack; but where its presence is not so evident —
where it does not arrest our attention by endowing
the animal with a power which enables it to simu-
late the effects of the lightning flash —can it
exist without fulfilling some important purpose ?
Natura nihil agat frustra is a universally admitted
axiom; nor must we presume otherwise even

C
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when the subject we are investigating appears
less endowed with useful applications.

Professor Galvani, of Bologna, in 1791, pub-
lished a commentary “ De Viribus Electricitatis in
Motu Musculari,” and announced those facts which
laid the foundation of that science which bears his
name. He then stated that a particular form of
electricity, denominated by him animal electricity,
existed in animals ; and he believed he merely ex-
cited and rendered sensible this electricity by
coating a nerve and muscle with metals, but did
not regard the latter as the real source of the
electricity.

This celebrated experiment is well known, I am
sure, to all present, but 18 one of really so mar-
vellous and remarkable a character that, repeat it
as often as we may, it can never be looked at
without a feeling of wonder and delight. T will
take the legs of a frog, denuded of their skin, and
attached by the lumbar nerves to a portion of the
spine (fig. 5.%). Allowing them to rest on a glass

Fig. 5.

* Fig. 5. The denuded legs of a frog, connected by the lumbar
nerves to a portion of the spine. The nerves rest on the plate of
zine, Z ; the toes on the plate of silver, S: the two plates are
placed in communication by the curved wire, W.
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plate, I will place a piece of zinc in contact with the
nerves, and allow the feet to rest on a thin ship of
silver. They are now at rest, and appear, as they in-
deed are, dead and powerless. But there exists a
power I can call into action which will endow
these dead limbs with an apparent life.  The only
spell required to evoke this power is this piece of
wire, with one end of which I will touch the zine,
and with the other the silver. Instantly the legs
violently contract, and kick away the silver plate.

It has been lately stated by Professor Mat-
teucei, that this curious observation was not original
with Galvani, but was made some time before by
the celebrated Swammerdam ; and the experiment
was exhibited by him in the presence of the Grand
Duke of Tuscany.

Shortly after the announcement of this dis-
covery, Professor Volta, of Pavia, in repeating this
and other analogous experiments, arrived at a
different conclusion; and he showed that the
electricity was really excited by the metals, and
the contraction of the muscles of the frog was
only an index of its existence. Although these
and other discoveries of that great man obscured
for a time the views and researches of the illus-
trious Galvani, attention was again drawn to
them by the experiments of his talented nephew,

Professor Aldini, of Bologna. He was inspired
c 2
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with so much zeal in the defence of his uncle’s
theory, that he travelled through France and Eng-
land for the purpose of demonstrating the truth of
his views ; and in the presence of the medical offi-
cers and pupils of Guy’s Hospital, he, in the year
1803, supported and defended a series of proposi-
tions so satisfactory and conclusive, that he was
presented by his auditors with a gold medal com-
memorative of his labours.  On leaving England,
these propositions, and the arguments in support
of them, were published in a quarto volume,
which seems to have attracted but little notice
cither here or on the continent of Europe. Scarcely
any mention is made of Aldini by more modern
writers ; and not many weeks ago I removed the
volume from the library of the Royal Medical and
Chirurgical Society with its leaves uncut.

Professor Aldini’s propositions and conclusions
are so important, and of such high interest, that
I shall now briefly refer to some of them, as they
demonstrate to my mind, in a most satisfactory
manner, the existence of free electricity in ani-
mals, and, as will appear to all conversant with
this branch of physiology, most remarkably anti-
cipate the late researches of his countryman,
Prof. Matteucci.

Pror. 1.—* Muscular contractions are excited
by the development of a fluid in the animal ma-~
chine, which is conducted from the nerves to the
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muscles without the concurrence or action of
metals.”

Ezp. A. — In proof of this statement, Aldini
procured the head of a recently-killed ox. With
the one hand he held the denuded legs of a frog,
so that the portion of the spine still connected with
its lumbar nerves touched the tip of the tongue,
which had been previously drawn out of the
mouth of the ox (fig. 6.). The circuit was completed

by grasping with the other hand, well moistened
with salt and water, one of the ears. The frog’s
legs instantly contracted ; the contractions ceasing
the mstant the circnit was broken by removing
the hand from the ear.

The intensity of these contractions was much
increased by combining two or three heads so as to
form a sort of battery, just as Matteucci, forty

c 3
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vears afterwards, found to be the case with his
pigeon and rabbit battery.

Fzxp, B.— Aldini, having soaked one of his
hands in salt and water, held a frog’s leg by its
toe, and, allowing the ischiatic nerves to be pen-
dulous, he brought them in contact with the tip
of his tongue. Contractions instantly ensued
from a current of electricity traversing the frog’s
leg in its route from the external or cutaneous to
the internal or mucous covering of the body. By
this very interesting experiment Aldini demon-
strated the existence of the musculo-cutaneous
current, and completely anticipated its re-dis-
covery by Donn¢ some five and thirty years
after.

Aldini, in connection with this experiment,
declares that the pendulous nervous filaments
were distinctly attracted by the tongue; and to
this marvellous and hitherto uncorroborated state-
ment calls to witness the then physicians and
professors of Guy’s and St. Thomas’s Hospitals,
as well as two well-known fellows of this Col-
lege, Sir Christopher Pegge and Dr. Bancroft,
to whom he states he showed this experiment at
Oxford.

zp. C.—The proper electricity of the frog
was found by Aldini to be competent to the pro-
duction of contractions. For this purpose he
prepared the lower extremities of a vigorous frog,
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and, by bending up the leg, brought the muscles
of the thigh in contact with the lumbar nerves

(fig. 7.): contractions immediately ensued. This
experiment 1s now a familiar one, and has been re-
peated and modified lately by Miiller and others.

Ezp. D.— A ligature was loosely placed round
the middle of the erural nerves, and one of the
nerves applied to a corresponding muscle: con-
tractions ensued; but, on tightening the ligature,
convulsions ceased.

This statement is very important, as upon its
aceuracy or error depends what has been regarded
as one of the tests of the identity or diversity of
the electric and nervous agencies. It was re-
peated soon after Aldini’s announcement of the
fact by an TItalian physician of celebrity, Signor
Valli, who commenced his researches indeed in
1792, only a year after the publication of Gal-
vani’s discovery, and he found if the ligature were
applied near the muscle it did not allow the con-
traction to occur, but if nearer the spine it did not
prevent it.  T'his was afterwards corroborated by

Humboldt. I may here remark that it has been
e ¢
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since found by Prof. Matteucei, that, if care be
taken to insulate the nerve, a ligature does arrest
the contraction, as well as the passage of a very
weak artificial electric current.

Little occurred during the subsequent thirty-
five years to modify these conclusions or add to
their interest, repeated and extended by numerous
observers, especially by Humboldt, and more
lately by Miiller. They were almost lost in the
blaze of novelty surrounding the vast discoveries
made on the constitution of inorganie matter by
the magic pile of Volta, an instrument which, in
the hands of our late talented countryman, Sir
Humphry Davy, resolved many bodies previously
considered simple into their constituent elements,
and quite changed the face of chemistry ; and still
more recently, directed by the gifted genius and
vast attainments of a Faraday, has led to the
discovery of new sciences, and of properties of
matter before undreamed of; indeed, has pro-
mised to lay open to us the secrets of the working
of the invisible agents presiding over the ultimate
constitution of material masses.

I cannot in this place pass over in silence the
neuro-clectric theory of Galvani. He assumed
that all animals are endowed with an inherent
electricity appropriate to their economy, which
electricity, secreted by the brain, resides especially
i the nerves, by which it is communicated to
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every part of the body. The principal reservoirs
of this electricity he considered to be the fibres of
muscles, each of which he regarded to have two
sides in opposite electric conditions, He believed
that when a muscle was willed to move, the
nerves, aided by the brain, drew from the interior
of the muscles some electricity ; discharging it
upon their surface, they thus contracted and pro-
duced the required change of position. This
theory was adopted and defended by Professor
Aldini.

Valli, to whose experiments I have before re-
ferred, believed the neuro-electric fluid to be
secreted by the capillary arteries supplying the
nerves, by which it became conveyed to the
muscles, which he believed to be always in an
electric condition, the interior being negative, the
exterior positive. He also noticed the curious
fact, that in experiments on frogs, the nerves lose
their irritability to the stimulus of electricity at
their origin first, retaining it longest at their ex-
tremities; and on this hazarded an opinion that
probably the distal extremities are really the
origin of these structures. Both these state-
ments are of deep interest; the former from its
bearing on the late researches of Prof. Matteucei,
the latter from its curious connection with some
views of Dr. M. Hall, regarding the centripetal
origin of incident nerves.
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It may now be asked, what proof do we possess
that the action on the muscular fibre of a frog’s
leg, to which I have alluded, is really produced
by electric currents? It is true that this is gene-
rally taken for granted, but still it is important
to review our proofs. One great evidence in
favour of this opinion is at once found in the
fact, that contractions produced in frogs can only
be excited when connection iz made between a
nerve and muscle by a conductor of electricity,
all other bodies interfering with the production of
this phenomenon. The only thing amounting to
positive proof before the researches of Matteueci
is an experiment of Valli, in which he formed a
sort of battery of fourteen prepared frogs, and, by
the electricity thus accumulated, succeeded in
producing the phenomena of divergence in a deli-
cate electrometer. It is to be regretted that no
accurate account of this experiment has been left
on record; for, if true, it must be regarded as
most satisfactory in proving the identity of the
electricity of the frog with that obtained from
other gources,

The recent researches of Prof. Matteucei, of
Pisa, have, however, completely set this matter
at rest. He has incontestably proved that cur-
rents of electricity are always ecirculating in the
animal frame, and not limited merely to cold-
blooded reptiles, but are common to fishes, birds,
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and mammalia. From the researches of this phi-
losopher, it appears that a current of positive
electricity is always circulating from the interior
to the exterior of a muscle; and that although
the quantity developed is exceedingly small, yet
that, by arranging a series of muscles having their
exterior and interior surfaces alternately con-
nected, he developed sufficient electricity to pro-
duce energetic effects (fig. 8.). By thus arranging a

series of half thighs of frogs, he succeeded in de-
composing 1odide of potassium, in deviating the
needles of a galvanometer to 90° and, by aid of a
condenser, caused the gold leaves of an electro-
meter to diverge. When more delicate tests of
the electric currents were made use of, their ex-
istence was demonstrated in the muscles of all
animals, and even of man himself. Mr. Wilkin-
son, a gentleman whose very elaborate writings
all who devote any attention to these subjects
should carefully study (and who, at an advanced
age, is still living at Bath, in the enjoyment of
his well-earned reputation), in his ¢ Elements of
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Galvanism,” published in 1804, calculated that
the irritable muscles of a frog’s leg were no less
than 56,000 times more delicate as a test of elec-
tricity than that of the most sensitive condensing
electrometer.  Mr. Wilkinson found that two
pieces of zine and silver, each presenting a super-
ficial surface of 1l inch, produced violent con-
tractions in the leg of a prepared frog; whilst
two circular plates of zinc and copper required to
be brought twenty times in contact with the con-
denser, before any sensible divergence of the gold
leaves of an electrometer was produced. By
comparing the area of these plates, multiplied by
the number of contacts with the superficial sur-
face of the minute pieces of zine and silver em-
ployed to affect the frog’s leg, he arrived at the
conclusion I have just related.

Professor Matteucei availed himself of this cir-
cumstance in his contrivance of the frog galvano-
scope.  This is made, by skinning the hind leg of
a frog, and separating it from the trunk, taking care
to leave as long a piece of sciatic nerve projecting
as possible. The leg is then placed in a glass-tube,

Fig. 9.

the nerve hanging over (fig. 9.). In using this
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contrivance, all that is necessary is to let the piece
of merve touch simultaneously in two places the
part where electric condition is to be examined.
If a current exists, the muscles of the leg will
become convulsed at the moment of contact.

In this way the Professor detected a current in
man, by making a clean incision into the muscles
of a recently amputated limb, and bringing the
nerve of the frog galvanoscope in contact at once
with the two lips of the wound, contraction in-
stantly occurred.

In a recent paper, Matteucci has fully cor-
roborated the statement long before made by
Mr. Wilkinson of the marvellous sensibility of the
irritable muscles of the frog to the stimulus of
electricity. For even after an electric jar has
been discharged, and the two surfaces of the jar
repeatedly brought into communication, so as to
get rid of any residual charge, and lose all in-
fluence on the more delicate electrometer, its
electric equilibrium is still sufficiently disturbed
to readily excite convulsions in the frog-galvano-
scope.

In pigeons and fowls, as well as in eels and
frogs, currents were readily demonstrable ; indeed,
by alternating a series of the former by approxi-
mating their sides, the raw surface of the muscles
of which had been exposed by a quickly made cut,
Matteucei formed a sort of battery resembling that
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made of the thighs of frogs. The result of this
experiment has proved that energetic currents
existed in hot as well as cold-blooded animals:
indeed, more intensely, but very soon disappear-
ing on the death of the animal. These researches
completely corroborate the statements and experi-
ments of Aldini made many years earlier, espe-
cially that very remarkable one before alluded to,
in which he produced contractions of the legs of a
frog by bringing them in contact with the tongue
of an ox.

By means of the frog galvanoscope, not only
the existence, but the direction, of a current can be
discovered ; for if the leg be kept for a short time
before using it, so as to a little diminish its sensi-
bility, the muscles will contract on making contact
with the body under examination, if the positive
electricity passes from the nerve to the leg, whilst
it will contract on breaking contact if the elec-
tricity is moving in the opposite direction. Using
this delicate test for an electric eurrent, Matteucci
discovered that the intensity of such currents rises
in proportion to the rank occupied by the animal
in the scale of being, their duration after death
being in the inverse ratio. The Professor dis-
covered, that when a mass of muscle belonging to
a living animal, or one recently dead, was placed
in contact with a piece of wire so that one end of
it touched the tendon, and the other the body of
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the muscle, a current could always be detected
circulating in the mass in the direction from the
tendon to the external surface of the structure.
He further demonstrated the very important fact,
that every thing which decreases the vis vite of
the animal diminishes the evidence of electricity
immediately after death. Thus, when frogs were
killed by asphyxia, either by immersion in sulphu-
retted hydrogen, or water freed from air, the
electricity detected in their femoral museles sunk
to a minimum ; whilst the thighs of frogs whose
hearts had been previously removed gave less
evidence of the existence of this important agent
than those which had not been thus injured.

It is well known that certain fishes possess a
peculiar apparatus by which they are enabled to
accumulate the electricity developed by the vital
processez going on in their structures, and thus
produce the ordinarily recognised effects of tension,
as shown in the benumbing shock felt on grasping
a torpedo or gymnotus. This endowment is,
however, peculiar to very few creatures, and all
the electricity developed in the frames of other
organisms is only to be detected by comparatively
delicate tests. It is, however, very remarkable,
that in the batrachians generally, especially the
frog, an electric current, denominated by Mat-
teucel the * proper current,” possessing some ap-
proach to tension, and capable of deviating the
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LECTURE II.

Origin of Animal Electricity — In a State of Equilibrium — In a
dynamic State.— T'raced to chemical Action— Electrogenic Ef-
Jects of Respiration and Metamorphosis of Tisswe.— Of Decom-
position of Salts in the Body.— Electrolytic Efficts of such low
Curreats.— Formation of Ammonium.— Electrogenic Effects of
ehemical Union — Applied to the muco-cutaneous and museular
Currents. — Arrangement of acid and alkaline Fluids in musculer
Strueture.— Electrogenic  Effects of Evaporation — Of hetero-
geneity of Structure .— Function of Electricity — As a Cause of
Secretion, — Napoleon's Hypothesis.— Fuailure of Attempts to de-
tect Currents in the Nerves. — Electricity as a Cause of muscular
Contraction — Prevost’s and Dumas's Views — As the digestive
Agent — How far admissible. — Dependence of gastro-hepatic
Current on nervous Agency.— Mr. Baxter's Reseurches.— Theories
of Orioli, Meissner, and Herschel. —Zamboni's Piles. — Heputed
Influence of Electricity on the capillary Circulution,

IN my last Lecture I pointed out the universal
distribution of electricity in brute matter, and
exhibited some of its effects when its equilibrium
18 disturbed by mechanical, chemical, and thermal
influences, and then proceeded to demonstrate its
existence in living beings, and succeeded in ob-
taining it in a state of tension from my own body.
The great discovery of Galvani, and the more
recent researches of Nobili, Matteucei, and others,
next engaged our attention ; and, having adduced
D
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sufficient evidence of the existence of free elec-
tricity of varying tension in animal structure, we
are now prepared to grapple with the difficult and
interesting question which next arises,

Having demonstrated the existence of electricity
in the animal frame, what is its origin ? — whence
is it derived? If we for a moment animadvert
upon the facts already recounted, we find evidence
of the existence of electricity under two distinet
forms ; one, in which this agent is in a neutral and
static condition, that is, in a state of combination,
and therefore of rest, capable of being resolved
into its two component elements by various me-
chanical and chemical processes. This form of
electricity is possessed by the living fabric in ac-
cordance apparently with the general laws of the
universal diffusion of this agent throughout all
matter, whether dead and inert, or quick and
animated with the flame of life. It was this normal
compound that I decomposed by drawing a comb
through my hair, and the existence of one of whose
elements in a free state I demonstrated with the
electrometer. 'We have no means, in the present
state of our knowledge, of explaining the origin
of this electricity in the body, save by referring it
to the fiat of Omniscience.

There 13, however, another state in which elec-
tricity exists—a dynamic condition, electricity in
motion, or in the state of current. This, evi-
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dently, is not any thing superadded to the body,
but 1s merely the electricity normally existing in
a state of rest and neutral condition, decomposed
by some cause or series of causes, by which its
positive and negative elements are separated, their
attempt at reunion to reconstitute the neutral
electricity giving rise to the phenomena we have
been investigating. Let us now review some of
the processes going on in the body, which, from
their nature, appear capable of disturbing the
electric equilibrium which would, without their
influence, exist alike in the living frame as well as
in brute matter.

It 1s now an incontrovertible fact, that no che-
mical change can possibly oceur without a dis-
turbance of electric equilibrium, Let us, then,
ask what processes of this character are going on
in the body. The first in point of importance
that demands our attention, is the union of carbon
with oxygen, to form carbonic acid. We know
that, in the respiratory process, this acid, in the
form of gas, is, with aqueous vapour, evolved from
the lungs, in addition to a considerable quantity
which exhales with the perspired vapours from the
surface of the skin. It is nearly impossible to
determine the quantity of carbon evolved from
the body in combination with oxygen, with any
great accuracy ; but it seems pretty certain, that
about thirteen or fourteen ounces are thus got rid

D 2
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of in twenty-four hours. During this period the
greatest proportion is taken in with the ingesta
as mere carbon, and undergoes oxidation in some
part of the animal frame. By this union with
oxygen, carbonic acid is formed and evolved. Now
it is demonstrable, that, if we allow a piece of
charcoal to undergo combustion in connection with
the condensing-plate of a gold-leaf electrometer,
the gold leaves will soon diverge with free ne-
aative electricity, whilst the stream of carbonie
acid escaping from the burning charcoal ecarries
off with it free positive electricity. This observa-
tion we owe to M. Pouillet. It is true that the
carbon does not, during its union with oxygen in
the animal frame, become red-hot and burn with a
visible flame; but this does not constitute a serious
objection to our regarding the generation of car-
bonie acid as one source at least of the excitation
of free electricity, for the disturbance of electric
equilibrium in the burning charcoal does not de-
pend upon the licht and heat evolved, but from the
act of union of the carbon with the oxygen. It has,
indeed, been suggested by Mr. Wilkinson that the
act of respiration is essentially a galvanie operation,
and that the cells of the lungs in which the chemical
changes proper to this funection occur are ana-
logous to the prismatic cells or tubes of the tor-
pedo and other electric fishes. This idea is, I need
hardly say, not supported by any anatomical re-
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semblance between the organisation of the pul-
monic cells and the electric tubes of the torpedo;
but was evidently simply emitted as an hypothesis
necessary to the theory of animal heat promul-
gated by the very ingenious observer just alluded
to. We, however, must not forget that it is by
no means proved, that any union of carbon with
oxygen does oceur in the lungs: it is, indeed,
more than probable that this combination oceurs
most extensively in the systemic capillary system,
and that the carbonic acid exhaled in the act of
expiration is by no means to be considered as ex-
clusively generated in the lungs.

I have here only alluded to the oxidation of
carbon ; but we must recollect that hydrogen,
phosphorus, and sulphur — elements constituting
important and essential ingredients of our food —
are also thus burnt off and oxidated in the body.
These must, like the carbon, become by this very
act sources of free electricity. But a more im-
portant influence disturbing electric equilibrium
1 found in the series of decompositions which, in
the physiological condition of the body, are always
m action. It is impossible that any two elements
can be rent asunder without setting free a current
of electricity, which, insignificant as it might theo-
retically appear, is nevertheless competent to the
production of many important phenomena. As

one among many examples, I would cite the case
n 3
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of common salt, which plays so important a part
as an article of food, and for which perhaps alone,
of all condiments, an universal appetite exists. In
addition to the proportion of this substance which
enters the blood unchanged and becomes an ele-
ment of all the secretions, a part is decomposed,
and one element in union with hydrogen appears
as hydrochloric acid in the stomach; another, in
union with oxygen, constitutes, as soda, an im-
portant constituent of the bile. What, it may be
inquired, can be the influence of these apparently
infinitesimal evolutions of electric matter, evolved
thus from the resolution of a few grains of salt and
water into its elements ? But it is easy to produce
a mass of evidence to show that these small quan-
tities of electricity are more so in appearance than
reality. When we gaze on the electric machine,
and listen to the loud snapping, and observe the
brilliancy of its sparks, we are apt to fancy that
we are dealing with an energetic dose of the agent
in question; but all the electricity capable of
being evolved from a revolution of the plate or
cylinder of the most powerful machine, beautiful
and brilliant as may be the phenomena it de-
velopes, 1s incalculably less than that set free by
the decomposition of a drop of water or a grain of
salt, the real difference consisting in the state of
tension or elasticity of the evolved electricity.
Dr. Faraday has indeed rendered it probable, that,
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during the decomposition of nine grains of water,
an amount of electricity is thus set free far greater
than that which is called into terrific action in
the production of the vivid lightning-flashes and
appalling thunder-sound of the dread-inspiring
tempest.

But, to descend to positive proof, it has been
shown by Becquerel, and subsequently by myself,
in a paper read some years ago before the Royal
Society, that the electricity evolved during the
decomposition of a few grains of common salt was,
when properly managed, capable of producing
chemical changes which, in the hands of the illus-
trious Davy, required for their demonstration the
vast voltaic battery of the Royal Institution.
The element necessary for the production of these
phenomena, appears to be simply a weak current
with continuity of action.

Let me draw your attention to the glass vessels
before you, in which a few grains of common
salt have been undergoing decomposition during
the last few hours. The current evolved has
been made to traverse a solution of hydrochlorate
of ammonia. The result of this has been the de-
composition of the salt, and the evolution of its
curious theoretical base, the compound metal,
ammonium. It has in the central tube appeared
as an amalgam with mercury, a globule of which

had been previously entangled in the folds of the
D 4
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platinum conducting-wire. The compound here
appears as a gray ash-coloured sponge, like
spongy platinum, so light as to float in water.
And observe another effect of these weak cur-
rents: the amalgam remains in the midst of water
unchanged, whilst, under ordinary circumstances,
a moment’s immersion in that fluid is sufficient to
destroy it ; the weak current which produced it is
effective in retaining it unchanged. By un-
twisting a wire I cut off the current; chemistry
comes into play, the spongy amalgam vanishes

£ig. 10. * Battery or source of the electric current consisting
of: A, vessel containing solution of common sult; B, glass
cylinder, closed with a plug of plaster of Paris, and containing a
solution of sulphate of copper; C, copper plate; Z, zine plate,
* * Decomposing cell : D, vessel containing solution of common
salt, having a zine plate, E, immersed, and connected by a wire,
G, with the copper plate, C, of the battery; F, glass tube, closed
at the lower extremity with plaster of Paris, eontaining a solution
of hydrochlorate of ammonia, the amalgamated platinum wire
immersed in it passing through the cork, and connected with
plate, Z, of the battery. The direction of the positive current is
shown by the arrows.
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amidst a torrent of bubbles of hydrogen. Once
more let me unite the wires, the electricity from
the decomposing salt again traverses the solution;
again chemical forces are paralysed, and we shall
soon see the spongy amalgam of ammonium and
mercury reappear.

We have just noticed the fact that, under the
influence of a weak current, salts can be resolved
mto their component elements. In this way a
compound can be separated into its constituent
acid and base. Now, it is a remarkable fact, that
if an acid and alkaline solution be so placed that
their union be effected through the parietes of an
animal membrane, or indeed any other porous
diaphragm, a current of electricity is evolyed.
This fact was first noticed by Beequerel, and has
since been found to be true, not only with nitrie
acid and potass, during whose combination he
observed this disturbance of electric equilibrium,
but with all other acids and soluble bases. T am
anxious to demonstrate the accuracy of this state-
ment to you, although I fear the test I shall use,
the deviations of the needle of an astatic galvano-
meter, will not be visible to all. I have here a
glass tube closed at one end by an animal mem-
brane — a piece of bladder. I fill it with a weak
solution of soda, and immerse it in a glass vessel
containing some diluted nitric acid. The soda
and acid are gradually combining through the
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Fig. 11.

walls of the membrane. I now plunge a plate of
platinum into the acid, and connect the wire fixed
to it to one screw of the galvanometer. Fixing
the wire of a second plate to the other serew, I
plunge it into the alkali; the needles of the gal-
vanometer instantly start into motion, and traverse
a considerable are, pointing out the existence of a
current of positive electricity from the acid to the
alkali through the conducting-wires. Now, with
the exception of the stomach and cmcum, the
whole extent of the mucous membrane is bathed
with an alkaline mucous fluid, and the external
covering of the body, the skin, is as constantly
exhaling an acid fluid, except in the axillary and
perhaps pubic regions. The mass of the animal
frame is thus placed between two great envelopes,

Fig. 11. A, a glass vessel containing a solution of soda, in
which is immersed a tube, B, closed at its lower end by a piece of
bladder, and filled with dilute nitrie acid. Into these are im-

mersed plates of platinum connected by the wires, C D, with the
astatic galvanometer, E.
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the one alkaline and the other acid, meeting only
at the mouth, nostrils, and anus.  This arrange-
ment has been shown by Donné to be quite
competent to the evolution of electricity; and
accordingly he found that if a platinum plate con-
nected with the galvanometer be held in the
mouth, whilst a second be pressed against the
moist perspiring surface of the body, the needles
will instantly traverse, just as they did in the
experiment I have shown with the acid and
alkali. The current thus detected by Donné at
once explains the cause and confirms the accuracy
of the celebrated experiment of Professor Aldini,
to which I have already drawn attention. I re-
fer to that in which he excited convulsions in a
frog by holding its foot in the moistened hand,
and allowing the sciatic nerve to touch the tongue.
His curious experiment with the head of an ox
admits of a similar explanation,

A remarkably energetic current also can be
thus detected when the platinum plates are plung-
ed, one into the acid contents of the stomach of
an animal, the other into the alkaline secretion of
the liver. This gastro-hepatic current is of so
very remarkable a character that it will once more
occupy our attention.

Founded on the development of electricity by
the mutual reaction of acid and alkaline fluids,
Baron Liebig has expressed his opinion that the
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free electricity in muscular structures could read ily
admit of explanation. Every one is aware that
the blood, in a healthy state, exerts a decided and
well-marked alkaline action on test-paper ; now, it
is remarkable that, although a piece of muscular
flesh contains so large a proportion of alkaline blood,
still that when cut into small pieces and digested in
water, the infusion thus obtained is actually acid
to litmus paper. This curious cireumstance is ex-
plained by the fact announced by Liebig, that
although the blood in the vessels of the muscle is
alkaline from the tribasic phosphate of soda, yet
the proper fluids or secretions of the tissues ex-
terior to the capillaries are acid from the presence
of free phosphoric and lactic acids. Thus in every
mass of muscle we have myriads of electric cur-
rents, arising from the mutual reaction of an acid
fluid exterior to the vessels on their alkaline con-
tents. Whatever may be the ultimate destination
of this large quantity of electricity, it is at least
remarkable, that a muscle should be really an
electro-genic apparatus. The view of Liebig on
the condition of the fluid of muscles, curiously
helps in explaining the presence of electricity in
them, announced by Matteucci, although it has
been completely repudiated by that philosopher.
We have thus two sources of the electricity of
muscles — the effects of metamorphosis of effete
fibres on the one hand, and on the other the mu-
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tual reaction of two fluids in different chemical
conditions, It is certainly curious thus to find a

muscle, an organ long exclusively regarded as the
~ motor apparatus of the bony levers of our frames,
invested with new properties. Tts agency in
generating electricity can no longer be denied, and
I hope by and by to render it probable that the
seat of the generation of a portion at least of
animal heat is also in the muscles.

In the course of twenty-four hours, a consider-
able proportion of watery vapour exhales from
the surface of the body. This has been differently
estimated, and in all probability is liable to great
variation ; but from thirty to forty-eicht ounces of
water may thus be got rid of from the system.
The evaporation of this amount of fluid is suffi-
cient to disturb the electric equilibrium of the
body, and to evolve electricity of much higher
tension than that set free by chemical action. A
metallic cup, containing a few drops of water, is
placed on the electrometer before me. I now
drop in a piece of hot charcoal ; a cloud of watery
vapour is evolved, and the gold leaves instantly
diverge to their utmost extent with free negative
electricity. I think this evaporation may pro-
bably account for the traces of free electricity
generally to be detected in the body by merely
msulating a person and placing him in contact
with a condensing electrometer. Pfaff and Ahrens
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cenerally found the electricity of the body thus
examined to be positive, especially when the cir-
culation had been excited by partaking of alco-
holic stimulants. Hemmer, another observer,
found that in 2422 experiments on himself, his
body was positively electric in 1252, negative in
771, and neutral in 399. The causes of the
variations in the character of the electric condi-
tion of the body, admit of ready explanations in
the varying composition of the perspired fluid.
For if it contains, as it generally does, some free
acid, it, by its evaporation, would leave the body
positively electric; whilst if it merely contains
neutral salt, it would induce an opposite condition.
The accuracy of these statements can be easily
verified by means of the electrometer.

I really cannot help regarding the electricity
detected in this experiment by the electrometer as
actually due to simple evaporation—and 1 regard
this as a distinet case to the evolution of electri-
city of high tension in the hydro-electric machine
of Mr. Armstrong, which has been so satisfactorily
traced by Professor Faraday to the friction of the
steam-jet against the sides of the escape-pipe.

It is impossible to quit this part of my subject
without calling to mind the fact, that, indepen-
dently of combustion, chemical action, or evapo-
ration, the mere contact of heterogeneous organic
matters is competent to disturb electrie equilibrium.
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Thus a pile of alternate slices of muscular tissue
and brain, with pieces of wet leather interposed,
has been found by Lagrave to evolve electricity :
and Dr. Baconio, of Milan, has shown that a few
alternations of slices of beet-root and wood of the
walnut-tree were capable of setting free sufficient
electricity to excite convulsions in a frog when
conveyed to its muscles by means of a conductor
formed of a leaf’ of scurvy-grass. Matteucei has
thrown out the suggestion, that the organisation of
a muscle is possibly such as thus by heterogeneity
of structure to account for the development of
electricity ; he considers the analogy between the
voltaic arrangements and the constitution of muscle
to be complete, if we conceive the zine, or oxi-
dising plate, to be represented by the true fibre:
the platinum, or conducting-plate, by the sarco-
lemma; and the exciting fluid by the blood.

In summing up the foregoing facts, we are, I
think, justified in concluding that a mass of evi-
dence has been adduced demonstrative of the
actual existence of electricity in three states in
the body : —

Ist. In a state of equilibrium, common to all
Sorms of ponderable matter.

2nd. In a state of tension capable of acting on the
electrometer, giving to the whole body a generally
positive condition, and arising, in all probability,
Jrom the disturbance of the normal electric equili-
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brium by the processes of evaporation and respira-
tion.

3rdly. In a state of current, a dynamic condition,
arising from the disturbance of equilibrium by the
union of carbon with oxygen in the capillary system,
and from other chemical processes going on in the
body ; such currents, although suspected to be every-
where existing, having been actually detected between
the skin and mucous membrane, the stomach and
liver, and the interior and exterior of muscular
structures,

A difficult question now remains for us to
grapple with: having proved the existence of
electric eurrents in the animal frame, what is their
office ? what purpose are they destined to serve in
the animal economy? That they must have some
function to fulfil is obvious from their presence;
that such function, whatever it may be, is im-
portant will be at once conceded from their ex-
istence in almost every part of the body. We
know that nothing in the meanest element of the
universe is made in vain:; much less, then, can
the philosopher admit that the electricity existing
in the masterpiece of the Creator has not some
great and destined purpose. From the mysterious
character of the agent under consideration, from
the astounding effects it developes, from its simu-
lating some of the most oceult and remarkable
phenomena of the external world, the active ima-
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gination of the superficial as well as of the more
sober observer has always sought in electricity a
clue to most, if not all, of the functions of the
body. Some, indeed, have gone the dangerous
length of regarding electricity as the principle of
life itself, and have dared to place it on a level
with the divine essence, which, emanating from
the Creator, constitutes what, for want of a better
name, we call vitality. These pretensions have
been given to this agent from its effects when
made to traverse the muscles of recently killed
animals, but more particularly when conveyed
along the spinal nerves of a recently executed
malefactor. This, in the hands of Dr., Ure, in his
celebrated experiment upon the murderer Clydes-
dale, worked on the dead but yet warm corpse
a horrible caricature of life; by calling into vio-
lent contractions the muscles of the face, all the
expressions of rage, hatred, despair, and horror,
were depicted upon the features, producing so re-
volting a scene that many spectators fainted at
the sight.  But this experiment on the recently
exccuted murderer, striking as it was, merely
afforded an additional proof of the susceptibility
of the muscles to the stimulus of the electric cupe
rent; and, when divested of the dramatic interest
investing it, becomes not more remarkable than
the first experiment of Galvani on the leg of a
frog.
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Secretion and nervous agency have always been
the favourite phenomena which electricity has
been called in to explain, and with some consi-
derable appearance of probability. Dr. Wollaston,
thirty-six years ago, first suggested from the re-
solution of salts into their elements under the
influence of feeble currents, that secretion de-
pended essentially upon the electric state of the
secreting glands; he thus regarded the kidneys
as constituting the positive, and the liver the ne-
gative, electrodes of the electric apparatus of the
body. A curious anecdote is related of Napoleon,
who is said by Chaptal to have remarked, on
seeing the voltaic battery of the French Academy
in action, ¢ Voila, l'image de la vie: la colonne
vertébral est le pile, la vessie le pole positif, et le
foie le pole négatif.” We must admit that a great
hiatus exists in every argument which assumes
that nervous force and electricity are identical,
from the fact that, delicate as are our tests for this
agent, it has never been actually detected tra-
versing the nerves. It has indeed been stated
that on connecting needles plunged in the nerves
of a rabbit with the galvanometer, and exciting
the muscles of the limb to contract, eurrents have
been detected. Others observers of high repute
have stated that a steel needle plunged in a nerve
becomes magnetic during the contraction of the
muscle it supplies. Both these statements have
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been rigidly tested, and have been found utterly
unsupported by the results of careful experiment.
These failures must not, however, be admitted as
quite conclusive against the existence of electricity
in the nerves, although their structures are by no
means such good conductors as some other of the
animal tissues; for it has been well remarked by
Dr. Todd and Mr. Bowman, in their elegant and
elaborate work on physiological anatomy, that the
insertion of needles into the nerves is not a suf-
ficiently delicate means for collecting electricity,
if' such exists, for they can scarcely be expected
to pierce the nerve-tubes, but would sink in be-
tween them and the central axis, from which they
would be separated by the insulating matter of
Schwann. I shall, however, have again occasion
to return to this question.

I dare not occupy your time by an allusion to
all the hypothetical notions which have been pro-
mulgated regarding the part played by electricity
in the animal economy ; still there are two or
three which, as well from their ingenuity as from
the talent of their authors, well deserve a passing
notice. Among these, the supposed action of
electricity, as the agent which, by traversing the
nerves, induces the contraction of muscle, a theory
announced by Prevost and Dumas, stands fore-
most. It was assumed by these philosophers that

the nervous fibrille traversed a muscle in a direc-
E 2
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tion perpendicular to the arrangement of its fibres,
forming a series of loops, either by uniting with
each other or with a neighbouring nerve. On the
influence of the will being directed towards the
limb, a current of electricity was supposed to be
transmitted along the nervous parallel loops, which
would consequently attract each other, and of
course, on their approximating, cause contraction
of the muscle: this view is evidently founded on
the well known fact of currents moving in the
same direction attracting each other, which a single
experiment will easily demonstrate.

I have here a loose helical
coil of thin copper wire, sus-
pended from a metallic sup-
port. The free end dipping
into a cup of mercury. On
allowing an electric current &7
to descend the coil, the con-
volutions mutually attract each
other, and raise the end of the wire from the
ﬂlerﬂury.

It is hardly necessary to allude to the objections
which may be opposed to this most ingenious

Fig. 12. A, a loose helix of thin copper wire suspended from
a support, the free end dipping into a cup of mereury, and com-
municating by the wire, B, with one plate of a voltaic battery;
whilst, by means of the wire, C, the upper end of the helix is in
connection with the other plate,



AS THE DIGESTIVE AGENT. %

theory ; among the most serious is the fact that
more recent researches of physiologists have shown
that the views of its talented authors are not
consistent with a correct knowledge of the orga-
nisation of muscular tissue.

The influence of electricity as an agent in ex-
citing the function of digestion, fmd indeed,
enabling us in some degree to replace the wis
nervosa, transmitted by the pneumogastric nerves,
by a weak current, has been especially insisted
upon by Dr. Wilson Philip. This very indefa-
tigable observer made numerous observations on
this matter, and he succeeded in proving that when
in a rabbit that had just partaken of a hmrty meal,
the par vagum was divided on both sides, the food
remained in the stomach unaltered, whilst on al-
lowing an electric current to traverse the course
of the nerves to the stomach, digestion was ef-
fected. This is just what might, from what is
now known of the nature of digestion, have been
expected, and a very much less energetic current
than that employed by Dr. Philip would have been
sufficient.  For it is now pretty distinetly made
out that the function of digestion in the stomach
is an action allied to simple solution, of which
water —a proper temperature, and a free acid, the
hydroclorie, phosphorie, or both, are the active
agents. The feeble current from a single pair of

zinc and silver plates is powerful enough to fur-
E 3
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nish, in a short time, a sufficient supply of elee-
tricity to decompose some chloride of sodium or
common salt, and to evolve enough hydrochlorie
acid for the purpose of digestion ; and I shall have,
indeed, occasion to show in a future Lecture that
such a current, feeble as it is in point of intensity,
15 capable of producing most remarkable secondary
effects on living tissues, actually effecting very im-
portant chemical changes in the parts submitted
to its influence. It is true that objections have
been started to this theory, but my own impression
is that they are not sufficient to invalidate the
accuracy of Dr. Philip’s statements ; and although
I do not by any means consider we are justified in
admitting with him, that electricity is capable of
performing all the functions of the nervous influ-
ence in the animal economy, nor in regarding an
electric current as constituting the real digestive
agent, we nevertheless possess sufficient evidence
to induce us to regard a current of electricity as
the means by which the saline constituents of the
food are decomposed, and their constituent acids,
the real agents in digestion, set free in the
stomach. The soda of the decomposed salts being
conveyed to the liver to aid the metamorphosis
and depuration of the portal blood, and cause the
separation of matter, rich in carbon, in the form
of a saline combination in the bile.

It 1s remarkable that, although nothing is more
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frequently lauded than the certainty of the evi-
dence of natural truths, and although it would
appear a simple thing to describe with fidelity
and aceuracy the results of experiment and obser-
vation, still an observer has scarcely had time to
announce his discoveries and array his phalanx of
facts in a resistless manner as he supposes, before
some other person repeats his experiments, and,
perhaps, announces that he has obtained exactly
opposite results; such has been the case with Dr.
Philip’s observations. ~ Mr. Broughton, in par-
ticular, obtained nearly directly opposite results.
Others have again repeated their experiments, and
have sufficiently corroborated the results of the
doctor’s researches on the effects of division of the
pneumo-gastric nerves in arresting the digestive
process : the influence of the electric current in
developing this function after division of the nerves
is, however, variously reported. Now, most cer-
tainly these discrepancies cannot be admitted as
furnishing any thing valid against Dr. Philip’s
views, unless, in addition to the use of the bat-
tery, the direction of the current was distinctly
indicated ; for unless the positive current entered
the stomach, it would not cause the separation of
free acid; as, if the negative fluid entered, free
alkali would alone be developed.

There is, in connection with this hypothesis, a

most interesting and important observation of
E 4
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Professor Matteucei, to whose ingenuity and pa-
tience we are so largely indebted : this philosopher
introduced a plate of platinum into the stomach of
a living rabbit, placed another on the liver, and
connected both with a galvanometer ; the needles
instantly traversed an arc of 20° proving the ex-
istence of a powerful current between the liver
and stomach. This, it may be observed, shows
the existence of a current, but does not prove
whether it is to be regarded as an effect or a
cause of the chemical changes alluded to; for it
has been already shown, that when an acid and
alkaline fluid are separated by permeable struc-
tures, they actually develope a current of elec-
tricity ; and as the stomach contains an acid, and
the liver an alkaline secretion, this might afford an
explanation of the current observed by Matteucei ;
and had the experiment ended here, this plausible
objection would have been a fatal one. DBut the
nerves and vessels passing into the abdomen were
divided above the diaphragm, and in an instant
the needles of the galvanometer deviated to 3° in-
stead of 20°; and on cutting off the head of the
rabbit by a sudden blow, even this little deviation
nearly completely vanished. Nothing could be
more conclusive than this experiment in proving
that the electric current was the cause, not the
effect, of the chemieal metamorphosis of the saline
ingesta, whose decomposition furnished acid to the
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stomach and alkali to the liver. Very recently,
In a very interesting communication to the Royal
Society, Mr. H. F. Baxter has brought forward
much and very satisfactory evidence in corrobora-
tion of this very interesting observation. He has
shown that the only condition necessary to insure
accurate and satisfactory results is, to use suffici-
ently large platinum plates for the purpose of col-
lecting the electricity of the organs under ex-
amination. If mere wire points be plunged into
the liver and stomach, the galvanometer is often
quite unaffected, whilst it readily indicates the ex-
istence of a current, if plates of platinum be sub-
stituted for the points. The immediate source of
this free electricity is still involyved in mystery ;
however rich in conjecture, this most interest-
ng subject is still poor in any thing approaching
to a satisfactory hypothesis deduced from extended
observations.  Still it can hardly be doubted that
one of the causes which we have already examined
1s competent for this purpose; but then there re-
mains the difficulty of pointing out the route taken
by the current to reach respectively the liver and
stomach, for the pneumo-gastric nerves, at least in
man, cannot, from their anatomical distribution,
explain this. Is it improbable, I would venture
to suggest, that the ganglionic nerves may be
more immediately concerned ? Does the positive
current pass from the solar plexus to the stomach,
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and a negative current to the liver? or do the
organic nerves alone supply the latter, and the
pneumo-gastric the positive current? All here is
doubt and uncertainty, and such must remain
until more careful investigations have cleared up
the obscurity. All that is certain is:—

Ist. That an electric current does exist between
the stomach and liver, which nearly ceases on
division of the nerves, and completely so with the
death of the animal.

2ndly. That this current ig in all probability
competent to the evolution of sufficient free acid
in the stomach to enable digestion to go on, an
equivalent of soda being determined to the liver.

3rdly. That cutting off the nervous supply
equally arrests digestion and stops the electric
current.

4thly. That on allowing an artificially excited
current to enter the stomach, after division of the
nerves, the chemical changes necessary to diges-
tion, to a certain extent at least reappear.

Mr. Baxter has rendered it highly probable,
that in a living animal, whenever a platinum
plate, connected with a galvanometer, is placed in
contact with the mucous membrane of any part
of the alimentary canal, and another immersed in
the blood escaping from the wounded vessels in
the immediate vicinity, an electric current can
always be detected. It hence appears that in



THEORIES OF ORIOLI AND MEISSNER. 59

all cases the secreted matters are always in an
opposite electric state from the blood whence they
were generated. The electric currents thus de-
rived are strictly physiological, and cease on the
death of the animal.

An Italian philosopher of celebrity, Signor
Orioli, has hazarded a remarkable theory, which
assumes that all the manifestations of life are
actually dependent upon a series of galvanic com-
binations, existing in every organ in the body.
He, indeed, regards every glandular organ espe-
cially, as made up of a series of such combinations
and developing different polarities; he thus as-
sumes that the stomach, kidneys, and skin are by
such an arrangement rendered energetically elec-
tro-positive, whilst the liver and general expanse
of mucous membrane are as powerfully clectro-
negative. He goes further, and has founded a
sort of system of therapeutics on these views;
for, believing that disease depends upon an exces-
sive, diminished, or abnormal excitation of the
electric polarities of the respective organs, he
proposes to treat their several morbid conditions
by artificially removing their unnaturally electric
conditions.  Orioli’s views differ from the very
remarkable ones promulgated by Meissner, who
fancied that during respiration the blood became
charged with electricity, which was then distri-
buted by the par vagum and sympathetic nerves
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to the great nervous centres. Thus becoming
charged, the brain is supposed to excite the action
of any organ, by giving a spark to the nerve
supplying it. The electricity thus transmitted to
the muscles forms around their fibres a kind of
atmosphere. Becoming similarly electrified, the
fibres repel each other separately in the middle
of the muscle, and thus by approximating their
ends cause the structure to contract. This very
pretty theory has unfortunately no support be-
yond the fertile imagination of its ingenious
author.

Sir John Herschel, in his exquisite Discourse
on the Study of Natural Philosophy, has beauti-
fully expressed the possible relation between gal-
vanic electricity and the vis nervosa, and hints at
the brain being either the organ of secretion,
or at least of the application of this agent:
adducing in illustration the dry piles, as they
are termed, of De Lue and Zamboni, and re-
marks, that ¢ if the brain be an electric pile
constantly in action, it may be conceived to dis-
charge itself at regular intervals, when the tension
of the electricity reaches a certain point, along
the nerves which communicate with the heart,
and thus to excite the pulsation of that organ.”
By the ““dry pile” a ball may be kept in motion
for many years, without any obvious waste of
power, and some analogous arrangement would
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constitute the most constant and economic primum
mobile of a moving organ which the resources of
limited human reason can suggest. Dr. Arnott
has also hinted at some such cause being the
active agent which keeps up the regular pulsations
of the heart.

It is indeed remarkable what an enormous
quantity of electricity of high tension is developed
by the piles here alluded to. I have one before
me consisting of 1200 alternations, made by
superposing 400 pieces of paper covered on one
side with tinfoil, and on the other with black
oxide of manganese. The upper end of this is
always charged with negative, and the lower with
positive electricity : and this little apparatus will,
for many years, remain a constant source of free
electricity.

Founded on the general law, that bodies simi-
larly electrified repel each other, an hypothesis
has been broached, that the ecirculation in the
capillaries is greatly aided by the electric state
of the blood. It has been long known that if a
vessel containing water, having a very small hole
in its base, be connected with the prime conductor
of an electric machine, the water will merely
escape gultatim ; but on setting the machine in
action, the particles of water becoming similarly
electrified repel each other, and the fluid escapes
in a continuous stream. In accordance with this
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fact, it was long ago shown, that if a patient have
a vein opened in the arm, and the blood happen
to escape but sparingly, on placing him on a glass
stool and electrifying him, the blood will, like the
water in the vessel just alluded to, escape pleno
rivo. 'There has always been a difficulty in ex-
plaining the capillary circulation. Many have
questioned, and with reason, the possibility of the
injecting force of the heart being competent to
exert its influence through the minute blood-
channels of the body. The electric hypothesis,
to which I have just alluded, would certainly to a
oreat extent meet the difficulty, but must at pre-
sent be admitted with caution in the absence of
absolute proof, however much probabilities may
be in its favour. For it must be recollected that
when a body is electrified, its electricity is collected
on its surface, and does not extend into its interior ;
thus, if a person on a glass stool be connected
with the prime conductor of a machine, evidence
of free electricity can be obtained from every
part of his surface; but none from the inside
of his mouth for the reason just stated. So the
escape of the blood from the vein of an electrified
person may indeed be rendered more rapid, with-
out affording the slightest proof that the circula-
tion of the blood in the interior of the body
had become influenced.



63

LECTURE IIL

Source of Animal Heat. — Chemical Theories alone incompetent, —
Sir B. Brodie's Experiments, — My, Wilkinson's Ezxperimenta.
— Difficulties to Chemical Theory from the Food — From In flam-
mation.— Electricity as one Source of Heat.— Excitation of Heat
by Muscular Contractions. — Development of Electricity by Mus-
cular Contractions, — Mr. Raymond's Researches. — Dy, Puris's
Researches. — Question of Connection between Electricity, Mag-
netism, and Vis Nervosa. — Theory of Vis Nervosa, — Induced
Contractions. — Matteucel's Researches. — Liamagnetic Pheng-
mena, — Action of Artificial Currents on Animal Tissues On a
Liece of Nerve. — Museular Contractions excited on stopping «
Current. — Dr. M. Hall's Eleetro-genesis — Referred to a Polar
State.— Electric Tetanus. — Centrifugal Current excites Motion :
Centripetal, Sensation. — Sympathetic and Idio-pathic Shocks, —
Ecxcitation of Nerves of Special Sense. — Effects of Current on
the Intestinal Tube — On Muscles — On Skin,

HAVING examined the question of the origin of
the free electricity of the body, and reviewed the
different modes by which the state of normal
equilibrium can be disturbed, we passed to the
investigation of the possible office of such free
electricity, whether existing in a state of current,
or in a statical condition. Having criticised some,
and briefly glanced at others, of the many ingenious
electro-physiological hypotheses which have been
proposed, I shall next endeavour to intg}ﬂuﬂg- to
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your notice some suggestions (for I dare give them
no other name) regarding the functions of the
electricity of life.

The great interest attached to the question of
the source and origin of animal heat has led to
numerous and important researches directed with
a hope of elucidating the laws of its development,
and of discovering its source. It is unnecessary to
state that the chemical theory which refers the evo-
lution of animal heat to a sort of slow fire in the sys-
tem from the unionof carbon and oxygen, the former
derived both from the ingesta and effete tissues, is
the one now generally adopted. This theory, the
early development of which we owe to the labours
of Laplace and Lavoisier, has been ingeniously
illustrated and much extended by the fertile and
brilliant talents of Baron Liebig. This celebrated
chemist, although he has not added any new facts
of importance to those first announced by the
French chemists, has nevertheless rendered it
more attractive and more plausible by the colla-
teral support he has given to it in its relation to
the chemistry of the body generally. From his
caleulations it would appear, that the heat gene-
rated by the combustion of the carbon in the body
in twenty-four hours would be sufficient to raise
1368 pounds of water from the freezing to the
boiling temperature, It must not be foreotten that
two trustworthy observers had, long prior to the
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publication of Liebig’s views, submitted this
matter to the rigid test of experiment. And it
18 obvious that the mere assumption adopted by
Professor Liebig, that the carbon of the food is
oxidised in the system, and that from its weight
the amount of heat evolved could be calculated,
however ingenious and captivating, must give way
to sober experiment, if the results are not com-
patible with the hypothesis. Dulong and Des-
pretz performed their experiments independently
of each other, and it is no less remarkable than
satisfactory, that they arrived at very nearly the
same results by actually measuring the amount
of heat generated by a warm-blooded animal in a
given time. Dulong thus positively proved that
the combustion of the carbon of the food would
only account for half the caloric evolved by car-
nivorous, and for seven-tenths of that evolved by
herbivorous animals; and even when the hydrogen
was taken into account, full one-fourth was left
unaccounted for.  Laplace, Lavoisier, and Liebig,
in adopting the chemical theory of the evolution
of animal heat, took no notice whatever of the
nervous agency. Now, I think no one can deny
the influence of the nervous system in aiding, to
say the least, the evolution of animal heat. Some
have, indeed, gone so far as to regard this heat
as a sort of secretion from the nerves. Modern
physiologists have so well treated of this matter,
P
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and have so satisfactorily shown that we must not
neglect nervous agency in explaining the genera-
tion of heat, that it is unnecessary for me to allude
to it: the pages of Dr. Baly’s excellent edition of
Miiller’s great work, and the volumes of Dr.
Carpenter, have made this subject familiar to all.
Sir Benjamin Brodie long ago demonstrated the
fact that, when an animal was killed by dividing
the spinal marrow, and artificial respiration main-
tained, all the chemical changes went on as usual ;
the venous blood became arterialised in the lungs,
the heart continued to beat with vigour; but in
spite of all the elements required for the chemical
theory of respiration and animal heat being pre-
sent, the body cooled actually quicker than that of
another animal killed at the same time, but not
submitted to the influence of artificial respiration.
These experiments were many times repeated on
several animals,and invariably with similar results.
I think no one can read Sir Benjamin’s paper in
the Philosophical Transactions of the Royal So-
ciety for 1811, without regarding them as most
conclusive. I am aware that experiments since
performed by others have been said to invalidate
some of the conclusions from these researches
but even if this be admitted, still his main facts
remain uncontroverted, and, as Miiller has ob-
served, are convincing ; they have besides been
corroborated by the more recent rescarches of |
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Chaussat. There is indeed, in the present day,
too great a tendency in our profession, as well
as in the world generally, to rashly adopt opinions
tending to oppose previously received views. There
may be something in the charm of novelty, but
it does not necessarily follow that the most recent
statements are of greater value than older ones,
unless they are supported by the authority of more
careful observation and more extended experience.

The amount of heat required to keep up the
temperature of the body to its healthy average
is more considerable than, on a superficial view,
might appear necessary, and is well illustrated
by Mr. Wilkinson’s experiments, performed more
than forty years ago. This gentleman placed in
a large vessel a quantity of water heated to 98°
of about his own bulk, in all twenty gallons, the
thermometer standing at the time of the experi-
ment at 66°, the temperature of the water being
consequently 32° higher than that of the atmo-
sphere. In forty minutes the water cooled to 907,
having lost eight degrees of heat; but to restore
its former temperature required the addition of
thirty pounds of water heated to 212°; and to
keep it at 98° or the temperature of the body,
the addition of two pints of boiling water each
minute was absolutely necessary. On repeating
this experiment when the temperature of the air
was 51°% it required the addition of 41 pints of

F 2
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boiling water per minute to keep it up to the tem-
perature of the body. What must, then, be the
amount of heat required to preserve the normal
temperature of the human body when exposed to
the frozen air of Siberia or Spitzbergen? On the
hypothesis of Professor Liebig, the difficulty is
supposed to be met by the larger proportion of
carbonised food, as fats and oils, consumed by the
natives of the frigid zones, thus supplying more
fuel for the generation of animal heat. This,
however, does not in any way explain the diffi-
culty : for an Englishman traversing the polar ice
will have his body of the same temperature as
the Greenlander, at least for any thing we know
to the contrary, and still without partaking of
the train-oil in which his companion luxuriates.
Again, the natives of more sunny climes often
partake of more fatty and greasy matters than the
inhabitant of cooler climes; the Sicilian and Nea-
politan, even under their own sunny skies, far
exceed the Englishman in the mass of oils and
orease they devour, and yet we have no evidence
that their temperature is influenced by it. The
rein-deer seeks its meal of lichens beneath their
snowy covering, and yet on this nearly fat-free
food maintains its temperature. Again, this
theory does not explain how a person preserves
the same temperature, although perhaps in the
course of a few days, and under similar circum-
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stances, he is exposed to all the range of tem-
perature the variable clime of Britain can subject
him to. All these facts (for they are facts, and
not assumptions) show that the mere act of the
generation of carbonic acid and water quite fails
to account for more than a part of the animal
heat.

Pathology, too, furnishes some difficulties to
the admission of the combustion theory as the
sole exponent of the evolution of heat. Thus, in
local inflammations, as of a small gland, ending in
a few days by resolution unaccompanied by any
evident destruction of tissue, a large quantity of
heat is evolved, which appears to me not to admit
of explanation withont referring to something
beyond the chemical theory. I find a curious
observation on this matter placed on record by
Professor Thompson, of Glasgow, in the Annals
of Philosophy for 1813. This gentleman took cold
from sitting for some time without removing his
wet shoes, and the result was a throbbing pain in
the right groin, and an inflammatory swelling of
the inguinal glands.  He constantly applied, for
four days successively, cloths dipped in cold
water, removing them when they became dry and
warm; the swelling then disappeared, and the
doctor got well. He, however, calculated the
amount of heat evolved by this small inflamed

and painful spot, and found that it was sufficient
F3
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to have raised eight pounds and a half of water
from the temperature of 40° to a boiling heat.

As there remains a certain portion of animal
heat to be accounted for beyond that which the
oxidation-theory will explain, I venture to throw
1t out as at least a probable hypothesis that this
may be one of the functions of the electricity ge-
nerated by the chemical changes going on in the
organism. Admitting the existence of electric cur-
rents, which, I think, from the data now collected
cannot be denied, they must of necessity traverse
some of the tissues of the body. We know,
from Matteucci’s researches, that they traverse
the muscular substance, and have seen how pro-
bable it is, that, if not really transmitted along the
nerves, such currents are propagated under their
influence. Now, if such currents, however weak,
do thus traverse animal structures, they must of
necessity elevate their temperature: they cannot
pass through them without doing so. You have
seen how readily a comparatively weak current
will ignite a platinum wire; but it may be said
this wire is a good conductor, and allows electric
discharge to take place readily through it ; but no
such metallic conductors exist in the body. This
15 true: but it really appears that the less per-
fect the conductor — the greater the obstruction
(within certain limits) opposed to the passage of
the current — the more readily are calorific vi-
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brations produced. Nay more, if electricity pos-
sesses high tension, and is small in quantity,
it developes but little heat, seeming to pass with
too great rapidity to disturb the ineftia of the
interstitial ether; just as a bullet fired from a
rifle will perforate, without moving, an open door,
whilst the same bullet thrown from the hand
would instantly cause it to move on its hinges.
Thus the really bad-conducting nature of the ani-
mal tissues better fits them for becoming elevated
in temperature by the passage of a current.

On the table before me is placed;some gun-
powder, and I transmit the charge of an electric
jar through it by means of a good conductor — a
piece of copper wire: the powder is scattered
about, from the violence of the discharge, but
escapes combustion. I will now send a discharge
through some more gunpowder; but, instead of
using a good conductor, will cause the electricity
to traverse a piece of string moistened with water.
In an instant you see the gunpowder explode.
The piece of wet string here undoubtedly acts by
retarding the velocity of the discharge, and thus
giving time for the excitation of calorific vibra-
tions. A piece of muscle or nerve would have
produced similar results. We do not, however,
meet in the human body with electricity of such
high tension as that contained in a charged jar:

but there is no difficulty in proving that the same
F 4
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law obtains with electricity evolved by chemical
action.  On the table are two glasses connected
by a bent piece of palladium : one of these is filled
with an excellent conducting-fluid—mercury ; the
other with a weak solution of common salt, to
represent an animal secretion. I now cause a
current of electricity, evolved by the decomposi-
tion of some nitric acid in these cells, to traverse
these two fluids, and you will soon observe that
the water will nearly boil, whilst the mercury
will be scarcely warm. On bringing a piece of
phosphorus near the vessel containing the latter,
it is unaffected ; but the moment it touches the
former, it bursts into flame. From these and
other analogous facts, I think it is rendered pro-
bable that the amount of animal heat generated in
the body, plus that which can be accounted for by
the combustion theory, is really excited by the
passage of the electric currents, whose existence
we know has been positively made out in the dif-
ferent tissues of the body. In this way I conceive
_the heat produced by muscular contraction can
be fully accounted for. By means of a thermo-
electric combination, not thicker than an ordinary
acu-puncture needle, which could be easily intro-
duced into a limb, M. Becquerel found that, on
contracting the muscle into which it was inserted,
as in the case of the biceps, by bending the arm,
an elevation of temperature occurred sufficient to
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cause the needles of a galvanometer to traverse an
arc of 0'5. This generation of heat could not be
accounted for by a greater determination of blood
to the muscle; for, during the act of its con-
traction, circulation is retarded through it; mnor
do I see any means of accounting for it without
assuming some mechanical cause, unless 1t be
admitted that, to effect the violent contraction, a
greater amount of nervous energy is developed
in the nervous fibrille, and disturbs the electric
equilibrium of the surrounding tissues, just as
occurs when a magnet is thrust into a coil of
wire ; the circulation of such currents in the mus-
cular structure would most certainly generate
heat, just as they do when traversing water or
other imperfect conductors. In this way, I pre-
sume, we can explain the mode in which we
constantly observe coachmen in the winter thaw-
ing their half-frozen arms by a series of violent
contractions of those limbs.

It is well known that the temperature of a pal-
sied limb is inferior to that of a sound one. Mr.
Earle found the temperature of a paralysed arm
to be 70°, whilst that of the sound one was 92°;
but, on electrifying the affected limb, the tem-
perature rose to 77°.

We possess some evidence in direct corrobora-
tion of the opinion, that determination of nervous
energy to a muscle when excited to contract, is
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competent to effect the disturbance of its elec-
tric equilibrium. M. Du Bois Reymond has
stated, that, when the hands are immersed in two
basins of water, in communication with the coil
of a very delicate galvanometer, and the muscles
of one arm suddenly contracted, a current of
electricity is developed, and is detected by the
movement of the magnetic needles. These re-
searches have been repeated and varied by M.
Despretz, who made a report upon them to the
French Academy. He found that when a cylin-
der of platinum, or any other metal, in commu-
nication with a galvanometer, was held in each
hand, and the fingers of one hand suddenly con-
tracted, so as to grasp the cylinder tightly, the
needles of the instrument immediately deviated
often as much as 90°. The galvanometer he
employed was exceedingly delicate, its wire coil
being composed of 1800 convolutions. Unfortu-
nately the sources of fallacy in these very delicate
rescarches are so numerous, that it is scarcely
possible to guard against error; and M. Becquerel
has expressed his belief that the action of the cu-
taneous perspiration on the metals of the con-
ductors, will explain these imaginary muscular
currents. I confess that I cannot think this con-
clusion quite just; for when the conductors are
held lightly in the hands, no current is detected ;
it is only when the muscles of one arm or hand

.11."
S
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are violently contracted, that the galvanometer
needles indicate the disturbance of electric equi-
librinm,

Although not immediately connected with the
subject now under consideration, I could not with-
out regret avoid drawing the attention of the
members of the College to the very ingenious
and, to my mind, very probable suggestion made
eicht-and-thirty years ago by our present illus-
trious president, regarding what may be denomi-
nated a mode of economising a portion of the
animal heat. From a series of experiments, he
found that, as a general rule, the capacity of the
fluid excretions for caloric was less than that of
the blood from which they were secerned; in
other words, that a smaller amount of heat was
required to raise them to the same temperature.
He thus rendered it probable that, whenever the
liver separated bile, and the kidneys urine, from
the blood, these new fluids, although possessing
the same temperature as the pabulum from which
they were formed, yet really contained a less abs-
tract proportion of caloric, and, as a necessary
result, a certain amount of heat would be rendered
sensible, and must materially aid in preserving the
temperature of the body. This opinion, alike
remarkable for its beauty and simplicity, has
been most unaccountably overlooked by most late
writers on physiology, for the experiment on
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which it was based remains unaffected by the
sources of error which have been shown to invali-
date the nearly cotemporaneous hypothesis of Dr.
Crawford.

In concluding my remarks on the physiological
relations of electricity, I feel that, although a
probable, yet by no means a positive, case is
made out for its being regarded as the nervous
agent, simply from the fact that we have not
vet actually intercepted it in its presumed route
through the nerves; still, I do not think that all
the objections which have from time to time been
urged against such a view are by any means ten-
able. 'We do not contend for the existence of
currents of high tension in the body, and hence
the objection that nervous force is stopped by
placing a ligature on the nerve, whilst electricity
is not, falls to the ground ; for, as I have already
shown, such currents, if of low tension, and the
nerve circulated, are really thus stopped by a
ligature. Another objection appears at first sight
more plausible: if the trunk of a nerve be di-
vided in a living animal, we know that the limb
to which it is distributed becomes paralysed. It
has been said that, if the vis nervosa and elec-
tricity were identical, the paralysis ought to dis-
appear on uniting the divided ends of the nerve
by means of a piece of wire or other conductor
of electricity, which is well known not to be the
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case. In reply to this and other such objections,
the same answer may be given, that it is true,
that, although we can prove the existence of elec-
tric currents in many of the tissues of the body,
yet 1t is not contended that such currents are really
absolutely identical with vis nervosa, but all that is
assumed 1s, that they bear to each other the rela-
tion of cause and effect. When an electric current
traverses this helix of wire it makes the iron bar
placed in its centre a powerful magnet; yet no
one contends that electricity and magnetism are,
as forces, one and the same thing, but merely that
they bear to each other the ratio of cause and
effect. If I connect the magnet thus made with
another bar of iron by means of a copper wire
or any other conductor of electricity, it does not
render it magnetic. Nor does any one express
surprise at this; because, although electricity can
traverse such a conductor, the new force we have
developed, magnetism, cannot. Yet this is an
analogous case to the objection urged against the
idea of nervous force being generated by elec-
tricity, because we cannot renew it in a paralysed
limb by uniting a divided nerve by means of a
piece of wire. I confess I have a presentiment
that one of the greatest philosophers of the age
was correct when he remarked, if magnetism be a
higher relation of force than electricity, nervous
power may be one still more exalted and within
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the reach of experiment. I am willing to admit
that we do not possess a tittle of evidence to
prove the existence of electric currents in the
nerves themselves, although we know most posi-
tively that such currents exist in most other of
the animal tissues, and that, further, in certain
cases, their existence depends upon the integrity
of the nerves: witness the cessation of the gastro-
hepatie current upon the division of the pneumo-
gastric and sympathetic nerves. Taking for a
moment the analogy presented by the electro-
magnet, a current of electricity of low tension
traverses a wire arranged at right angles to the
long axis of a bar of soft iron, and it instantly
becomes a magnet of immense power. In an
instant you see the bundle of iron wire suspended
over the bars before me start as it were into life,
and, after a few hasty vibrations, assume a fixed
position over the poles. There is no visible con-
nection between them; and yet, if I foreibly press
one end of the bundle of wire, I feel an obstacle to
moving it ; and on resuming the force applied, it
instantly returns to its position. On allowing the
current to cease, the induced power vanishes, and
the suspended wires obey the tension of the
thread. There is, in fact, a radiant power ema-
nating from the ends of these bars when the
electricity traverses the wire coil. The direc-
tions of such lines of force are beautifully pointed
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out by scattering some iron filings on a piece of
paper held over the magnet thus made by the
current. Thus we can prove the development of

a force in these bars of iron under the influence
of electricity, albeit none of that agent entered
the bars. DBut this is not all; the magnetism
thus excited by electricity can, in its turn, re-
excite that agent. There is no difficulty in prov-
ing this in a most unequivocal manner. Thus I
will excite magnetizm in the bars before me, con-
nect the poles with a bar of soft iron, and turn off
the electric current. The magnetism will be in
part retained as long as the poles are thus con-
nected ; but the moment I slide off the armature
the magnetism vanishes, almost all polarity having
disappeared. Now, during the restoration of this
magnetic equilibrium and the return of the bars
to their passive condition, a contemporaneous dis-
turbance of the electric equilibrium of the convo-
lutions of wire wound on the iron bars occurs. I
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will now render the bars magnetic, connect the
poles with the armature, break the battery con-
nections, and place the terminal wires of the coil
surrounding the bars in connection with the large
aalvanometer at the other end of the table. The
needle is now at rest. DBy sliding the armature
off the poles, I destroy the magnetism, and in an
instant the galvanometer needle moves on its
axis through an arc of 90° demonstrating the
truth of the assertion I made. Thus, then, an
electric current excites magnetic force, and a
magnetic current in its turn excites electricity.
Let us, then, see what light analogy can throw -
on the connection of electricity with the nervous
influences; and I would ask, May not one of the
uses of the electricity so freely developed in the
body, especially that existing in the muscles, be to
excite in the nervous cords the vis nervosa, just as
currents, if passing near a bar of iron at right
angles to its axis, excite magnetism ?  May not this
vis nervosa, or nervous polarity, excite the contrac-
tion of a muscle without actual contact with its
Sibres ( for we know that the fibrille of nerves lie
upon, but do not communicate with, the ultimate
fibres of muscle), just as the invisible lines of force
emanating from the bars of a magnet act upon the
suspended bundles of wire or iron filings ? Lastly,
may not such nervous force again induce electric
currents in any glandular or other organs, just as
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magnetism in motion will re-excite electricity ? thus
accounting for what cannot be questioned, the e~
istence of electric currents in certain organs, exclu-
swely excited by, or depending for their existence
upon, the integrity of the nervous influence of the
part.

I feel that all this is mere hypothesis, but I
think it a plausible and probable one; and beljey-
ing that the vis nervosa is not electricity, although
developed under its influence, I suggest it on the
strong grounds of analogy, with a firm expecta-
tion that the time will come when some such view
will be shown to be correct.*

* Since this Lecture was delivered at the College, Professor
Matteucci has laid before the Royal Society some further ob-
servations, in which he has arrived at conclusions strongly corrobo-
rative of the statement I then ventured to make. He says : —

“ We have thus every reason to conelude that the electric organ
of the torpedo, and of all the electric fishes, is composed of a
great number of elementary organs, and that the elementary
organ is nothing else but a nervous fibril in contact with a small
cell filled with albumen. And since this cell gives an electric
shock when it is subjected to nervous action, we are compelled
to admit, that under nervous influenee the two opposite electricities
separate to be instantancously re-united. This relation between
nervous influence and electricity is, without doubt, of the same
nature as that which exists between heat and electricity, between
the electric current and magnetism, It is in studying the pro-
duction of electricity in the different electric fishes, together with
the distribution of nervous filaments in their electric organs, that
we arrive at a better understanding of this relation between nervo us
force and electricity, Thus we see in the torpedo and gyvmnotus
— the two electric fishes best known physically and anatomically
—that the nervous filament always ramifies in the electric organs
of these fishes perpendicularly to the axis of the prisms of these
organs., Besides which, we know that the extremities or poles of
the electric organs in these two fishes are situated
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T cannot help regarding the phenomenon of
what Matteucei has termed ¢ induced contrac-
tions,” as corroborative at least of the opinion
thus advanced. I have said that these manifes-
tations of force we term magnetism and elec-
tricity, although not identical as forces, neverthe-
less mutually excite each other: now, something
of this kind has been made out by Matteucci in
the case of muscular contractions. This philoso-
pher allows the nerve of his frog-galvanoscope
(fig. 9.) to lie across the naked muscles of a
frog’s thigh: on passing a feeble current of elec-
tricity through the latter, convulsions occur, not
only where they would be looked for, in the leg
traversed by the electricity, but where they would
not be expected, in the leg whose nerve reposed
on the electrified thigh. Now, this could not have
arisen from any electricity running down the
nerve to the leg; for the very same result occurs
when a thin piece of mica or a layer of turpen-

tremities of the prisms; in effect, in the torpedo these poles are
the ventral and dorsal surface, while in the gymnotus the poles
are at the head and tail of the animal.

¢ It will be seen from this, that in this action of the nervous
force, as exercised in the electric organs of these fishes, it follows
the same law in developing electricity as does the electric current
upon magnetic bodies, 1In effect, each prism of these electric
organs cannot be considered otherwise than as a pile of elementary
organs, upon each of which a nervous filament is spread normally
to the axis of this pile. Now, a cylinder of cast iron enclosed in
a helix of metallic wire, and traversed by the electrie current,
is evidently an apparatus analogous to a prism of the electrie
organs of the fish, at the moment when the nervous influence
excites the discharge.”
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tine, both non-conducting bodies, is placed be-
tween the nerve and the thich of the electrified
frog. (Phil. Trans. 1847, p- 231.) Nay, it is
by no means necessary to apply electricity at all ;
for if the muscles are made to contract by irritat-
ing the spinal marrow of the frog, or even of a
rabbit or dog, the claw of the galvanoscopic frog
becomes convulsed. With true philosophic cau-
tion, Matteucei hesitates to regard this curious
discovery as absolutely demonstrative of the evo-
lution of electricity in the act of muscular con-
traction; and I may adduce it in evidence of the
existence of a power exciting nervous force, or
something analogous, under similar clrcumstances
to those in which electricity developes magnetism.

Let me now say one word regarding the
last of the host of valuable contributions made
by our illustrious countryman, Dr. Faraday, to
experimental science. He has shown that this
excited power, this effect of electricity, this
magnetism, is an agent of far more universal
sway than was ever previously gcuessed at.
The lines of force emanating from the poles of
4 magnet are potent in their effects upon all
forms of matters. Some metals, as iron, nickel,
cobalt, and paper, cork, and even glass, among
other bodies, obey the direct attraction of the
poles, and, if free to move, arrange themselves

in the direction of these lines of force, and take
c 2
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up their place in a plane connecting the two
poles: such bodies are essentially then magnetic.
But there are other bodies, including the largest
proportion of all varieties of natural substances,
which are repelled, instead of being attracted, by
these poles; and, when free to move, arrange
themselves in a direction at right angles to the
magnetic lines of force, as in a plane perpendicu-
lar to one connecting the two poles. I will place
in the little cradle suspended to the slender thread
before me, a bar of iron; I now turn on the
clectric current, and in an instant the iron places
itself in a line connecting the two poles. But if
I break connection with the source of electricity,
and replace the piece of iron
by one of bismuth, it will re-
main quiet ; but the instant I
render the bars magnetic, the
bismuth will begin to move,
and will rest in a direction at
right angles to the poles. Such
bodies are termed by Dr.
Faraday diamagnetics. Thus
iron and magnetic bodies,
being equally attracted, point
with regard to the poles of
a magnet north and south,

Fig. 14.

igeie

TN

Fig. 14. A, a powerful electro-magnet capable of being con-
nected with a voltaic battery by the wires C Z, its poles passing
through a board B, supported by a frame-work in which the
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whilst bismuth and diamagnetics, being equally
repelled, point east and west. But the most
remarkable effect flowing from these discoveries
18, that all organised bodies are thus acted upon
by the magnet: not only will a piece of wood,
a leaf, or an apple, thus submit to its influence ;
but if a man were fully suspended between the
poles of a sufficiently large magnet, he too would
obey 1its influence, and point east and west !
Who can predict what wondrous results may
flow from this last great contribution to natural
science ?

We have next to examine the direct and in-
direct influence, on organised structures, of electric
currents artificially excited ; for it is obvious that
by extending our knowledge of such actions we
may expect, not only better to understand and
appreciate the effects of such currents upon the
human body, but be better enabled to recognise
their functions when generated by the functions
of the living fabric, independent of external and
artificial causes. The successful examination of
this question can only be looked for when weak
currents of electricity are employed, as by using
those of high tension the mechanical violence

magnet is enclosed; the bismuth or other substance to be ex-
amined, D), is suspended between the poles by a few fibres of
unspun silk, from a wire passing through the top of a bell-
glass, E, which answers the purpose of cutting off' the influences
of eurrents of air,

G S
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produced by their traversing organised structures,
almost completely masks their physiological effects.
Experiments of this kind are generally best made
on those martyrs to science, the batrachian tribe ;
for frogs and toads, after decapitation, or division
of the spinal marrow in the neck (a precaution
which divests such researches of the charge of
cruelty ), so long preserve their irritability to sti-
mulants, that they are better fitted for such ob-
servations than warm-blooded animals,

(Galvani’s classic experiment I have already de-
scribed and repeated, and I have now to draw
your attention to the curious fact, that a current
of electricity need not, as he supposed, traverse
the whole extent of a nerve to its distribution in
the muscles, to produce contraction; if merely a
portion of the trunk of a nerve be included in the
circuit, the contractions will oceur. I have before
me the prepared leg of a frog; and I will cause a
current from a pair of copper and zinc plates to
traverse half an inch of the sciatic nerve, taking
care that it shall not enter the femoral muscles:
immediately, as you see, contractions occur., This
experiment is one of no little physiological im-
portance, as it would appear to point out a further
relation between the so-called vis nervosa and
electricity ; as the disturbance of the electric
equilibrium of the nerve would be the necessary
result of the passage of this limited current.



ARTIFICIAL CURRENTS. 87

I will now cause a current of electricity to
traverse the coil of a galvanometer, and then to
pass through the prepared leg of a frog in such a
direction that the positive electricity may enter
the limb by the sciatic nerve and leave at the toes.
As might be expected, contractions instantly
occur, but as instantly cease, although the elec-
tricity continues still to traverse the limb, as
shown by the needle of the galvanometer. I now
break contact with the battery, and again con-
tractions occur, although, as indicated by the gal-
vanometer, the current had ceased to traverse the
limb. Tt is evident from this experiment, that the
nerves must undergo some change during the
passage of the current —a change probably con-
nected with an altered arrangement of some of
their organic elements, which for the time para-
lyses these structures to the influence of the cur-
rent. On arresting the passage of the electricity,
the coercing influence of this agent ceases, and the
return of the organic elements of the structure to
their normal state produces, or at least is accom-
panied by, a second contraction. If, however, the
current be allowed to traverse the nerve for
twenty minutes or longer, no contraction will be
manifested on breaking contact, the change pro-
duced in the structures being permanent, and they
are left paralysed to the further influence of the
agent.
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These secondary contractions in the frog admit
in part of an explanation by supposing that, under
the coercing influence of the current, some change
occurs in the normal electricity of the tissues tra-
versed by it. This may be rendered clearer by
assuming that the ultimate particles of the animal
electricity are spherical, and, like those of mag-
netism, as conventionally assumed, have opposite
properties on their two sides, one hemisphere be-
ing positive and the other negative. Thus, if in
this diagram P and N respectively indicate these
hemispheres, the particles must, to be perfectly
neutral, be arranged thus: —

NP+NP4+NPLNP
PN+PN+PN4PN.

Now, on an artificial electric current traversing
such an arrangement, one series of these atoms
must undergo a semi-revolution on their own axes,
and the following polar condition would be pro-
duced —

PN+PN+PN+PN
AP NAE NN RN,

and would continue as long as they were under
the coercing influence of the current. The in-
stant, however, it ceased, the similar sides of the
electric atoms would repel each other, and a semi-
revolution would occur, causing eventually the
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oppositely electrified hemispheres to be in contact,
and thus the previous state would be restored. A
too long continuance of the current would render
this state one of permanent paralysis, not recover-
ing itself by the mere passive effect of arresting
the current, nor exhibiting any sensibility when
submitted to a repetition of the current itself.
Thus, in a frog’s leg, long submitted to such an
influence, contractions cannot be produced by the
application of silver and zine coating to its nerves
and muscles. It was, however, discovered by
Volta, that unless positive mechanical injury had
occeurred, the sensitive state of the structures could
be generally restored, by allowing a current to
traverse the limb in the opposite direction to the
first: just what might be expected on this hypo-
thesis, for this current would restore the previous
coerced atoms to their normal condition. Of course
this reasoning is, guoad organised structures, com-
pletely hypothetical, but it is absolutely demon-
strable in the case of magnetism —a force pro-
bably, as I have before hinted, more allied to
the nervous power than any other. For we can
thus induce magnetic polarity, destroy it, and
reverse it, in a bar of iron at will. Now, in the
living animal the vital force is generally compe-
tent to immediately remove the paralysed state
produced by a continued current, and even in the
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leg of a dead frog it is often restored by repose,
unless, as I have already shown, it be too long
continued.

In the human subject a phenomenon precisely
analogous is often observed ; for in cases of' para-
lysis of motion, when an electrie current has been
applied sufliciently strong to produce pretty pow-
erful contractions of the muscles, the patient is
sensible, often for hours afterwards, of thrilling
and convulsive motions and sensations in the
paralysed part, often closely resembling the im-
mediate effects of the current.  This is often well
shown in ecases of paralysis of the portio dura.

It is, however, quite certain, that some physical
change in the ponderable atoms traversed by the
current does really occur, independently of those
which we have assumed to be produced in the
electric atoms. Such a change, although invi-
sible to the naked eye, can, however, be readily
shown to be effected by a very remarkable ex-
periment.

Here is the ordinary apparatus employed for
collecting the elements of water when separated
by the electric current. On connecting it with
the battery, torrents of hydrogen and oxygen are
given off' from the platinum plates, and rise in
the tubes placed over them. You can readily
distinguish the oxygen from the hydrogen by the
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respective bulks of the gases: for, e

as you are aware, two volumes of
hydrogen and one of oxygen are
evolved from every atom of water.
I will now separate the wires from
the battery, and refill the tubes
with water acidulated with sul-
phuric acid, and prove to you the
curious fact that, although the
platinum plates seem unaffected Fig. 15.

by the operation, still that they have undergone a
remarkable change, which they retain even after
being washed with boiling water. You know
that if a piece of amalgamated zinc be plunged
into dilute sulphuric acid, no visible change occurs
until some electro-negative metal, as platinum, is
brought in contact with it, when bubbles of hy-
drogen will, as I now show you, be evolved from
the platinum, the zine slowly undergoing solution ;
the hydrogen being evolved at the platinum sur-
face, whilst the oxygen combines with the zine
under the influences of the electric current evolved.
The physical change experienced by the platinum
plates of the apparatus used for decomposing
water 18 of such a character, that if T repeat the
experiment I have just shown you with it, hy-
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Fig. 15. Apparatus for the decomposition of water. The tubes,
O H, are inverted over plates of platinum connected with the
screws, P,
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drogen will be evolved from both platinum plates,
but in nearly double the volume from one as from
the other. This remarkable experiment I think
most clearly proves the existence of some physical
change produced by the previous transit of the
electric current in the surface of the refractory
metals of which the plates are composed, and
therefore renders the admission of an analogous
change in the more yielding organised structures
less difficult.

Dr. Marshall Hall has recently described, in a
paper read before the Royal Society, some phe-
nomena of a character apparently to me identical
with those just described. This laborious culti-
vator of physiological science allowed a weak
current to traverse the nerves of a frog’s leg, and
thus to reach the muscles, for some time; then on
stopping the current, and connecting the nerves
and muscles by means of a conductor, contractions
occurred. Dr. Hall explained this (at least so
far as I could follow his paper, which was read
under every possible disadvantage) by assuming
an electro-genic power in the nerves themselves.
I confess I doubt the necessity for such a suppo-
sition; for the contraction of the muscles on
making the connection would be sufficiently ac-
counted for by the restoration of the electric equi-
librium of the tissues disturbed by the primary
current. Indeed, the result of the well-known



DR. HALL’S EEECTRO-GENESIS. 93

experiment of passing a current through a piece
of wet paper instead of a frog, secems precisely
the same. If a band of paper be moistened with
water, and employed to connect the two ends of a
battery for some minutes, it will, on removal, be
found in a polar state, one end being negative,
the other positive, and on connecting the ends
with a galvanometer the needles instantly traverse,
I regard Dr. Hall’s frog in the same condition as
the band of paper, only being provided with irri-
table fibre furnishes a test of its own induced
electric state, and renders the galvanometer un-
necessary.

If a sufficiently powerful current be allowed to
traverse the leg of a frog in such a manner as to
have its direction alternately reversed, the limb is
not merely paralysed to the subsequent influences
of a weaker current, but is thrown into a state of
tetanic spasm, and on the cessation of the currents
18 left perfectly rigid, and quite insensible to the
stimulus of a weak current. Connected with this
observation, a remark has been recorded by Ri-
cherand, that after severe convulsions the muscles
are left in a state but feebly semsible to the
stimulus of an electric current. The production
of this artificial tetanus may be readily shown by
transmitting alternately currents from the appa-
ratus before you—the electro-dynamic machine—
whose construction will cccupy our attention in a
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future lecture. The legs of the frog are now, as
you see, in a state of intense tetanic convulsion:
the toes are extended as if the dead limbs were
suffering tortures, and on testing them with the
zme and silver plates they remain unaffected.
Mere direct currents, if long continued and ener-
getic, will produce this tetanic state, and then,
like the paralysed state before referred to, will be
generally removed by changing the direction of
the current: indeed, in frogs rendered tetanic
with nux vomica the spasms ceased during the
passage of an artificial current, and Matteucei
noticed the same result in the case of a tetanic
patient, '

The effects of an electric current upon a nerve,
and consequently on the muscles it supplies, re-
markably differ according to the direction it pur-
sues. This observation is one of the greatest
interest and importance; and in repeating it, the
only precaution that is necessary to observe all
the phenomena I am about to deseribe, is that al-
ready pointed out, of using as weak a current as
possible. I shall now make use of an apparatus
consisting of a single pair of copper and zinc
plates excited by hydrochloric acid greatly di-
luted.

It must not be forgotten that mere muscular
tissue is susceptible to the stimulus of electricity,
quite independently of its passage through the
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nerves supplying the structure. Hence, when an
electric current is transmitted through a limb,
transversly to the direction of the nervous sup-
ply, contractions will occur from the direct in-
fluence of the current on the muscular tissue. It
appears, however, that a more energetic current
18 required to exert this direct influence, than
when it is allowed to reach the muscles in the
presumed course of the vis mervesa, or, in other
words, in the direction of the nervous ramification.

Muscular contractions are developed in the
most perfect manner when the positive current
travels the limb in the presumed direction of the
vis nervosa ; hence, in repeating Galvani’s experi-

Fig. 16.
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Fig. 16. Z and S represent respectively plates of zine and
silver, on which the sciatic nerves and the paws of the prepared
legs of a frog repose.  The plates are placed in electrie commu.
nication by the curved wire, W. The arrows show the direction
of the positive current which traverses the limb in the direction
of the nervous ramifications in the first leg, and in the second it
passes in an opposite direction,
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ment, the contractions are more powerful when
the zine is connected with the lumbar nerves, and
the silver or copper plate with the muscles of the
toes, because in this arrangement the positive
current traverses the are from the silver to the
zine, and then down the limb back to the copper.
If care be taken to keep the leg of the frog suf-
ficiently long to diminish its irritability, no con-
tractions whatever will ensue on making contact
between the zinc and copper plates if their di-
rection be reversed ; but in this case contractions
ensue on breaking contact, from the rearrange-
ment of the normal electricity in the direction of
the vis mervosa. In describing these currents 1
shall for the future speak of a positive one, when
moving in the direction of the nervous ramifica-
tions, as a direet, and when in the opposite direc-
tion as an indirect current.

I have already stated that an electric current
of sufficient tension may exeite contractions in a
limb, either by its passing in the course of the
nervous ramifications to the muscular tissue, or by
acting directly upon this, independently of being
conducted by the nerve structure. Professor Ma-
rianini, who has particularly drawn attention to
this circumstance, has termed the shock or con-
tractions produced by the discharge of an electric
jar, or the passage of a voltaic current through
the muscular structures independently of the
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nerves, the idio-pathic shoek ; whilst he has ap-
plied the term of sympathetic shock to the infly-
ence on the muscles conveyed by the current
traversing the nerves. Thus when an electric jar
18 discharged down the arm, both these shocks are
produced ; whereas, when discharged up the arm,
that is, in a direction opposed to the direction of
the nervous ramifications, the idiopathic shock is
alone felt. In the former case the sensation
experienced according to these views is twice as
intense as in the latter. Hence, if with the right
hand a person touches the outside or negative
coating of a charged jar, and with the left touches
the knob or positive surface, he ought to expe-
rience a much more intense sensation in the richt
arm than in the left ; for in the former the positive
electricity runs down the arm and produces both
the idiopathic and sympathetic shock, whilst in the
latter the idiopathic shock is alone experienced.
It is very difficult to accurately test the truth of
these views, although it must be confessed that
theory is much in their favour.

It seems quite certain that, cwteris paribus,
nerves only convey the influence of a current (when
sufficiently weak to barely overcome the resistance
of the imperfectly conducting structure) to the
muscles they supply, in a given and definite di-
rection. It further appears that a mixed nerve
of sensation and voluntary motion will only obey

H
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the stimulus of a feeble electric current to excite
contractions when acted upon by a direct current
— an indirect current exciting only painful sensa-
tions and no motion.

If in a living frog the legs be separated from
the trunk by the division of all intervening struc-
ture, except the sciatic nerves by which commu-
nication is kept up between the several portions,
and a current be transmitted, very instructive re-
sults bearing upon these facts are observed. For
when a direct current is allowed to traverse the
body of the animal along the nerves to the legs,
violent convulsions occur, whilst if the direction
of it be reversed, no motion whatever occurs, but
the frog will express its sense of pain by audible
croaking. The application of the galvanic sti-
mulus thus lends much support to the opinion of
the really double structure of the so-called nerves
of sensation and voluntary motion; for we have
seen that when travelling in the direction of the
ramification of the nerves a centrifugal motion is
excited, and when in the opposite direction a cen-
tripetal sensation is developed, and not the slightest
motion occurs if all communication with the spine
is cut off. This fact admits of a ready explanation
on the views of Dr. Marshall Hall, to whose pa-
tience, ingenuity, and talent, this portion of phy-
siology stands so deeply indebted.

Matteucei and Lauget have shown that this
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effect of electricity may be conveniently applied
to test the nature of a particular nerve, as far as
its motor and sensitive function is concerned; for
if a current of low tension traverse a spinal nerve
after the careful division of its anterior root, not
the slightest motion ensues, whilst if the other
root only were divided, contractions would in-
stantly occur.

When a current is allowed to act upon the
nerves of special sense, it seems simply to produce
the effect of exciting their proper function. Thus
if an electric current be allowed to pass from
one ear to the other, a loud noise is audible ;
if through the eyes, flashes of light are seen ;
if the tongue, an acrid taste, &e. According
to Grapengiesser, these results are always best
noticed when the positive current enters the
organ: thus on making contact, in that ear where
the positive electricity enters, the loudest sound
is heard, whilst on breaking connection with the
battery the sound is most audible in the other ear:
just what might have been expected from the
observations already made on the action of cur-
rents on nerves.

It must not be supposed that the feeble cur-
rents of electricity we have employed are alone
active on frogs, for effects sufficiently energetic
are produced by them on warm-blooded animals,

and I hope to produce evidence, when speaking
H 2
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of the medical application of these agents, to show
that important remedial effects may be thus deve-
loped. I shall now content myself with adducing
two or three recorded facts in illustration of this
position,

Aldini placed a zine plate in the mouth of a
recently killed ox, and a piece of silver in the
anus; on connecting them with a piece of wire,
the abdominal muscles were convulsed, and a dis-
charge of feces occurred. This curious experi-
ment was repeated by Achard of Berlin on him-
self ; he experienced, almost immediately, pain in
the pelvis, and soon after the contents of the
bowels escaped. Iumboldt tried this experiment
with a linnet which was lying on its back ex-
hausted, and in fact dying; no result occurred
until the metal placed in its beak was connected
with that in the cloaca, when, in an instant, the
bird appeared to be resuscitated; it opened its
eyes, stood up, flapped its wings, breathed for
eight minutes, and then quietly died. Ile then
tried an experiment on himself by blistering a
small surface over both deltoid muscles, placing
on the raw surfaces plates of zinc and silver. On
connecting the metal with a econductor a distinet
shock and contraction of the muscles were felt,
followed soon after by others rather weaker. He
also observed that the blister to which the silver
was applied, soon healed up, whilst that to which
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the zine was applied discharged for a long time,
and 1f previously nearly dry before the application
of the zinc, had its discharge renewed. I shall
have occasion soon to allude to some very remark-
able consequences I lately observed on repeating
this experiment on some patients in the wards of
the hospital.

The effects produced by electricity upon the
different tissues of the living body will of course
vary with its intensity and quantity ; for if these
be at all considerable, convulsions and contractions,
more or less violent, are excited in all muscular
structures, whether composed of striped or plain
fibres, and whether under the dominion of the
will or not. These movements are accompanied
by painful sensations, if' the part acted upon by
the electricity be supplied with nerves of sensa-
tion. If a series of powerful currents, rapidly
succeeding each other, be transmitted through a
limb, a state of complete tetanic convulsion is
excited, accompanied, especially if the currents be
alternately reversed, with sensations of intense pain.
Thus, if any person, having his hands moistoned
with water, grasp the conductors of the electro-
dynamic apparatus before me, a rapidly repeated
series of alternating currents will pass through his
arms, contracting the muscles so forcibly with
almost tetanic rigidity, that it would be impossible

to unclasp the hands and leave hold of the-eon=-....
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LECTURE 1V.

Medical electric Apparatus. — Common Electric Machine — Mode of
exciting. — Origin of Electricity in the Prime Conductor., —
Positive Sparks, — Insulating Chair — Substitute for. — Gal-
vanic Trowgh — Mode of exciting, -— Induced Electric Currents
—Mode of exciting, — Primary and Secondary Currents.—
Description of Electro-magnetic Machine with double Current —
with single Current.— Electricity of different Tensions.— Em-
ployment of Electricity at Guy's Hospital, — Influence of single
Pair of Plates. — Electric Mozxa, — Rationale of its Action, —
Treatment of indolent Ulcers.— Removal of malignant Structure.
~— Dir. Babington's Researches.

I PrROPOSE to-day making a few remarks regard-
ing the forms of apparatus employed in the ap-
plication of electricity and its modifications, to
the treatment of disease. Of these, the common
electrical machine and the electro-magnetic appa-
ratus are the most important: by aid of the
former we obtain small quantities of electricity
in a state of high tension; and by the latter we
obtain very large quantities of a lower tension,
but still far higher than when elicited from the
galvanic trough, which, indeed, is now very seldom
employed for medical purposes.

You are all well acquainted with the con-

struction of the common electrical machines; but
no4 '
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a few remarks in connection with their mode of
action may not be regarded as altogether useless.
The electrical machine consists of a revolving
cylinder or plate of glass, submitted to the frie-
tion of cushions or rubbers. It matters very
little what form of machine is employed. As a

general rule, a plate machine is, for equal size, of
far higher power than the cylinder. The arrange-
ments of the latter are, however, simple, and are,
perhaps, more easily managed by the uninitiated.
There is also an advantage on the score of
economy, as old eylindric machines are readily
to be procured at low prices, and, as a general

Fig. 17. Cylindric electrie-machine.

Fig. 18. Plate electric-machine, In both figures the same
letters are affixed to the most important parts. A, the revolving
electrie, rotated by the handle C, and submitted to the friction of
the rubber B B. The prime conductor, D, affords the means of cal-
lecting the electricity excited, in a state of high tension.



ELECTRIC MACHINES, 105

rule, a well-worn ecylinder is far preferable to a
new one. Plate machines are, on the contrary,
less common, and consequently must generally be
purchased new. Whichever form is employed,
it is useless employing a plate of a less diameter
than a foot, or a cylinder of less than five or six
inches.

There is some little tact required to elicit the
full power of an electric machine ; and, from want
of this, you will frequently find some persons
quite fail in exciting any amount of electricity,
even from the best-constructed machines. This
art 13, however, soon acquired. When the ma-
chine is required for use, the prime conductor and
rubbers should first be removed, and the machine
placed sufficiently near a good fire to become
completely dry and warm. The surface of the
glass should then be slightly rubbed with a piece
of tow or flannel soaked in olive-oil, any adhering
black spots from old amalgam being seraped off.
By means of a dry and warm linen cloth, the oil
should then be wiped away, and the polished
surface of the glass is thus left clean and free
from moisture. The cushions, if covered with
amalgam, are then to be rubbed with a piece of
brown paper, so as gently to remove the oxidised
surface ; but if not sufficiently covered, a little
amalgam (made by melting together zinc two
parts, tin one part, with mercury six parts, made
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into a paste by triturating it in a mortar with a
little lard) must be rubbed into the surface of the
cushions with the handle of a knife or piece of
smooth wood. The silk flaps are to be wiped
clean, and the rubbers adjusted to the plate or
cylinder. On revolving the latter, a rustling
noise will be heard, accompanied in a darkened
room by vivid flashes of blue light, whilst a
strong phosphorus-like odour of ozone becomes
perceptible. The prime conductor is next to be
replaced, taking care that its insulating support 1s
perfectly dry, and even slightly warm : the instru-
ment is then fit for use. You will, however, not
unfrequently find, that although you may have
taken the precaution to connect the rubber with
the table or floor, by means of a metallic con-
ductor, still that little or no electricity is obtained
on revolving the glass. This will generally be
found to depend upon the badly conducting table
or floor, by which a sufficiently ready means is not
afforded for the complete restoration of the electric
equilibrium of the rubber, when destroyed by the
friction of the revolving cylinder or plate against
its surface. This difficulty is best overcome in
London and large towns, by connecting the
rubber, by means of a long copper wire, with a
branch of the leaden pipes through which the
house is supplied with water. By this plan a
ready communication is afforded by a good con-
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ductor with the great reservoir of electricity —
the earth.

Having thus got the machine in good action, on
revolving the cylinder or plate, and presenting the
hand or a piece of metal towards the prime con-
ductor, a series of vivid sparks, attended with a
loud snapping noise, will pass between them. In
this arena I am sensible that any remark connected
with the theory of the excitation of electricity by
the machine would be quite misplaced, as I feel
that all I have the honour of addressing must be
most fully acquainted with every thing pertaining
to this branch of physics. There is, however, a
popular error so generally believed, that I must
venture to allude to it; the error consists in re-
garding the electricity of the prime conductor as
derived from the revolving glass, the latter being
regarded as pumping electricity from the rubber,
and thence from the earth, Now, the fact is, that
not an atom of positive electric matter leaves the
glass to pass to the conductor. The cylinder or
plate, rendered positive by friction against the
rubber, merely acts upon the electricity naturally
present in the prime conductor by induction, de-
composing it into the component elements, attract-
ing the negative fluid, which, accumulating in a
state of high tension, or elasticity, darts off to-
wards the cylinder to combine with the positive
fluid free on its surface, reconstituting the neutral
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compound : the prime conductor is thus left
powerfully positive, not by acquiring electricity
from the cylinder, but by the abstraction of its
own negative element. Again, the sparks which
appear on approaching the hand to the conductor
are often called positive spdrks, when, in truth,
they are mothing of the kind, being, indeed, a
series of luminous discharges formed by the union
of the negative electricity of the body, which is
held near the conductor, with the free positive
electricity of the latter.

In addition to the electrical machine itself, a
pair of directors, or rods of brass, furnished with
balls of brass and glass handles, together with a
few yards of common copper bell-wire, or brass
chain, will be required to connect the patient with
the machine, or to convey the discharge of a jar
through his body. The jar itself need not have
more than a square foot of coated surface, and
indeed one much smaller is often sufficient.

There is one piece of apparatus which is very
essential, being in almost constant requisition — I
mean the well-known chair with glass legs, on
which a patient may sit and be completely isolated
from all electrical communication with the earth.
This is an expensive, bulky, and fragile contri-
vance, and hence is the most inconvenient of all
the electrical appliances. I advise you, however,
not to trouble yourselves with the very clumsy
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contrivance, which you will generally find at the
instrument maker’s ; as any crrdmary chair can be
at once rendered most effectual in insulating any
person, by merely placing each of its four ]Ewa in
a thick cup of glass. These may be  ¥ig. 10,
procured at any of the glass shops, ~
by merely asking for four thick
round glass salt-cellars in the rough
state in which they are sent from
the glass-house before being en-
oraved or cut. Thus, at the ex-
pense of a couple of shillings, any comfortable
chair may be converted into an excellent insu-
lating support.

Galvanic electricity, or that excited by chemical
action, is sometimes called in requisition. There
are, however, many serious inconveniences attend-
ing its employment; and not the least of these is
the bulky and unmanageable form of apparatus re-
quired for its excitation in a state of even moderate
tension. On this account this form of electricity
1s now seldom employed, and in my own practice
I confess I rarely use it; for the electricity of
dynamic induction is so much easier excited, and,
being the same in essence, has always been, so far
as my own experience has extended, substituted
for it.  Whenever you wish to employ this form
of electricity, you will find no apparatus more
convenient for its excitation than the well-known
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Cruikshank trough, which consists of a wooden
trough, having double plates of copper and zine
fixed in, at short intervals from each other. These

plates need not be more than two inches square,
and a trough containing three or four dozen pairs
will be sufficient for all purposes. The best ex-
citing fluid is very’dilute hydrochloric acid, made
by mixing one part of the acid with thirty of
water. When the acidulated fluid is poured into
the trough, you must take care that it does not
rise to the top of the plates by about one quarter
of an inch. In using this apparatus, a piece of
copper wire should be twisted at one end into a
loose coil, and plunged in the first cell of the
battery, another similar piece being immersed into
the last cell. These wires become the conductors
or electrodes, or, in other words, their free ends
represent doors, out of which currents of the two
electricities escape; and, by placing them in con-
tact with the surface of the body, previously
moistened, to make it as good a conductor as pos-
sible, the union of the two electric elements will
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take place in the tissues they traverse. Bearing
in mind the facts I announced to you in connec-
tion with the course iraversed by currents with
the development of certain phenomena of nervous
irritability and muscular contraction, you will at
once see the importance of being able in an in-
stant to ascertain the direction of the two cur-
rents when excited by the action of the acid on
the zinc and copper plates. This you can at once
discover by looking at the trough, and remarking
that the positive current escapes from the end
towards which all the zine plates look, and the
negative current from the other end.

The great drawback to the ufility of this mode
of exciting electricity is the trouble of getting
the apparatus in proper order; the irregularity of
the current in regard of stren oth, its tension and
quantity rapidly sinking from the first moment of
adding the acid; and, lastly, the damage inflicted
by the latter when ejected from the trough, from
too violent an effervescence, or from its being
accidentally spilled.

The next mode of exciting electricity is of late
discovery — one of the many contributions to
physical science for which we are indebted to the
talents of our illustrious countryman, Dr. Fara-
day. It furnishes us with large quantities of elec-
tricity of tolerably high tension, and possesses
advantages for medical purposes which no other
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mode of exciting electricity affords. To illustrate
the mode of exciting electricity by induction, in
the simplest manner, I will connect this piece of
copper wire wound into a circular coil with the
terminal serews of a galvanometer. I have here

Fig, 21,

a wooden cylinder, round which is wound a piece
of insulated wire, so as to form thirty or forty
convolutions, and will place thig in the centre of
the coil connected with the galvanometer. The
needle of the instrument is now at rest; but ob-
serve what occurs the instant I connect the ends
of the wire coiled on the wooden cylinder with
the zinc and copper plates of a single galvanic
battery. In an instant the needle darts off, as if
acted upon by some tangential force; and, after
several violent oscillations through a considerable
are, it slowly attains a state of rest, several de-

Fig. 21. A B, the wooden cylinder covered with wire, the
ends of which, Z, C, are connected with the terminal plate of a
battery. n,s, the magunetic needle of the galvanometer, E.
the circular wire coil connected with the wires of the galvano-
meter.
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grees out of the magnetic meridian.  Now, as the
wire on the cylinder had no connection whatever
with that of the coil, it is obvious that the battery
merely acted as an exciting agent in disturbing the
normal electric equilibrium of the wire, causing the
electricity to circulate in the form of current. This
current, you will observe, is but of momentary
duration, and is excited only at the instant that the
battery current first traverses the condueting wire.
But now, the needle being perfectly quiet, I will
suddenly break contact with the battery, and once
more the needle rushes out of the meridian line,
and traverses a considerable are, but in a direction
opposed to that in which it travelled when con-
nection was in the first instance made with the
battery. Like the former current, this is only of
momentary duration. From this experiment we
learn, that, when a current traverses a wire, it
induces or excites another current in any ¢on-
ductor held parallel to it, a second being excited
the instant the first current ceases to traverse the
wire. These currents are respectively named pri-
mary and secondary, and are always opposed in
direction, the primary current moving in an op-
posite direction to the battery or exciting current.
If, instead of using a battery current as an ex-
citing agent, I had plunged a magnet into the
centre of the coil connected with the galvano-
meter, the electric equilibrium of the wire would
I
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in like manner be disturbed, a primary current
being induced on first introducing the magnet,
and a secondary one on withdrawing it. It is
obvious that if by any contrivance contact with

the battery could in the first example be rapidly
made and broken ; or, in the second, the magnet
be as quickly immersed and withdrawn, we should
procure a rapid series of currents moving alter-
nately in opposite directions ; and on this is founded
the construction of all the magneto-electric and
electro-magnetic machines,

Numerous forms of electro-magnetic machines
have been suggested for medical purposes; and it
is really not a matter of any importance which
you employ, provided care be taken to have the
one you have chosen so arranged as to allow of a
sufficiently copious development of electricity. As
we have seen that in all such contrivances a small
voltaic current furnishes the initial force, 1t is im-
portant to have this completely under command,
and to be able to make and break contact with
the inducing apparatus, with the utmost facility
and rapidity. You may break contact with the
battery, if you please, by means of a ratchet or
cog-wheel ; but this is often inconvenient, as it
renders the services of an assistant necessary. On
this account, an automatic apparatus is always to
be preferred. I believe I proposed the first of
these several years ago, in the Annals of Philo-
sophy ; but this, as well as all others I have seen,
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1s much inferior to one constructed by an inge-
nious philosophical instrument-maker, Mr. Neeves,
of Broad Street, Holborn, and this is the only one
I ever now employ. It possesses the advantage
of simplicity, facility of employment, quantity and
intensity of the induced electricity, together with
the additional recommendation of low price.

This consists of a wooden bobbin, with a hol-
low axis. About thirty feet of thick insulated
copper wire are wound on it, and over this about
a thousand feet of very fine insulated copper wire,
the ends of which are soldered to a couple of
binding-screws fixed in the base of the instru-
ment. The former is the coil in which the initial
or inducing current is intended to circulate; the
latter is the secondary coil, whose electricity is to
be disturbed and thrown into motion, to form the

* Fig. 22. A, the wooden bobbin, on which is wound the
double coil of wires. B, C, the screws connected with the ends
of the fine coil, with conductors affixed. D, the apparatus for
breaking battery contact. E, single pair of plates (Smee'’s ar-
rangement) connected with the serews, F, G, H, H, the con-
ductors by which the induced currents are directed to any object.

I 2
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induced current.  One of the ends of the primary
inner coil of thick wire is connected with the zine
plate of a simple battery; the other end of the
wire surrounds a small horse-shoe of soft iron,
and is then soldered to the lower end of a bent
rod of brass, whose upper end carries a small
screw furnished with a platinum point, which
presses on a plate of the same metal fixed to a
transverse bar of thin brass, having at the end
suspended over the poles of the horse-shoe, a disk
of soft iron. "When the fixed end of this bar is
connected with the copper or silver plate of the
little battery, the disk of iron is rapidly attracted
by the ends of the horse-shoe, which acquire a
powerful magnetic force. In an instant, the con-
tact between the platinum wire and plate being
broken, the current is arrested, and, the horse-
shoe losing its magnetism, the elasticity of the
brass bar causes it to fly up and again bring the
platinum point and plate in contact, when the
same series of alternate attractions and repulsions
occur. In this way you see the brass bar rapidly
vibrate, and produce a loud humming musical
sound, varying in pitch according to the amount
and amplitude of the vibrations; and contempora-
neously a rapidly succeeding series of induced
currents traverse the coil of fine wire. If I now
grasp in my hands a pair of brass cylinders con-
nected with the ends of the fine coil, a series of
currents of high intensity, and rapidly succeed-
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ing each other, rush through the arms, producing
a most painful and nearly intolerable sensation.
You observe that a bundle of iron wires is placed
in the hollow axis of the bobbin. The use of this
15 obvious enough; for these wires becoming a
series of powerful temporary magnets add their
inducing power to that of the initial current, and
greatly increase the tension of the excited elec-
tricity.  Indeed, by withdrawing the bundle of
iron wire, you may diminish most materially the
severity of the shocks produced by this instru-
ment, and thus enable you very conveniently to
adjust their force according to the case under
treatment.

Sometimes the coils of wire are placed verti-
cally, and then the exposed ends of the bundle of
iron wire in the centre is made to attract the little

Fig. 23,

Fig. 23. The description of fig. 22, equally applies to this ;
the analogous parts being marked with the same letters.
1 3
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disk of iron, and thus break contact. This form
of apparatus is preferred by some.

If you reflect for a moment on the prineiples
on which the construction of these very conve-
nient arrangements is founded, you will at once
see that you cannot obtain, by the aid of either of
these machines, a series of positive and negative
currents in a definite direction ; that neither of the
condueting-wires 18 capable of being regarded
as negative and positive. This you can readily
understand from the results of the experiment I
showed you just now with the galvanometer. Each
of the conducting-wires of this instrument conveys,
alternately, currents in opposite directions. The
wires, at the rate the bar 1s now vibrating, con-
vey about 500 currents per minute, each being
alternately negative and positive. To demonstrate
the truth of this statement I have here on a glass
plate a piece of paper moistened with a mixed
solution of starch and iodide of potassium. I
place on it the platinum extremities of the con-
ducting-wires of the electro-magnetic apparatus;
the currents pass, eleetrolytic action oceurs, the
1odine is severed from the potassium, and being
set free, stains the starched paper. On examining
the paper you will find the purple stain of iodide
of amidine at both points where the platinum
wires touched the surface. Now, as the iodine is
invariably liberated at the place where positive
electricity enters the body containing it, we have
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a proof of the accuracy of the statement I made,
that positive and negative clectricity were alter-
nately evolved at both wires. On this account,
however useful this apparatus is when we want
the mere stimulant action, the simple shock of the
electric agent ; yet it is likely to fail in certain
forms of paralysis, in consequence of our not
being able to transmit by its aid the positive cur-
rent in the direction of the nervous ramifications.

The more elegant and elaborate magneto-elec-
tric machine, especially the very effective and
powerful one of Mr. Clark’s construction, may of
course be substituted for the electro-magnetic ap-
paratus I have described. The advantages it pre-
sents of being always ready for use, and requiring
no initial voltaic current to set it in action, are
not, however, I think by any means sufficient to
compensate for its expense, and the readiness with
which it is disarranged, especially when in the
hands of the uninitiated.

To render the electro-magnetic current available
where it is required to be transmitted in a definite
direction — where, indeed, we want the currents
separated as we get them in the voltaic or galvanic
battery, without the serious inconvenience attend-
ing the use of these pieces of apparatus — some
modification of the electro-magnetic machine is
required. After devoting some attention to the

subject, I contrived the machine before you, which
14
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answers the purpose most completely. It consists
of the double coils of wire fixed in a box, on the
lid of which is placed a wooden eylinder, capable
of revolving between two uprights by means of a
proper handle. This eylinder is furnished with
two slips of brass fixed in the wood at each end,
and connected with the metallic axes by which
the eylinder is supported in the brass collars of
the uprights. The slips of brass are placed so as
to alternate with each other at either end of the
cylinder. Two elastic brass springs, supported by
pillars of that metal, press on the cylinder at either
end. The ends of the thick wire of the coil con-
cealed 1n the box are connected — one to the end
of one of the supports of the cylinder, the other
to a binding-screw fixed in the lid. The zinc
and silver plates of a simple battery are then con-
nected with this screw, and with the supports of
one of the brass springs.  On revolving the cylin-
der, contact with the battery is of course made or
broken, according as the slip of brass or the wooden
portion of the cylinder passes under the brass
spring.  You know that with each of such unions
and ruptures of contact, an induced current cir-
culates in the fine coil of wire in the box. The
ends of this coil are soldered to the second up-
right, and the support of the second spring. The
pieces of brass being properly arranged, it follows
that one kind of current can alone traverse the



ELECTRO-MAGNETIC MACIHINES, 121

conducting-wires fixed to the supports connected
with the fine coil. To prove this I will let these
conductors, terminated as before with platinum
ends, rest on the iodised paper. On turning the
cylinder, the iodine is, as you see, set free at one
end only. I know, therefore, that the positive
electricity escapes by this wire, and the negative
by the other. Hence by this instrument we have
succeeded in obtaining separate currents, although
we have lost the great convenience of the auto-
matic movement of the other apparatus.

Fig. 24,
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Let me now say one word respecting the agent
evolved by these different pieces of apparatus. By
all of them electricity is excited, and the terms of
electricity, galvanism, and electro-magnetism reall y
referonly to different conductions of the same agent.

* Fig. 24.  The single-current electro-magnetic machine, A,
the revolving cylinder, with slips of brass inlaid, on which the
springs, B, B, press, C, the battery, connected by wires with the
screws 1D, E. F F, the conductors, connected with the serews

G G, which are in communication with the fine coil in the box
KI
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Thus by the common eleetrifying machine we
obtain a small quantity of electricity in a state
of high tension or elasticity, capable of effecting
a discharge through very imperfect conductors.
Electricity is obtained, on the contrary, from the
voltaie or galvanic trough in a very different state,
its quantity being large, but its tension or elas-
ticity being so slight that it cannot effect a dis-
charge through any but good conductors, a piece
of tissue paper being sufficient to resist altogether
the passage of a current capable of heating red-
hot several feet of platinum wire. In the electro-
magnetic machines electricity is afforded to us in
moderate quantity, and in a state of tolerably
high tension, still much inferior in this respect to
that afforded by the electrifying machine. The
currents alternate in direction in the double cur-
rent machine (fig. 22.), whilst they are in the same
direction in the single current apparatus (fig. 24.).

I purpose, next, to direct attention to the re-
sults which have followed the employment of the
different modifications of electricity in the treat-
ment of disease. In doing this I do not intend to
occupy your time by a tedious reference to all
that has been previously published on this subject,
in this country and on the Continent. Such re-
cords are familiar to every physician, and within
the reach of everybody who will take the trouble
of referring to them. I am more anxious to avail
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myself of this opportunity of presenting to the
members of the College the results which have
fallen under my own personal experience.

Electricity has been by no means fairly treated
as a therapeutical agent; for it has either been
exclusively referred to, when all other remedies
have failed — in fact, often exclusively, or nearly
g0, in helpless cases — or its administration has
been carelessly directed, and the mandate, ¢ Let
the patient be electrified,” merely given, with-
out reference to the manner, form, or mode of
the remedy being for an instant taken into con-
sideration,

Conscientiously convinced that the agent in
question is a no less energetic than valuable
remedy in the treatment of disease, I feel most
anxious to press its employment upon the practical
physician, and to urge him to have recourse to it
as a rational but fallible remedy, and not to regard
it as one capable of effecting impossibilities. I
again say, I shall advance nothing but what has
been repeatedly tested under my own observation,
purposing to lay before you the results of many
years’ careful clinical experience in this matter, in
the wards of Guy’s Hospital; and hope to make
out a strong case in favour of this too much
neglected remedy.

In the autumn of 1836, the authorities of the
hospital thought fit to set apart a room for the
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administration of electricity. Clinical clerks were
appointed to record the cases, and the whole was
placed under my control, and remained in my
hands during eight years; and when my other
duties compelled me to give up this charge, my
snecessor, Dr. Gull, has watched over it with great
zeal and assiduity. In the case books of this de-
partment of our hospital is recorded a large mass
of clinical experience on the subject before us —
larger, I presume, than exists anywhere else;
and from these records I propose to cull such
matters as appear of the greatest interest and
highest practical importance.

It must not be supposed that large and cum-
brous pieces of apparatus, or energetic and power-
ful currents of electricity, are invariably required
to develope very appreciable results, even on the
human subject. The observations of Achard and
of Humboldt, related in the previous Lecture, have
taught us the contrary. From what I have seen
I am fully convinced, that a feeble current, if kept
up for a long time in certain forms of paralysis
(care being taken that the positive fluid traverses
the limb in the direction of the ramifications of the
nerves ), would prove the most important mode of
applying this remedy with success. I was very
sanguine that the current excited by a single pair
of zinc and silver plates similar to those we em-
ployed to excite contraction in a frog, would be
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found of great value in practice. On submitting
this to the test of experience it was met by a
difficulty which completely put an end to our
hope of being able to keep up a current of low
mtensity for any length of time. Although I
have had evidence sufficiently satisfactory to con-
vince me of the efficacy of such a current, in forms
of recent paralysis where, after the removal of the
immediate cerebral lesion by treatment, the pal-
sied muscles do not recover their power. The
following case (which I give in the words of my
friend Mnr, IHinton, of Hayes, at that time my
very zealous pupil and clinical reporter), will
alike illustrate the occasional efficacy of such a
feeble current, and will illustrate the obstacle to
which I have just alluded.

¢ CasE. — Thomas M , aged 32 years, was
admitted Dee. 30, 1847, into No. 5. Naaman
ward, with hemiplegia of the right side, under the
care of Dr. Golding Bird. He is married, by
trade a tanner, and has always enjoyed good
health ; habits temperate ; no hereditary tendency
discoverable. The following history was obtained :
— On the 12th of this month he retired to bed in
apparently good health, but during the night his
wife was disturbed by his making a peculiar noise
with his mouth; on obtaining a light, however,
he appeared to be asleep, and when roused, said
there was nothing the matter. Some incoherency
of speech was noticed, but attributed to sleep. Ie
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was restless during the remainder of the night,
and in the morning it was discovered that the
right side was completely paralysed, the speech
very imperfect, and the face considerably drawn
to the left side. He was attended by a medical
practitioner; and the more alarming symptoms
subsided under antiphlogistic treatment, the leg
rapidly regaining power, so that when admitted
he could walk tolerably. The following were his
symptoms on admission :—Qecasional pain over the
forehead, with some degree of vertigo; no loss of
memory ; constant tendency to laugh when spoken
to; paralysis of the right facial nerve ; both pupils
dilated, especially the left; both acting freely.
The arm is perfectly motionless, but when he
gapes, it rises involuntarily : the leg drags slightly;
sensation is somewhat deficient over the upper ex-
tremity. The tongue turns to the paralysed side,
and has a tolerably thick fur on that side only.
Heart’s action normal; pulse 60, full, labouring,
firm ; bowels regular; the urine acid, and remain-
ing unaltered on the application of heat. The head
18 rather narrow and long, but the forehead is well
formed.

“ After the bowels had been well acted on, elec-
tricity was used daily in the form of sparks drawn
from the spine, and he certainly improved ; on the
8th of January the sulphate of zinc was ordered
in grain doses, three times a day.

Jan. 15th. — Feels much better; countenance
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improved ; twisting of face scarcely noticed ; pupils
equally dilated ; tendency to laughing continues.
He can now walk without a stick. Power of
motion increases; he can partially throw out the
arm, and in the morning can clasp the fingers a
little: this power, however, is soon lost. He
sleeps badly.

“ From this date little alteration took place until
the 18th, when Dr. Bird ordered the following
plan to be adopted. Two blisters
having been formed, one about the
msertion of the deltoid, and the other
above the posterior part of the wrist-
Joint, a zinc plate, the size of half-
a-crown, with copper wire attached,
was applied to the upper, and a silver
plate to the lower. Over each plate,
water dressing was applied, and {
above this, oiled silk (merely for the
purpose of retaining the moisture),
which was secured by strapping. The
arm was then enveloped in a loose
roller, through the folds of which the
wires connected with the plates pro-
truded, and on contact being made,
the patient experienced a tingling
sensation at the silver plate alone.

Fi

43

* Fig, 25. Z, the zine p_nI.?te. A, the silver plate. When con-
nected by the wire, the positive eurrent will pass from the silver
to the zinc plate, and down the arm in the direction of the arrow.
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19th. — About 3 A.m. he experienced severe
pain in the arm, which soon wore off. Motion
very much improved: the arm can be raised to a
level with the shoulder, and power over the fingers
is oreatly increased. The patient was quite de-
lichted at the sudden progress which he had made.
Tingling sensation still experienced. The appa-
ratus was taken off in the evening: the surface of
the upper sore (zinc) was coated with a firm
whitish matter, like lymph; nothing peculiar
about the lower sore. The plates were again ap-
plied. For the next few nights he experienced
severe pain and spasm of the muscles of the arm,
but this did not last long. On the 20th and 21st,
he thought that there was less motion, but on trial
he could still lift the arm on a level with the
shoulder. On the 22nd, he lifted it above the
level of the shoulder, and could clasp slightly.
On the 23rd, he could Lift his arm on to his head.
The slough forming on the zinc sore appears to
increase in thickness, DBefore taking oft’ the ap-
paratus, I tried whether any current was passing,
but failed in obtaining any decided effect on the
calvanometer. With another patient, who was
then in the house, by constantly breaking and re-
forming the current, the needle moved over an are
of 30°.

29th. — The slough was found to be separat-
ing, and exuding a thin sanious pus. The ap-
paratus was ordered to be discontinued, and a
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bread poultice to be applied. A faint blush is all
that remains of the sore above the wrist.

31st.— The slough has separated, leaving a
most perfect specimen of a healthy granulating
sore.

The sore began to heal rapidly, its healthy
character continuing — the pus poured out being
perfectly healthy. Power over the arm in-
creases.

“ He continued to improve up to Feb. 11th.
The dose of zinc was then inereased, and gradually
reached seven grains three times a day ; but for
the next fortnight the power of motion, if any-
thing, decreased. He again went to the electrify-
ing room, and again he improved. The sore had
now nearly disappeared, maintaining a healthy
character, until nearly healed. The granulations
then became rather flabby. On the 27th he was
made an out-patient.

““ As regards the employment of electricity this
appeared to be a favourable case. The patient
had completely passed the dangerous period of
reaction, and was perfectly free from all appear-
ance of fever, and accordingly he was electrified,
by drawing sparks from the affected limb, three
times during the week. Some progress was made,
and it then occurred to Dr. Bird that a continuous
feeble current might prove more beneficial, and
he determined to try the plates, To my mind the

K
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result was most satisfactory for the time; and I
think that greater progress was made during the
few days that the apparatus was applied, than
at any previous or subsequent period. We were
not, however, prepared to see a large slough
separate from the sore to which the zine had been
placed ; and when the slough had separated, the
use of the plates was discontinued.”

We are often anxious to produce a persistent
discharge from some part of the body, in cases
where an issue or seton, or discharge from
the moxa or actual cautery would be desirable.
Now the knife for the issue, the needle for the
seton, and the ignited tinder or red-hot iron for
the moxa, all have their terrors for timid patients,
and there is often the greatest unwillingness to
induce patients to use such means. There are
therefore considerable advantages in the use of a
plan which, while it is perfectly competent to
produce a copiously discharging sore, shall at the
same time not excite the alarm of the most sensi-
tive patient. Now the effect, noticed in the case
just related, points out such a means. It was long
ago observed by Humboldt, and afterwards by
Grapengiessier, that when a simple galvanic are
was applied to a blistered surface, the part opposed
to the most oxidisable metal was more irritated
than that to which the negative plate was applied.
But neither of these philosophers have noticed the
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effects arising from a continued application of the
plates.  As I believe this electric moza, as I have
termed it, is often of very great value, I may be
excused giving more minute directions for forming
it. Order two small blisters, the size of a shil-
ling, to be applied to any part of the body, one a
few inches below the other: when the cuticle is
thus raised by effused serum, snip it, and apply to
the one from whence a permanent discharge is re-
quired a piece of zinc foil, and to the other a
piece of silver; connect them by a copper wire,
and cover them with a common water dressing
and oiled silk. If the zine plate be raised in
a few hours, the surface of the skin will look
white, as if rubbed over with nitrate of silver.
In forty-eight hours a decided eschar will appear,
which (still keeping on the plates) will begin
to separate at the edges in four or five days. The
plates may then be removed, and the surface
where the silver was applied will be found to be
completely healed. A common poultice may be
applied to the part, and a healthy granulating
sore, with well-defined edges, freely discharging
pus, will be left. ~ During the whole of this pro-
cess, if the patient complains.of pain at all, it will
always be referred to the silver plate, where, in
fact, the blister is rapidly healing, and generall y
not the slightest complaint will be made of the

zine plates, where the slough is as rapidly forming.
x 2
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A very interesting physiological phenomenon is
observed in making an issue by these means., If
the plates be applied to a limb, and on different
places, contraction of the subjacent muscles will
always be observed most severe when the patient
is in the act of falling to sleep; and in a few cases
these sensations have been sufficiently annoying to
induce the patient to untwist the wires fixed to
the plate, when, by interrupting the current, these
feelings ceased. DBut if the plates were applied
to opposite sides of the body, as when on the
chest to different sides of the mesial line, no con-
tractions whatever occurred. This admits of ex-
planation by a reference to the fact of the nerves
not crossing the middle line of the body. My
friend Dr. Gull once met with a case in which the
application of these plates, with the view of
forming a moxa, produced intolerable distress.
The patient was the subject of spinal disease, and
this probably accounted for the extreme sensibility
of the cutaneous nerves,

I have now repeatedly used this mode of ex-
citing a puriginous sore on different parts of the
body, both in hospital and private practice, and
it has never in any instance failed; I strongly re-
commend it to your notice, where it is important
to avoid the use of means more alarming to the
patient. I certainly know of no other plan by
which an equally effective discharge can be ob-
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tained, except by the use of the moxa or actual
cautery.

As scientific and philosophic physicians, we
must, however, go a step further, and inquire into
the rationale of this process: after some little in-
vestigation, I traced it, as indeed was to be ex-
pected, to the principles laid down in my second
lecture, when endeavouring to show how small
an amount of electric force was sufficient to tear
asunder the elements of many compounds.

In fact, the saline ingredients of the fluid
eftused on the surfaces of the blisters are decom-
posed, the sodium of the common salt being set
free at the silver surfaces, which, by oxydation, of
course, rapidly become soda: the chlorine is
evolved at the zinc surface, forming chloride of
zinc.  An electric current is then traversing from
the zinc through the interposed tissues to the
silver, and back again to the zine, and its actual
existence may be demonstrated by separating the
wires belonging to the plates and connecting
them with a galvanometer. I believe, therefore,
the sore is really formed by the escharotic action
of the chloride of zine thus produced; and the
reason why the patient feels none of the intense
pain so characteristic of the caustic energy of the
zine salt, 18 found in its acting in infinitely small
portions at a time upon the skin, — indeed, in

what may be correctly enough termed a nascent
K 3
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state. To prove this is not mere hypothesis, I
have placed on the table a vessel containing a
weak solution of common salt, having a tube
closed at the bottom with an animal membrane,
and also containing salt and water immersed there-
in: a piece of silver was, some hours ago, placed
in the outer vessel, and a piece of  Fig. o.
zine connected with it, in the tube.
The two pieces of metal are thus
placed under conditions nearly pa-
rallel, if not identical, to those in
which they are, when used to form
the moxa. If the fluid in the in-
ner tube be tested by adding to
one portion of it ferrocyanide of
potassium, and to another some
ammonia, the occurrence of a white precipitate in
either case will at once attest the presence of
chloride of zine in solution.

Conversing on this subject with my friend and
colleague Dr. Babington, whose profound eru-
dition and high scientific attainments are familiar

Fig. 26. A, a glass tube closed at its lower extremity with
a piece of bladder, filled with a weak solution of common salt,
and immersed in a glass vessel, B, also filled with the same so-
lution ; a plate of zine, Z, is immersed in the tube, and a piece of
silver connected with it by a conducting wire, W, is placed in the
vessel B: the direction of the positive current thus excited is
shown by the arrows. In a short time A will be found to contain
chloride of zine, and the fluid in B will be strongly alkaline from
the presence of soda.
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to us all, he mentioned to me some analogous
experiments, performed by him as far back as
1827, on the action of weak currents on muscular
flesh : he also kindly placed in my hands the notes
he had preserved of his researches. Of his many
ingenious experiments, the following bears most
on the subject of my electric moxa:—The doctor
took two slices of muscular flesh, placed one be-
tween two plates of glass, the other between
plates of copper and zine, binding them together
with wire. In the course of a few days, the
weather being warm, the flesh between the olasses
began to putrefy, and soon afterwards was full of
maggots, whilst that between the metallic plates
remained free from putrescency. A remarkable
change had, however, occurred, for, on taking off
the plates, the side opposite to the zinc plate was
hard, as if it had been artificially dried, whilst
that opposed to the eopper had become covered
with a transparent substance resembling jelly.
In fact, the result of the experiment evidently
was, that the chloride of sodium existing in the
flesh had become decomposed ; the zine had been
acted on, and a dry hard compound of chloride
of zinc and albumen formed on one side of the
piece, whilst the soda set free on the other side
had contrived with protein elements to constitute
an albuminate of soda in the form of a semi-

gelatinous mass. This experiment on dead mat-
K 4
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ter, compared with my own on the living body,
affords a beautiful illustration of the wonderful
influence of life in modifying chemical action. In
the dead flesh mere chemical changes occurred ;
in the living tissue the principle of life interfered,
on the one hand, in resisting the solvent influences
of the soda set free at the silver surface, whilst
that same principle, from the influence of the irri-
tation of the chloride of zinc formed at the zinc
surface, excited inflammation, and, by thus setting
up a barrier against the further progress of the
chemical action, cut off from the system the skin
acted on by the acrid salt, and allowed its separa-
tion in the form of a slough.

The fact of the sore of a blister readily healing
under the silver plate, whilst under the zine, of a
destructive action being noticed, pointed out two
other applications of these plates, which may pos-
sibly lead ultimately to important results. As,
however, I have not directed much attention to
this, I shall content myself with quoting the fol-
lowing remarks of Mr. Hinton, who interested
himself much with it.

“On observing that the blister upon which the
negative plate was placed healed so rapidly, Dr.
Bird suggested its application to old indolent ul-
cers, and, accordingly, when I became dresser for
Mr. Bransby Cooper, it was several times put to
the test, and with varied results, but on the whole
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satisfactory. The cases in which it seemed to
produce an extraordinary effect were those of ter-
tiary sores; one of these cases had previously
resisted all kinds of treatment. It is in these
cases, I imagine, that it acts as an alterative,
setting up a fresh action. It was also tried in a
case in Stephen ward : here the character of the
ulcer was very much altered; it assumed a re-
markably congested appearance, and the discharge
became sanguinolent. Yet even in this case, (in
my opinion,) the most unfavourable that I wit-
nessed, the size of the ulcer diminished, and cica-
trisation commenced at the lower part.

“ Seeing that the formation of the slough de-
pended on the action of the chloride of zine, and
knowing how exquisitely painful the common
application of this remedy proves, I suggested to
Mr. Cooper that its application might be success-
ful in destroying small scirrhous masses, where,
from various circumstances, the surgeon does not
feel justified in using the knife. This was put to
the test in a case of open scirrhous breast in
Dorcas ward; in this case there was a large,
deep, irregularly excavated sore, with hardened
base, and often excessively tender. After the
slough had separated, the negative plate was ap-
plied, and in some points cicatrisation commenced
—the great tenderness was much relieved. From
the great irregularity of the surface of the sore,



Unable to display this page



139

LECTURE V.

Action of Electricity on Contractile Tissues. — Application of Elec-
tricity to excite Uterine Contractions.— Dr. Radford’s Views. —
Ezcitation of Uterine Action de novo — In Flooding after Abor-
tion — In Paralysis of the Bladder — Incontinence of Urine, —
Treatment of Paralysis.— Different Forms of.— Dropped Hands
of Painters. — Rhewmatic Paralysis, — Paralysis of the Portio
dura. — Paralysis from Local Injury. — Hysterical Paralysis,—
Aphonia in Hysterical Girls. — Paralysis from Anaemia and
Nervous Exhaustion. — Paralysis from Cerebral or Spinal Struc-
tural Lesions,— Electricity as a Stimulant to the Absorbents— In
Rheumatic Effusions — In Tonsillitis. — Application of, in Neu-
ralgia — In Narcotic Poisoning — In Drowning, — Local Anas-
thesia.— Treatment of Chorea and allied Affections by Electricity,
— Analysis of the Cases. — Rationale of the Action of Electricity.
— Treatment of Amenorrhwa.— General Rules for. — Conelusion.

WE have seen that electricity, under all its modi-
fications, is a most energetic agent in exciting
contractions of muscular fibre. Indeed, we have,
in several instances, actually used the irritable
fibres of the muscles of a frog’s leg as a positive
test of the existence of an electric current. This
susceptibility to the stimulus of electricity is not
limited to real muscular tissue, but is equally
participated in by those white contractile tissues,
which by some physiologists are hardly regarded
as belonging to the class of true muscles. I
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allude particularly to the muscular coats of ar-
teries, intestines, and bronchial tubes, as well as
the structure of the uterus. Dr. J. C. B. Williams
has actually demonstrated the contractibility of a
bronchus under the influence of a current of vol-
taic electricity. The experiment already related,
in which the current of a single pair of plates
passing from the mouth to the anus of an ox, re-
cently killed, excited the peristaltic motion of the
intestines and induced defecation, sufficiently proves
the susceptibility of the muscular structure of
the intestines to the stimulus of electricity. In-
deed, I have repeatedly had my attention directed
by patients under electric treatment for various
diseases to the influence of this agent as a pur-
gative. A gentleman who, some years ago, was
under my care for paraplegia, accidentally noticed
that the passage of a current from the electro-
magnetic machine across the abdomen, in the
direction of the transverse colon, almost always
induced a desire to empty the bowels, and he has
ever since appealed to this remedy as a purgative.
He assures me it seldom fails.

But there is another special application of elec-
tricity which I dare not pass over in silence, al-
though I cannot from my own personal experience
say anything about it, as the cases to which it is
referable fall under the province of the accoucheur.
Few cases are more appalling than those of flood-
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ing during labour; none can occur in which the
woman’s sze 1s more immediately dependent upon
the moral courage, promptitude, and skill of the
accoucheur.  Among other causes inducing this
hzmorrhage, an atonic state of the uterus is the
most dangerous. In such cases, as well as in many
forms of placenta pravia, where the blood is fast
gushing from the uterus, and the woman’s powers
as rapidly Elﬂ]ﬂﬂa: a distinguished provincial ob-
stetric physician, Dr. Radford, of Manchester, has
advocated the empluymcnt of induced electro-mag-
netic currents to induce energetic contraction nf'
the uterus.  He has further suggested its applica-
tion for the purpose of murlmtmg uterine contrac-
tions de novo in cases where it is important to induce
premature labour, as well as in certain cases of
menorrhagia in the unimpregnated state, where
the uterus is found large, atonic, and flaceid.

Dr. Radford applies the electricity of the electro-
magnetic machine, one of the conductors being
passed over the abdomen, especially in the neigh-
bourhood of the fundus uteri, the other belnrr
mtroduced into the vagina so as to be bmurrht
into contact with the os uteri.  This vaginal con-
ductor is made of stout brass wire, covered with
a non-conducting material, as caoutchoue, and
terminated by a ball of silver, by which the elec-
tric current is conveyed to the uterus.

This practice, so far as its application to the
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gravid uterus is concerned, has received the sanc-
tion of my colleague, Dr. Lever, whose high
obstetric experience invests his opinion with great
weight. This gentleman has availed himself of
the use of the electric current in cases where atony
of the uterus existed, and where, from threatening
exhaustion, independent of danger of hamorrhage,
immediate delivery was important. An excellent
illustration of this occurred under the notice of a
talented and excellent practitioner, a former pu-
pil of mine, Mr. Cleveland (now of Aldersgate
Street), the notes of which I will read to you : —

“ I was requested to see M. C., mt. 39, in her
sixteenth confinement, on Friday morning, June
6th, 18445.

“On my arrival at the house, I learned that
her previous labours had been tolerably good;
with two or three exceptions, when they had been
considerably protracted from want of pains: she
stated that her health had always been delicate,
and for the last few weeks she had had a trouble-
some cough, attended with copious expectoration,
emaciation, and oceasional night sweats, — symp-
toms that induced me to suspect she had phthisis,
although subsequently this diagnosis was not con-
firmed by a physical examination of the chest.

“On the Sunday evening prior to my visit-
ing her, she was attacked with the premonitory
symptoms of labour, soon succeeded by regular
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and frequent pains, which, on the following morn-
ing, abated, but never entirely left her until the
Wednesday night, when the liquor amnii was
discharged.

“At 1.0 on the Friday, the pains returned
with considerable vigour, but did not last above an
hour, and at 6 A. M. they were again renewed for
a short time. It was about four hours after this
period that I found Mr. T., a medical practitioner
in the neighbourhood, with the patient. He had
administered a dose of the tincture of ergot, and
also some spirit and water; but these measures
were followed by only a few slight and ineffectual
pains.

“ Having ascertained by an examination per
vaginam that there was no obstacle to the termi-
nation of the case but a want of contraction of
the uterus, and believing it desirable that, as there
were some rather alarming symptoms of exhaustion
manifested, no time should be lost, I was soon
provided with an efficient electro-galvanic appa-
ratus, and resolved on a trial of electricity.

“ I was gratified in finding, after a few appli-
cations of the remedy externally and obliquely
across the anterior surface of the uterus, alter-
nately changing the position of the conducting
wires, that a very decided effect was produced.
Regular, strong, and frequent pains came on, and,
in the course of a quarter of an hour, a living
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male child and placenta were expelled, attended
with the least degree of hamorrhage I ever wit-
nessed.

“ The uterus was immediately firmly and per-
manently contracted, and, with the exception of a
slight soreness across the abdomen, the patient
expressed herself as feeling quite comfortable.
She recovered but slowly, on account of the
general debility induced by the affection of the
chest, but there was not a single bad symptom
connected with the uterus subsequently de-
veloped.”

I am quite aware that Dr. Simpson, of Edin-
burgh, has expressed his opinion of the inefficacy
of the electric current in such cases, and has
almost denied its exercising any influence over the
uterus. I confess I cannot for one moment
admit the validity of his opinion, when opposed
by the facts of Dr. Radford, Dr. Lever, and
others; but would endeavour to show the mode
in which these opposite statements appear to admit
of reconciliation.  This is founded on the opposite
effects of currents, according as they follow the
cause of the centripetal or centrifugal nerves.
Now in the magneto-electric coil, in which cur-
rents are excited by repeatedly breaking contact by
a vibrating bar, the apparatus, whose construction
I explained at my last lecture (fig. 22.), we have,
as I have already shown, two currents moving in
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opposite directions, to each of which the patient
who is the subject of experiment becomes syl
mitted.” Now these currents are of unequal
strength, and if the most energetie, that on break-
ing contact, be passed in the direction of the
vis nervosa, it will produce painful contractions,
which the moment it passes in the opposite direc-
tion will become relaxed. TFor, as T have proved
to you, an inverse current tends to produce para-
lysis, and a direct current contraction, Hence T
should urge the accoucheur not to employ the ap-
paratus in which both these currents traverse the
patient, but simply the one I have described to you,
as the single current machine, and which .is now
on the table before me (fig. 24). In using this, I
would suggest the positive conductor to he placed
over the lumbo-sacral region, and the other be
carried only over the abdominal surface with a
gentle friction. In this way powerful uterine
contractions will be easily excited. You will
never find any difficulty in getting this apparatus
to act efficiently, as it possesses the great advan-
tage of dispensing with the use of mercury, which
has generally been used in these single current
machines,

It has occurred to me more than once to no-
tice the occurrence of abortion as the result of
the transition of electric shocks through the pelvis

L
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in cases of amenorrheea, where the patient has for
intelligible reasons criminally concealed her preg-
nancy. 1 have, therefore, not the slightest doubt
that the stimulus of electricity, more particularly in
the form of the magneto-electric current, is in some
cases quite competent to set up uterine contractions.
Still it must not be considered as invariably suc-
cessful, for it has occurred to my colleague, Dr.
Oldham, to observe and regret its failurein a case
under his care in the hospital, in which he was
most anxious to bring on abortion in a patient three
months advanced in pregnancy, in whom delivery
at the full time was utterly impracticable from
the contraction and remarkable adhesion of the
vaginal walls. Although applied on two occasions
for upwards of a quarter of an hour, the only ob-
served effect was violent contraction of the abdo-
minal muscles, and some hardening of the uterine
tumour, followed by a slight discharge of mucus
tinced with blood. Having felt a good deal of
interest in this matter, I have been at some pains
to colleet information from those who have used
the electro-magnetic current as an exciter of uterine
action. The result at which I have arrived is
that this agent, like ergot of rye, and perhaps
other echolic remedies, generally fails to develope
uterine contractions de movo; but that baving
once been excited, they are always and almost in-
yariably rendered more energetic, and even when
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they have ceased for awhile, they are readily
again actively set up by the application of the
current:  Hence, although T believe it will gene-
rally fail to induce premature labour, it will as
generally succeed in stimulating the uterus to
rigorous contractions after labour has actually
commenced.*

Mr. Wilson, of Runcorn, successfully employed
the electro-magnetic current in a very distressing
case of flooding after an abortion at two months,
in which the haxmorrhage kept up in spite of every
plan of treatment had failed. In this case, the
ergot of rye was quite inactive, and plugging the
vagina was useless, for the hzmorrhage went on
behind the plug, and ultimately expelled it. The
current from the electro-magnetic apparatus pro-
duced firm contraction of the uterus, and arrested
the discharge, apparently just in time to save the
patient’s life, as she was completely blanched by
the loss of blood, and to all appearance was rapidly
sinking from exhaustion.

Dr. Radford has successfully employed the
electro-magnetic current to restore tone to the
bladder, when that organ has been paralysed by
previous over-distension during labour. Tt is well

® I would beg to direct the attention of the reader to a very
© interesting communication in the Appendix from a very careful
and talented practitioner, Mr. Dempsey, who has directad much
attention to this very important subject, (Appendix B.)

52
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known that when the bladder has been long dis-
tended with urine, a want of power to expel its
contents often results, and this will often continue
for some weeks, so as to render the daily use of
the catheter necessary. In a case of this kind,
following protracted labour, Dr. Radford passed a
current from the electro-magnetic machine over the
region of the bladder, with the almost immediate
result of restoring that organ to the dominion
of the will. In more than one case of want of
power 1n emptying the bladder in hysterical girls,
I have succeeded in curing this annoying symp-
tom by passing a pretty strong current from the
sacrum to the pubes. My own impression has
been, however, that the pain of the current and
dread of its repetition have constituted the real
elements of success 1n these cases.

While on this subject I may allude to that very
distressing incontinence of urine, not uncommon
in delicate irritable children. This occurrence is
most frequent at night, and is often very unma~
nageable. I have repeatedly applied the electro-
magnetic current through the pelvis in cases of
this kind, but I am sorry to say without any sa-
tisfactory results. A celebrated German physio-
logist, Froriep, has apparently been more suc-
cessful, but he applied the current in a different
manner. Ilis plan consists in placing one con-
ductor over the pubes and connecting the other
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- with a wire introduced into the bladder through a
caoutchouc catheter. By this mode of introduc-
ing the electricity really into the bladder, Froriep
states that he generally succeeded in curing his
little patients,

In connection with the therapeutical indication
fulfilled by electricity of stimulating to contrac-
tion the muscular uterine structures, I propose
next to direct your attention to the influence of
this agent in the treatment of certain forms of
paralysis. Indeed, no class of affections has been
more frequently submitted to the agency of elec-
tricity than cases of paralysis of some part of
the body, and in none have more triumphant
success and more bitter disappointment followed
its use.

Paralysis is so general a term, indicating so vast
a variety of pathological conditions, that no opi-
nion whatever can be given of the utility of the
agent in question without being more precise in
our definitions. One general remark, however,
I may venture to make, that under no cirewm-
stances whatever, have I ever seen any of the modi-
Jications of electricity of use in the treatment of
paralysis attended with permanent contractions, —
a condition so frequently observed in the upper
extremities. Indeed, so far from sanctioning the
use of electricity in any of its forms in such cases,

I feel convinced that it may even do mischief,
L 3
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and hence on no account ever venture to employ
it. As a general rule, I would especially guard
the practitioner against using this remedy in any
form of paralysis, where a source of permanent
irritation exists in the brain or spine,

Practically, I would divide the forms of palsy
presented to us for treatment into the follow-
mg: —

1. Cases of paralysis from the poison of lead.

o »»  rheumatic paralysis confined to the
limbs.

3. »»  paralysis limited to portio dura.

4. ,,  following local injury to a limb.

5. »»  hysterical.

6. 5  Angemic.

ls

,»  dependent upon persistent cerebro-
spinal lesion.
8. ,»  local anmsthesia.

1 now propose to consider seriatim the result of
the use of electricity, in its various forms, in these
different varieties of paralysis: and first of cases
of dropped hands, as

Paralysis from lead.

Of eleven, notes have been preserved.
5 were cured.
4 ,, improved.
2 ,, not relieved.
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Of these cases, 7 were traced to the patient’s
trade as a painter.

= 2 to sleeping in a freshly-
painted room.

- 1 handling types as a com-
positor.

T 1 washing bottles with ghot.

The following three cases will sufficiently illus-
trate the results of our trials in this affection: —

R. G., aged 19, admitted into Guy’s Hospital
July 12, 1837. He had been employed as a
compositor during the last five years, and con-
sequently engaged constantly in handling printers’
types, in which lead enters as a prominent ingre-
dient. His health up to the three preceding
weeks had been excellent: at that period he first
noticed a tremulous state of both hands, and
shortly afterwards suffered from a severe attack of
colic. At the time of admission he had paralysis
of motion of both hands, chiefly confined to the
extensor muscles: his general health was extremely
deranged, and, from debility, he had extreme diffi-
culty in walking. From the medical treatment
employed, he became considerably improved ; but
not regaining power over his hands, he was sent
to the electrical room on September 2: at that
time he was completely amaurotic, this state

L4
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having gradually come on during the past year;
and he had rather more power over the left arm
than the right: sensation was tolerably perfect.

Sept. 2.— Sparks from the cervical and dorsal
regions of the spine thrice a week. The papular
ceruption was produced with difficulty. He con-
tinued this treatment, with marked improvement,
for some time; when, from an attack of bron-
chitis, he was confined to his bed.

Nov. 8, —Resumed the electrical treatment.

27. — Gradually acquiring more power over
the paralysed muscles ; and his pupils, previously
nearly insensible to light, now contract and dilate
readily, although he remains completely blind,

Jan. 12. — Paralysis completely cured; the
amaurosis remains unrelieved.

C. B., aged 29, by trade a cooper, whilst at
work, ten days before, was seized with a sudden
feeling of loss of power in the richt wrist and
hand, which he attributed to his having been pre-
viously engaged in mixing white paint. On ad-
mission into the hospital, in August, 1840, the
paralysis of motion of the extensors of the affected
hand was complete: general health tolerably good.
OL Ricini p. r. n., Sulph. precip. 3i., t. d. Weak
shocks down the arm, from the spinous processes
of the cervical vertebra to the fingers.,

Sept. 11. — Has rapidly improved, and is now
able to resume his work.
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In cases of the dropped hands of painters, the
conditions before mentioned being borne in mind,
the electric sparks drawn from the region of the
cervical and dorsal vertehree are generally effica-
cious in at least aiding, if not effecting, a recovery.
I have generally, also, directed them to be drawn
from the paralysed parts; and, in recent cases,
small shocks transmitted along the course of the
affected nerves, have considerably accelerated con-
valescence: but in chronic cases I have repeatedly
seen a cure effected by drawing sparks from the
gpine, on alternate days, for weeks, after shoeks
had been passed along the paralysed parts in vain.
The following is a case of this kind.

W. C., aged 36, a plumber, admitted Novem-
ber 26, 1840, first noticed, three years before, a
numbness of the right hand, which terminated in
total paralysis of the extensor muscles. A year
ago the left wrist beecame similarly affected, and
he is now unable to raise either hand.

Nov. 26.—Sulph. precip. 5i.t.d. Shocks down
the arms on alternate days.

Dec. 16.—No improvement. He has no more
power over his wrists than on admission. I di-
rected sparks to be taken from the spine, thrice a
week, for six or eicht minutes.

Jan. 2.—Has gained power daily, and soon
after this date was able to resume his work.

Rheumatic paralysis has been repeatedly treated
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by electricity, and notes of ten patients are pre-
served; of these, the youngest was 15, the eldest
50 years old.

Of these, 5 were paraplegic, limited to both legs,

1 -1 ] L1 ] hﬂndﬂ,
3 limited to the right arm,
1 - right leg,

Of these, 5 cured,
3 relieved,
2 unrelieved.

Under the term rheumatic paralysis, I would
include all cases in which the palsy followed the
sudden application of cold, independently of any
evidence of central spinal lesion. Such cases are
common enough; they are sometimes attended
with peripheral pains of a rheumatic character,
and even occasionally with redness and tumefac-
tion of the joints, which, however, is always evan-
escent. The line of demarcation between rheu-
matism and some of these forms of eccentric pa-
ralysis is very ill defined, and, indeed, lends consi-
derable support to the idea of a close connection
between rheumatism and some lesion of functions
over which the true spinal system presides.

R. E., admitted Sept. 27th, under the care of
Dr. Addison. It appeared that ten months pre-
viously, whilst on board a trading vessel off the
coast of Africa, he became the subject of fever,
for which cold affusion was copiously used; and
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to this he attributes the paralysis of the right
fore-arm and both hands, which appeared when
convalescing from the disease. On admission, he
was quite unable to move the paralysed limbs : his
general health appeared excellent.

Sept. 27th.—Sparks thrice a week, from the
spine and paralysed muscles.

Nov. 14th.—He has improved daily ; and being
now in possession of full power over the previ-
ously paralysed limbs, he was this day presented
cured.

J. Y., aged 15, admitted into the hospital in the
middle of January, 1837. Stated that sixteen
months back he suffered from pain and swelling at
the upper part of the neck: this was followed, in
two months, by loss of power over the right arm ;
for which he continued under treatment during
nine months without deriving any benefit, so far
as power over the paralysed limb was concerned.
It was then determined to try the effects of elec-
tricity ; and in the middle of August twelve
shocks were ordered to be passed from the region
of the cervical vertebra to the fingers of the right
hand, daily.

Oct. 8th. —Has gradually improved, and has
now considerable power over the affected limb.

20th. — Recovered completely the power of
moving the arm; and was discharged, cured.

W. E., aged 30. This man had been employed
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i loading and unloading cargoes of coasting-
vessels at one of the wharfs; and a few weeks
ago, whilst unpacking salmon, the cold water from
the melting ice burst from one of the packages
and drenched him completely. He took no notice
of this; but on the following day the little finger
of his right hand became numb: this gradually
inereased ; and in a week he lost all power over
both hands, sensation remaining unaffected.

Oct. 19th, 1840.—Sparks from the spine and
the affected hands.

Under this treatment he rapidly improved ; and
after attending a few times, he became so much
improved as to be enabled to return to his work.

The following case, recently under my care at
Guy’s Hospital, is a good illustration of rheu-
matic paraplegia thus treated; I give it in the
words of my eclinical reporter, Mr. Hinton.

J. R. ®t. 58, labourer, married, comes from the
Hundreds of Kent; his work consists chiefly in
cleaning out ditches, &c.: in his younger days he
lived freely, but for many years past he has led a
temperate and regular life ; general health pretty
good ; he has had ague many years ago, and seve-
ral fevers, doubtless of an intermittent character,
as he has lived in the Hundreds for nearly forty
years.

To his knowledge none of his relations were
ever affected with paralysis; ten of his children
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have died, and several of them apparently with
some phthisical affection, He has always noticed
that his feet perspired very freely. In the latter
part of the month of August last, he worked for
three successive days in a ditch; during the whole
of which he was knee deep in a running stream,
and from this time all signs of perspiration about
the feet disappeared, and, to use his own expres-
gion, “ he found it strike to his limbs.” He soon
perceived that he was gradually losing the power
of motion in the lower extremities, chiefly the
right, and his feet always felt cold, His general
health, however, has not suffered.

He says that his legs feel very heavy, and he
compares it to having a great weight attached
to each foot. The flexor tendons of the knee joint
are somewhat tense, and he moves with great dif=
ficulty. There is slight loss of sensation, and a
feeling of numbness. Urine is clear, of natural
colour, unaltered by heat: he passes about Oijss.
m 24 hours; sp. gr, 1011.

Treatment. — Balneum tepidum. H. Senna
p- r. n. Middle diet,

Jan. 2d, 1847. — Since the bath he has felt
easier on the whole, and can move the lower extre-
mities more frécly, He says his legs feel « all of
a work.,” Gieneral health continues good. — Ictus
elect. ¢ spin, dors. ad pedes ter in hebdom.

7th.— Continues pretty well, and finds his legs
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much lighter; he moves more freely, and has per-
fect sensation ; the feeling of numbness much di-
minished.

13th. — Continues to progress favourably ; he
now walks with a tolerably firm step without sup-
port of any kind ; the legs are comparatively light.
The right leg is decidedly the weaker. He feels
the shock during the night. |

20th. — Walks with tolerable freedom ; ocea-
sional indecision of gait and power of motion:
varies somewhat from day to day; general health
continues good.

29th. — The paralysis appears cured : he walks
freely ; occasionally the right leg drags a little,
and at times he feels it heavier than at others.

From this date he continued to improve, and
was presented on the 9th February.

Paralysis of the portio dura is a not unfrequent
affection, and probably bears considerable relation
to the rheumatic paralysis which has just occupied
our attention. It is unnecessary for me to allude
to the importance of not committing the serious
error of confounding this disease with paralysis
depending upon cerebral lesion. It is impossible
that any I have now the honour of addressing
could ever fall into such a fearful error. Yet I
dare say it has fallen to the lot of many of my
auditors to be called to cases of this kind after the
patient has been bled, cupped, blistered, mercurial-
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ised, and his health and constitutional power
shattered by such unnecessary treatment,—a treat-
ment for which the most profound ignorance
hardly affords an excuse. The history of the cases
is sufficiently intelligible. A person previously
in health exposes one side of the face to a little
draught of air; as by sleeping near a window
having a broken pane, or travelling in a rallway
carriage with a half open window. The result of
this is more or less pain and stiffness in the side of
the face, followed soon by paralysis of the facial
nerve ; the non-affected side being exceedingly
distorted from the antagonist muscles becoming
palsied.  Sensation is never influenced, the affec-
tion being strictly and exclusively limited to the
seventh pair of nerves. When consulted early
i the affection there may be some evidence of in-
flammatory irritation in the course of the pes an-
serinus and its branches, demanding appropriate
treatment. Very soon, however, this irritation
subsides, and, as is well known, the patient, if left
alone, generally with sufficient time recovers.
Still, however, the convalescence involves much
time, and in many instances, months elapse ere the
symmetry of the face is recovered. In such easos
the stimulus of eclectricity remarkably aids the
cure: I say the stimulus of electricity, because in
such cases it appears pretty certain that the agent
in question acts merely as a local excitant, stimu-
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lating the paralysed muscular fibres, and arousing
their normal irritability, and once more placing
them under the dominion of the will.

In these cases it scarcely matters what form of
clectricity is applied, so long as it is sufficiently
effective to induce contraction of the paralysed
muscles under its influence : weak shocks from a
charged jar, the passage of a series of currents
from an electro-maguetic machine, or the direct
irritation produced by drawing a series of sparks
from the cheek (when the patient is insulated and
connected with the prime conductor of an electri-
cal machine), seem to answer equally well. It is
unnecessary for me to trouble you with any
elaborate history of patients thus treated : a brief
glance at two or three will be sufficient as an
illustration of the subject.

A barrister, in large and influential practice,
became the subject of paralysis of the portio dura
on the left side, from exposing the cheek to a
current of air from a broken window in a crowded
court. He applied to me in a week or two after-
wards, the paralysis continuing, and the distortion
of the face hideous. As his general health was
excellent, I ordered him to apply the currents of
an electro-magnetic machine to the paralysed
cheek for a few minutes daily ; this was done for
him by his servant, and in a fortnight all distortion
vanished,
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A young gentleman, sixteen years of age, be-
came paralysed from the influence of a draught of
cold air on his cheek while asleep. I saw him two
or three days afterwards: there was no local ten.
derness in the course of the portio dura, but the
distortion was extreme. I requested his father,
himself a zealous cultivator of physical science, to
place him upon an insulated chair, and, connecting
him with the electrical machine, to draw sparks
from the affected side; this was regularly done
daily, and he rapidly recovered.

An instance lately occurred to me in the person
of a clergyman, who had suffered from paralysis
of the seventh pair of nerves a dozen years pre-
viously, and the paralysis had never completely
disappeared ; the face when I saw him was not
symmetrical, the saliva often flowed from one
corner of the mouth, and his intonation was 1m-
paired. e set sedulously to work with the electro-
magnetic current, and I saw him some months
afterwards perfectly restored.

Very lately I was called to a gentleman in
Camberwell, whom I found in bed with a shorn
scalp, and who had been under the influence of’
vigorous measures, as bleeding, cupping, blisters,
and mercury, for what was presumed to he an
apoplectic clot in the right side of his brain. He
was rather worse than better for his treatment,
and it turned out that he had walked to the city

M
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in an intensely hot day, and sat down to his desk
with his left cheek exposed to a current of cold
air rushing through the broken window of his
counting-house. Pain and stiffness came on, and
when he awoke next morning his left cheek was
palsied. It was evidently a sufficiently obvious
case of paralysis of the portio dura; and after
getting up his health, this patient, who had often
dabbled in electricity, undertook his own treatment,
and by drawing electric sparks from his cheek
for nearly half an hour each day, he completely
recovered. In this, as in other cases, I may remark
the treatment at first appears remarkably success-
ful, and the patient iz often disappointed that he
does not continue to progress as rapidly as he had
hoped. Hence, it is very important to bespeak
his patient persistence in the treatment for some
weeks, before commencing the use of electricity.
In paralysis following local injury, the aid
afforded by electricity depends upon the nature of
the injury inflicted. If a blow, or other applied
violence, has been sufficient to injure the structure
of a nerve, no benefit can accrue, or, indeed, can
be expected, from the use of electricity. DButif;
on the other hand, the paralysis has been merely
the result of concussion of the nerves, &ec.,—of some |
pressure which, although severe, did mnot disor-|
ganise the nervous ﬁbtea,—the remedy in question |
is often of service. In such cases I would advise
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the application of clectro-magnetism from the
single current machine (described in my last lec-
ture) to the paralysed limb, taking care to transmit
it in the course of the wis nervosa, or, in other
words, in the direction of the nervous ramifications,
I think T have seen benefit thus obtained in the
weak and feeble state of a limb following other
forcible reductions of a dislocation ; as of the head
of the humerus into the axilla,

In hysterical paralysis, 1 feel a great difficulty
In expressing an opinion regarding the remedial
influence of electricity, in consequence of the
nearly impracticable task of distinguishing be-
tween the mere simulation, and the reality, of
existing paralysis in hysterical women, It is
really difficult to believe, that girls and women,
whose very means of living decently, much less
the possession of the comforts of life, depend upon
their being enabled to exert themselves, should
simulate paralysis; and yet we know that such is
too frequently the case. The morhid state of
mind which predisposes te such impostures pre-
sents a curlous enigma for solution. Admitting
the existence of such cases of deception and im-
posture, we too often run the risk of becoming
uncharitable, and to consider many forms of
functional paralysis as purely simulative, It is
not for me to enter into the interesting problems
of the vagaries of such cases: I will content

M 2
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myself with pointing out the high importance of
the electric shock, or uninterrupted current of an
electro-magnetic machine, in such cases. If the
patient simulates paralysis (and, when she does so,
it much more usually is in the form of rigidity of
a limb than“any other) she can seldom resist the
pain and surprise of the shock, and the previously
rigid limb will generally instantly move. On
the other hand, in hysterical paralysis, where the
affection, however excited at first, is now unin-
fluenced by the patient’s will, there are few cura-
tive remedies so important as the electro-magnetic
current. 1 have seen a young woman, the subject
of hysterical paraplegia for months, move the
limbs, and walk, although unsteadily, in an hour
or two after the application of electricity; and
very lately, another was in Guy’s Hospital under
my care with paralysis of the richt arm, in which
the same successful results occurred. In neither
of these cases could I detect simulation, and not
only was there no motive for it, but the interests
and desires of the patients were opposed to it, for
the paraplegic girl was prevented from becoming
a wife by her paralysis, and the young woman
with the palsied arm had an aged mother, to whom
ghe appeared deeply attached, depending upon her
exertions for her means of support.

In connexion with these cases T may now al-
lude to the voicelessness we occasionally meet
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with in cases of hysteria. This is often a trouble-
some symptom difficult to relieve. In the majority
of cases this does not disappear until the an@mia,
if present, is cured, and the general health re-
stored as completely as possible. Even then,
however, the aphonia will frequently baffle us. In
such cases I have been often gratified by the re-
sult of the application of electricity. Sometimes
on seating the patient on an insulating chair,
connecting her with the prime conductor of the
electrical machine, and drawing sparks briskly
from the region of the larynx, the voice has almost
immediately returned. In one case, which had been
peculiarly obstinate, passing a gentle current from
the electro-magnetic machine through the larynx,
and only for a few minutes, cured the patient.
There is yet another form of paralysis by no
means unfrequent in practice, dependant upon, or
at least connected with, general anmmia, and ac-
companying enervation, and in which the sole ap-
preciable cause of the want of power in the palsied
limb, is an exhausted state of the great nervous
centres.  Such a condition we see occasionally
in women suddenly exhausted by flooding labour,
or more gradually drained of vigour and power by
the more insidious effects of over-lactation, and
sometimes merely leucorrheea. It is perfectly true
that the judicious practitioner can successfully

treat these cases, first by arresting the drain upon
M 3
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the system, if such continues, and then by build-
ing up power by good food and hxmatic tonics,
especially preparations of iron. But if the want
of power in the limb has been at all chronie, the
palsied state by no means necessarily disappears
pari passu with the restoration of general health.
Time, and often a very long time, becomes an
element in the restoration of the limb to its due
allegiance to the will. In such cases the cure
may be very remarkably expected by the stimulus
of electricity. One of the first cases in which I
adopted this addition to our treatment occurred
many years ago in the person of a lady (since
dead from phthisis) whom I saw with my friend
Mr. Pretty, of the Mornington-road. This lady,
always of weak power, had been completely ex-
hausted by suckling her infant, and gradually and
insidiously she lost power in the left arm. When
I saw her, this had amounted to nearly complete
loss of sensation and motion; the latter function
being, however, most deficient. Under judicious
management, her general health had been much
restored, but her arm remained useless. Believing
that there was no organic disease, and regarding
the state of the limb as one merely of deficient
power, 1 suggested the application of a current
from the alternating electro-magnetic machine
down the arm, one conductor being placed over
the cervical spine, the other being placed in a basin
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of warm water in which the left hand was im-
mersed. The result was very satisfactory: almost
after the first application some little power re-
turned, and by the daily use of the current the
patient recovered, in a few weeks, complete
power over the limb.

We not unfrequently meet with cases of pa-
ralysis which can only be explained by a direct
reference to exhaustion of the nervous power. It
most generally makes its appearance only in the
lower extremities, developing a very perfect para-
plegia. This want of power involves alike motion
and sensation, and is almost always the result of
excessive fatigue, particularly when the person
has been for a long time accustomed to sit with
the spine bent, during the greater part of the
twenty-four hours. I know of one case in which a
very zealous physician actually became thus palsied,
after assiduously devoting his time to the study
of certain phenomena of the microscope, in doing
which, he for hours together robbed himself of
the much-needed rest at night, and spent them
in leaning over the instrument. There is, how-
ever, another cause, unhappily too rife, of these
cases ; the miserable result of the utilitarian dog-
mata now so fashionable, which makes human
labour a marketable commodity without any re-
gard to health. I may perhaps startle some by

announcing the fact, that it has occurred to me
M4
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repeatedly to witness more or less complete
paralysis arising from this cause among a class
of labourers of the most oppressed and most
unprotected character. I refer to the needle-
women of this metropolis, a class of girls and
women, who, to earn enouch of the wretched
pittance they receive from the agents who em-
ploy them, to procure the commonest neces-
saries of life, are often compelled to work for
fourteen, sixteen, eighteen, and sometimes even
more hours out of the twenty-four. They toil
on, indeed, at the needle, until the sight fails as
they drop asleep; starting up, after snatching a
brief slumber, to resume their task. These poor
creatures receive from three halfpence to fourpence
halfpenny for making a shirt, (for the latter sum,
indeed, producing such as are worn by respectable
mechanics, and others of as higch a rank in the
social scale). They are often scarcely able to pro-
cure food, and are driven to intemperance too fre-
quently to benumb the recollection of the wretch-
edness, or to prostitution to add to their miserable
income. No wonder that they become exhausted,
enervated, bloodless; and paraplegia is not unfre-
quently the result. Not long ago, I had under
my care, in Giuy’s, a young woman who had once
moved in a sphere of great respectability. She
was quite paraplegic, and was so entirely destitute
of all sensation that she was not conscious of any-
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thing, when a needle was inserted into one of her
feet. This poor creature had been exhausted by
working in the way I have described, and she
declared to me that, except by dosing in her chair,
she had often not slept for two nights together.
She had at first felt vague pains in her toes, then
m her knees, rigidity came on, and ultimately she
became as when I saw her ; the lower half of her
body being as powerless as if made of marble.
In this, as in other cases of the kind, there was
no evidence of organic lesion, and by due nourish-
ment, rest in the recumbent position, and the use
of iron and tonics, her general health was =oon
restored. The electro-magnetic current was then
employed daily, and I had the pleasure of seeing
this young woman in about three months walk
out of the ward quite well. These cases are but
little known, and will, we much fear, continue to
oceur, so long as the labour of the friendless and
dependant female is regarded with no more feel-
ings of sympathy or humanity than the amount
of duty performed by a steam-engine, or any other
machine.,

In conclusion, I will trouble you with a few
remarks, and they shall be very brief, in con-
nection with paralysis dependant upon positive
organic lesion of the cerebral or spinal centres. My
experience in these affections, so far as their treat-
ment by electricity is concerned, has been large ;
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and without troubling you with details, the results
may be stated in a few words: —

1st. When the lesion is recent, the cause pro-
ducing the paralysis still active, electricity and
its modifications not only do no good, but often
do much mischief. I would give an especial cau-
tion where rigid arteries are known to exist, or
ramollissement of brain suspected. In more than
one example of these affections I have known a
fatal apoplectic fit quickly follow the use of the
remedy in question.

2dly. In paralysis accompanied by rigid flexure
of the thumb or fingers, I have never seen elec-
tricity do any good.

3dly. In cases of paralysis depending upon
some physical cause, as effusion or pressure from
other sources, when the original cause has been
removed by time or treatment, or both, the palsy
remaining ; electricity, and especially the electro-
magnetic form of it, is of the utmost value.
These cases are certainly not uncommon, and to
them the old adage of ¢“sublata causa, tollitir
effectus,” does not by any means apply. A pa-
tient has, for example, congestion, influencing
chiefly one side of the brain: the arm or leg, or
both, become paralysed. After some time the
circulation is equalised, the pressure is removed,
and the paralysis, if the case be recent, disappears.
If, however, the congestion has been of longer
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duration, the palsy does not disappear with the
removal of the exciting causes, and then the pas-
sage of the single electro-magnetic current in the
course of the nervous ramifications becomes inva-
luable.  Often in a few days the patient recovers
his power. In such cases of chronic paralysis,
let me beg of you not to give up the electrical
treatment too soon. Remember, that if the pa-
ralysis be long continued, some of the new tissue
deposited in the palsied muscles, in accordance
with the recognised laws of nutrition, has never
contracted or moved under the influence of the
will, and a patient persistence in the electrical
treatment will be necessary before the new fibres
become roused into obedience to the wis nervosa
propagated along the nerves by the volition of the
patient.*

Paralysis of sensation is occasionally met with,
and, so far as I have seen, the anmesthesia is oene-
rally confined to a single limb, or part of a limb,
and has almost invariably resulted from some de-
pressing cause exerting a local sedative influence.
An interesting case of this kind has been recorded
by Mr. Christoffer. A patient who suffered
from leucorrheeal discharge, was directed to use the
cold hip-bath every morning. No reaction ap-
pears to have followed its use, but a loss of sensa-

* Appendix C.
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tion was experienced in the integuments of the
chilled thighs and loins, This disappeared in
half-an-hour until after the twelfth bath, when
the paralysis of sensation was complete from the
toes to the hips.  She could walk about, and had
perfect power of reaction, but cutaneous sensa-
tion was absent. The temperature, moreover,
was lower in the legs than the arms. Mr. Chris-
toffer most judiciously applied the current from
the electro-magnetic apparatus, from the sacrum
to the feet; sensation was sooun restored, and the
patient completely recovered. Early in this year,
a man was admitted into Guy’s under my care
(in Spare Ward), who had complete anmsthesia
of the right arm.  This patient (a most re-
spectable poor man) had been reduced to great
distress by a series of unhappy events, and to
furnish food for his children deprived himself of it,
and often passed an entire day without a meal.
Become depressed and anzmic, he one day felt
giddy and fell. He was brought to the hospital,
and when I saw him he had complete loss of sen-
sation in the right arm, motion being perfect. He
could hold any thing in the right hand, so long as
his eyes were fixed upon it; but the moment he
ceased to look at it, he generally allowed it to
fall. I was quite unable to elicit any evidence of
sensation by any test I could apply. Generous
diet, with iron and quina, soon restored his health, |
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without, however, very much improving the loss of
sensation. I therefore directed the alternating
electro-magnetic current to be passed from the
cervical spine to the fingers of the right hand.
At first, his hands felt the pain of the passing
electricity ; in a few days sensation returned, and
he left the hospital completely well.

I have next to direct your attention to some
other affections in which we have employed electri-
city as a therapeutical agent. It would occupy se-
veral lectures, were I merely to detail a portion of
the clinical experience accumulated at Guy’s Hos-
pital during the last few years on the subject.
My limited time will, however, only permit me
to glance at its results in some few affections, in
which it appeared to me of most prominent ser-
vice — as in chorea, amenorrheea, and some forms
of paralysis,

Notes of 37 cases of chorea have been pre-
served: of these

oo 17 males, 9 above 16 years.
TR e 20 females. | 26 under 16 |,

Of these, in 25 the movements were universal,

i 5 limited to the right side,

33 1 2 lEf‘t 33

i 2 o both arms,

e | £ right arm,

" 1 . left arm,

5 1 = sterno-cleido musecles.
s 1 % pterygoid muscles.
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H. W., aged 8, a thin, but healthy child, whose
general health had been good, stated, that about
six weeks previously she was suddenly seized with
great pain in her legs, of which she lost the use.
Under medical treatment, the pain left the legs,
and attacked the abdomen, and then the arms.
The joints did not appear to have been much
swollen or red.  She recovered in a month, and
almost immediately became the subject of chorea,

- and was admitted into Guy’s Hospital on Nov. 2.

1837. Her existing symptoms were, continual in-
voluntary jactitation of the legs and arms, with
continual contortions of the muscles of the face.
She complained of stiffness in the neck, and spoke
with extreme difficulty. She took vinum ferri
and sulphate of zinc for some time ; but, getting
no better, electricity was ordered on Dec. 2,

Dec. 8th. — The sparks had been taken daily
from the spine. She now speaks and swallows
without the slightest difficulty: the involuntary
movements of the limbs are much diminished.

18th. — She left the hospital, quite free from
all trace of chorea.  She remained well until
June 20, 1838, when she was brought to the hos-
pital, affected with chorea, confined now to the
upper extremities. The electricity was again or-
dered, and she rapidly got well.

That chorea is often excited by intestinal irrita-
tion, is well known, and the possibility of curing
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such a disease with purgatives is notorious. It
will, however, sometimes happen, that although
the exciting irritant is removed, the effects on
the nervous system remain, and the chorea
persists. In such cases electricity soon effects a
cure.

W. J., aged 12, who stated his general health
to be good, had been long subject to tape-worm;
he had never had rheumatism, or suffered from
fright. His present attack of chorea commenced
ten months ago, and, although he had been under
treatment nearly the whole time, has never been
much relieved: he therefore applied at the hospi-
tal, and was admitted on Nov. 1. He took pur-
gatives and sulphate of zine for two months,
when, not being any better, he was sent to the
electrical room on Jan. 6. At that time his
gymptoms were the following: — mmvoluntary
movements of almost every muscle, so that he
had considerable difficulty in walking, and was
quite unable to support himself on one leg: his
arms were 1n constant motion, and he had so little
control over his fingers that he could not retain
anything in his grasp, even for an instant; the
muscles of his throat were also in a constant state
of involuntary motion, so that his articulation was
imperfect, and his words frequently unintelligible;
his head was constantly moving, being, with his
neck, alternately thrust forward, and retracted in
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a jerking manner. Sparks were ordered to be
drawn from the spine on alternate days.

Jan. 9th. — Much improved. Involuntary
movement of the legs and arms much less,

13th. — Rapidly convalescing.

Feb. 9th.— Presented well.

Where chorea exists in girls, as a result of the
disturbance of nervous functions from amenor-
rheea ; anemia, either not existing, or previously
cured by iron, it is a good practice to transmit
a few shocks through the uterus, in addition to
the sparks from the spine. In this way the cata-
menia will be generally excited, and the rapidity
of the cure increased,

E. R., aged 186, of previous good general health,
menstruated, for the first time, three months ago.
After the disappearance of the discharge, she
became the subject of Involuntary movements of
the right arm and hand: these have increased in
intensity up to the present time. She appeared
at the electrical room in J uly, 1838: sparks were
taken from the spine, and a few shocks passed
through the pelvis. After the electricity had
been applied five times, the catamenia occurred,
and the chorea vanished. She continued well
until September 19th, when, as the discharge
had not appeared at its proper time, she again
applied at the hospital. A few shocks through

N
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the pelvis excited the deficient functions, and she
left quite well.

I have never seen any good effect to result, in
cases of chorea, from the transmission of electric
shocks along the affected limbs: on the contrary,
in every instance the involuntary movements have
been increased, often to an alarming extent; and,
if employed when the patient was convalescent,
it has invariably agaravated every symptom, and
often rendered the patient as ill as when first admit-
ted under treatment. The following case is one of
several in which shocks were employed in the
hope of accelerating the cure, but with the oppo-
site effect of increasing the malady : —

J. B., aged 18, a stout, muscular lad, admitted
into Guy’s Hospital, stated, that until the last
two months his health had been excellent. His
employment, as a toll-gate keeper, had necessarily
exposed him to the vicissitudes of the weather,
which have induced repeated catarrbal attacks:
to one of these he attributes his present illness,
The involuntary movements first made their ap-
pearance two months ago, and are confined to the
right half of the body, the left side being un-
affected : they were sufficiently severe to prevent
his retaining anything in his grasp, and to inter-
fere materially with his walking.

Oct. 7th. — Sparks from the spine daily. — No |
medicine.
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12th. — Improving rapidly ; involuntary move-
ments oceur, but slight; he can readily keep his
right arm extended for a minute or two,

23d. — Scarcely a trace of mvoluntary move-
ment of the arm left; the leg still remains slightly
affected. With a view of ascertaining whether
the progress of the case towards convalescence
would be accelerated, a few shocks were ordered
to be passed along the leg and arm.

26th. —Ie has grown rapidly worse since the
employment of the shocks, and is now almost as
bad as on his admission into the hospital.  Sparks
were again ordered, with gradually increased doses
of sulphate of zine, and in six weeks he was dis-
charged, cured.

Electricity does not appear to be less usefyl as
a remedial agent in cases in which the involuntary
movements are confined to a single limb, or to g
few muscles of the body only. It would be un-
necessary to extend this paper by detailing other
cases of ordinary chorea, particularly as they stand
recorded in the Hospital Case-books: I shall
therefore content myself with relating a few cases
of the rarer forms of chorea, in which the disease
18 extremely limited in its seat.

S. W., aged 12, admitted into the hospital Noy.
5th, having been the subject of chorea during five
weeks. The disease is confined to the right arm

and shoulder, the limb being in a state of per-
N 2
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petual movement. She attributes the attack to
fear, produced by the threats of her schoolmistress.
She took for some time sulphate of zinc and sesqui-
oxide of iron, and then attended at the electrical
room. Sparks were taken from the spine three
times with considerable benefit, when she left the
hospital.  On the 20th of December she appeared
at Guy’s, among the out-patients, and came under
my care. The involuntary movements of the
Jimb were as bad as at first. Some saline rhubarb
powder was ordered, as an occasional aperient,
and sparks drawn from the spine thrice a week.

Jan. 14th.— She has attended regularly, daily
improving, and was to-day discharged, quite well.

The following curious case, although scarcely
possessing the characters of chorea, is sufficiently
marked to allow it to be regarded as a case of that
disease: it still points out, in an interesting man-
ner, the influence which electricity exerts over the
involuntary movements of muscles supplied by
spinal nerves.

J. T., aged 40, accidentally dislocated his jaw in
the winter of 1838; and, after its reduetion, be-
came the subject, upon the slightest excitement,
and often without any apparent cause, of invo-
luntary motions of the jaw, apparently referable
to the pterygoid and the depressor muscles: these
produced dislocation of the jaw, often several times
in the day. On October 9th, 1840, this patient
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applied at Guy’s Hospital, and was sent to the elec-
trical room. Sparks were drawn from the region of
the affected muscles with remarkable effect, the in-
voluntary movements diminishing so considerably
that dislocation of the jaw rarely occurred. On
leaving off the electricity, the motions returned,
and with them the spontaneous dislocation; but,
whenever he recommenced its use, both these dis-
agreeable symptoms vanished.

In another very remarkable case electricity was
equally successful. The subject of it was a com-
mercial traveller, who had been overtaken by a
snow-storm on Salisbury Plain, and was nearly
frozen to death. Soon afterwards, a curious form
of partial chorea, affecting chiefly the sterno-
mastold muscles, appeared, and continued for a
long time, the head being alternately carried by a
series of jactitations from side to side with con-
siderable violence, and he was accustomed to
steady his head by holding his nose firmly with
one hand. This man was long under treatment
at the hospital, and ultimately recovered, on sub-
mitting him to the electrical treatment.

The results of my trials of electricity in chorea
may thus be deemed very satisfactory. I am
quite aware others have not met with the same
success, and this is easily accounted for, in their
merely seeking the aid of the remedy in cases

which obstinately resisted all other means, instead
5 3
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of using it as the primary remedy. Of all reme-
dies I have hitherto used, except perhaps the sul-
phate of zine, eleetricity seems most successful in
chorea, and I have invariably employed it where-
ever I possibly could, since I first saw it employed
by my friend and colleague Dr. Addison, who, I
believe, first suggested its use in this disease.

More extended experience since the first pub-
lication of these cases in Guy’s Hospital reports,
has more fully confirmed me in my confidence in
this remedy. It has occurred to me many times
during the past four years to suggest its use in
eases occurring in private practice, which had run
the gauntlet of all kinds of treatment in vain, and
in several with the most satisfactory results. I
confess I cannot account for the failure of elec-
tricity in the hands of others, although it may
probably be explained by the mode of application.
The cases under treatment at the hospital were
watched by our pupils, and they stand recorded
in the clinical report book of the ward, so that I
presume the evidence in support of my statement
may ‘be regarded as sufficiently satisfactory.

It might now be inquired, in what manner
does electricity cure chorea? Having reflected
much on this subject, I have adopted the con-
clusion that, as a counter-irritant over the spine,
it 18 more valuable than other remedies of this
class, from its ready application, the intensity of
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its action, and the capability of renewing it daily.
It exerts a very important influence over the
spinal nerves, and thus aids in submitting them
to the influence of the will. In addition to this,
I believe the remedy acts by exciting powerful
contraction of the muscles, and thus aids in over-
powering their irritability. Indeed, in this way,
even independently of all counter-irritation, I have
more than once seen electricity cure chorea. A
remarkable instance of this is at this moment in
Guy’s. A girl, @t. 14, was admitted under my
care, in Miriam Ward, with obstinate universal
chorea. I never met with a case in which there
was no reason to suspect organic mischief, and
which so completely resisted all remedies, the
chorea movements continuing long after the re-
storation of her general health. I therefore left
off all treatment, and requested my clinical clerk
to pass a series of electro-magnetic currents through
the arms. In a few days the movements lessened,
and in a few weeks quite ceased.

Electricity has been repeatedly looked to as an
important agent in stimulating the activity of
secreting organs. We have evidence of its quick-
ening the capillary circulation of the skin, and
inducing perspiration, of which any one whose
skin i1s not absolutely harsh and imperspirable
may convince himself, by sitting on an insulated

chair, and connect himself with the prime con-
N 4
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ductor of an electric machine in action, for ten
minutes. This will seldom fail to induce free
diaphoresis. I am by ne means satisfied that the
kidneys are excited to more active secretion by
passing electric currents through them, or at least
near them; but, in the case of the liver, I can
hardly divest myself of the idea that I have seen
a cholagogue effect produced by passing the shocks
of an electric jar, or the electro-magnetic current,
through that organ. T wish on this question,
however, to speak with extreme caution. We
have, however, most indisputable proof of the
suceessful application of the stimulus of electricity
in inducing secretion from the uterus in cases of
amenorrheea. In the clinical books we have abun-
dance of such cases noted down. Whilst the
electrical room at Guy’s was under my charge,
we had twenty-four cases of amenorrheea reported ;
the youngest fifteen, the eldest twenty-five years
of age, all unmarried.
Of these, 4 were chlorotic;
6 but slightly so;
12 not at all so;
2 complicated with hysteria.
Of these the remedy succeeded in all, except
the four chlorotic girls.
In electricity we possess the only really direct
emmenagogue with which the experience of our
profession has furnished us: I do not think I
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have ever known it fail to excite menstruation
where the uterus was capable of performing this
function.  Disappointment will, however, most
certainly result if we have recourse to electricity
merely because a girl does not menstruate ; and
we must never lose sight of the fact that, after
all, the large majnrity of cases of amenorrheea
depend upon an anmmic condition; and the pa-
tient does not menstruate, simply because she has
no blood to spare. Nothing can be more ridicu-
lous than applying electricity or any other local
stimulant to the uterus when chlorosis exists: the
first great indication will be to restore general
health, give iron to make up for the previous
deficiency of that element in the blood, and then,
and not before, think of stimulating the uterus.
It 1s true that, in a large proportion of cases, the
catamenia will appear as soon as the chlorosis is
cured : of course, in such cases, there will be no
need of the employment of electricity ; but still
a large number will oceur in which, even after
the complete relief of the chlorotic and anmemic
condition, the uterus remains torpid and refuses
to act. In such cases, a few shocks transmitted
through the pelvis seldom, if ever, fail in effect-
ing menstruation. I have repeatedly known the
catamenia, although previously absent for months,
appear almost immediately after the use of elec-
tricity ; in more than one case the discharge ac-
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tually appeared within a few minutes. The mode
in which electricity has been generally employed
has been by transmitting a dozen shocks from an
electric jar, holding about a pint, through the
pelvis; one director being placed over the lumbo-
sacral region, the other just above the pubes. In
private practice, in which the employment of the
cumbrous electric machine is very inconvenient,
I have substituted with advantage the induced
currents of the electro-magnetic apparatus, the
conductors being placed as before. The alterna-
ting current from the common coil-machine may
be employed in these cases, as the electricity seems
to act simply as a local stimulant quite indepen-
dently of the production of uterine contractions.
Dr. Collins of Dublin seems to prefer the electro-
magnetic current to the shocks of the ordinary
electric jar. I believe it is a matter of complete
indifference which we employ.

You will often find most satisfactory results
tollow the employment of electricity as a stimu-
lant to the absorbents to quicken capillary action.
Do not fancy, however, that you can absorb an ova-
rian drapery or an ascites by these means. I have
repeatedly and carefully tried the remedy in these
cases, and without the slightest benefit. Still
there are cases in which I have observed the most
unquestionable evidence of its value. In chronie
rhenmatic effusion into the joints, providing it is
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perfectly fluid and not too old, you will succeed
in effecting its absorption by placing the patient
in an insulated chair, connecting him with the
prime conductor of an electrifying machine, and
drawing strong sparks from the joints until the
skin becomes red and papulated. There is at
this moment under my care in the hospital, in
Talbot Ward, a countryman, who came in after
an attack of sub-acute rheumatism: the knee-
joints were distended with effusion, and he could
hardly walk. By this treatment, independently
of any other, the knees in three weeks became
much reduced, and the man could walk with com-
parative comfort.

This treatment has also been recommended in
strumous disease of the joints. In this I have had
no experience, nor do I think I should be inclined
to try the remedy in such cases.

You may often succeed in effecting a rapid
resolution of acute inflammation of the tonsils,
providing it be not too intense, by insulat-
ing the patient, and drawing sparks from the
throat. This is an old remedy, and I can bear
my testimony to its efficacy in some cases of
this kind. In resolving inflammatory action, and
in absorbing an effusion, I presume it is fair to
explain the rationale of the influences of elec-
tricity less by any imaginary occult and peculiar
power, than by a simple counter-irritant action,
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like that of a blister, over which it has the great
advantage of being often repeated without losing
its influence on the part.

In the neuralgic pains so frequently accompany-
ing muscular rheumatism in its chronic form, con-
stituting, indeed, what is known by the public,
par excellence, as ““the rheumatics,” I have often
witnessed considerable relief by drawing sparks
freely from the part until an urticarious eruption
appears on the skin. A daily repetition of the
remedy has often nearly completely freed the
patient from his discomfort. An analogous plan
has sometimes given great relief to a class of cases
which are the plague of the physician — I mean
the neuralgic pains of the side so frequent in hys-
teric and chlorotic girls,— pains which in former
days, and indeed not very long ago, were too fre-
quently regarded as depending upon pleurisy, to
the destruction of the patient’s health.

There is yet another application of electricity
as a direct stimulant which it has occurred to me
to witness. You are all aware that in cases of
poisoning by opium, after getting rid of as much
of the poison as possible from the stomach, the
great peril besetting the patient is the fatal m-
dulgence of sleep. Every ingenuity has been often
used to keep these patients awake until the nar-
coterin has passed off. In addition to the ordinary
plan of dragging them about, flagellation has often |
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been resorted to: I have even seen the bastinado
employed, by slapping the soles of the feet with a
wet towel. Recently the painful stimulus of the
alternating current of the electro-magnetic ma-
chine has been employed with marked success:
Dr. Martin Barry was, I believe, one of the first
who had recourse to this remedy in the case of
an infant patient at the Edinburgh Maternity
Hospital. The child, who was nine months old,
was dosed to sleep with twenty-five minims of
laudanum: it appeared, when Dr. Barry saw it,
to be in a state of hopeless narcotism. By the
application of the current from the electro-mag-
netic machine the little patient was kept at least
partially awake for nearly five hours, when the
respiration became calmer, and the pupils dilated :
the child eventually did well.

In the only case of poisoning by opium in the
adult in which I directed the employment of the
current, the conductors were placed in the moist-
ened hands of the patient, and fastened to them
by a piece of tape: the current thus passed with-
out trouble, and with the very obvious result of
arousing the patient.

I once applied this remedy to a very marked
mstance of that old disease Catalepsy. A young
lady became the subject of this affection, and for
hours together appeared perfectly extatic, the
eyes looking upwards with a fixed gaze, and the
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body assuming a rigid state, so that she resembled
a statue. When left to herself she gencrally
became fixed, in rather graceful positions than
otherwise; but the limbs could be moved, like
wax, in any position, and there they would re-
main. She remained once, to my own know-
ledge, for four hours in one position, and that an
irksome one too. Finding all remedies fail, T had
two basins of water placed on a table, each con-
nected with a conductor of the double current
electro-magnetic machine. The next time she
became cataleptic, her hands were immersed in
these basins: in an instant the charm was broken,
she uttered a loud scream, nearly kicked over the
table, burst into a flood of tears, and had no other
attack. Real or assumed, the disease was cured.
I would strongly recommend a trial of the
electro-magnetic current in cases of drowning,
Here, when life has become apparently extinet, it
would be worth trying how far the remedy might
be of use. One of the conductors of the alternat-
ing machine might be applied to the neck, whilst
the other is moved along the margins of the ribs
from the scrobiculus cordis, =o as to influence the
diaphragm, and perhaps the ganglionic nerves.
One case is recorded in which this remedy was
successful in restoring animation. I am well
aware that for the last fifty years a galvanic bat-
tery has always been included among the appli-



IN AMAUROSIS AND DEAFNESS, 191

ances to be had recourse to in the treatment of
drowning ; but the trouble of getting it in action,
as well as the experience required for its applica-
tion, has placed it out of the reach of those who are
generally called to such cases. These objections
cannot apply to the eclectro-magnetic machines,
which are made fit for use in a couple of minutes,
and may be set to work by the least expert in these
matters.

Much has often been said respecting the use of
electricity in the treatment of amaurosis. I have
seen it employed in the hospital under all forms
of this disease, and regret that I have never been
able to observe the slightest benefit in whatever
way 1t has been employed. In deafness, also, it
has been greatly lauded, but I have seen little
which can bear out the commendations accorded
to 1t by some writers. A great authority, Kra-
mer, indeed, especially cautions us against the
rash employment of electricity in deafness, re-
garding it as an excitant of the optic nerve, and
likely to induce most unsatisfactory results. In
some cases of partial deafness following quinsy, I
fancy that good has occasionally resulted from
drawing sparks from the throat and mastoid pro-
cess. My experience in these cases is, however,
too small to allow me to offer any authoritative
opinion,

I have thus pointed out the results of some of
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our clinical experience in the application of elec-
tricity to medicine; and, had time permitted, I
should have been happy to have done more, and
alluded to other affections in which this remedy
has been employed; but I dare not trespass fur-
ther upon your kindness and forbearance.

But one duty now remains — that of taking
my leave; and in bringing this, my prescribed
task, to a conclusion, permit me to offer my
thanks for the kind and patient attention with
which these crude effusions have been received.
Allow me, moreover, to offer an apology for the
imperfect nature of many of the illustrations I
have used. and to plead in excuse the harassing
nature of the duties devolving upon me during
the medical session. Permit me to assure you
that I have deeply felt the responsibility attached
to the high honour of addressing you in this
theatre, and whatever may occur to me in the too
often checquered path of professional life, I shall
always look back upon having been called upon
to deliver these lectures, as one of the highest
honours that could have been conferred upon me
by the College.
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Tue following communications merit, I believe, a careful perusal -
for the first I am indebted to the kindness of Mr. Spencer Wells,
Surgeon, R.N. It contains a very interesting account of the
results he had observed, both in his own practice and in the hospital
at Corfu, from the application of the single pair of plates, and is
remarkably corroborative of the observation I had myself made
on the therapeutieal influence of the single galvanie current in the
wards of Guy's. The second communication is important, from
the amount of experience it contains in connection with the action
of the electro-magnetic current on the uterus.  Mr. Dempsey,
whose acquaintance with the various branches of experimental
philosophy is of no ordinary character, has entered into this

inquiry with great zeal, and its results will, T think, be read
with interest.

A.

24. Belgrave Square, July 16. 1549
My dear Sir,

I have mueh pleasure in communicating, as you request, the
results of observations made by myself since the paper 1 wrote in
October, 1847, upon certain sanative effocts of Galvanism. This
paper was read before the Royal Medico-Chirurgical Society,
Jan. 11. 1848, and published in the Medical Gazette, May 25, in
the same year, It contained a short statement of the results of
the application of a simple apparatus, consisting of an oval plate
of zine, from two to four inches in the long diameter, and of a
Plate of pure silver of the same size, the two being connected by
a silver wire soldered to the back of each plate. I drew up the

0
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statement, after earefully reading reports of upwards of forty cases
furnished by students of the Civil Hospital at Corfu. The cases
had been treated by a very able native surgeon, Dr, Cogevina.

I propose now to inform you how far the conclusions I then
deduced from those cases have been modified by my own sub-
sequent experience.

I have applied the same apparatus, and observed the effects in a
great many cases of uleer. I cannot say exactly how many, but I
have notes of thirty-six; and I should imagine this is less than half
the number treated. I also applied it in two cases of fistula, one
perineal, the other vesico-vaginal ; in four cases of fungous gra-
nulation, and five of nervous disorders, Many of these patients
were under the care of Dr. MeDonald and Dr. Millar, of H, M. S.
Hibernia; and for the notes of most of them I am indebted to
Mr, Duigan, Assistant-Surgeon, R.N. Others were under my
own care in the Trafalgar and Locust while I was surgeon of
those ships, and have formed the subjeet of official reports to the
Director-General of the Medieal Department of the Navy.

I will quote my former conelusions in order, and append to
them the results of later observation.

“ 1. To secure the effects of the apparatus, it is necessary that
the surfaces of the two metallic plates be perfectly smooth and
clean, and that each be closely applied upon a part of the body
denuded of cuticle, Thus, when the effect upon one open surface
is required, a small puncture must be made at some other part of
the body to form the second.”

After the word “ clean ™ all this is incorreet. The plates must
be applied to the body without intervention of any other sub-
stance ; but denudation of cuticle is not necessary to secure the |
effects. They are as satisfactory if the zine plate be moistened |
with vinegar, or an acid solution, as after removal of cuticle.

9, Experience has proved that one of these surfaces must be |
superior, the other inferior, and that the plate of zinc must always:
be above that of silver.”

I am sorry that I have not tried the effect of placing the zinc:
below the silver. I should probably have done so if I had ever|
found any difliculty in placing it above.
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“3. When the plate of zine is placed upon a slight excoriation,
and that of silver upon a suppurating surface, the excoriation
beneath the zine plate is in two days converted into a superficial
eschar an inch in circumference. In six days, the apparatus
being still constantly applied, the eschar extends to the subeu-
taneous cellular tissue, and presents all the characters of a slough
produced by caustic potash, except that the dead tissues are a
little less compact.  Cicatrisation of the ulcers left after the se-
paration of the sloughs being very tardy, it is necessary, in most
of the therapeutic applications of the apparatus, to change the
situation of the zine plate every second day ; and with this pre-
caution no inconvenience results from the superficial sores,”

The observations on the formation of eschars are quite true :
but in practice it is better to avoid their formation altogether by
substituting acid for punecture, unless it be desirable to produce
the effect of moxa in this manner,

“4, When an ulcer presents an indolent or lardaceous base,
this unhealthy base is destroyed, and the surfice becomes g
healthy granulating one, after three days’ application upon it of the
zine plate. In this case the natural or artificial abrasion upon
which the silver plate is applied must be inferior to that upon
which the zine is applied, or the good effects do not follow.”

I bave not found surfaces become healthy and granulating so
long as the zine plate remains applied upon them. On the contrary,
a dark, soft, spongy surface is produced and copious exudation of
fetid serum. It generally requires two or three days after the
zine has been removed for this soft slough to clear away, I have
not tried the effect of altering the relative position of the plates,

After the slough has separated, an excavation is left, and the
granulations are healthy. They will reach the surface level under
any simple application, but they do so muech more rapidly when
the silver plate of the apparatus is employed. That this good
effect is not due to mere pressure of the metallic plate, I have
become convinced after comparative trials of the application of
the silver with and without connection with zine. 1 have made
numerous trials of the methods of Baynton and Scott, of water
and dry dressings, of elastic bandages, and various other accepted

o2
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modes of treating ulcers, and have found no means so capable of
uniformly producing a rapid growth of healthy granulation as
galvanism. I have often been astonished at the change effected
in twenty-four hours in the condition of ulcers. At one dressing
they are seen to be deep, cup-like excavations; at the next the
granulations have nearly reached the surface; and after another
day the surface level of the skin and granulations is uniform, the
well-known marginal blue rim announcing the commencement of
cicatrisation. When this point is attained, it is better not to
apply the apparatus again, but to employ simple water-dressing,
or, if there be any tendency to flabbiness of the granulations, dry
lint and a strap of adhesive plaster. During the few weeks
I served in the Hibernia a form of contagious circular sloughing
ulcer was very prevalent. We used to destroy the diseased sur-
face by undiluted nitric acid, and as soon as the slough separated,
apply the galvanic apparatus. The men often were allowed to
walk about, and found no more impediment than from a simple
bandage, and much trouble was spared in dressing. There is
also a very obstinate form of uleer naval surgeons are often called
upon to treat, produced by ropes being by accident foreibly and
rapidly twisted round the limbs of sailors during some nautical
manceuvre. A ring of skin, cellular tissue, fascia, and sometimes
of muscle, is thus destroyed as by a burn, — the sailors call it
a “burn with a rope;” and when this ring completely surrounds
a limb, the slowness of the natural process of repair is quite
remarkable under any variety of ordinary treatment. I had a
case of this kind in the Trafalgar. The skin and other tissues,
with some portion of muscle, were destroyed all round the calf of
the leg, laving bare both tibia and fibula. The slough separated,
and an annular uleer remained nearly two inches in breadth.
The man was a long time on the sick list before I thought of
employing galvanism ; and scarcely any signs of a reparative pro-
cess had appeared. T then applied the silver plate of the appa-
yatus to a portion of the ring, and it was quite extraordinary to
trace the daily effects as the plate was moved around the large
ulcerated surface, the spots where the metal had been applied for
only twenty=four hours being kept above the level of other parts,
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and consisting of small conical granulations in place of the  beef-
steak ™ surface which had formerly existed. Cicatrisation after-
wards took place as readily as in ordinary cases.

“5. The zine plate applied in the same manner upon flabby
exuberant granulations or fungous growths, rapidly destroys
them,”

It does so, but less rapidly than nitric acid, nitrate of silver, or
the chloride of zine. I shall not employ it again for this purpose,
as the pain is much greater, and for a longer period, than when
ordinary caustics are used. The slough formed is also less firm,
and does not separate so readily.

“6. When the silver plate is applied to a surface simply de-
nuded of skin, the zine being placed superiorly upon another such
surface, even although the former be freely suppurating, it is very
rapidly dried, and covered with a dense pellicle.”

Quite true, although the zine be simply placed in cuticle
moistened with acid.

“7. When the two plates are similarly applied, the surface
beneath the silver being a deep ulcer, rapid and healthy granula-
tion follows. If the silver plate be left upon the granulating
surface after this has reached the level of the surrounding in-
teguments, the granulations become exuberant and flabby, some-
times fungous. In practice, therefore, the apparatus should be
removed as the granulations reach the surface ; and when this is
done, spontaneous cicatrisation follows.”

Perfectly correct. Refer to remarks upon the 4th paragraph,

8. When the silver plate is applied upon the superior portion
of a very large ulcer, this portion only improves in appearance,
while the inferior portion degenerates; but if the plate be applied
upon the lower portion only, the whole surfice of the uleer
improves equally,”

This I have only tried once. The result quite accorded with
the above statement,

“9. In cases where several ulcers exist upon a limb, and the
zine is applied to a superior, and the silver to an inferior one, or
to denuded surfaces, all the ulcers situated in a direct line
between the two plates improve in appearance, become healthy

03
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sores, and cicatrise, while those on either side of the current
remain unaltered, and sometimes degenerate.”

In two cases in which I repeated this experiment the result
agreed with that just stated.

¢ 10. When the silver plate is applied upon the extremity of a
fistulous sore, but little effect is produced; while, if a projecting
portion of the silver be carried to the bottom of the fistula, granu-
lation rapidly follows. To fulfil this object, Dr. Cogevina has
silver plates perforated by screws of the same metal, the points of
which are adapted to the shape of the fistula, and readily pro-
jected more or less by a simple turn of the screw, The appli-
cation in these cases need not be more than a few days; for, as
soon as healthy granulation commences, the apparatus may be
removed, and cicatrisation rapidly succeeds.”

I found this answer perfectly in a case of perineal fistula, which
persisted long after perfect dilatation of a stricture of the mem-
branous portion of the urethra. In a ‘case of small deep seated
vesico-vaginal fistula, the patient being nervous, afraid of chloro-
form, and in a state of general health which rendered confinement
to bed objectionable, I employed a plan of treatment which I had
suecessfully adopted on the recommendation of Dieffenbachin acase
af a circular opening in the soft palate. The edges of the opening
were touched with a camel hair pencil which had been moistened
in a strong tincture of cantharides. A vesicle formed, the epithe-
lium was removed, and more or less contraction followed cieatri-
sation, This process was repeated until perfect closure ensued.
I thought it might be hastened by applying the galvanic ap-
paratus at night, and renewing it in’the morning, attaching the
rine to the loins by a bandage. I can only say that it was not
found difficult to ensure proper adaptation, and that no harm was
done, but probably some good, by preventing dribbling of urine
into the vagina for some hours daily.

% 11. In several cases normal innervation has been restored in
paralysed parts under the use of this apparatus, the zine being
placed superiorly, and the silver inferiorly, so as to include, as

nearly as possible, the whole of the paralysed part. Disordered
L
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function of particular nerves has been also remedied by so placing
the two plates that the nerve lies between them.”

I have applied the apparatus in three cases of paraplegia in
children. In two of these cases hemiplegia had been formerly
suffered from; but the arm had recovered power, one thigh and
leg remaining powerless. In the third case, the extensors of the
thigh and leg were alone affected. T had the silver plate applied
to the foot and the zine to the spine, and left for several weeks,
In the two first cases no benefit whatever has resulted. The third
I have not seen again, although he has worn the apparatus about
four months ; but the mother writes that the limb js ¢ certainly
stronger, and gaining strength.” T am doubtful, however, how
far this can be attributed to the influence of galvanism, as the boy
left off' mechanical supports, which were doubtless injurious, and
his general health has greatly improved, At any rate no harm
has been done, and the mind of the mother has been satisfied ;
whereas if nothing had been attempted she would probably have
tried some less harmless mode of treatment. T should say, that
this boy had been for several weeks under the care of a professed
“ galvanic doctor,” who had employed powerful shocks, and an
apparently judicious system of friction without good effect, and
with much suffering to the child, who was frightened by the shocks
of the battery.

In two cases of nervous deafness I have had small plugs of the
two metals made to fit the auditory canal, and lay upon the mem.
brana tympani, the connecting wire crossing the head. Both
patients complained of curious ereeping sensations, and at times
of pain in the head. One says he often hears a kind of low
rumbling sound like distant thunder, and fancies his hearing is
improving. In the other case no benefit has been derived. 1
tell them to wash the ears with tepid water twice daily after re-
moving the apparatus, then to moisten the metals in a solution of
common salt and re-apply them. After wearing them thus for a
few days they leave them off for a time to discover if any effect
has been produced. Both are proceeding with the treatment at
their own desire, rather than from any very sanguine expectation

o 4
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of success on my part. No harm is done, and cleanliness is en-
sured, while hope acts beneficially on their general condition.

¢ 12, The action of the zinc plate is an excellent substitute for
the common moxa, and for the caustic potass when obliteration
of a vein is desired. In some cases of varicose uleer, while the
silver plate has been used to hasten cicatrisation, an eschar has
been purposely formed by the zine over the dilated vein above in
order to obtain a radical cure; and these objects have been readily
effected.”

I have not repeated this experiment, because I believe the ap-
plication of caustics to veins to be improper. I have twice seen
fatal phlebitis induced by caustic potass under the direction of a
most able and eareful surgeon, who had repeatedly employed the
same means before with success.

I still believe, as I formerly stated, that the means I have made
known constitute ¥ the best general method of applying electricity
in the treatment of disease. The apparatus is cheap, simple and
portable ; it operates without causing pain or uneasiness to the
patient, nothing more than slight itching or numbness being felt ;
its action is, to a certain extent, regular and uniform, slow, and
without violence; in all respeets affording a much better imitation
of the natural currents of vital electricity than the batteries in
common use, as the action of the latter is powerful, and only sus-
ceptible of temporary application.”

Before concluding, I may perbaps interest you by an account
of some singular experiments I saw performed by M. Wey-
landt d'Hettanges, a French occulist of Dutch extraction. = This
gentleman passed a few weeks in Malta in the summer of 1847,
and as he issued handbills stating that he was occulist to the
Queen of Spain, member of several learned academies, and author
of numerous works on the eye, patients flocked to consult him;
especially as he stated that he gave advice gratis, being paid by
the Duke of Bourdeaux to accomplish a mission of charity. As
I was more anxious to obtain information, than scrupulous as to
the source from whence I derived it, I attended frequently at the
rooms of M. Weylandt, and thus saw a number of curious things
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I might never have seen otherwise, Among others, he had a
practice of passing long needles through the sclerotic and vitreous
bumour to the optic nerve in cases of amaurosis. He passed one
needle into each eye, and then applied to the needles the wires of
a galvanic battery of thirty plates. He thus passed several
powerful shocks at intervals of a few seconds from one optie nerve
to the other, through the brain, as he said. This he repeated twice
a week, and, strange to say, very little ophthalmia followed such
extraordinary proceedings. In one ecase his needle touched the
edge of the lens, and the instant the galvanic circle was completed
the lens became opaque. A cataract was instantaneously pro-
duced. This, at any rate, shows how powerful the current must
have been. The application appeared to cause most intense suf-
fering; indeed, T never saw such signs of intense agony as some
of the patients showed. M. Weylandt assured me that he had
employed this method in a “ vast number of cases,” and that his
average success was one in seven. In ten cases in which I saw
him employ it not the least good was done. At the time of the
application some of the patients saw sparks of light, or flashes as
of lightning, which M. Weylandt announced to be infallible pre-
cursors of success, but the event proved the contrary. After he
left the island, at the desire of two of the patients, I continued the
experiment, but in rather a different manner. I varnished two
fine silver probes all over, except at the extremities, made a small
puncture in the conjunctiva, and passed the probes along the
course of the external recti to the optic nerve. Then I applied
the poles of the battery, and repeated the application several times,
but without success,

M. Weylandt also employed the same means in several cases of
nervous deafness, He passed probes to the membrana tympani
on each side, and then completed the circle of his battery. In
other cases he put a silver cathater into the Eustachian tube on
one side, and applied a probe to the membrana tympani on the
same side, then by his battery sent a shock through the internal
ear. He always used a powerful battery, and repeated the appli-
cation every second day. I did not see any good effect from it in
one single instance.
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minutes past six a.».  Hemorrhage set in immediately after-
wards. All the usual means of inducing uterine action were
tried in vain; ergot, cold, friction; lastly, introduction of the
hand into the uterus. Placenta found partially detached, the
remainder was separated, hoping to procure contraction, aided by
the irritation of the hand and fingers, but to no purpose. The pa-
tient had now lost a considerable amount of blood. I determined
to use electricity. My machine was procured from the Royal
Free Hospital close by, One electrode applied to the sacrum, the
other to the os uteri through a glass speculum ; after moving the
electrode, previously applied to the saerum, round the abdominal
parietes for five minutes, energetic contractions ensued, expelling
both placenta and a large quantity of eoagulum, In a minute
or two the uterus was felt firmly contracted, and all danger atan
end. Some tenderness remained for a day or two, but the pa-
tient became quickly convalescent.

Case 2d. — Mrs, J., Goswell Road, =t. 21. First child,
labour set in at 4 a. »., with slight pains ; from this period until
10 a. 3. there has been profuse hemorrhage with every pain,
latterly the patient has become much exhausted ; has had no pain
for forty-five minutes. Auscultation indicated no [feetal pulsa-
tion. Examination. Os uteri was found soft, yielding, dilated to
the size of a crown, protruding through it was a portion of pla-
centa, on detaching the placenta around the os and cervis, and
pushing it to one side, the head of a full grown fotus was dis-
covered presenting. I applied the electric current as above de-
scribed, in seven minutes contractions came on. I now waited
ten minutes, no indication of pain. Again applied the electrodes,
again pains are induced, longer and more intense than the pre-
vious one; ten minutes, again, still longer pain; five minutes,
again, and so on for forty-five minutes, at the end of which time
the head pressed on the perineum, in five minutes the fretus was
expelled. It had also to be applied here to produce expulsion of
the placenta.

Case 3d. — Was almost identical with last described.

Cases 4, 5, 6, 7. — In these four cases of post-placental
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hemorrhage, the loss ceased almost immediately on passing the
current through the uterus.

Cases 8, 9, 10. — In the three cases of chorea, two had heen
for some time taking ferrugineous preparations; one, Sulph. Zinei.
Catamenia appeared in two, after three and five applications re-
spectively. One was completely cured, the other much bene-
fited, the third obtained no benefit, indeed the symptoms ap-
peared aggravated after each application. Shedid not menstruate
when last heard of.

Cases 11, 12, 18, 14, 15. — In the five cases of Amenorrhcea,
three were chlorotic, one plethorie, one apparently in general
good health. Electro-magnetic currents were applied in the
three first mentioned cases after the anemic condition had been
removed. 1In the fourth, after the application of six leeches to
the perineum. In the fifth, without any previous treatment,
In every case the patient had directions to use a hip bath, con-
taining bruised horse radish at bed time, after the current had
been applied. Menstruation oceurred in each in the following
order : —

Chlorotic patients, after 3, 5, and 8 applications respectively.

In the fourth, on first application before she had time to have
the bath as directeil.

In the fifth, in three applications.

In these five cases a gentle current was kept up for half an
hour on alternate evenings.

Case 16th. — Lingering labour, with atony of uterus.

In this case labour was protracted for nearly thirty hours,
pelvis capacious and well formed. Uterine action extremely
feeble, with long intervals. When first seen the patient had been
fainting for two hours, within short periods ; on inquiry I ascer-
tained there had been no pains for nearly three hours. Exami-
nation. Os quite obliterated, perfectly well formed pelvis. Feetal
heart audible, Electro-magnetic current applied in the usual
manner ; on first application, patient complains of slight bearing
down pain.  In five minutes applied again, now the pain is de-
cided and energetic.  After forty minutes the fetus is expelled
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alive and strong, the current having been passed every five mi-
nutes, In this case ergot had been administered freely previous
to my having seen the patient,

Convaleseed favourably.

Case 17th. — Hemorrhage in miscarriage without uterine
action.

Mrs, H., Prospect Place, Holloway, has had passive hemor-
rbage to a very considerable amount during three days, caused
by one of her carriage horses becoming restive whilst driving in
the neighbourhood of Highgate. I was requested to see her at
11 o'clock r. a1 ; find she has arrived at the third month of preg-
nancy, Examination. Os uteri rigid and unyielding, no pain
whatever, nor has there been any, a portion of placenta can be
felt protruding. There is a constant drain. Ordered Acet. Plumb.
Copio, cold applications, to take small portions of ice frequently.
Six a. . loss still the same. Take five grain doses of gallic acid
every three hours. Two o'clock r. m., no abatement. Take
ergot every twenty minutes for one hour. No improvement.

It now became seriously important to check the loss by some
means. I therefore sent for an apparatus, and applied the cur-
rent as usual, In sixty eight minutes the foetus, &ec., was ex-
pelled, pain was not perceptibly induced for twenty’ eight mi-
nutes. Contraction then came on forcibly and quickly.

Comvalescent quickly.

Note, — This I consider one of the most instructive cases I
have seen, as tending to establish the fact of the power of elee-
tricity inducing uterine contraction de movo, where the organ
is predisposed to such aetion, and again of the vast benefit such
agency will be to us in practice.

Case 18th. — Mprs. H., Skinner Street. -

Had been attended by me in Mareh 1847, in conjunction with
an eminent obstetric physician, when craniotomy was found ne-
cessary from pelvie malformation, and accordingly performed.

About twelve months afterwards I was engaged to attend the
same lady, then in her fifth month of pregnaney.

Having a great objection to craniotomy for many reasons not
necessary to enter into here, I advised premature labour to be
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induced at the seventh month. Accordingly at this period I
punetured the membranes, waiting forty-eight hours to see what
effect this would produce. At the end of this time no appear~
ance whatever of labour.

The apparatus was then used thus,

For five minutes a gentle current was passed as deseribed be-
fore, no effect, ten minutes elapse. Current passed again for
five minutes, still no effect, another ten minutes interval. A
third application for five minutes, Patient now complains of a
slight grinding pain quickly passing off. I now determined to
wait half an hour to ascertain what effect the impetus given to
the uterus would produce in keeping up its action, No pain or
contraction ensued. For forty minutes the current was regularly
transmitted for five minutes at intervals of ten minutes, the pains
now became steady and regular. On this being accomplished the
action of the machine was discontinued. 1 sat by this patient
eight hours, regularly noting by my watch each pain and its
duration. The pains regularly recurred within twenty seconds
of the ten minutes, lasting for twenty-five seconds, until , the
head rested on the perineum, then eight minutes, six, four, two,
one, and half a minute, the last expelling the head. 1 was par-
ticularly anxious to have these periods accurately registered,
having my assistant at the bed side to mark time as I ealled it.

This, and the previous case, to my mind sets the question at
rest of the power of electro-magnetic currents to induce uterine
contractions de nove, indeed, @ priori, we could expect nothing
else, If electric influence can produce contraetion of fibres in
one series of muscles, it would be only fair to infer that the same
power will produce the same effect in a similarly organised
structure,

The conclusions arrived at by me, from the opportunities I
have had of observation in obstetrical practice are these : —

Istly. The current from an electro-magnetic apparatus ean
intensify already existing uterine action.

2ndly. It is eapable of inducing uterine action de novo, where
the organ is predisposed to such action, either from conges-
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tion, a peculiar nervous condition, or the mechanical action
of its contents.

3dly. That it is necessary to keep up the stimulus for a certain
period (imitating so far as possible nature’s own efforts, by

applications at regular intervals), to insure the permanent
action of the uterine fibres,

dthly. That no injurious effect usually follows its applica-
tion.
5thly. As an emenagogue it is pre-eminently useful, after the

anemic condition (if existing) be removed (the only time
an emenagogue can be useful ).

6thly, I have frequently observed more eertain effects pro-
duced by a current of considerable quantity, but of low in-
tensity, as for instance, by employing three or four batteries

to the ordinary machine, regulating the intensity by the usual
means.

With sentiments of great respect,
Truly, and sincerely yours,

Jun. Dexrsey.
Dr. Golding Bird.

C.

Although exceedingly anxious to exclude from these pages any-
thing of a controversial character, it is yet searcely possible to
avoid referring to some statements in conneetion with the action
of electric currents on paralysed muscles, which have led to a se-
rious misunderstanding between two most distinguished physio-
logists.  According to the views of one of these gentlemen, there
is an augmented sensibility to the electrie stimulus in the museles
of a palsied limb, providing the cause of the paralysis is strictly
cerebral ; the spinal marrow maintaining its connection with the
limb in complete integrity. This assumed, exalted irritability is
positively denied by the other physiologist,

I do not purpose saying one word respecting the hypothetical
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views advanced by either of these distinguished men, as this would
be foreign to the subject of these lectures. It is merely in rela-
tion to their facts that I shall venture to offer a few remarks.

After a good deal of careful observation, and repetition of their
observations, I am satisfied in my own mind of the truth of the
following positions: —

1. Employing a eurrent of electricity evolved by from three to
twelve pairs of plates two inches square, excited by salt and water,
taking care that the intensity of the current is only just sufficient
to enable it to overcome the resistance opposed by the badly con-
ducting structures it has to traverse, and never of sufficient in-
tensity to produce pain. Connection with the surface of the body
being made through a piece of wet linen, the following effects
were constant : —In cases of paralysis depending upon diseased
brain, independently of spinal lesion, as in hemiplegia, with such
a current, the muscles of the palsied limb are more susceptible to
its influence than those of the sound one; slight twitchings being
produced when no motior whatever resulted, when applied to a
limb under the influence of volition.

2. Employing a current of electricity excited by a larger num-
ber of plates, and of a tension sufficient to produce a painful
sensation in the sound limb, the muscles of the latfer are always
more obviously influenced than those of the paralysed side.

3. Employing the alternating currents of induced electricity
evolved by any form of electro-magnetic machine, effects were
always masked by the intensity of the agent, the pain and violent
contractions produced effectually complicating and confusing the
results.

I believe that both the physiologists alluded to, have described
accurately all the phenomena which they observed, and the de-
serepant results at which they arrived, are perfectly explicable
on the very different conditions and intensity of the electrie cur-
rent they employed. To study the uncomplicated physiological
efects of electricity on a muscle as a test of its irritability, the
current employed should always be the feeblest possible, and ap-
plied according to the mode deseribed by Marianini for obtaining
what he calls the idio-pathic shock (p. 97.)
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MISS ACTON'S MODERN COOKERY-BOOK.

Modern Cookery in allits Branches, reduoced to & System of Kasy Practice. Forthe use of
Private Families. In a Series of Practieal Receipts, all of which have been strictly tested,
and are given with the most minute exnctness. ByEliza Acton, New Edition ; with DHrectinns
for Carving, and other Additious. Foolscap Svo. with Plates and Woodeuts, 7. 6d. cloth,

ADAMS.—A SPRING IN THE CANTERBURY SETTLE-

MENT. By C. Wharren Adams, Esq. With Five Illustrations, Post 8vo. price ds. 6d. cloth,

ADDISON.—THE HISTORY OF THE KNIGHTS TEMPLARS,

By C.G. Addison, of the Inner Temple, Esq., Barrister-at-Law, Third Edition, corrected
and improved : with Four Lithographic and Three Woodeat Illasteations, Square crown
Svo, 10s. 6d, cloth,

AIKIN.—SELECT WORKS OF THE BRITISH POETS:

From Ben Jonson to Coleridge. With Biographical and Critical Prefaces by Dr, Aikin.
? Ntrﬂfdiltinﬂ i with additional Selections, from more recent Poets, by Luey Alkin. Medium
Vi . cloth,

ANCELL.—A TREATISE ON TUBERCULOSIS,

The Constitational Origin of Consumption and Serofuln, By Henry Ancell, Inte Sorpeon
to the Western General Dispensary, and Lecturer on Materin Medica and Jurlsprodence in
the School of Anatomy and Medicine adjoining St, George's Hospital, Svo. price One
Guinen, cloth.

ANTHONY.—FOOTSTEPS TO HISTORY:

Being an Epitome of the Histories of England and France; to which are added, slight
Sketches of Liternture, Arts nod Manufactures. By Louisa Anthony. The Second ﬁ.:li_ti.uuJI
thoroughly revised, with considerable Additions. Foolscap Svo, price 3. Gd, cloth,

THE ARTISAN CLUB.— A TREATISE ON THE STEAM-

ENGINE, in its Application to Mines, Mills, Steam Navigation, and Railways, By the
Artisan Club, Edited by John Bourne, C.E. New Edition. With 30 Steel ?luus, and
about 350 Wood Engravings. 4to. 7y cloth,

JOANNA BAILLIE'S DRAMATIC AND POETICAL WORKS,

Complete in One Volume 1 Comprising the Plays ou the Passions, Miscellaneous Dramas,

Metrical Legends, Fugitive Pieces, and Ahalya Baee, Second Edition ; including s Life

of Joanna Baillie, now first published : with a Portrait engraved by H. Hobinson, and a

E’i:i_:lﬂtg View of Bothwell Manse, Square erown Sve. 2ls. eioth, or 42+, bound in moroceo
¥y Hayoay.
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BAINES.—THE LIFE OF EDWARD BAINES,

Iute MLP. for the Boroueh of Leeds, By his Son, Edward Baines, Author of The Hintory
of the Cotion Manwfocture, With a Porteait, engraved io line by Gresibach, Bvo. Ya,

BALFOUR.—SKETCHES OF ENGLISH LITERATURE,

from the Fourteenth to the Present Centuey, By Clara Luces Ballour, Author of Women of
Seripture, ete.  Foolscap 8vo. 7e. cloth.

T M, b b
BANFIELD.—THE STATISTICAL COMPANION:
Exhibiting the most interesting Facts in Moral and Iutellectual, Vital, Econnmical, and
Politienl Statistics, ot Home aud Abrosd, Corrected to the Present Time s and Includy
the Hesults of the Census of the Brivsh Mopulation taken in 1851, Compliled from Officin
and ether Authentic Sources, by T. €. Bauficld, Esqg., Statistical Clerk to the Council of
Edueation. Foolscap 8vo, price 5. cloth.

BAYLDON'S ART OF VALUING RENTS AND TILLAGES,

nnd Tennnt's Right of Entering and Quitting Farms, explained by several Specimens of
Valuations; with Remarks oo the Cultivation pursued on Soils in dilfferent Situations,
Adapted to the Use of Landlords, Land Agents, Appraisers, Faruers, and Tenants, New
Edition, corrected and revised by John Doualdson, sve. 10s. Gd. cluth,

LORD BELFAST —LECTURER ON THE ENGLISH POETS

AND POETRY OF THE NINETEENTH CENTURY. By the Right Hon, the Earl of
Belfast. Foolscap Svo. price 6s. 6d. cluth,,

BLACK'S PRACTICAL TREATISE ON BREWING,

Based on Chemicsl and Koonomical Prineiples: With Formaole for Publie Brewers, and

Lnstructions for Private Families. New and grestly lmproved Edition, with considerable

Additions. _Sve. 10s, 6d. cloth,

BLAINE'S ENCYCLOP.EDIA OF RURAL SPORTS;

Ur, n complete Aveount, Historieal, Proctical, and Deseriptive, of Honting, Shooting, Fishing,
Racing, and other Field Sports and Athletic Amusements of the present day., A New and
thoroughly revised Edition; with copions Additions and lmprovements, and wumerpus
additionnl [ustrations, Tioe Hunting, Racing, and all relative to Horses and Horsemnnship,
revised by Harry Hieower; Shooting sud Fishing by Ephemera; and Coursing by Mr, X
Graham, With upwards of 600 Woodcuts, Svo, 00w, hali-bound.

BLAIR'S CHRONOLOGICAL AND HISTORICAL TABLES,

From the Creationto the present Time: with Additions and Corrections from the most nuthens
tiec Writers ; Including the Computation of St Paul, as connecting the Perlod from the
Exode to the Temple. Under the revision ot 3ir Henry Ellis, K.H., Prineipal Librarian of
the Dritish Musewm, New Edition, corrected. lmperial Svo. 3la. 64, hall moroceo,

BLOOMFIELD.—THE GREEK TESTAMENT:

With coplous English Notes, Critical, Philologieal, and Explanntory. Formed for the use
of wdvanced Students of Diviplty and Cundidates for Holy Orders. By the Rev. 5. T,
Bloomficld, DD, F.5.A, New Edition, 2 vols, Svo. with a Iup of Pulestine,, 400, cloth.

THE HE?. DR, BLOOMFIELD'S ADDITIONAL ANNOTATIONS ON THE NEW TES-
TAMENT: being a Supplement to his larger Edition of the Greek Testament with English
Notes. New Editlon, Bvo, 15, cloth,

BLOOMFIELD.—THE GREEK TESTAMENT FOR COLLEGES

AND SCHOOLS ; with shorter Knglish Notes, Critical, Philological, and Explanntory.
By the Rev. =, °T. Bloomfield, DD, F5.A, New Edition, enlarged, with o New Map and
an Index, Foolscap Svo. 10s. 6d, cloth.

BOURNE.—A TREATISE ON THE SCREW PROPELLER:

With various Sugge stions of Improvement, By Jubu Bourne, C.E, Editor of The driisan
Club's Treative on the Steaw Engine. With 20 |arge Plates and numerous Woodcuts
4to. price 33, cloth,
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BOURNE.— A CATECHISM OF THE STEAM-ENGINE,

Illastrative of the Scieutific Priuciples upon which its Operation depends, aud the Practical

Details of its Structure, inits Applications to Mines, Mills, Steam Navigation, and Rallways ;

;ilhaﬂl?“ﬁuﬂnlium of jmprovement. By John Bourue, C.E. Third Edition. Foolscap
0. 6. cloth.

BRANDE. — A DICTIONARY OF SCIENCE, LITERATURE,

AND ART: Comprising the History, Description and Scientific Principles of every
Branch of Homan Koowledge ; with the Derivation and Definition of all the Terms in
enernl use. Edited by W.'T. Brande, F.S, L. and E.; assisted by De.J. Cavvin, Second
dition, revised and correécted ; including a Supplement, and vumerous Wood Engravings,
Byvu. price blw, cloth,

The SUPPLEMENT scparately, price 3s, fd.

BULL.—HINTS TO MOTHERS.

For the Management of their Health during the Period of Pregnancy and in the Lying-in
Roow: with sn Exposure of Popular Errors in connexivn with those subjects, ete.; and Hints
upon Nursing, By Thomas Bull, M., New Edition. Foolseap Svo, 5. cloth.

BULL—THE MATERNAL MANAGEMENT OF CHILDREN.

In HEALTH and DISEASE. H;{Thnmu Bull, M.I}. Inte Physician Accoucheur to the
Finsbury Midwifery lustitution. New Edition,revised and enlarged. Feap. Svo. Gs. cloth,

BUNSEN.—HIPPOLYTUS AND HIS AGE ;

Or, Doctrine and Practice of the Chaech of Rome under Commodus and Alexander Severns .
And Ancient and Modern I'Jhrinlinuitly and Divinity compared. By C. C.J, Bunsen, D,C.L.
With the Eiffigy of Hippolytus. 4 vols. post Svo. 415, cluth,

BUNSEN.—EGYPT'S PLACE IN UNIVERSAL HISTORY.

An Historieal Investigation, in Five Books. By C. C. J, Bunsen, D .C.L. Translated
from the German, by ., H. Cottrell, EKsq. M.A. Vol . coutnining the First Book, or
Sources and Primeval Faets of Kygyptian History; with an Egyptinn Grammar and Dictionary
and a complete List of Hicroglyphical Signs: an Appeodix of Authoritics, cmbracing the
complete Text of Manethoe and I-Erl.tunthcn:a, Algyptinea from Pliny, Strabo, ete., and Plates
representing the Egyptinn Divinities. With many [llustrations, Svo. 28s. cloth.

*s* The SECOND VOLUME, comprising the Secoud and Third Volumes of the original
Lerman Edition, revised aud corrected by the Author, is preparing for publicatiou.

BURTON.—THE HISTORY OF SCOTLAND,

From the Revolution to the Extinetion of the last Jacobite [nsurrection (1639—=1743.) By
John Hill Burton, Author of The Life of David Hume, cte. 2 vols.Svo.  [fa the press.

BISHOP BUTLER'S SKETCH OF MODERN AND ANCIENT

GEOGRAPHY. New Fdition, carefully revised throughout, with such Alterations introduced
as enntinually progressive Discoveries and the latest Informntion have repdered RMECESRATY,
Edited by the Author’s Son, the Hev. 1. Butler. 8vo, 92 cloth.

BISHOP BUTLER'S GENERAL ATLAS OF MODERN AND

ANCIENT GEOGRAPHY. Comprising Fifty-one full-coloured Maps ; with complete [n-
dexes, New Edition, nearly all re-engraved, enlarged, and greatly improved ; with Correc-
ticons from the most authemtie Sources in both the Anciest apd Modern Maps, many
of which are eutirely new, Edited by the Author's Son, the Rev. T. Butler. Royal 4te,
a4y half bound.

The Modern Atlas, 28 full-colowred Maps. Royal Svo, 120, half-boond,
Separately {Thc Aucient Atlu:. 43 full-coloured Maps, Royal Svo, 129, lall-bound,

THE CABINET GAZETTEER:
A Popular Exposition of all the Countries of the World ; their Government, Population,
Revenues, Commerce and Indostries; Agricultural, Manufactored, apd Mineral Products
Religion, Laws, Manners, and Socinl stute : with brief Notices of their History and
Amtiguities. From the latest Authorities. By the Aathor of The Cabinet Lawyer. In Que
Volume, with a coloured Map, Feap,8vo, price 10s. 64, cloth ; or 13s. calf lettered,
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THE CABINET LAWYER:

A Papular Digest of the Laws of England, Civil and Criminal : with a Dictionary of Law

Terms, Maxims, Statutes, and Judie Antiquities ; Correct Tables of Assessed Taxes, Stamp
Duties, Excise Licences, and Post-Horse Diuties; Post-Office Regulations, and Prison
Discipline. Fifteenth E-Jir.luun, with Supplements. Feap, Svo. 10s. 64, cloth,

CAIRD.—ENGLISH AGRICULTURE 1x 1850 AXD 1851:

Its Condition and Prospects. By James Caird, Esq., of Baldoon, Agricultural Com-
missioner of The Times. Second Edition, 8vo. 14s. cloth,

THE CALLING AND RESPONSIBILITIES OF A GOVERNESS.

By Amica, Fcap,Svo. price 4, 6d. cloth.

CATLOW.—POPULAR CONCHOLOGY;
Or, the Shell Cabinet srranged : being an Introduction to the modern System ufﬂunnholngii;t
with a Sketeh of the Natural History of the Animals, an Aceount of the Formation of the
Shells, and a complete Descriptive List of the Families and Genera. By Agnes Catlow,
With 312 Woodcuts. Foolseap 8vo, 10s. 64, cloth,

CAYLEY.—DANTE'S DIVINE COMEDY,

Translated in the Originnl Ternary Rhyme. By C. B, Cayley, B.A. Vol, 1. THE VISION
OF HELL. Fcap. 8vo, 6. cloth,—Vol. il. THE PURGATOKY, Feap. 8va. price s, cloth,

CECIL—STABLE PRACTICE,

Or, Hints on Training for the Turf, the Chase, and the Road, with Observations on Racing
and Hunting, Wasting, Race Riding, ano Huudicapping. Addressed to Owners of Rac
Hunters, and other Horses, and to all who are cobcerned in Racing, Steeple-Chasing, an
Fux Hunting, By Cecil. Feap, Svo, with Plate, price &g, half-bound,

CECIL.— THE STUD FARM:; OR, HINTS ON BREEDING
HORSES FOR THE TURF, THE CHASE, AND THE ROAD. Addressed to Breeders
of Race Horsex and Hunters, Landed Proprietors, and especinlly to Tenant Farmers. By
Cecil. Feap. Svo.with Plate, 55, half-bound,

CONVERSATIONS ON BOTANY.

New Edition,improved. Foolscap Svo, with 22 Plates,7s.6d.cloth; withcoloured Plates, 1%y

CONYBEARE AND HOWSON.—THE LIFE AND EPISTLES

OF 8T. PAUL; Cﬂmpriilllﬁ a complete Blugrai!:‘nr of the Apostle, and a Traunslation
of his Epistles inserted in Chronologleal order, Edited by the Rev. W, J. Conybeare, M.A,
Inte Fellow of Trinity College, Cam rridpi;: aud the Rev,J. 5. Howson, M.A. Principal of
the Colleginte Iustitution, Liverpool, ith 40 Engravings on Steel and 100 W Cuts,
inclnding Views of the Principal Places visited by the Apostle, from Original Drawings
made on the spot by W. H, Bartlett, and other ravellers 3 also Maps, Charts, Plans,
Coins, Antiquities, ete. 2 vols. 4to. price 21, 8s. cloth.

COPLAND.—A DICTIONARY OF PRACTICAL MEDICINE.

Comprising (fencral Pathology, the Nature nud Treatment of Disenses, Morbid Structures,
and the IHsurders especially incidental to Climntes, to Sex, and to the diferent Epochs of
Life, with numerous approved Formulie of the Medicines recommended, ByJames ‘?ﬂ]ﬂlﬂﬂ.
M.D., ete.ete.  Vols. L. and 11, Svo. dl.cloth; and Parts X. to X VI, 45. id. each,

CORNER—THE CHILDREN'S OWN SUNDAY-BOOK.

By Miss Julin Corner, Author of % Questions on the History of Earope,” ete, With Two
Ilustrations engraved on Stee], Square feap. Bvo. 5. cloth,

CRESY.—AN ENCYCLOPXEDIA OF CIVIL ENGINEERING,
HISTORICAL, THEORETICAL, and PRACTICAL, By Edwnrd Cresy. F.5.A. C.E.
With upwards of 3000 Engravings on W, explunntory of the Principles, J;-:I||.|_-|:!.|;u-_‘rj, nnd
Constructions which come under the Direction of the Civil Engineer. Bvo. 31. 13s. 6d.cloth,
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THE CRICKET-FIELD:

Or, the Science and History of the Game. Tllustrated with Diagrams, and enlivened with

Anecdotes, By the Auth £ Pri ! Scientific Batting. Feap. 8vo. with Plate,
ﬁi-hl.l.l-bnund.r or of Prineiples of Scientific Batting cag . ate

DALE.—THE DOMESTIC LITURGY AND FAMILY CHAP-

LAIN: in Two Parts: the First Part being Church Services adapted for Domestic Use,
with Prayers for every Day of the Week, selected exclusively from the Book of Common
Prayer, Part I1. comprising an appropriate Sermon for every Sunday in the Year,

the Rev. Thomns Dale, H.;E., Canon-Residentinry of St. Paul’s Cathedral. 2d Edition.
Post 4to. 21s. cloth; or, bound by Hayday, 3la. 6d. calf lettered ; 5o, morocco,

THE FAMILY CHAPLAIN, price 12+, cloth.
Separately {THE DOMESTIC LITURGY, price 10s, 6d. cloth,

DAVIS, — CHINA DURING THE WAR AND SINCE THE

PEACE. By SirJd. F. Davis, F R.S. Bart., late H.M. Plenipotentiary in China ; Governor
lnid Eﬂa:rlmm?ndhtr-m-chie[ of the Colony of Hongkong. 2 wols, post Svo. with Woodcuts,
price 21s. cloth,

DELABECHE.—THE GEOLOGICAL OBSERVER.

By Sir Henry T. Delabeche, F.R 8. Director-General of the Genlogieal Survey of the
United Kingdom., New Edition ; with numerous Woodeuts., Bvo. 18s, cloth,

DELABECHE.—REPORT ON THE GEOLOGY OF CORN-
WALL, DEVON AND WEST SOMERSET. By Sir Henry T. De la Beche, F.R.B.,
Director-General of the Geological Survey of the United Kingdom. With Maps, Wood-
cuts, and 12 large Plates, Svo. 145, cloth,

DE LA RIVE.—A TREATISE ON ELECTRICITY, IN THEORY

AND PRACTICE. By Auguste De la Rive, Professor in the Academy of Geneva. In
Two Volumes, with numerous Wood Engravings. Vol. 1. 8vo, price 185, cloth.

DENNISTOUN.—MEMOIRS OF THE DUKES OF URBINO;
Illustrating the Arms, Arts, and Liternture of Italy, from MCCCCXL. to MDOXXX, By

James Dennistoun, of Dennistoun, With numerous Portraits, Plates, Fac-similes, and
Engravings oun Wood. 3 vols. square crown 8vo. 21, Ba. cluth.

DISCIPLINE.

By the Author of Letters fo my Unknown Friends, etc. Becond Edition, enlarged.
18mo, price Half-a-Crown, cloth.

" T % 8
DOUBLEDAY, WESTWOOD, ANDHEWITSON.—THE GENERA
OF BUTTERFLIES, OR DIURNAL LEPIDOPTERA : Comprising their Generie Charae -
ters, o Notice of the Habits and Transformations, and a Catnlogue of the Species, of each
Genus., By Edward Doubleday, F.L.5., F.L.5, Inte Assistant in the Zoolegical Department
of the British Musenm ; andJohn O, Westwood, President of the Entomologieal Society of
Londou. llustrated with Eighty-six coloured Plates from Drawings by « C. Hewitson,
Aunthor of British Oolegy. 2vols, imperiel 4to. price 150, 150, half-bound in morocoo.

EASTLAKE. — MATERIALS FOR A HISTORY OF OIL
PAINTING. By Sir C. L. Eastlake, President of the Royal Academy. 8vo. 16s. cloth,

THE ECLIPSE OF FAITH ; OR, A VISIT TO A RELIGIOUS
SCEPTIC. New Edition. Post 8vo. price ds. 6d. cloth,

56 It in absolulely wecessary to meet them™ [infidel writers of the modern sehool] ¥ on their
own ground, and gkt thewm with their own weapuns, And this is what the little book at the
head of this articie profersies to do ; and it does ita work well, [t i learned and logical, and
at the same fime lvely and entertaining.  ftivowy i very powerful gnd culfing, avd yef it
if not open fo the apparent objeetion of prave and sevivus subjects belng treated Mippantly,
Whifet from the nature of the subject, it migpht fairly be entitled Theolrgical Fragments,
Jrom the wethod in which the subject in treated if in ay inferesting an a coflection of scenes of
dociely."” Britanniu.
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10 NEW WORKS axp NEW EDITIONS

THE ENGLISHMAN'S GREEK CONCORDANCE OF THE

NEW TESTAMENT; being an attempt at a Verbal Connexion between the Greek
fnd the FKoglish Texts ; including a Councordance to the Proper Names, with Indexes,
Greek-English and English-Greek. Second Editiou, carefully revised; with a new Index,
Greek and English. lfn_ul. Svo. 42u. cloth,

THE ENGLISHMAN'S HEBREW AND CHALDEE CON-

CORDANCE OF THE OLD TESTAMENT; being an attempt at a Verbal Connexion be-
tween the Original and the English Translations: with Indexes, n List of the Proper Names
sud their Occurrences, ete, ete. 2vols, royal Svo, 34, 13s. 6. cloth; large paper, 41, 144, Gd,

EFPHEMERA.—THE BOOK OF THE SALMON.

Comprising the Theary, Principles, and Proctice of Fly-Fishivg for Salmon ; with Lists
of good Salmon Flies for every good River in the Fmpire; with the Natural History of
the Salmon, all its known Habits deseribed, and the best way of artificially Breediug it
explnined. With numerous colonred Engraviogs of Sslmon Flies and Salmon Fry. By
Fpuemera, assisted by Andrew Young, of Invershin, Manager of the Duke of Sutherland s
Sulmuon l:-'hhurlu. Foolscap Svo. with coloured Plates, 144, cloth,

EPHEMERA.—A HAND-BOOK OF ANGLING:

Teaching Fly Fishing, Trolling, Bottom Fishing, and Salmon Fishing., With the Natural
History of River Fish, and the best Modes of Catching them, Dy Ephemera, New
Edition, enlarged and improved. Foolscap Sve. with Wood Engraviugs, 9a. cloth,

THE EXPERIENCE OF LIFE

By the Author ol Amy Herbert, Gertraude, ele, Feap, 8vo. price 7o 6d, cloth,

FELICE'S HISTORY OF THE PROTESTANTS OF FRANCE

From 1521 to 1831, Translated from the Second, revised, aud eorrected Edition, by E,
West, 2 vols, post Svo. [In the press.

FORBES.—DAHOMEY AND THE DAHOMANS:

Being the Journals of Two Misslons to the King of Dahomey, and Residence at his {"lipil.ni
in the Years (849 and (850, By Frederick E. Forbes, Commander, B.N., F.R.G.5. With |;le
Flates and Woud Engravings, 2 vols. post Svo, 2is, cloth.,

FORESTER AND BIDDULPH.—NORWAY IN 1848 & 1849:

Containing Rambles among the Fjelds and Fjords of the Centeal and Western Districts
and 1nulul¥1ng Remarks on its Political, Military, Ececlesiastical, and Socinl Organisation
By Thomas Forester, Esq, : aud Lieutennnt M, 5. Biddulpb, Royal Artillery. ith Wood
Engruvings, and 10 coloured Flates. Svo. 155, cluth,

FOSS.—THE JUDGES OF ENGLAND:

With Sketches of their Lives, aud Miscellaneous Notices connected with the Courix at West=
minster from the time of the Conguest. By Kdward Foss, F.3.A., of the Iuner Temple.
Vals, 1. IL. L11. and 1V, Svo, 56s. cloth.

FRANCIS.—THE HISTORY OF THE BANK OF ENGLAND;

Its Times and Traditions. By John Fraucis, Third Edition. 2vols, Svo. 2ls, cloth,

FRANCIS.—A HISTORY OF THE ENGLISH RAILWAY;

lts Sucial Relations and Revelations, By John Francis. 2 vols, 8va, 24, cloth,

. FRANCIS. — CHRONICLES AND CHARACTERS OF THE

STOCK EXCHANGE. By John Francis, Second Edition, Svo. 12s. cloth.

FREEMAN.—THE LIFE OF THE REV. WILLIAM KI RBY,
M.A., F.1 8., F.L.S,, ete., Rector of Barham ; Author of one of the Bridgewnter Treatises,
aud Joiut-Auvther of the Intreduction to Entomeology, By the Rev, Johy Freeman, M.A.,
Rector of Ashwicken, Norfolle, nnd Rural Dean, With a Portenit of Mr. Kirby {engraved

|

. |

by Henry Robinson) , a Fac-simile of his Handwriting, and s View of Barbam Parsonsge. |
Svo, price 150, cloth, A :
|
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THE POETICAL WORKS OF OLIVER GOLDSMITH.
Hiustrated by Wood Engraviogs, from Designs by Members of the Etching Club. Edited
IE',I?&T;“ Coruey, Esq. Square crown Svo, 2l cloth ; or b, bound in moroceo, by

GOSSE—A NATURALIST’S SOJOURN IN JAMAICA.

By P. H, Gosse, Esq. With coloured Plates. Post 8vo. 14s, cloth.

GRAHAM.—STUDIES FROM THE ENGLISH POETS:

Comprising Selections from Milton, Shakspeare, Pope, Gray, Goldsmith, Cowper, and
Colling; with the strikingly benutiful Passages printed in italics ; Fxplanatory Motes and
Ilustrations ; and Examiuation Questious for exercise in Eunglish Composition. By G. F.
Uraham. 12mo, price Ja. cloth,

GRAHAM.—ENGLISH; OR, THE ART OF COMPOSITION.

Fxplained in a Series of Instructions and Examples. By G. F. Graham, New Edition,
revised and improved. Foolscap Svo. s, cloth,

ME. W. R. GREG'S CONTRIBUTIONS TO THE EDIN-

BURGH REVIEW,-Es3AYS ON POLITICAL AND SOCIAL SCIENCE, contributed
chiefly to the Edinburgh Review. By William R, Greg. 2 vols, Bvo, price 2ds, cloth.

GURNEY.—HISTORICAL SKETCHES;

Hiustrating some Memorable Events and Epochs, from a.p. 1400 to a.p, 1546, By the Rev.
Juhn Hampden Gurney, M A., Rector of St. Mary's, Mary-le-bone.  Feap. 8vo. 7, Gd. cloth,

GWILT.—AN ENCYCLOPZXZDIA OF ARCHITECTURE:

Histurical, Theoretical, and Practieal. By Joseph Gwilt, Illustrated with more than
One Thousand Engravings on Wood, from Designs by J. 8. Gwilt. Second Edition, with
Supplemental View of the Symmetry and Stubility of Gothic Architeeture: Comprising
upwards of 80 sdditional Woodeuts, Svo. 52, 6d. cloth.—~The SUPPLEMENT separaicly, ta.

SIDNEY HALL'S GENERAL LARGE LIBRARY ATLAS OF

FIFTY-THREE MAPS (lzlte 20 in, by 76 in.), with the Divisions and Boundaries carefully
coloured ; and an Alphnbetical Index of all the Names contained in the thm Mew
Kdition, corrected fron the best and most recent Authorities; with the Railways laid
down, and many entirely new Maps. Colombier 4to, 51. s, basli-bound in rossia,

HAMILTON.—DISCUSSIONS IN PHILOSOPHY AND
LITERATURE, KDUCATION AND UNIVERSITY REFURM. Chiedy from the
Edinburgh Review ; corrected, vindicated, enlarged, in Nutes and Appeudices. By Sir
Willism Hamilton, Bart, Svo. l8s, cloth,

HARRISON,—THE LIGHT OF THE FORGE;

Or, Counsels drawn from the Sick-Bed of F. M. By the Rev. Willinm Harrison, M.A.,
Rectar of Birch, Essex, and Domestic Chaplain to H.b.H. the Duchess of Cambridge.
With 2 Wood Engravings. Foulscap Svo. price 34. cloth.

HARRISON.—ON THE RISE, PROGRESS, AND PRESENT
STRUCTURE OF THE ENGLISH LANGUAGE, By the Rev, M, Harrison, M.A., late
Fellow of Queen’s College, Oxford, Post Svo, 8. 6d. cluth.

HARRY HIEOVER.—THE HUNTING-FIELD.

By Harry Hieover. With Two Plates, oue represeutlng The Right Sort; the other, The
Wrong Sort, Feap. Svo. da. half-bound.

HARRY HIEOVER.—PRACTICAL HORSEMANSHIP.

By Harry Hicover, With 2 Plates, one representing Going like Workwmen ; the other,
Guing like Mufls, Foulscap Sve, be. half-bound,
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HARRY HIEOVER.—THE STUD, FOR PRACTICAL PUR-
POSES AND PRACTICAL MEN: being a Guide to the Choire of a Haorse for use more
than for show. By Harry Hieover. Wlthg Plutes, one representing A pretty aod sort for
most purposes ; the other, Ragther a bad sort for aty gurpose. Feap. Svo, bs, half-bound,

HARRY HIEOVER.—THE POCKET AND THE STUD;

Or, Peactical Hints on the Management of the Stable. By Harry Hleover, With a
ani:!t urdthe Authoron his favourite Horae Huarleguin, Second Edition, Foolscap 8vo. bs.
half-bound.

HARRY HIEOVER.—STABLE TALK AND TABLE TALK;

0ir, SPECTACLES for YOUNG SPORTSMEN. By Harry Hieover. New Edition. 2 vols,
Hvo. with Portrait, 241, eloth.

HAWKER.—INSTRUCTIONS TO YOUNG SPORTSMEN

In all that relates to Guns apd Shooting. By Lieut.Col. P. Hawker. 9th edition, corrected,
enlarged, and improved ; with Eighty-five Plates and Woodeuts, by Adlard and Beanston,
from Drawings by C. Varley, Dickes, ete. 8vo, 21s. cloth,

HAYDN'S BOOK OF DIGNITIES:

Containing Rolls of the Official Personages of the British Empire, Civil, Beclesinstical,
Judirial, Eiiliury. Naval, and Municipal, from the Earliest Periods to the Present Time ¢
compiled chiefly from the Records of the Public Offiees, Together with the Sovereigns of
Europe, from the Foundation of their respective States; the Peerage of England and of
Great Britaln ; and numerons other Lists. Being a New Edition, improved and continued,
of BEATSON'S POLITICAL INDEX. By Joseph Haydn, Compiler of The Dictionary
af Dates, and other Works. Svo. £5s, half-bound,

SIR JOHN HERSCHEL.—OUTLINES OF ASTRONOMY.

By SirJohn F. W, Herschel, Bart.ete. New Edition; with Plates and Eugravings on Wood.
Bvo, 13a, cloth,

HINTS ON ETIQUETTE AND THE USAGES OF SOCIETY:

With n Glance at Bad Habits. By Aywyde. s Manners make the Man.’”* NewEdition,
revised (with Additions) by a Ladyof Rank. Foolscap Svo. fa. 6d. cloth.

| HOLLAND.—MEMOIRS OF THE WHIG PARTY DURING MY

TIME. By Henry Richard Lord Holland, Edited by his Son, Henry Edward Lord Holland,
Vol. L. post 8ve. 94. fd. cloth.

LORD HOLLAND'S FOREIGN REMINISCENCES.—FOREIGN
REMINISCENCES. By Henry Richard Lord Holland, Comprising Anecdotes, and an
Account of such Persons and Politics] lutrigues in Foreigu Countries as have fallen
within his Lordship's Ohservation. Edited by his Son enry Hdward Lord Holland,
With Fac-simile. Second Editiou. Post 8vo, s, 6d, :luli:.

HOLLAND.—CHAPTERS ON MENTAL PHYSIOLOGY.

By Heury Holland, M.D., F.R.8, ; Physician Extraordinary to the Queen ; nnd Physician in
Ordinury to His Roynl Highness Prince Albert, Founded chieilly on Eh:mr: contained in
Medical Notes and Reflections, by the smme Author. Svo, price iﬂl. 6d. cloth.

HOOK~THE LAST DAYS OF OUR LORD'S MINISTRY ;

A Course of Lectures on_ the principal Events of Pussion Week. By Walter Farquhar
Hook, D.DI)., Chaplain in Ordinary to I.'I!n: Queen. New Edition. anllc{:l Bvo, G, d':fh

HOOKER.—KEW GARDENS:

Or a Popular Guide to the Royal Botanje Gardens of Kew, By SirWillinm Jackson Hooker,

H.H. D.C.L. F.R.A, & 1.8 ete. ete, Director, New Edition; with numerons Wood-
Engraviogs. l6mo. price Sixpence.
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HOOKER AND ARNOTT.--THE BRITISH FLORA;
ﬂumpﬂilnfo the Phenognmous or Flowering Plants, and the Ferns. The Sixth Edition
with Additions and Corrections, and numercus Figurees, illustestive of the Umbelliferons
Pluuts, the Composite Plants, the Grasses, and the Ferns. By Sie W, J. Hooker, F.R.A.
and L.S, ete., and G. A, Walker Arnott, LL.D. 12mo. with 1 Plates, 14, cloth; or with
the Plates coloured, price 21s.

HORNE.—AN INTRODUCTION TO THE CRITICAL STUDY

AND KNOWLEDGE OF THE HOLY SCRIPTURES, By the Rev. Thomas Hartwell
Horne, B.D. of 8t. John's College, Cumbridge. New Edition, revised and corrected ; with
Maps and Foc-similes. & wvols. svo. 3l 3s, cloth ; or 50, bound in ealf,

HORNE.—A COMPENDIOUS INTRODUCTION TO THE
STUDY OF THE BIBLE. By the Rev. Thomas Hartwell Horne, B.D. of St. John's
College, Cambridge. Being au Analysis of bis Introduction to the Critical Study amd
ﬁ':wn;l'r:"gf rf t:.h- Holy Seriptures. New Edition, (2mo, with Maps and Engravings un

oo g « Cloth.

HOWITT.—THE CHILDREN'S YEAR.

By Mury Howitt, With Four lllustrations, engraved by John Absolon, from Orlginal
Diesigns by Anna Mary Howitt. Square J6mo, §s. cloth,

WILLIAM HOWITT'S BOY'S COUNTRY BOOK;

Being the real Life of a Coantry Boy, written by Himseli: Exhibiting all the Amusements,
Pleusures, and Pursuits of Children in the Country, New Edition. Fcap. Svo. with 40
Woodcuts, Ga, cloth,

HOWITT.—VISITS TO REMARKABLE PLACES;

Old Halls, Battle-Fields, and Scenés illustrative of Striking Passages in Knglish History and
Poetry. By William Howitt, New Edition ; with 40 Woodeuts, Mediom svo. 214, cloth,

SECOND SERIES, chiefly In the Countiesof DURHAM and NORTHUMBERLAND, with a
sStroll slong the BORDER. With upwards of 40 highly-Gnished Woodeuts, from Drawings
made ou the spot. Mediom Svo. 21s. cloth.

HOWITT.—THE RURAL LIFE OF ENGLAND.

By William Howitt. New Edition, correcied and revised. With Engravings on Wood by
Bewick aud Willlams § uniform with Fisits to Kemarkable Pluees. Medium svo. 21s. cloth.

HUDSON.—THE EXECUTOR'S GUIDE.

Byd. C. Hudson, Esij., late of the Legney Diaty Office, London ;3 Author of Plain Directions
Jor Making Wills. New Edition. Foolscap 8vo. bs. cloth.

HUDSON.—PLAIN DIRECTIONS FOR MAKING WILLS
In conformity withthe Law : with a clear Exposition of the Law relating tothe Distribution

of Personnl Estate inthe case of Intestacy, two Forms of Wills, aod wuch useful Luformation
eic, ByJd.C. Huodson,Esq. New Edition, corrected, Feap, 8Svo. 25,64, cloth,

** Theabove Two Wurks may be hadin One Folume, price Ja.cloth.

HUGHES (E.)—A NEW SCHOOL ATLAS OF PHYSICAL,
POLITICAL, AND COMMERCIAL GEOGRAPHY. By Edward Hughes, F.R.G S ., Head
Master of the Royal Naval Lower School, Grecuwich Hospitl. Containing Seventeen
coloured Maps, witha descriptive Letterpress, The Maps cugraved on Steel by E. Weller,
F.R.G.S, Hoyal 8vo, price |Us, 6d, bali-bound,

HUGHES (W.)—A MANUAL OF MATHEMATICAL GEOGRA-

PHY: compreheading mn lllqulr{,‘ into the Coustruction of Maps ; with Rules for the
Formation of Map Projections. By Vil liam Hughes, F.H.G .5, Iate Professor of Geugraphf in
:IL: Euth.*gr: for Civil Engincers. Secoud Edition; with § Plates, Fenp. Svo, price 4s. 64,
: t L ]
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KEMBLE.—THE SAXONS IN ENGLAND:

A History of the English Commonwealth till the period of the Norman Conguest, By John
Himhellr;lemhie. M.A., F.C.P.S,, ete. 2 vols, S'rﬂ- 28s. cloth. > 5

KIPPIS.—A COLLECTION OF HYMNS AND PSALMS FOR

PUBLIC AND PRIVATE WORSHIP, Selected and Prepared by Aundrew Kippis, D.D.,
F.R.S., Abraham Hees, DD, F R.5.. the Rev. Thomas Jervig, and the Rev. Thomas
Morgan, LL.D. New Edidon; incloding a New Supplement by the Rev. Edmund Kell,
M.A. l8mo. ds. cloth; or 4s. 6d. bound in roan. The SUPPLEMENT separately, price 5d.

KIRBY AND SPENCE.—AN INTRODUCTION TO ENTO-

MOLOGY ; or, Elements of the Nataral History of Insccts: pomprising an aciount of
noxious and useful Lusects, of their Metamorphoses, Food, Stratagems, Habitations,
huulekl{:x‘, Motions, Noises, Hybernation, Instinct, ete. By W. Kirby, M.A. F.R.5, & L.5,
and W, Spence, Esq., F.ILS, & L.5. New Edition, enlarged, 2 vols. Svo. 3ls.6d, cloth.

L. E. L—THE POETICAL WORKS OF LETITIA ELIZABETH
LANDON; Comprising the IMPROVISATRICE, the VENETIAN BRACELET, the
GOLDEN VIOLET, the TROUBADOUR, and other Poctical Remains. New Kdition,
with 2 Vignettes by Richard Doyle. 2 vols, 16mo. 10s, cloth; moroceu, 21,

LAING.—OBSERVATIONS ON THE SOCIAL AND POLITICAL

::'-Tl.ﬁ‘ll'! t?li I'.'IEN_Z;-"I&RH A.Nl‘.lt_THI-: IHH.'HHLF.H OF SLESWICK AND H-‘ILS{I‘E[N.
n 1 Being the rd Nories of Notea of g Teaveller, By Samuel Lain . With »
Plan of the Battle of Idstedt. 8vo. prh:rs{‘-h. cloth. . i

LAING.—OBSERVATIONS ON THE SOCIAL AND POLI-

TICAL STATE OF THE EUROPEAN PROPLE IN 1848 AND 1840+ Being the Secund
Series of Notes of a Traveller. By Samuel Laing, Exq. Svo. 14s. cloth,

LANG. — FREEDOM AND INDEPENDENCE FOR THE
GOLDEN LANDS OF AUSTRALIA ; the Right of the Colonies, and the Interest of Britain
and of the World, By Juhu Dunmore Lang, M.A., DD, With o coloured Map, PostSvo,
price 7. 6d. cluth,

| LANG. — AN HISTORICAL AND STATISTICAL ACCOUNT

i OF NEW SOUTH WALES: Ineluding a Visit to the Gold Regions, and a Deserption of

the Mines; with an Estimate of the probable Results of the Grreat Discovery. By John
Dunmore Lang, M.A_, D.D.  Third Edition {ihree-fourths entirely new) , briuging down the
l[iulu:rﬁf the Colony tu July 1, 1852; with a large coloured Mup, 2 vols, post sve. price
2la, cloth,

LARDNER. —THE GREAT EXHIBITION AND LONDON IN

1451, Reviewed by Dr, Lardner, Michel Chevalier, John Lemoiune, and Hector Berlioz.
| With Wood Engravings. Crown Svo. price 1ds, cloth.

! LATHAM.—ON DISEASES OF THE HEART.

Lectures on Subjects connected with Clinical Medicine 3 Diseases of the Heart. By . M.
Latham, M.D., Physician Extenordinary to the Queen, New BEdition, 2vols, 12mo. 164, cloth,

DR. FALCK LEBAHN.—GOETHE'S FAUST.
With copious English Notes, Grammatical, Philological, and Exegetical, for advancei
Sindents of the German Langunge. By Falck Lebahn, Ph.i}., Professor of the German
Language ; Author of Fractice in German, ete. Bvo, price 152, cloth.

- = 1 g X g

LEE.—ELEMENTS OF NATURAL HISTORY: OR, FIRST
PRINCIPLES OF ZOOLOGY: Comprising the Principles of Classification, interspersed
with amusiug and jnstructive Accounts of the most remarkable Animals, By Mrs. . Lee.
New Edition, enlirged ; with mauy additional Woodcuts. Foolscup tivo. 74, 6d. cloth.
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LETTERS ON HAPPINESS, ADDRESSED TO A FRIEND.

By the Author of Letters to My Unknown Friemds. Foolscap 8vo, 6. cloth,

LETTERS TO MY UNKNOWN FRIENDS,

By a Lady, Third Edition. Foolscap 8vo. 6s, cloth.

LINDLEY.—AN INTRODUCTION TO BOTANY.

By Prof.J, Lindley, Ph.D., F.R.8. L.8. ete. New Edition, with Corrections and numerous
Additions, 2vols. Bvo. with Six Plates and numerouns “;nudn.:ul:, 24s. cloth,

LINWOOD (W.)—ANTHOLOGIA OXONIENSIS;

Sive, Florilegium e lusibus poeticis diversorum Oxoniensium Grecis et Latinis decerptum.
Curante Gulielmo Linwood, M.A. &Edis Christi Alummo, Svo, 14s, cloth,

LITTON.—THE CHURCH OF CHRIST,

In fts lden, Attributes, and Ministre: with a particular reference to the Controversy on
the Su;h_fert between Momanists und Protestants. By the Rev, Edward Arthur Litton, M.A,,
Vice-Principal of St. Edmund Hall, Oxford. 8vo. 164, cloth.

LORIMER.—LETTERS TO A YOUNG MASTER MARINER

On some Subjects connected with his Calling. By the late Charles Lorimer. A New Edi=
tion. Foolscap Svo, Gs, 84, cloth. .

LOUDON.—THE AMATEUR GARDENER'S CALENDAR:

Being a Monthly Guide, ns to what should be avolded as well as what should be donein a
Garden in each Month : with plain Rules how fo do what is requisite ; Directions for laying
ont and planting Kitchen and Flower Gardens, Pleasure Grounds, and Shrubberies ; and n
short account, in each Month, of the Quadrupeds, Birds, and Insects, then most injurious to
Gardens. By Mrs. Loudon. 16mo. with numerous Wood Engravings, 7s. 6, cloth.

LOUDON —THE LADY'S COUNTRY COMPANION;:

Or, How to Enjoy » Country Life Rationally, By Mrs, Loudon, author of “Gardening for
Ladies,* ete. Fourth Edition, Foolscap Svo., with Plate and Woodeuts, 51, eloth.,

LOUDON'S SELF-INSTRUCTION FOR YOUNG GARDENERS,

Foresters, Bailiffs, Land Stewards, and Farmers; in Arithmetie, Book-keeping, Gen,
metry, Mensurstion, Practieal Trigonometry, Mechanies, Land-Surveying, Levelling,
Planning and Mapping, Architectural Drawing, and |sometrical Projection and Perspective ;
with Examples EEEWiI‘l their applications to Horticultural and Agricultural Purposes,
With & Portrait and a Memoir, Svo. with Wood Engravings, 7u. 64, cloth.

LOUDON'S ENCYCLOPXEDIA OF TREES AND SHRUBS:

Being the Arboretum #f Fratieetum Britannicnm abridged : containing the Hardy Trees
and ghrubn of Great Breitaiu, Native and Foreign, scientifically and popularly described ;
with their Propagation, Culture, and Uses in the Arts.  Svo. with 2,000 Woudeuts, price

5y, eloth,

LOUDON'S ENCYCLOP.EDIA OF GARDENING:

Comprising the Theory and Practice of Hortleulture, Floricultare, Arborlcultare, and
Landscape Gardening ¢ incloding all the latest Improvements : & General Histary of Garden-
ing in nl.; Countries ; and a Statistical View of its Present State ; with Suggestlony for its
Future Progress in the British Isles. With many hondred I".uﬁnwlug: on Wood, New
Edition, corrected and improved by Mrs. Loudon.  8vo. 805, cloth.

LOUDON'S ENCYCLOPAEDIA OF AGRICULTURE:

Comprising the Theory and Practice of the Valuation, Transfer, Laying-out, Improvement,
and Management of Landed Property, and of the cultivation and economy of the Animal and
Vegetable Productions of Auricalture, 11'.ll:|'n.l:ﬁ.ll.g all the latest impmrnmentg. Fiith
Edftlnn i with upwards of 1,100 Engravings on Wood. Svo. 24, 10s. cloth,
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LOUDON'S ENCYCLOPEDIA OF PLANTS:

Ineluding nll the Plants which nre now found in, or have beew fntroduced Into, Great Britain
iving their Nataral History, necompanied by such Deseriptions, Kngraved Figures, I-IIJ
lementary Details, as may enable a beginner, who fs a mere English reader, to discover the

unmie of every Plant which he may find in fower, and acguire nihh- information respecting

it which is useful aud interesting. New Edition, corrected throughout and hrought down
to the year 1854, by Mrs. Loudon. [In the press,

LOUDON'S ENCYCLOP/EDIA OF COTTAGE, FARM, AND
VILLA ARCHITECTURE and FURNITURE, Coutsining Designs for Cottages, Villns,
Farm Houses, Farmeries, Countey Ions, Public Houses, Parochinl schools, ete. 3 with the
reguisite Fittings ap, Fixtures, and Furniture, and approprinte Oilices, Gardens, aod Garden
Scveperv: ench Desigh accompanied by Analytical and Critical Remarks. New Editlon,
edited by Mrs. Loudon. Svo,with 2,000 Woodeuts, 63s. cloth.

LOUDON'S HORTUS BRITANNICUS;

Or, Entul%uc of all the Plants lndigenous to, cultivated in, or Introduced into Britaln, An
cutirely New Fdition correcied thronghout: with » Supplement, including all the New
Plants down to Mareb, 1800 ; and a New General Judex to the whole Work. Edited by Mrs.,
Loudun ; assisted by W, H. Baxter and David Wooster. Hvo. Sls. fid. cloth,

The SUPPLEMENT separntely, price 14s. cloth.

LOW.—ELEMENTS OF PRACTICAL AGRICULTURE:

Compreheuding the Cuoltivation of Plants, the Husbandry of the Domestic dumﬂl‘, and the
Econowy ol the Farm, By David Low, Esy. F.ILS.E, New Editlon; with 200 Woudcuts,

#vo. Ll cloth,

MACAULAY.—THE HISTORY OF ENGLAND,

From the Acvession of James 1. By Thomas babington Macaulny. New Editlon. Vols. L.
and L1, Svo. dis. cloth,

MR. MACAULAY'S CRITICAL AND HISTORICAL ESSAYS
CONTRIBUTED TO THE EDINBURGH REVIEW. Three Editions, ss follows :—

I. LIBRARY EDITION (the Seventh], in 3 vols. Svo. price 36s, eloth,

2. Complete in ONE VOLUME, with Portrait and Vignetie, Sguare crown 8ve. price
o, cloth 3 or 50s handsomely bound in calf, by Hayday,

8, ANEW ERITION, in 3 vols. feap, Bvo, price 21a. cloth.

MACAULAY.—LAYS OF ANCIENT ROME,

IVRY and THE ARMADA. By Thomss Sabington Macsulay, New Edition. 16mo.
dy. G, clothy morocco, e, 6d. (bopnd by Hayduy.)

MR. MACAULAY'S LAYS OF ANCIENT ROME.

With unmerous Lllustrations, Original and from the Autigoe, drawo on Wood by George
Sehardy, jun. and engraved by snmdel Williams, New Edition.  Feap. 4to. 21y, boards;
or 428, bound in morocco, by Hayday,

MACDONALD.—VILLA VEROCCHIO; OR, THE YOUTH OF

#EUINJLRUU Da VINCL: » Tale. By the late Diana Louiss Macdouaid. Feap. Svo.
. e lul .,

MACKINTOSH'S (SIR JAMES) MISCELLANEOUS WORKS:

lm'llllliI;F his Contributions to The KIMMBURGH REVIEW, A New Edition, complete
o fhie Volume 3 with Porteait and Vigoette,  Square coowin 8vo, 21a. clothi e Gts, ealf
extra by Hayduy.

M'LEOD AND WELLER'S SACRED ATLAS.—AN ATLAS OF

SCRIFTHVRE GEOGRAPFHY, Adapted fur the use of Praining Colleges, upil Tenchers,
and the Upper Classes o Klementacy Schools,  Comprising Fiiteen cwloored Saps, and o
Bection, eugraved ou Ten Plates: witn llosirstive Letterpress, by Walter M'Leod,
F.H G 5., Hend Master of the Model Scoool, aud Master of Aettod iu the Koyal Hﬂl!l:{
Asylum, Chelied, The Maps compided snd engraved by kRdward Weller, F.1O.5. Koy
Svu. price 7r. hali-bouud,
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M'CULLOCH.—A DICTIONARY, GEOGRAPHICAL, STATIS-

TICAL, AND HISTORICAL, of the warious Countries, Places, and Principul Natural
Objects in the World. By J, R, M*Culloch, Ksq.  lustrated with Six large Maps. New
E“_l“‘?ll-'l'll'h B Supplement, comprising the Population of Great Britain from the Ceusus of
1331, 2 vols. 8vu. 63 cloth.—The SUPFLEMENL separstely, price do. 6d.

M‘CULLOCH.—A DICTIONARY, PRACTICAL, THEORETI-

CAL, AND HISTORICAL, OF COMMERCE, AND COMMEHCIAL NAVIGATION.
lllustented with Maps and Plans. By J. R, M*Culloch, Esq. A New Edition, corrected,
enlurged, and lmproved: locluding o New Supplement. Svo. 50r. cloth; or 53s. strongly
half-vound iy russia, —The SUPPLEMEN'T separately, price 4o, 6d.

M‘CULLOCH.—AN ACCOUNT, DESCRIPTIVE, AND STATIS-

TICAL, of the BRITISH EMPIRE ; exhibiting its Exvent, Physical Capacities, i'u]m[mu}“.
Indusiry, and Civil and Keligious Institutions. By J. K. M‘Culloch, Esq, 3d Edition,
corrected, enlarged, and greatly improved, 2 vols. Svo. 424, cluth.

M‘CULLOCH.—A TREATISE ON THE PRINCIPLES AND
PRACTICAL INFLUENCE OF TAXATION AND THE FUNIING SYSTEM. By J. R,
M*Culluch, Esq. Second Edition, corrected, enlarged, and improved, Svo. 184 cloth.

M'CULLOCH.—A TREATISE ON THE CIRCUMSTANCES

WHICH DETERMINE THE RATE OF WAGES AND THE COXDITION OF THE
LABOURING CLAS>ES. bydJ. R. M*Culloch, Esg. Feap. Svo. 3. 6d. cloth,

MAITLAND.—THE CHURCH IN THE CATACOMBS:

A Deseription of the Primitive Church of Home, llustrated by its Sepulchral Remning.
By Charles Maitland. New Edition, revised ; with vumercus Woodcuts, Svo. 14, cloth.

MRS. MARCET'S CONVERSATIONS ON CHEMISTRY :

In whivh the Elements of that Science are familiarly Kxplaived aud ilusirated by Experi=
meuts. New Edition; corrected,. 2 vols, foolscap svo. Lds. cloth,

MRS, MARCET'S CONVERSATIONS ON POLITICAL

ECONOMY: In which the Elements of that Science wre fmmiliarly explained. New
Edition, revised, anud enlarged. Foulscap 8vo. js. td. cloth.

MRS. MARCET'S CONVERSATIONS ON NATURAL PHILO-

SO'HY: o which the Flements of thet ~cienee are familiarly explnived, and adapted to
the comprehension of Young Persons. New Editivn, gieatly improved. Foap, Sve. with
23 Plates, 1o, 6d. cloth,

MRS. MARCET'S CONVERSATIONS ON VEGETABLE

PHYSIOLOGY: comprebending the Elemeuts of Botany, with their Application to
Agricalture, New Edition. Foolscap 8vo. with Four Plates, 92, cloth.

MRS. MARCET'S CONVERSATIONS ON LAND AND WATER.

New Fdition, reviscd and corrected. Foolseap 8vo. with coloured Map shewing the
comparative Altitude of Mountains, 5. 6d. cloth.

MARIOTTL—FRA DOLCINO AND HIS TIMES :

Being an Account of & General struggle for Ecelesination] Reform, and of an Anti=Heretical
Crugnde in Lialv, in the early part of the Fourteenth Century. By L. Marioti, Author of
Jtuly, Past and P'resent, cte.  Post Svo, price e, 6d. cloth,
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MARTINEAU—CHURCH HISTORY IN ENGLAND,

From the Enrliest Times to the Period of the Reformation, By the Rev, Arthur Martinean,
M.A., Inte Fellow of Trinity College, Cambridge. 12mo. [in the press. "

MAUNDER'S SCIENTIFIC AND LITERARY TREASURY:

A New and Popular Encyclopmdia of Science and the Melles Lettres; lncludiu%ﬂl
Branches of Scicnce, and every subject comnected with Literature and Art. oW
Edition. Feap. 8vo, 104, cloth ; bound in roan, 122, ; ealf lettered, 125, 6d.

MAUNDER'S HISTORICAL TREASURY; |

Comprising a General Introductory Outline of Universal History, Anclent and Modern, and
a Series of separate Historles of every principal Nation that exisis developing their h.‘;u.
Progress, and Present Condition, Hn Maoral and Social Character of their respective
auhubitants, their Religlon, Manners, and Customs, etes An entirely New Fditlon; re-
vised throughout, and brought down to the Present Time. Foolscap 8Svo. 10s, clothy bound
in roan, 12z, ; calf lettered, 124, 6.

MAUNDER'S TREASURY OF NATURAL HISTORY;

Or, & anulur Dictionary of Animated Nature: o which the Zoologicnl Charncteristics that
distingaish the diferent Classes, Genera, and Species ere combined with s variety of interest-
ing Information illustrative of the Habits, Instlucts, nnd Genersl Economy of the Animal

* Kingdom. Embellished with 900 F'.ngnriugn on Wood, New Edition. Feap, 8vo. 10
cloth ; boand in roan, 12s. ; calf lettered, 12x, 6d,

MAUNDER'S TREASURY OF KNOWLEDGE,
And LIBRARY of REFERENCR : Comprising sn English DMctlonary and Grammar, an
Universal Gazetteer, a Classical Dietionnry, n Chronology, a Law Dictionary, o Syn ais of
the Peerage, numerous useful Tables, ete. The Twentieth Edition {Isﬂa‘{, carefully re-
vised and corrected throughout, withsome Additions. Foolscap Svo, 10s, cloth ; bound in
roan, 12, ; calf lettered, 13, 6d.

MAUNDER'S BIOGRAPHICAL TREASURY:

Consisting of Memoirs, Sketehes, and brief Notices of above 12,000 Eminent Peranns of all
Ages lud%«’ntlmm. from the Earliest Period of History; forming a new and complete De-
tionary of Universal Biogeaphy., A New and carefully revised Edition; corrected throngh -
out, and extended by the introduction of nomerous additional Lives, Foolscap Svo, 10s.
eloth ; bound in roan, 13s.; calf lettered, 12s. Gd.

MERIVALE.—A HISTORY OF THE ROMANS UNDER THE

FMPIRE. By the Rev. Charles Merivale, late Fellow of St. Joho's College, Camhbridge.
Vals. 1. and [I. B8vo. 28x, cloth, Vaol. 1T, cumpletlu; the History to the Establishment of
the Monnrchy by Augustus, 8vo, 14s, cloth,

MERIVALE.—THE FALL OF THE ROMAN REPUBLIC:

A Shart Historr of the last Centuey of the Commonwealth, By the Rev, Charles Merivale, ||
B.I}, Inte Fellow of St, John's College, Cambridge. 12mo.

MILNER.—THE HISTORY OF THE CHURCH OF CHRIST.

By the Inte Rev. Joseph Miluer, A.M., With addirions by the late Rev. Tsane Milner,

D.D. FRE, A New Fdition, revised, with additiousl MNotes by the Rev, Thomns
Grantham, B.I}, 4 vols, 8ve, price 52s. cloth.

MONTGOMERY.—ORIGINAL HYMNS FOR PUBLIC, SOCIAL,
AND PRIVATE DEVOTION. By Jumes Montgomery. 1Smo. price 5o, 6d, cloth.

JAMES MONTGOMERY'S POETICAL WORKS.

With some additional Poems, and the Anthor's Autobiographical Prefaces. A New Edition,
complefe In One Volume; with Porteait and Vignette, Sguare crown Svo, 100, 6d. cloth;

moroceo, 2la.—0O0r in 4 vols. foolscap Svo. with Portrait, and Seven other Plates, 2.
cloth ; bound in moroceo, 14, 16a.
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MOORE.—HEALTH, DISEASE, AND REMEDY,

I-‘l.miliurll'ir and Practically considered in a few of their Relstious to the Blood, By George
Moore, M.D. Post Svo, ;a. bd. cloth,

MOORE.—THE POWER OF THE SOUL OVER THE BODY.

Cousidered in relation to Health and Moruls. B George Moore, M.D. Member of the
Royal College of Physicians, ete, Fifth Edition, Feap. Sve, s, cloth,

MOORE.—THE USE OF THE BODY IN RELATION TO THE
MIND. By George Moore, M.D. Third Edition, Feap, Bvo, Gs. cloth,

MOORE.—MAN AND HIS MOTIVES,

By George Moore, M.D. Third Edition, Feap. Svo. Bs, cloth,

MOORE.—MEMOIRS, JOURNAL, AND CORRESPONDENCE

OF THOMAS MOORE, Edited by the Right Hon. Lord John Russell. With Portraits
wnd Vignette Hlustrations, Vols. I, and |[, pust Svo. price 21s, cloth,

THE THIRD AND FOURTH VOLUMES OF MOORE'S SERMONS, JOURNAL, AND
CORRESPONDENCE, with Portraits of Sir Johu Stevenson and Samuel Rogers, Esq.;
and Viguettes, by T, Creswick, R.A., of the Meeting of the Waters, and Moore's Residenve
at Mayheld. Vols. LIL. aud LV, post Svo, prive 21s. eloth,

MOORE'S POETICAL WORKS:

Containing the Author's recent Introduction and Nates. Complete in One Volume, uniform
with Lord Byron's and Southey’s Poems. With Portrait aud View of Sloperton Cottage,
Chippenbham. Medium Svo, 17 1s. cloth; or 425, bound in morocco, by Hayduy.

*s" Also a New and Cheaper Issue of the First collected Editivn of the above, In 10 vols.
fooiscap Svo.with Portrait,and 19 Plates, price 853, cloth,

THOMAS MOORE'S SONGS, BALLADS, AND SACRED SONGS.

First collected Edition, with Vignette by Richard Doyle. I6mo. Ss. cloth; or 124. 6d.
bound in smooth morocce, by Hayday,

MOORE’S IRISH MELODIES.

New Edition. With the Autobiographical Preface from the Collective Edition of Mr. Moore's
Poetical Works, and & Vignette by D, Maclise, R.A. 16mo. 5a. cloth 3 125, 64. bound i
smooth moroces, by Hayday, —(y iy foolsenp Svo,with Viguette by Corbould, 1Ws. cloth;
bound in morocco, Lds. td,

L]

MOORE'S IRISH MELODIES.

Illustrated by D, Maclise, R.A. New and cheaper Edition, with 161 Designs, and the
whale of the Letter press engraved on Steel, by ¥, P, Becker, Super roval Svo. Sls. G4,
cloth; bound in moroeco, by Hayday, 24, 12s. 6d.

*o* The Original Edition, in imperial Svo. 6, boards ; morocco, by Hayday, 41, 14s, e, 3
Proafs, 61. ba, buards,—wmay still be had.

MOORE'S LALLA ROOKH: AN ORIENTAL ROMANCE.

New Edition ; with the Autobiographical Preface from the Collective Edition of Mr. Mocre's
Poetical Works, and a Vignette by 1), Maclise, R.A. Iimo, b, cloth; 128, 64, bound in
smooth moroceo, by Hayday.—Or in foolscap Svo. with 4 Plates by Westell, 10s. Gd.
cloth; or 14e. boundin morocea.

MOORE'S LALLA ROOKH: AN ORIENTAL ROMANCE.

With 13 highly-finished Steel Plates, from Desigus b Corbould, Meadows, nud Stephanoff,
engraved under the superintendence of the late Chuarles Heath, New Edition, Squnre
erown Bvo, 1is. cloth ; moroved, I85.—d few copies of the Original Editien,in royal Sve,
price One Guinea, still remain.,

—
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MOSELEY.,—ILLUSTRATIONS OF PRACTICAL MECHANICS.

By the Rev. H. Moseley, M.A., Professor of Nataral Philosophy wnd Astronomy in King's
College, London. New Edition, Feap.Svo. with Woodeuts, 8y. cloth.

MOSELEY. — THE MECHANICAL - PRINCIPLES OF EN-

E[NIFER[NG AND ARCHITECTURRE. By the Rev. H. Moseley, M.A. F.R.5. Bvo. 2.
tll.ll .

MOSHEIM'S ECCLESTIASTICAL HISTORY,

Ancient and Modern, Translated, with copions Notes, by James Murdock, D.D. New
Edition, revised, aud continued, by the Rev. Henry Soames, M.A. 4 vols, Svo, 454, eloth,

MURE.—A CRITICAL HISTORY OF THE LANGUAGE AND

LITERATURE OF ANCIENT GREKCE. By William Mure, M P, of Caldwell. A wals,
Svo, 361, elath, Vol. IV, comprising Historienl Literature from the Rige of Pure Compo-
gition to the Death of Herodotus. 8ve, with Map, price 158 cloth,

MURRAY'S ENCYCLOPEDIA OF GEOGRAPHY :

Comprising n complete Description of the Earth: exhibiting its Relation to the Heavenly [
Bodies, its Fh}.iurﬁtructuu, the Natural History of each Country, and the Industry, Com- |
merce, Political Institutions, snd Civil and Social State of all Nations. Second Edition;
with 82 Maps, sud upwards of 1,000 other Wood Engravings. Svo. 3/, cloth,

NEALE.—RISEN FROM THE RANKS ;
Or, Conduet persus Caste. By the Rev. Erskine Neale, M.A. Rector of Kirton, Suffolk, i
Feap. Svo. [Nearly ready.

NEALE—THE RICHES THAT BRING NO SORROW.

By the Rev. Erskine Neale, M.A., Rector of Kirton, Suffulk. Foeolscap 8vo. Gs. cloth,

THE EARTHLY RESTING-PLACES OF THE JUST.

By the Rev. Erskine Neale, M.A,, Rector of Kirton, Suffulk. Feap.Svo. J1. cloth,

NEALE.— THE CLOSING SCENE;

Or, Christinnity and Infidelity contrasted in the Last Hours of Remarkable Persons. By the
Rev. Erskine Neale, M.A., New Editions. 2 vols. feap. Svo. G, ench,

NEWMAN.—DISCOURSES ADDRESSED TO MIXED CON-

GREGATIONS, ByJohu Heury Newman, Priest of the Oratory of 8t, Philip Neri. Secoud
Edition. #vo, 12s. cloth,

LIEUTENANT OSBORN'S ARCTIC JOURNAL.
STRAY LEAVES FROM AN ARCTIC JOURNAL; or, Eighteen Months in the Polar
Regions in search of Sir John Franklin’s Expedition. By Licut. Sherard Osborn, RN,
;‘Emrrlu.l;nng H.M.5.V. Pianeer. With Map nnd Four coloured Plates. Post 8vo, price
« Cloth,

OWEN JONES.—WINGED THOUGHTS.

A Series of Poems, By Mary Anne Bacon, With Illustestions of Birds, desigued by
E. L. Bateman, and executed in illuminated printing by Owen Joues. Imperinl Svo.
3la.64d. elegum]}' bound in ealf,

OWEN JONES—FLOWERS AND THEIR KINDRED

THOUGHTS : A Series of Stanzas, By Mary Anne Bacon., With beautiful Hlustrations of
Flowers, designed and printed in Colours by Owen Jones. Imperial Svo. 3ls, 6d. eleguutly
boond in eall.
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OWEN JONES.—FRUITS FROM THE GARDEN AND THE

FIELD. A Seriesof Stanzas. By Harir Aune Bacow. With heautiful Lllusteatinns of Fruit,
id:“flﬂffd and printed in Colours by Owen Jones, lmperial 8Svo, 8ls. 64d. elegautly bound
«

OWEN.—LECTURES ON THE COMPARATIVE ANATOMY

AND PHY_\“]ﬂu?UY OF THE INVERTEBRATE ANIMALS, delivered at the Hoyal
College of Surgeons in 1543 By Richard Owen, F.R.S. Hunterinu Professor to the College.
New Edition, corrected. Svo. with Woodcuts, [ Nearly ready.

PROFESSOR OWEN'S LECTURES ON THE COMPARATIVE

ANATOMY AND PHYSIOLOGY of the VERTEBRATFE ANIMALS, delivered at the
Royal College of Surgeous iu 184 and 1846, Vol, L., with Woodeut s, Svo. J4s. cloth.

THE COMPLETE WORKS OF BLAISE PASCAL :
With M. Villemnin's Fssay ou Pascal considered as a Writer and Maoralist, prefixed to
the Provincinl Letters; and the Miscellaneons Writimgs, Thoughts om Religion, and
Evidences Christianity, rearranged, with large Adﬂil‘qlu, from the French Kdition
nf Mows, P. Faugére. Translated from the French, with Memoir, Introductions to the
various Works, kditorial Notes, and Appendices, by George Pearce, Esq. 3 vols. post Svo,
with Portrait, 25s. 64, cloth.

Vol. .—PASCAL'S PROVINCIAL LETTERS: with M, Villemain's Essay on Pasecal
prefixed, and & new Memoir, Post Svo. Portrait, 8. 64, eloth.

Vol 1IL—THE THOUGHTS ON RELIGION, AND EVIDENCES OF CHRISTIANITY,
with Additions from vriginel MS5.: from M. Fangére's Edition. Post Svo. 8, fid. cloth,

Vol. HII.—PASCAL'S MISCELLANEOUS WRITINGS, CORRESPONDENCE, DE-
TACHED THUUGHTS, etc, from M. Faagire's Edition. Post 8vo. 8s. 64, cloth,

PASHLEY.—PAUPERISM AND POOR LAWS.

By Robert Pasbiley, M.A , F.C.P.5., One of Her Majesty’s Counsel, and Iate Fellow of
Trinity College, Cambridge; Author of Travels in Crete. Svo, price ls 6d., cluth.

CAPTAIN PEEL'S TRAVELS IN NUBIA.—A RIDE THROUGH

THE NUBIAN DESERT. By Captain W, Peel, R,N. Post Svo, with & Route Map from
Calro to Rordofau, price 5o, cloth,

PEREIRA.—A TREATISE ON FOOD AND DIET:

With Observations on the Dietetical Regimen suited for Disordered States of the Digestive
Organs; and an Acconnt of the Dietaries of some of the principal Metropalitan and other
Establishments for Paupers, Lunatics, Criminals, Children, the Sick, ete, ByJou, Pereira,
M.DLF.R.5., nuthorof Elements of Materia Medica., Svo. 16s. cloth.

PESCHEL’S ELEMENTS OF PHYSICS.

Cranslated from the German, with Notes, by E. West., With Disgrams and Weodcuts.
8 vole. feap. Svo. 218, cloth.

PETERBOROUGH.— A MEMOIR OF CHARLES MORDAUNT,
EARL OF PETERBOROUGH AND MONMOUTH : With Sclections from bis Corres-
pundence, By the Aathor of Hochelega aud he Comguest uf Caunada, ﬁ‘il;h.lgnu Hvao,

n thi preas,

PHILLIPS'S ELEMENTARY INTRODUCTION TO MINERA-
1L.OGY., A New Edition, with extensive Alterations and Additiong, by H.J , Bronke, F.R.S.,
F. 5. :and W, H. Miller, M.A., F.R.S., Fai.S., Profegsor of Mineralogy in the Ulli'l'trlilr
of Cambridge. With numerous Wand Engravings. Post 8vo. price 185 cloth,
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PHILLIPS.—FIGURES AND DESCRIPTIONS OF THE PALZ- .

OZOIC FOSSILS OF CORNWA DEVON, and WEST SOMERSET; observed in
the course of the Ordoance Geological Survey of that District, By John Ehlupl, F.R.5.
F.G.5. 8vo.with6) Plates, comprising very numerous Figures, Ys. cloth.

PORTLOCK.—REPORT ON THE GEOLOGY OF THE

COUNTY OF LONDONDERRY, and of Parts of Tyrone and Fermanagh, examined and

deseribed underthe Authority of the Master-General and Board of Ordunnce. ByJd. K. Port-
loek, F.R.8. ete, Bvo, with 48 Plates, 24s. cloth,

POWER.—SKETCHES IN NEW ZEALAND,

with Pen and Pencil, By W. Tyrone Power, 1).A.C G. From a Journal kept In that Coun-
try, from July 1546 to Juune 1848, With 3 Plates and 2 Woodcuts, Post Svo. 12s, cloth,

THE VADE-MECUM OF FLY-FISHING FOR TROUT:

Being a complete Practical Treatise on that Branch of the Art of Angling ; with plain and
copious Instructions for the Manufacture of Artificial Flies. By {i.all'.ﬂp, Pulman., Third
ition, with several Woodeuts, Feap. Svo. Gs. cloth,

PYCROFT.—A COURSE OF ENGLISH READING;

Adapted to every Taste and Capacity. With Literary Anecdotes. By the Rev. James
Pycrolt, B.A., author of The Collegian's Guide. New Edition, Feap. Svo. 5s, cloth,

DR. REECE'S MEDICAL GUIDE:

For the use of the Clergy, Heads of Families, Schools, and Junior Medical Practitioners.
Comprising n complete Modern Dispensatory, and a Practicsl Treatise on the distinguishing
Symptoms, Causes, Prevention, Care, nnd Palliation of the Disenses incident to the Human
Frame, With the Iatest Discoveries in the different Depnrtments of the Henling Art,
Materia Medica, ete.  Seveuteenth Edition, with considerable Additions; revised and
corrected by the Author’s Son, Dr, Henry Reece, MLR.C.5. et¢.  Svo. 12s. cloth.

RICH.—THE ILLUSTRATED COMPANION TO THE LATIN

DICTIONALY AND GREEK LEXICON: forming n Glossary of all the Words respecting
Visible Objects connected with the Arts, Manufaetures, and Ever ~day Life of the Ancicnts,

With Representations of nearly Two Thousand Objects from the Antique, By Anthony ||

Rich, jun. B.A., Post Svo.withabout 2,000 Woodeuts,21s. cloth,

JOURNAL OF A BOAT VOYAGE THROUGH RUPERT'S

LAND nnd the Central Arctlie Sea, in Search of the Discovery Ships under eommand of
Bir John Frauklin, With an Appendix on the Physical ﬁnlﬁn}rh}ro North Americn, By
Sir Jobn Richardson, C.B, F.R.5., ete., Inspector of Navy ospitals sud Fleets. With
a coloured Map, several Plutes and Woodcuts, 2 vols. Svo, 31s, 6d. cloth,

RIDDLE.—A COPIOUS AND CRITICAL LATIN-ENGLISH

LEXICON, founded on the German-Latin Dictionaries of De, Willlam Freond., By the
Rev. J. E. Riddle, M.A., of St, Edmund Hall, Oxford. New Edition, with Cnl:ucl.inu.
Post 4to. Sls. 64, cloth,

RIDDLE'S COMPLETE LATIN-ENGLISH AND ENGLISH-

LATIN DICTIONARY, for the use of Colleges and Schools. New Edition, revised and
correécted. Svo. 21s cloth.

*,* Separately { Tur Exatisn-Larmix Dicrrowany, price 15s.
HE Larin-Exerisn Dicrioxany, price Ts.

RIDDLE'S DIAMOND LATIN-ENGLISH DICTIONARY :

A Guide to the Meaning, Quality, snd right Acceutustion of Latin Classical Words, New
Edition. HRoyal 32mo. 40, bound,
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RIVERS.—THE ROSE AMATEUR'S GUIDE:

Containing ample Deseriptions of all the fine leading varieties of Roses, regularly elassed in
their respective Families; their History and Mode of Culture. By T.Rivers, Jun. Fourth
Edition, corrected and improved. Foolseap Svo.6s.cloth.

ROBINSON’S LEXICON TO THE GREEK TESTAMENT.

A Greek and English Lexicon of the New Testament. By Edward Robinson, D.D, LL.D.
Professor of Biblical Litersture in the Union Theological Seminary, New York; Author
of Biblical Researches in Palestive, ete. New Edition, revised and in great part re-
written. Svo. 18s. cloth.

ROGERS'S VEGETABLE CULTIVATOR;

Containing n plain and aecurate Description of every species and wariety of Culinary Vege-
tables : With the most approved Modes of Cultivating and Cooking them., New and
chenper Edition. Fuap, 8vo. bs. cloth,

ROGERS. —ESSAYS SELECTED FROM CONTRIBUTIONS
TO THE EDINBURGH REVIEW. By Henry Rogers. = 2 vols. Svo. 24s. cloth.

ROGET.—THESAURUS or ENGLISH WORDS axp PHRASES

elassified and arranged so as to facilitate the Expression of Ideas and assist in Litern
Composition. By P, M. Roget, M.D., F.R.S, Second Edition, revised and enlarged.
Medium Svo. price 145 cloth.

ROWTON (F)—THE DEBATER:

Being a Series of complete Debates, Outlines of Dehatea, and Questions for Discussion.
With ample references to the best sources of information upon each particular topic, By
Frederic Rowton. Second Edition. Foolscap 8vo, 6Ga. cloth.

ST. JOHN (H.)—THE INDIAN ARCHIPELAGO ;

Its History and Present State. By Horace St Johin, Author of Histery of the British
Conguests in [ndia, Life of Christoplier Colmnbus, ete, 2 vols. post Byo, price 21s, cloth,

MR. ST. JOHN'S NEW WORK ON EGYPT.—ISIS :

An Egyptisn Pilgrimage. By James Aungustus S5t. John, 2 vols. post Svo, price 21s, cloth,

THE SAINTS OUR EXAMPLE.

By the Author of Letters to My Unknown Friends, Letlers on Happinen, ete, Feap, Svo.
price 7a. cloth.,

ISIR EDWARD SEAWARD'S NARRATIVE OF HIS SHIP-

WHRECHK, and consequent Discovery of certain Islands in the Caribbean Sen: with a
Detail of many extrrordinary and highly interesting Events in his Life, from 1733 1o 1748,
as written in his own [Mary, Kdited by Jane Porter. Third Edition. 2 vols. post Svo,
21s. cloth.—Also an Abridgement, in I6mo. price Half-a-Crown,

SELF-DENIAL THE PREPARATION FOR EASTER.

By the Author of Letters to My Unknown Friends, Foolsenp 8vo, price 2. 6d. cloth,

SEWELL.—AMY HERBERT.

By a Lady. Edited by the Rev. William Sewell, B.D., Fellow and Tutor of Exeter Col-
lege, Oxford. New Edition, complete in One volume, Foolscap Svo. price 6s. cloth.

SEWELL.—THE EARL'S DAUGHTER.

B]y I:I!]u Author of Amy Herbert. Edited by tife Rev, W. Sewell, B.D. 2 vols. feap. Svo, 9.
elot
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SEWELL—GERTRUDE.
A Tale. By the Author of Amy Herbeet, Bdited by the Rev. W. Sewell, B.). New
Editivn, complete in Une volume, Foolscap Svo, price Gr. cloth.

SEWELL—LANETON PARSONAGE:
A Tale Tor Children, on the peactical Use of n Portion of the Chureh Catechism, By the
anthor of Awmy Herbert. ited by the Rev, W, Sewell, B.U. New Edition. 3§ vols.
feap, Sva, 16s. cloth.

SEWELL.—MARGARET PERCIVAL.

By the Author of Awy Herbert, BEdited by the Rev. W. Sewell, B, New Edition. 2
vols, foolscap Svo. I2a, cloth,

THE FAMILY SHAKSPEARE,

In which nothing isadded to the Original Text; but those Words and Expressions are
omitted which cannot with propriety be read wlond., By T. Bowdler, i-:vlql. b, New
Edition {1853), in volumes for the Pocket. 6 vols. foolscap Svo. price §s, cloth,

*»* Also a Library Edition ; with 36 Illustrations afier Smirke, ete. Bvo. Zla. cloth

SONGS AND BALLADS OF SHAKSPEARE.

Lllustrated in 18 Plates by the Etching Club, Imperial 4to, 424, hoards,

*,* The first Nine Plates were originally published in 1843; and the Subscribers to those
Plates may purchase the last Nioe separstely, price 21s.

SHARP'S NEW BRITISH GAZETTEER,

OR TOPOGRAPHICAL DICTIONARY OF THE BRITISH ISLANDS AND NARROW
SEA%: Comprising coucise Descriptions of about Sizty Thonsand Places, Seats, Nataral
Features, and Objects of Note, founded on the best Authorities ; foll Particulars of the
Boundaries, Registered Electors, eto. of the Parliamentary Boroughs ; with a Reference
under every Wame to the Sheet of the Ordnance Survey, as fnr w8 completed | and an
ﬁrpclldi:. containing a General View of the Resources of the United Kingdom, a short
EII?E”I'F,E and an Abstract of certain Hesules of the Census of 1851, 2 vols. bvo.
. . Cluth,

SHORT WHIST: ITS RISE, PROGRESS, AND LAWS ;

With the recent Decislons of the Clubs, and Observations to make any one n Whist Player,
Contaiuing alsothe Laws of Piguet, Cassing, Kearte, Cribbage, Backgammon, By Major A.
I'ilnr Ed‘ﬁinu. To which are added , Preceptsior Tyros. By Mrs. B. Foaolscap 8vo. 3a. cloth,
gilt edges,

SINCLAIR.—THE JOURNEY OF LIFE.

By Catherine Sinclair. New Edition, corrected and enlarged, Feap. 8vo. 5a, cloth,

SINCLATR —POPISH LEGENDS OR BIBLE TRUTHS.

By Catherine Sincluir, Dedicated to her Nieces. Feap. Svo. fa. cloth.

SIR ROGER DE COVERLEY.

From The Spectator, With Notes and [llusteations by W, Henry Wills; and Twelve fine
Waood Engravings by Johu Thompsoen from Designs by Frederick Tayler, Crown Svo. 15s,
beards; or 27s. bound in moreeco by Hayday,—Also a Cheap Edition, without Engraviogs,
In lwe. price Oue Shilling,

SKETCHES BY A SATLOR;
tir, Things of Karth and Things of Hesven, By a Commander in the Rayal Navy.
Contentst—1, The Hhirwl‘tci: 2, The Model Prison; 3. The Foot Mace; 4. A Man Over-
board ; &, The Assize Courtj 6. The Fugitive. Feup, Bvo, price 31, 6d. cloth,
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SMEE.—ELEMENTS OF ELECTRO-METALLURGY.

By Alfred Smee, F.R.S., Surgeon to the Bank of England. Third Edition, considerably
enlurged ; with Electrotypes sud numerous Woodcuts, Post Svo, 104, 6, cloth.

THE WORKS OF THE REV. SYDNEY SMITI.

Eumpﬂ;inh the Author's Miscellaneous Writings, and Contributions to the FEidinburgh
Review, New FEditlon, complete in One Volume; with Portrait and Vignette, Sguare
erown Svo, 21s. eloth ; 30s. eali extra, by Hayday.—0Or in 3vols. Svo. with Portrait, 36s. cloth,

SMITH—ELEMENTARY SKETCHES OF MORAL PHILO-

SOPHY, delivered at the Royal Institution in the Years 1804, 1805, and 1506, By the late
Rev. svdney Smith, M.A. Second Edition, Svo. 12s. cloth.

SMITH.—THE VOYAGE AND SHIPWRECK OF ST. PAUL:

with Dissertations on the Sources of the Writings of 5t. Luke. and the Ships and Navigation
of the Ancients. By James Smith, Esq., F.I.S, ete. 8vo. with lllustrations, 14s. cloth.

SNOW.—VOYAGE OF THE PRINCE ALBERT IN SEARCH

OF B8IR JOUN FRANKLIN. A Nurrative of Every-day Life In the Arctic Seas, By W,
Parker Snow, With a Chart, and 4 Lliustrations printed in colours. Post 8vo. 120, cluth.

THE LIFE AND CORRESPONDENCE OF THE LATE ROBERT

SOUTHEY. Edited by his Son, the Rev. Charles Cuthbert Southey, M A, Vicar of Ardleigh,
With numerous Portraits ; and Six Landscape Ilustrations from Designs by W. Westall,
ALA. 6 vols. post Bvo. s, cloth,

SOUTHEY'S COMMON-PLACE BOOKS,

THE COMMON-PLACE BOOKS of the late Robert Southey. Comprising—1, Chaoice
Passnges: with Collections for the History of Manners and Literature in England 3 2,
Specinl Collections on varlous Historical and Theological Subjects ; 8, Aunlytical Rendings
in various branches of Literature ; and 4. Original Memoranda, Literary and Miscellaneous .
Edited by the Rev, John Wood Warter, B.DD. 4 vols. square crown Svo. 8/, 18s. cloth.

Ench Common-Place Book, complete In itself, may be had separately as [ollows 1—

FIRST SERIES—CHOICE PASSAGES, ete. 2d Edition; with Medallion. Price 18s.
SRCOND SERIES—SPECIAL COLLECTIONS. Price 18s.

THIRD SERIES—ANALYTICAL READINGS. One Guinea,

FOURTH SERIES—ORIGINAL MEMORANDA, ete, Oune Guinen.

SOUTHEY’S THE DOCTOR ETC.

Complete in One Volume. Edited by the Rev. John Wond Warter. With Portrait,
Vignette, Bust, and coloured Plate. New Edition, Square crown Svo, d1a. cloth,

SOUTHEY'S LIFE OF WESLEY.

And Rise and F'rug'"_rlﬁ of Methodism., New F,IHTIEIH, with Notes h? the Inte Samuel TH‘_F'J'H'
Coleridge ; and Hemnrks on the Life and Charscter of John Wesley, by the late Alexander
Kuox. lE:‘.d.itw:-ui by the Rev. C. C. Southey, M.A, € vols.8vo, with two Portraits, 11. 8. cloth.

ROBERT SOUTHEY'S COMPLETE POETICAL WORKS:

Containing all the Author's last Introductions and Notes, Complete in One Volame, with
Portrait and View nf the Poet's Residence st Keswick; uniform with Lord Byron’s and
Moore's Poetical Works. Medium 8vo. 21a. cloth; 425 bound in morocce, by Hayday,—Ur
in JU vals, foolscnp Bvo. with Portrait and 19 Plates, 20, 10a,; moroceo, 40 W,
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TATE.—THE PRINCIPLES OF MECHANICAL PHILOSOPHY

APPLIED TO INDUSTRIAL MECHANICS, Forming a Sequel to the Author's Erercises
ofi Mechanics and Natural Phitosophy. By Thomns Tate, F.R.AS., of Kneller Training
College, Twichenham. With about 200 Wood Engravings., Svo. price 104. 64, cloth.

TATE.—ON THE STRENGTH OF MATERIALS:

Containing varfous original and wseful Formule, specially I.pl{;l'lﬂi to Tubular Bridges,
Wrought lron nnd Cast Iron Beams, etc. By Thomas Tate, F,R.A.8, 8vo, ds, 6d, cloth,

TAYLER.—MARGARET; OR, THE PEARL.

By the Rev. Charles B, Tayler, M.A. New Edition. Foolscap 8vo. fs.cloth.

TAYLER.—LADY MARY; OR, NOT OF THE WDRLﬁ,

EE;:'! lnu:; Charles B, Tayler, M.A. New Edition. Foolscap 8vo. with Froutlspiece
ic t- -

TAYLOR.—THE AUTOBIOGRAPHY OF B. R. HAYDON,

Historieal Pninter, Edited, and continued to the time of his Death, from his own Journals,
by Tom Tavlor, M.A. of the Inner Temple, Fsq.: lute Fellow of Trinity College, Cam-
bridge ; and Inte Professor of the English Language and Literatore in University College,
London. 3 vols. post Svo. : [{n the press.

TAYLOR.-—WESLEY AND METHODISM.
By lsaac Taylor. With a Portrait of Wesley. Post 8vo. 10s. 6d. cloth.

Al the characteristicy of early Methodizm are analyzed in the present volume with a din-
crimination, and described with a clearnear, anch ag we might expect from the philoxophicral
and r!'m;ufnl‘ author of the Natural History of Enthusiasm. . . . . . 0F the Methodizsm
af the clghteenth cenfury, the corpoareal part remaing in the Wesleyan Connerion ; the rounl
af it, while partly animating that body, was tranifised into all Christian Churches. How
that great movement beeame a gtarting-point in our modern history, and how it was the
pawres of what i the most characteristic of the presewt, time, na contrasted with the corres-
ponding period of lnst century, not in religion anly, but in general tone of national feeling,
and mdnners, and literature, Mr.Taylor ably shews.'! Literary Gnzeite,

TAYLOR —LOYOLA: AND JESUITISM

Inits Rudiments, By Isaac Taylor. With medallion Portrait. Post 8vo. 10s. 6d. cloth

THIRLWALL.—THE HISTORY OF GREECE.

By the Rirht Rev. the Lord Bishop of St David’s, (the Rev. ﬂmmﬂﬁThIrllullh An im-
rovied Librury Edition ; with Maps. 8 vals, 4/, 148, cloth.—Also, an Edition in 8 vols, l’q.;;p.
o, with Vignette Titles, 11, Ss. cloth,

HISTORY OF GREECE, FROM THE EARLIEST TIME

TO THE TAKING OF CORINTH BY THE ROMANS, B.C. 146, mainly based npon
Bishop Thirlwall's History of Greece. By Dr. Leonbard Schmitz, F.R,S.E,, Rector of the
HLg_’h School of Edinburgh. Sccond Edition. 12mo. 7. 6d, cloth.

THOMAS'S MODERN PRACTICE OF PHYSIC:

Exhiblting the Symptoms, Causes, Proguostics, Morbid Appearances, and Treatment of the
Disenses of All Climates. Eleveuth Edition,thorooghly revised, corrected, and to n fon-
siderable extent rewritten, by Algernon Frompton, M D., Physician to the London Hos-
pital: nasisted by Herbert Davies, M., Physician to the London Hospital ; N, Parker,
M.D,, Assistant-Physician to the London Hospigal ; G, Critchewt, F.R.C.5 ., Senior Assist-
ant-Surgeon fo the London Hm|ls'|:ni 1 J. Wordsworth, F.R.C.5., Assistant-Surgeon to the
London Hospital : Henry Powell, M.I}., Edinburgh ; and H. Letheby, M.D., Lecturer on
ﬁﬁell::i:tr! and Toxicology in the London Hospital Medical School. 2 wols. Svo. price 24s.
th.

THOMSON'S SEASONS.

Edited by Bolton Corney, Esq. [lustrated withSeventv.seven Designsdrawn on Wood by
the Mefbers of the Etching Club, Engraved by Thompson and other eminent Engravers.,
Square crown Svo. Ile eloth; bound in moroceo, by Hayday, 36a.
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THOMSON'S TABLES OF INTEREST,

At Tliree, Four, Four-and-a-half, and Five per Cent., from One Pound to Ten Thousand,
and from 1 to 35 Days, in & reguler pruﬁuuinu ol Hi?}le Days ; with Luterest atall the
above Rates, (row Oue to Twelve Mouths, and from Une to Ten Yenrs. Also, Tables
shewing the Exchange on Bills, etc. etc, New Edition, 12mo. 8s. bound,

THE THUMB BIBLE;

Or, Verhom Sempiternum, By J. Tayloe. Deing an Epitome of the Old and New Testa-
ments in English Verse.  New Edition, printed from the Edition of 1683, by C. Whitting.

hnmy Chiswick, Gdmo. 1. 6d. bound and clasped.

TOMLINE'S INTRODUCTION TO THE STUDY OF THE

BIBLE; Being the First Volume of the Elements of Christian Theology ; contnining
Prootsof the Authenticity and luspiention of the HolyScriptures; a Summary of the History
of the Jews, an Account of the Jewish Sects § and & brief Statement of the Contents of the
several Books of the Uld Testament, New Edition. Foolscp vo, 51, 6d, cloth. -

TOWNSEND.—MODERN STATE TRIALS.
Revised aud illustrated with Fssays aud Notes. By William Charles Towusend, Esq,
M.A.Q.C. 2 vols. Bvo. 3Us. cloth.

TOWNSEND.—THE LIVES OF TWELVE EMINENT
JUNGES OF THE LAST AND OF THE PRESENT CENTURY, By W. Charles |
Townsend, Esq., M.A.Q.C. Zvouls. Bvo. 28, cloth. 1

TURNER.—THE SACRED HISTORY OF THE WORLD,

Attempred to be Philosophically considered, in a Series of Letters to & Son, By Sharnn
Turner, F.5.A. nud R.AS. L. Eighth Edition, edited by the Hev, Syduey Turner. Jvols,
pust Svo. dla, fid. cloth.

L]

TURNER—A NEW EDITION OF SHARON TURNER'S

HITONY OF ENGLAND DURING THE MIDDLE AGES: Comprising the Reicns from
William the Congueror to the Accession of Henry VILL. 4 vols, 8vo, [in the press.

TURNER—THE HISTORY OF THE ANGLO-SAXONS,

From the Exrliest Period to the Norman Conquest. By Sharon Turner, F.R.8. and R.A.8.L.
The Seveuth Edition, 8 vols. 8vo. 30s, cluth,

TURTON'S MANUAL OF THE LAND AND FRESH WATER
SHELLS OF THE BRITISH ISLANDS, New Edition, with Additions. By John Edward
Girsy. Post Svo. with Woodcuts, and 12 coloured Plates 16s. cloth.

URE.— DICTIONARY OF ARTS, MANUFACTURES, AND |

MINES: Containing n clenr Exposition ot their Principles and Practice. Uy Andrew Ure, |
M.iv, FORLS, MLGGS, MoA LS. Lona, , M, Acnd. N8 Philnd. ; 5. Ph, 5oc, N, Gepu, Hanoveg |
Mullif, etc. ere, #d Fdition, corrected . Svo, with 1,241 Waoodents, 505, cloth.—alse |
SUPPLEMENT OF HECENT IMPROVEMENTS, 2d Edition, 8vo,lds.cloth,

WATERTON.—ESSAYS ON NATURAL HISTORY,
Chietly Oruitholegy, B3 Charles Watertou, Fsg,, autlior of Wavderings in Santh dmerica
With nn Auticbiography of the Author, nond Views of Walton Hall. Now Editions., 2 wols,
fonlseap Mvo. s, cloth.—Separately—¥ol, 1. (First Scries}, ds. 6d.  Vol. 1l. (Sccond
Series], 4o G,
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THE TRAVELLER'S LIBRARY,

1u eourse of Publication in Parts at Oue Shilling and in Volomes price Half-a-Crown each.

Comprisin
reading
but the price of which

Ers,

books of valuable information and neknowledged merit, in o torm adapted tor
while Travelling, and of n character thut will render them worthy of preservation ;
hitherto confined them within a comparatively narrow circle of

Already Published ;—

WARREN HASTINGS. By Thomas Babing-
ton Macaulay, Price One shilling.

LOGD CLIVE. By Thomas Babington
Macaalay. Price One Shilling.

#.% N, Macaulay's Two Essays on Warren
Hastings and Lord Clive may be had in Une
Volwne, price Half-a-Crown,

WILLIAM PITT, EARL of CHATHAM.
y Thomas Babingtou Macaulay. Price
One shilling.

RANKE'S HISTORY OF THE POPES.
And GLADSTONE ON CHURCH aXND
STATE. By Thomas Sabiugton Macaulay,
Price Une Shilling.

®.% Mr. Maraulay's Essays on William i,
Tanke's IHistory of the Popes, and Gladstone
On Church and State, miny be had in Oue
Yulume, price Hall-a-Crowii.

THE LIFE AND WRITINGS OF ADDISON,
And, HORACE WaLbPOLE. by Thouins
Babviugton Macaulny. Price Oue Shilling.

LORD BACON, By Thomas Babington
Muacauluy. Price Oue Shilllug.

#.* Mr. Macaulay's Three Essays on Addi-
son, Horace Waipole, and Lord Bacon, may
be bad iu One Yolume, price Haolf-s-Crowu,

LORD BYRON. And, THE COMIC DR AMA-
TI=TS oi the RESTORATION, By Ihomas
Bubington Macaulay. Price Oune shilling.

LORDJEEFREY™ TWI ESSAYS on SWIFT
and RICHARDSON, Frice One Shilling,

THFE AUSTRALIAN COLONIES: their
Origin wid Preseot Condition. By William
Hughes, F.RAG.S, Two Parts, price Ohne
Shitling ench; or in One Volume, price
Hulr-a Crown,

LONDON IN 1850 and 1851. By J. R.M'Cul.-
loch, Esq. Frice Oune shilliog.

MR. 8. LAING'S JOURNAL OF A NES]-
DENCE IN NORWAY. Two Parts, price
Oue shilling eschi or in One Volume, price
Half. n-Crowa,

EOTHEN: or, Traces of Travel Lrought
Hume trom the East. Two Parts, price Uue
Shilling each ; wr in Oue Volume, price
Half-a-Crowmn,

IDA PFEIFFER'S LADY S VOYAGEROUND
THE WORLD. Two Parts, price UOne
Shillivg each; or in Que Volume, prive
Hulf-n-Crown.

1

HUC'S TRAVELS IN TARTARY, THIBET,
anid CHINA. Two Parts, price One Shilling
each; in Oue Yolume, price Hall s Crown.

Mra, JAMESON®S SKETCHES in CANADA
nid RAMBLES among the HED MEN.
Two Parts, price Oue Shilling each ; or iu
Oue Volume, price Halt a-Crowu.

WERNE'S  AFRICAN  WANDERINGS.
Twuo Parts, price One Bhillinvg each ; or in
One Volume, price Half-a Crown,

JERBRMANN'S PICTURES from ST.
PETER=SBIURG. Two Parts, priu:n_'ﬂluu
Ehilling each ; or in Une Volume, price
Helf a-Crown.

MEMOIRS of a MAITRE D'ARMES ; wr
Eighteen Mouths at »t. Petershurg. By
Alexander Domas. Two Parts, One Shil-
ling ench ; or in One Velume, pelce [Hulf-a-
Cruwi,

SIR EDWARD SEAWARD'S NARRATIVE
of his SHIPWREC K. Aufidged from the
Ingt Eaition of the Original. Two Parts,
Oue shiliing each ; or in One Voluwue, price
Hall-a-Cruwn,

BRITTANY and the BIBLE ; with Hemarks
on the French Prople and their Affsirs. By
I. Hope. Price One shilliog,

RANKE'S FERDINAND the FIRST and
MAXIMILIAN the sSKECONDol AUSTRIA.
Price Oue Shilling.

MFMOIR of the DUKE of WELLINGTON,
Reprinted by permission trom The Tines
MNewspaper. Frice Que Shilling,

THE LEIPSIC CAMPAIGN, Ry the Revw,
G, 1. Gleig, M.A. Two Parts, One Suiliing
each § or in Oue Volume, price Hafu=-
Crown.

THOMAS HOLCROFT'S MEMOIRS. HRe-
printed (1852). ‘Two Parts, price COue
Shilling ench ; or in Oue Yolume, price
Hall-n-Crown.,

LOTMD CARLISLE'S LECTURES AND
ALDDRESSES. Price One Shilline,

THE NATURAL HIaTORY of CREATION.
By T. Lindley Kemp, M.D. Price Oue
Shilling.

ELECTRICITY and the ELECTRIC TELE-
GRAPI, ete, By . Geurge Wilson, Price
Oue shilling,

SIR MOGER DE COVERLEY. From the
Spectator. With Notes and Hivstirativas
by W, H.Wills. Price One Shilling.
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ALARIC WATTS'S POETRY AND PAINTING.—LYRICS OF

THE HEART ; with other Poems. By Alaric A. Watts. With Forty-one highly finished
Line Engravings, execnted expressly for this work by the most eminent ﬁ‘nin.un and
Engravers. Square crown fSvo, price 8ls, 64. boards, or 458, bound in meroeco by Hayday,
Proof Impressions, 6ds. bonrds.—Plain Proofs, 41 Plates, demy 4to. (only 100 copies
prlnb:ﬁ]] 2L 2u7 in portiolio; India Proofs before letters, colombier 4to. (only &0 coples
printed), &1, 5s. in portfolio,

WEBSTER AND PARKES'S ENCYCLOPEDIA OF DOMESTIC

ECONOMY: Comprising sach subjects as are most immediately connected with House-
keeping : asy The Construction of Domestic Edifices, with the Modes of Warming,
Ventilating, and Lighting them—A Description of the varions Articles of Furniture, wit

the Nature of their Materials— Duties of Servants, ete, ete, New Edition, Svo.with nearly

1,000 Woodeuts, 50s. cloth.,

WHEATLEY.—THE ROD AND LINE;

Or, Practical Hints and Daiuty Devices for the sure taking of Trout, Grayling, ete. By
Hewett Wheatley, Esq., Senior Angler. Foolseap 8vo, with 9 coloured Plates, 10x, 6d. cloth,

LADY WILLOUGHBY'S DIARY.
Printed, ornamented, and bound in the style of the period to which The Diary refers (1635
to 1663) . New Edition; in Two Parts. Square foolscap 8vo. Bs. each, boards ; or 18s. each,
bound in moroceo by Hayday.

WILMOT'S ABRIDGMENT OF BLACKSTONE'S COMMEN-

TARIES ON THE LAWS OF ENGLAND, intended for the use of Young Persons, and
comprised inn sericsof Letters from a Father to his Davghter. A Wew Edition, corrected
and brought down to the present dav, by Sir John E. Fardley Wilmot, Bart., Barrister-
nt-Law, Recorder of Warwick; and Inaurihed, by permission, to H.R.H. the Princess
Royal. 12Zmo. price Gs, Gd. cloth,

WOOD'S ELEMENTS OF ALGEBRA,

Designed for the use of Stodents in the University. Fourteenth Fdition, revizsed and
enlnrged , by Thomas Lund, B.0». Inte Fellow of Sadlerian Lecturer of El,.ﬂu‘hn'l College,

Cambridge. Bvo. price 12s. 6d. cloth.

LUND'S COMPANION TO WOOD'S ALGEBRA:

Containing Solutions of various Questions and Prablems ; and forming a Key to the chief
Difficulties found in the Collection of Examples appended to Wood's Algebra. Secoud

Edition, enlarged. FPost 8vo. price §s. cloth,

YOUATT.—THE HORSE.

By William Younstt. With a Treatise of Dranght. A New Edition; with numerous Wood

Engravings from Designs by William Harvey, Svo, 104, cloth,
** Mesers. Longman and Co."s Edition should be ordered,

YOUATT.—THE DOG.

By William Youatt. A New Edition; with numerous Wood Engravings from Designs by
":"r?—ﬂlim Harvey. 8vo, 6. cloth,

e

ZUMPT'S LARGER GRAMMAR OF THE LATIN LANGUAGE.

Translated and ndapted to the use of the English Students, by [, L. Schmitz. Rector of the
High School Edinburgh: with nunerous Additions and Corrections by the Author and
Translator. The Thhs Edition, thoroughly revised; to which is added, an Index (by the
Rev.J. T. White, M.A.) of all the Passages of Latin Authors referred to aud explained
inthe Grommar, Svo. price l4s. cloth.

[ Mareh 31, 1853,

London: Printed by M, Masow, Ivy Imu:,l;n_téinm:r Row.
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