Human physiology (Volume 1).

Contributors

Dunglison, Robley, 1798-1869.
National Library of Medicine (U.S.)

Publication/Creation
Philadelphia : Carey & Lea, 1832.

Persistent URL

https://wellcomecollection.org/works/mfa6ecma

License and attribution

This material has been provided by This material has been provided by the
National Library of Medicine (U.S.), through the Medical Heritage Library. The
original may be consulted at the National Library of Medicine (U.S.) where the
originals may be consulted.

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/





































HUMAN PHYSIOLOGY.

PRELIMINARY OBSERVATIONS.

OF NATURAL BODIES.

TaEe extensive domain of Nature is divisible into three great
classes:— Minerals, Fegetables, and JAnimals. This division was
universally adopted by the ancients, and still prevails, especially
amongst the unscientific. When, however, we carefully examine
their characteristics, we discover that the animal and the vegetable
resemble each other in many essential particulars. This resem-
blance has given occasion to the partition of all bodies into two
classes:—the Jnorganic, or those not possessing organs or instru-
ments adapted for the performance of particular actions or functions,
and the Organized, or such as do possess this arrangement.

In all ages, philosophers have attempted to point out,as the poet
MivLToN expresses it, a

Vast chain of being, which from Gop began,
Natures ethereal, human, angel, man,
Beast, bird, fish, insect, what no eye can see,
No glass can reach”—

the links of which chain they have considered to be constituted of
all natural bodies; passing by insensible gradations, through the in-
organic and organized, and forming a rigid and unbroken series.

Crystallization-has been considered by them as the highest link
of the inorganic kingdom; the lichen, which encrusts the stone, as
but one link higher than the stone itself; the mushroom and the
coral, as the conneeting links between the vegetable and the animal;
and the immense space, which separates man, the highest of the
mammalia, from his Maker, they have conceived to be occupied, in
succession, by beings of gradually increasing intelligences.

If, however, we investigate the matter minutely, we discover
that many links of the chain appear widely separated from each
other; and that, in the existing state of our knowledge, the catena-
tion cannot be esteemed rigidly maintained.

Let us inquire into the great characteristics of the different king-
doms, and endeavour to describe the chief points in which living
bodies differ from those that have never possessed vitality, and into
the distinctions between organized bodies themselves.

Vor. L 1



2 NATURAL BODIES.

Difference between Inorganic and Organized Bodies.

Inorganic bodies possess the common properties of matter. Their
elements are fixed and uncontrolled under ordinary circumstances.
Their study constitutes Physics, in its enlarged sense, or Hatwaf
Science. Organized bodies have properties in common with the
inorganic, but they have likewise others superadded, which control
the first in a singular manner. They are beings, whose elements
are undergoing constant mutation, and the sciences treating of their
structure and functions are Jnafomy and Physiology.

1. Origin.—They differ, in the first place, from each other in
their origin. Inorganic bodies are not born; they do not arise from a
parent; they spring from the general forces of matter, the particles
being merely in a state of aggregation, and their motions are regu-
lated by certain fixed and invariable laws. The animal and the
vegetable, on the other hand, are the products of generation; they
must sprin% from a being similar to themselves, and they possess
the principle of life, which controls the ordinary forces of matter,
Yet it has been supposed that they are capable of ereating life; in
other words, that a particular organization presupposes life.

This is not the place for entering into the question of generation.
It will be sufficient at present to remark, that in the upper classes
of animals, the necessity of a parent cannot be contested; the only
difficulty, that can possibly arise, regards the very lowest classes,
and analogy warrants, in their case, the conclusion, that every living
being must spring from an egg or a seed. ;

2. Shape—Again, the shape of inorganic bodies is not fixed in
any determinate manner. It is true that, by proper management,
every mineral can be reduced to a primitive nucleus, which is the
same in all minerals of like composition; still the shape of the
mineral, as it presents itself to us, differs. Carbonate of lime, for
example, although it may always be reduced to the same primitive
nucleus, assumes various appearances; sometimes being rhomboidal,
at others, in regular hexaédral prisms; in solids, terminated by
twelve scalene triangles, or in dodecaédrons, whose surfaces are
pentagons.

In organized bodies, on the contrary, the shape is constant. Each
animal and vegetable has the one that characterizes its species, so
that no possible mistake can be indulged ; and this applies not enly
to the whole body, bat to every one of its parts, numerous as they
are.
3. Size.—The size of an inorganic body is by no means fixed.
It may be great or small, according to the quantity present of the
particles that have to form it. A erystal, for example, may be
Punute. or the contrary, according to the number of saline particles
in the solution; whilst organized bodies attain a certain size,—at
times by a slow, at others by a more rapid growth; but in all cases
the due proportion is preserved between the various parts, between
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the stem and the root, the limb and the trunk. Each vegetable and
each animal has its own size, by which it is known; and although
we occasionally meet with dwarf or gigantic varieties, these are in-
frequent and mere exceptions, confirming the position.

4, Chemical character.—Great difference exists between inor-
ganic and organized bodies in this respect.

In the mineral kingdom are found all the elementary substances,
or those which chemistry, at present, considers simple, amounting
to upwards of fifty, and comprising oxygen, hydrogen, boron, car-
bon, phosphorus, sulphur, selenium, iodine, fluorine, chlorine, bro-
mine, azote, silicium, zirconium, aluminium, yttrium, glucynum,
magnesium, caleium, strontium, barium, sodium, potassium, lithium,
manganese, zine, iron, tin, arsenic, molybdena, tungsten, columbium,
chromium, antimony, uranium, cerium, cobalt, titanium, bismuth,
cadmium, copper, tellurium, lead, mercury, nickel, osmium, silver,
gold, platinum, palladium, and iridium. In the organized, a few only
of these elements of matter are met with, viz. oxygen, hydrogen,
azote, carbon, sulphur, phosphorus, &e.

In the inorganic body, the composition is more simple; several
consist of but one element, and when composed of more, the com-
bination is rarely higher than ternary. The organized body, on the
other hand, is never simple nor even binary. It is always at least
ternary or quaternary. The simplest vegetahle consists of a union
of oxygen, carbon, and hydrogen; the simplest animal, of oxygen,
hydrogen, carbon, and azote.

The composition of the mineral again is constant. Its elements
have entirely satisfied their affinities, and all remains at rest. In
the organized kingdom, however, the affinities are not satisfied;
compounds are formed to be again decomposed, and this happens
from the earliest period of feetal formation till the cessation of life;
all is in commotion, and the chemical character of the corporeal
fabric is incessantly undergoing modification.

In chemical nomenclature, the term element has a different ac-
ceptation, according as it is applied to inorganic or organic che-
mistry. In the former, it means a substance, which, in the pre-
sent state of the science, does not admit of decomposition. We
say in the present state of the science, for many of the bodies,
now esteemed compound, were not many years ago classed
amongst the simple or elementary. It is not more than twenty-
five years since the alkalies were found to be composed of two
elements. Previously, they were considered simple. In the ani-
mal and the vegetable, we find substances, also called elemnents, but
with the epithet organic, because only found in organic or living
bodies, and therefore the exclusive produets of organization and life.
For example, in both animals and vegetables, we meet with oxy-
gen, hydrogen, carbon, azote, and different metallic substances;
these are chemical or inorganic elements, and we further meet
with albumen, gelatine, fibrine, osmazome, &e. substances which
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constitute the various organs, and which, therefore, have been
termed organic elements or compounds of organization; yet
they are capable of decomposition, and in one sense, therefore, not
elementary.

In the inorganic body, all the elements, that constitute it, are
formed by the agency of general chemieal affinities; but in the or-
ganized, the formation is produced by the force, that presides over
the formation of the organic elements themselves—the foree of life.
Hence the cause why the chemist is able to decompose and restore
many of the inorganic bodies, whilst the products of organization
and of life place his art at defiance.

The different parts of an inorganic body enjoy an existence inde-
gendent of each other; whilst those of the organized are materially

ependent. No part can, indeed, be injured without the mass and
the separated portion being more or less affected.

If we take a piece of marble, composed of carbonic acid and of
lime, and break it into a thousand fragments, each portion will be
found to consist of carbonic acid and of lime. The mass will be
destroyed, but no piece will suffer from the disjunction. They will
continue as fixed and unmodified as at first. Not so with an or-
ganized body. If we break the branch from a tree, the stem itself
{Jarﬁcipates more or less in the injury; the detached branch speedi-
y undergoes striking changes; it withers; becomes shrivelled,
and in the case of the succulent vegetable, undergoes decomposition;
a portion of its constituents, no longer held in control by the vital
agency, enter into new combinations, are given off in the form of
gas, and the remainder sinks to earth.

Changes, no less impressive, occur in the animal, when a limb is
separated from the body. The parent trunk suffers; the system re-
coils at the first infliction of the injury, but subsequently arouses
itself to a reparatory effort, at times with such energy as to destroy
its own vitality. The separated limb, like the branch, is given up,
uncontrolled, to new affinities; and putrefaction soon reduces the
mass to a state in which its previously admirable organization is no
longer perceptible.

Some of the lower classes of animals may indeed be divided
with impunity, and with no other effect than that of multiplying
the animal in proportion to the number of sections, but these are
exceptions; and we may consider the destructive process, es-
tablished when parts of organized bodies are separated, as one of the
Ic:lest media of distinction between the inorganic and organized

asses.

5. Texture.—In this respect the inorganic and organized dj
mnside:_'ab]y, a difference wlimieh has givgn rise to tlllrgir l‘ESpeii?::
nppell_atmns. To one of these only can the term fexfure be with
propriety applied.

we examine a vegetable or animal substance with a i
we shall find, that it has a regular and determinate nrmng:z:;:;u:;
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structure; and we readily discover, that it consists of various parts.
In the vegetable, of wood, bark, leaves, roots, flowers, &c.; and in
the animal, of muscles, nerves, vessels, &c.; all of which appear to
be instruments or organs for specific purposes in the economy of
the being. Hence the body is said to be organized, and the result,
as well as the process, is called organization.

The particles of matter in an organized body, so far as we can
detect them, constitute fibres, which in-
terlace and intersect each other in all Fig. 1,
directions, and forma spongy areolar tex-
ture ortissue. (Fig. 1.) Of these tissues the
various organs of the body are composed.
In the inorganic substance, the mass is
homogeneous; the smallest particle of
marble, as we have seen, consists of car-
bonic acid and lime; and all the particles
concur alike to the formation and pre-
servation of the body.

Lastly, whilst an inorganic body, of a determinate species, has
always a fixed composition, the living being, although constituting
a particular species, may present individual differences, giving rise,
in the animal, to various femperaments, constitutions, &c.

6. Mode of preservation.—Preservation of the species is, in the
animal, the effect of reproduection. As regards individual preserva-
tion, that of the mineral is dependent upon the same actions that
effected its formation;—on the persistence of the affinities of cohesion
and combination, which united its various particles. The animal
and the vegetable, on the other hand, are maintained by a mecha-
nism peculiar to them. From the bodies surrounding them, they
lay hold of nutritious matter, which, by a process of elaboration,
they assimilate to their own composition; at the same time, they
are constantly absorbing or taking up particles of their own strue-
ture, and throwing them out. The actions of composition and de-
composition are constant, whilst life exists, although subject to par-
tieular modifications, at different periods of existence, and under
different circumstances. This process is called nutrition. :

The inorganic and organized are alike subject to changes during
their existence; but the character of these changes, in the two
classes, differs essentially.

The mineral retains its form, unless acted upon by some mecha-
nical or chemical force. Within, all the particles are at rest, and no
internal force exists which can subject them to modification. There
is no succession of conditions which can be termed ages. How
different is the case with organized bodies! Internally there is no
rest; from birth to death all is in a state of activity. The plant and
the animal are subject to incessant changes. FEach runs thruu%h a
succession of conditions or ages. We see it successively develope
its structure and functions, attain maturity, and finally decay.







ANIMALS AND VEGETABLES. T

Such are the chief distinctions to be drawn between the two
ﬁ'eat divisions of natural bodies, the inorganic and the organized.

y the comparison which has been instituted, the great objects of
physiology, the phenomena of life, have been indicated. To in-
quire into the mode in which a living being is born, nourished,
reproduced and dies, is the legitimate object of this science,.

We have, however, entered into a comparison only of the inor-
ganic with the organized. The two divisions constituting this latter
class differ also materially from each other, Into these differences
we shall now inquire.

Difference between JAnimals and Vegetables.

The distinctions between these divisions of organized bodies are
not so rigidly fixed or so readily appreciated, as those we have con-
sidered.

There are certain functions possessed by each, and hence called
vegelalive or organic; nutrition and reproduction for example.
But vegetables are endowed with these only. All organized bodies
must necessarily have the power of assimilating foreign matters to
their own substance, and that of producing a living being similar
to themselves, otherwise all species, having a limited duration,
would perish,

In addition to these common functions, animals have two others,
sensation and voluntary motion, by the possession of which they
are said to be animated. Hence they are termed animals, and the
condition is called animality. This division of the functions into
animal and organic has been adopted with more or less modifica-
tion by the generality of physiologists.

Between the animals and vegetables, that are situated high in
their respective classes, no error can possibly be indulged. The
characters are obvious at sight. No one can confound the horse and
the oak, the butterfly and the potatoe. It is on the lower confines
of the two kingdoms that we are liable to be deceived. Many of
the zoophytes have alternately been considered vegetable and ani-
mal; and it is not until of modern date, that the sponge has been
universally elevated to that kingdom to which it is entitled. Nor
is this to be wondered at. In its attachment to the rock, it isas
immoveable as the lichen is to the slate, and almost equally defi-
cient in the usual characteristies of animality. In general, however,
we are able to classify any doubtful substance with accuracy, and
the following are the principal points of difference.

1. Composition.—The essential elements of organized matter
are, carbon, oxygen, hydrogen and azote, with alkaline and earthy
salts, variously combined. Vegetables consist of the three first of
these elements, carbon, oxygen, and hydrogen. Azote is possessed
in addition by the animal; yet there are many animal substances,
as we shall see, that contain none. Plants contain scarcely any;
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and, generally, when it is met with, it will be found in some
part,—scarcely ever distributed through the whole. In the fungi;
traces of a vegeto-animal matter have been detected by the che-
mist, but they have only been traces. In consequence of this
difference of composition, animal substances are easily known
from vegetable by burning; a fact which, as Dr. FLeming has re-
marked, is interesting to the young naturalist, when he may be
uncertain to which kingdom to refer any substance met with in his
researches. The smell of a burnt sponge, coral, and other zoophy-
tic animal, is so peculiar, that it can scarcely be mistaken for that
of a vegetable body in combustion.

2. Texture.~In this respect, important differences are observa-
ble. Both animals and vegetables consist of solid and fluid parts.
In the former, however, the fluids bear a large proportion; in the
latter the solids. This is the cause why decomposition occurs so
much more rapidly in the animal than in the vegetable, and in the
succulent than in the dry vegetable.

If we analyze the structure of the vegetable, we cannot succeed in
detecting more than one elementary tissue, which is vesicular, or
arranged in areol® or vessels, and appears to form every organ of
the body, whilst in the animal, we discover at least three of these
anatomical elements, the cellular, analogous to that of the vegeta-
ble, the muscular and the nervous.

The vegetable has no great splanchnic cavities containing the
chief organs of the body. It has a smaller number of organs, and
none that are destined for sensation or volition; in other words, no
brain, no nerves, no muscular system; whilst the organs, of which
it consists, are simple and readily convertible into each other, which
is not the case with the animal.

But these differences in organization, striking as they may ap-
pear, are not sufficient for rigid discrimination, as they are applica-
ble only to the upper classes of each kingdom. In many vegetables,
the fluids appear to preponderate over the solids. Numerous animals
are devoid of muscular and nervous tissues, of splanchnie cavities,
and apparently of vessels and distinct organs; and Messrs. DuTro-
CHET, BRACHET, and others, admit the existence of a rudimental
nervous system, even in vegetables.

3. Sensation and voluntary motion.—One manifest distinction
exists between animals and vegetables; whilst the latter receive
their nutrition from the objects situated around them, irresistibly
and without volition, or the participation of mind ; and whilst the
function of reproduction is effected without the union of the sexes;
volition and sensation are both necessary for the nutrition of the
former, and for the acts requisite for the reproduction of the species.
Hence, the necessity of two faculties or functions in the animal,
which are wanting in the vegetable, viz. sensibility, or the faculty
of consciousness and feeling; and motility, or the power of movin
the whole of the body or any of its parts at the will of the being.
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Vegetables are possessed of sponfancous, but not of voluntary mo-
tion. Of the former we have numerous examples in the direction
of the branches and upper surfaces of the leaves, although repeatedly
disturbed, to the light; and in the unfolding and closing of flowers,
at stated periods of the day. This, however, is quite distinct from
the sensibility and motility that characterize the animal.

By sensibility he feels his own existence, becomes acquainted
with the universe, appreciates the bodies that compose it, and ex-
periences all the desires and inward feelings that solicit him to the
performance of these external actions, which are requisite for his
preservation, as an individual and as a species. By motility he
executes those external actions which his sensibility may suggest
to be necessary.

By some naturalists it has been maintained, that those plants
which are borne about on the waves, and fructify in that situation,
exhibit to us examples of the locomotility which is described as
characteristic of the animal. One of the most interesting novelties,
in the monotonous oceurrences of a voyage across the Atlantic to
the Gulf of Florida, is the almost interminable quantity of the Flo-
rida weed, or Gulph weed, with which the surface of the ocean is
covered. But how different is this motion from the locomotility
of animals! It is a subtlety to conceive them identical. The weed
is passively and unconsciously borne whithersoever the winds and
the waves may urge it, whilst locomotion requires the direct
agency of volition, of a nervous system that can excite, and of
muscles that ean act under such excitement.

The spontaneity and perceptivity of plants, as they have been
termed, must also be explained in a different manner from the ele-
vated function of sensibility, on which we shall have to dwell
These properties must be referred to the fact of certain vegetables
being possessed of the faculty of contracting on the application of
a stimulus, independently of sensation or consciousness.

If we touch the leaf of the sensitive plant, the Mimosa pudica,
the various leaflets collapse in rapid succession. In the barberry
bush, Berberis vulgaris, we have another example of the posses-
sion of this faculty. In the flower, the six stamens, spreading mo-
derately, are sheltered under the concave tips of the petals, till
some extraneous body, as the feet or trunk of an insect in search of
honey, touches the inner part of each filament near the bottom.
The susceptibility of this part is such, that the filament immediately
contracts, and strikes its anther, full of pollen, against the stigma.
Any other part of the filament may be touched without this result,
provided no concussion be given to the whole. After a while, the
filament retires gradually, and may be again stimulated, and when
each petal, with its annexed filament, has fallen to the ground, the
latter, on being touched, shows as much sensibility as ever.

?rhese singular effects are produced by the power of conérac-

oL, L. 2
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tility or irvitability, the nature of which will fall under consider-
ation hereafter. It is possessed equally by animals and vegetables,
and is essentially organic and vital. This power, we shall see, needs
not the intervention of volition: it is constantly exerted in the ani-
mal without consciousness, and therefore necessarily without voli-
tion. It is exerted in the heart, in the muscular tunic of the intes-
tines, in every muscle, indeed, of involuntary, as well as of volun-
tary motion. Its existence in the vegetable does not, consequently,
demonstrate that it is possessed of consciousness; and we can hence
understand how certain spontaneous motions may persist without
the presence of any thing like consciousness or volition.

4. Nutrition.—A great difference exists between plants and ani-
mals in this respect. The plant, being fixed to the soil, cannot
search after food. It must be entirely passive, and obtain its sup-
plies from the materials around, and in contact with it, and the ab-
sorbing vessels of nutrition must necessarily open on its exterior.
In the animal, on the other hand, the aliment is scarcely ever found
in a state fit for absorption; it is erude, and in general requires to
be received into a central organ, the stomach, for the purpose of
undergoing changes by a process termed digestion, which adapts it
for the nutrition of the individual. The absorbing vessels of nutri-
tion arise, in this case, from the internal or lining membrane of the
alimentary tube. The analogy, however, that exists between these
two kinds of absorption is great, and had not escaped the attention
of the ancients:—* Quemadmodum terra arboribus, ita anima-
libus ventriculus, ventriculus sicut hwmus,’® was an aphoristic
expression of universal reception. With similar feelings Boer-
HAAVE asserts, that animals have their roofs of nutrition in their
intestines; and Dr. ArsTon has fancifully termed a plant an in-
verted animal. '

Again, in both plants and animals the residue of the matters ab-
sorbed is ejected from the body; but the form and character of
the rejected portion varies in the two kingdoms. In the plant, the
superfluous quantity is thrown off in gaseous, hydrogenated, or
aqueous exhalations: in the animal, the useless portion is exereted,
or rejected as excrement, of which azote is a constituent.

After all, the most essential difference consists in the steps that
are preliminary to the reception of food. These, in the animal, are
voluntary, requiring prehension, often locomotion, and always con-
sciousness.

5. Reproduction.—In this function we find a striking analogy
between animals and vegetables; but differences exist, which must be
referred to the same causes, that have produced many of the dis-
tEnE:tlmns already pointed out—the possession, by the animal, of sen-
sibility and locomotility. For example, every part of the generative
H'-E 15, in the vegetable, without the perception or volition of the
being—the union of the sexes, fecundation, and the birth of the
new individual, are alike automatic. In the animal, on the other



ANIMALS AND VEGETABLES. 11

hand, the approximation of the sexes is always voluntary, and ef-
fected consciously—the birth of the new individual being not only
perceived, but somewhat aided by volition. Fecundation alone
is involuntary and irresistible,

Again, in the vegetable the sexual organs do not exist at an early
period, and are not developed until the period when reproduction
is practicable. They are capable of acting for once only, and perish
after fecundation; and if the plant be vivacious, they fall off’ after
each reproduction, and are annually renewed. In the animal, on
the contrary, they exist from the earliest period of feetal develop-
ment, survive repeated fecundations, and continue during the life
of the individual.

Lastly, the possession of sensibility and locomotility lead to
other characteristics of animated beings. These functions are inca-
pable of constant, unremitted exertion. Sleep, therefore, becomes
necessary. The animal is also capable of expression or of lan-
guage, in a degree proportionate to the extent of his sensibility,
and of his power over the beings that surround him.

But these differences in function are not such striking cha-
racteristics as they at first appear. There are many animals
which are as irresistibly attached to the soil as the vegetables them-
selves. Like the latter, they must, of necessity, be compelled to
absorb their food in the state in which it is presented to them. Sen-
sibility and locomotility appear, in the zoophyte, to be no more
necessary than in the vegetable. No nervous, no muscular system
is required; and, accordingly, none can be traced in them; whilst
many of those spontaneous motions of the vegetable, which have
been described, have been considered by some to indicate the first
rudiments of sensibility and locomotility: and Linnzus has re-
garded the closure of the flowers towards night as the sleep, and
the movements of vegetables, for the approximation of the sexual
organs, as the marriage of plants.
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the blood back to the heart—the weins: whilst a third set commu-
nicate also with the arteries, and convey into the cireulation, by a
particular ehannel, a fluid called lymph—whence they derive the
name lymphatics. Nerves, communicating with the great central
masses of the nervous system, are distributed to every part to
complete their vitality; and lastly, a membrane or layer, possessed
of acute sensibility—the skin, serves as an outer envelope to the
whole body.

It has been already remarked, that the animal body consists, es-
sentially, of four ultimate elements—oxygen, hydrogen, carbon,
and azote. This is correct as a general principle; but organic che-
mistry has shown us, that some of the constituents afford little or
no traces of azote. It was likewise observed that two kinds of ele-
ments enter into the composition of the body—the chemical or in-
organic, and the organic, which are compound, and formed only
under the principle of life.

The chemical or inorganic elements met with, are—oxygen,
hydrogen, carbon, azote, phosphorus, caleium; and, in smaller quan-
tity, sulphur, iron, manganese, silicium, chlorine; also sodium, mag-
nesium, &e.

1. Oxzygen.—This is widely distributed in the solids and fluids,
and a constant supply of it from the atmosphere is indispensable to
animal life. It is alpmost always found combined with other bodies,
often in the form of carbonic acid, ¢. e. united with carbon. Ina
separate state it is met with in the air-bag of fishes, in which it is
found varying in quantity, according to the species and the depth
at which the fish have been caught. Carbonic acid has been detect-
ed by Proust in an uncombined state in urine, and by VoceL in
the blood. Carbonie acid gas likewise exists in the intestines of
animals; but it is chiefly met with in animal bodies, in combination
with the alkalies or earths; and it is emitted by all animals in the
act of respiration.

2. Hydrogen.—This gas occurs universally in the animal king-
dom. It is a constituent of all the fluids, and of many of the solids;
and is generally in a state of combination with carbon. In the hu-
man intestines it has been found pure, as well as combined with
carbon and sulphur.

3. Carbon.—This substance is met with, under various forms,
in both fluids and solids. It is most frequently found under that of
carbonic acid.

4. Jzote.—This gas is likewise widely distributed as a ecompo-
nent part of animal substances. Indeed, so generally does it prevail,
that it often affords, as we have seen, a distinctive mark by which
they may be known from vegetables. It likewise occurs, in an un-
combined state, in the swim-bladder of certain fishes.

5. Phosphorus is found united with oxygen—in thestate of phos-
phoric acid—in many of the solids and fluids. This is the acid that
is combined with the earthy matter of bones,and with potassa, soda,
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ammonia, and magnesia, in other parts. It is supposed to give rise
to the luminousness of certain animals, as to the fire-fly, Pyrosoma
atlanticum, &c.; but nothing precise is known on this subject.

6. Caleium.—This metal is found only in the state of oxide in
the animal economy; and it is generally united with the phosphorie
or carbonic acid. It is the earth,of which the hard parts of animals
are constituted.

7. Sulphur is not met with extensively in the animal solids or
fluids: nor is it ever found free, but always, in combination with
oxygen, united to soda, potassa, or lime. It seems to be an invaria-
ble conecomitant of albumen, and is found in the lower part of the
intestines in the form of sulphuretted hydrogen gas; and as an ema-
nation from fetid ulecers. Bruemans indeed maintains, but on fal-
lacious grounds, that this gas is the bearer of the contagious prinei-
ple in hospital gangrene.

8. Iron.—This metal has been detected in the colouring matter
of the blood, in bile, and in milk. For a long time it was consider-
ed to be in the first of these fluids in the state of phosphate or sub-
phosphate. Berzerius, however, showed that this was not the case;
that the ashes of the colouring matter always yielded oxide of iron
in the proportion of 1-200th of the original mass. That distinguish-
ed chemist was, however, unable to detect the condition in which
the metal exists in the blood, and could not discover its presence
by any of the liquid tests. More recently, ENeELuART, 2 German
chemist, has shown that the fibrine and albumen of the blood, when
carefully separated from mlnurin% particles, do not contain a trace
of iron, whilst he could procure it from the red globules by ineinera-
tion, He also succeeded in proving its existence in the red globules
by liquid tests, and his experiments have been repeated with the
same results by Rose of Berlin. In milk, iron seems to be in the
state t}r'i!'{phusphate.

9. Manganese has been found in the state of oxide, along with
iron, in the ashes of the hair.

alm.l _Silicium.—Silica is found in the hair, urine, and in urinary
caleuli.

11. Chlorine.—In combination with hydrogen, and forming
muriatic acid, chlorine is met with in most of the animal fluids.
It is generally united with soda. Free muriatic acid has also been
found by Prour in the stomach of the rabbit, hare, horse, calf, and
dog; and he has discovered the same acid in the sour matter ejected
from the stomachs of those labouring under indigestion. Mr. Criz-
preN and Messrs. TiepEMany and GueLIn have made similar ob-
servations.

12. Sodium.—The oxide of sodium, soda, forms a part of all
the fluids. It has never been discovered in a free state, but is united,
(without an acid,) to albumen. Most frequently it is combined
with the muriatic and phosphoric acids; less so with the lactic, car-
bonic, and sulphuric acids.
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i
™ 18. Potassium.—The oxide, potassa, is found in many animal
fluids, but always united with acids—the sulphurie, muriatie, phos-
phoric, &e. It is much more common in the vegetable kingdom,
and hence one of its names—uvegetable alkali.
14. Magnesium.—The oxide, magnesia, exists sparingly in
bones, and in some other parts, but always in combination with the
phosphoric acid.

The oreANIC ELEMENTS, prozimate principles, or compounds
of organization, are the primary combination of two or more ele-
mentary substances in definite proportions. Formerly four only
were admitted—gelatine, fibrine, albumen, and oil. Of late years,
however, organic chemistry has pointed out numerous others, which
are divided into two classes—I1st, those that contain azote, as albu-
men, gelatine, fibrine, osmazome, mucus, caseine, urea, uric aecid,
the red colouring principle of the bloed, the yellow colouring prin-
ciple of the bile, &e.; and 2d, those that do not contain azote, as
oleine, stearine, the fatty matter of the brain and nerves, the acetic,
oxalic, benzoice, and lactic acids, the sugar of milk, that of diabetes,
picromel, the colouring principle of the bile, and that of other so-
lids and liquids.

1. Organic Elements that contain Jzole.

1. J2lbumen.—This is one of the most common organic consti-
tuents, and appears under two forms—/Ziguid and conerete. In its
urest state the former is met with in the white of egg—whence
its name; in the serum of the blood, the lymph of the absorbents,
the serous fluid of the great splanchnic cavities and of the cellular
membrane, and in the synovial secretion. It is colourless and trans-
parent, without smell or taste, and is coagulated by acids, aleohol,
ether, metallic solutions, and infusion of galls, and by a temperature
of 165° FAHRENHEIT.

Concrete, coagulated, or solid aiﬁﬂmzﬂ, is white, tasteless, and
elastic; insoluble in water, aleohol, or oil, but readily soluble in al-
kalies.

Albumen is always combined with soda. It consists of carbon,
52.883; oxygen, 23.872; hydrogen, 7.540; and azote, 15.705,

In both forms it exists, in abundance, in different parts of the ani-
mal body. Hair, nails, and horn consist of it. It is the great consti-
tuent of tumours in some form or other.

2. Gelatine—This is the chief constituent of the cellular tissue,
skin, tendons, ligaments, and cartilages. The membranes and
bones also contain a large quantity of it. It is obtained by boiling
these substances, for some time, in water; clarifying the concen-
trated solution, allowing it to cool, and drying the substance, thus
obtained, in the air. In this state it is called Zlue; in a more liquid
form, jelly. Gelatine dissolves readily in hot water; it is soluble
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observed, that ExaeLuart and Rose, German chemists, had de-
tected iron in the red globules of the blood, and had not found it
in the other principles of that fluid. It is probable, therefore, that
it has something to do with the colour. ExcrLuarT’s experiments
have not, however, determined the manner in which it acts, norin
what state it exists in the blood. The sulpho-cyanic acid, which is
found in the saliva, forms, with the peroxide of iron,a colour exactly
like that of venous blood; and it is not improbable but that the co-
louring matter may be found to be a sulpho-cyanate of iron.

To obtain the red colouring matter, allow the crassamentum or
clot, cut into thin pieces, to drain as much as possible on bibulous
paper, triturating it with water, and then evaporating the solution
at a temperature not exceeding 122° of Faurenuerr. When thus
prepared, the colouring particles are no longer of a bright red co-
lour, and their nature is somewhat modified; in consequence of
which they are insoluble in water. When half dried they form a
brownish-red, granular, friable mass; and, when completely dried,
at a temperature between 167° and 190° the mass is tough, hard,
and brilliant.

10. Yellow colouring principle of the Bile.—This substance is
present in the bile of nearly all animals. It enters into the compo-
sition of almost all gall-stones, and is deposited in that organ under
the form of magma. It is solid, pulverulent when dry, insipid, in-
odorous, and heavier than water. When decomposed by heat, it
yields carbonate of ammonia, charcoal, &e. It is insoluble in water,
in alcohol, and the oils, but is soluble in the alkalies.

II. Organic Elements that do not contain Jzote.

1. Oleine and Stearine.—Fixed oils and fats are not pure proxi-
mate prineiples, as was at one time supposed. They consist of two
substances, one of which is solid at the ordinary temperature of the
atmosphere, and the other fluid; the former of these is called Stea-
rine, from c7exp, suet, the latter Elaine, or Oleine, from tiaiey,
oil. Stearine is the chief ingredient of vegetable and animal suet,
of fat and butter, and is found, although in small quantity, in the
fixed oils. In the suety bodies, it is the cause of their solidity.
Elaine and stearine may be separated from each other by exposin
fixed oil to a low temperature, and pressing it, when congealed,
between folds of bibulous paper. The stearine is thus obtained in
a separate form, and by pressing the bibulous paper under water,
an oily matter is procured, which is elaine in a state of purity. The
stearine of mutton fat consists of carbon, 78.776; hydrogen, 11.770;
and oxygen, 9.454. The oleine of hog’s lard, of carbon, 79.030;
hydrogen, 11.422; and oxygen, 9.548.

2. Fatty matter of the Brain and Nerves—V AvQuerLix found
two varieties of fatty matter in the brain, the one white, the other
red, the properties of which have not been fully investigated. Both
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possess the singular property of giving rise to phosphoric acid by
calcination, without there being any evidence of an acid or a phos-
phate in their composition. They may be obtained by repeatedly
boiling the cerebral substance in alcohol, filtering at each time,
adding the various liquors, and suffering them to cool; a lamellated
substance is deposited, which is the white fatty maiter. By then
evaporating the alcohol, which still contains the red fatty matter
and osmazome, to the consistence of bouillie, and exposing this,
when cold, to the action of alcohol, the osmazome is entirely dis-
solved, whilst the alcohol takes up scarcely any of the red fatty
matter.

3. Jcetic acid.—This acid exists in a very sensible manner in
the sweat, urine, and in milk,—even when entirely sweet. It is
formed in the stomach in indigestion, and is one of the constant
products of the putrid fermentation of animal or vegetable sub-
stances. It consists, according to Gay Lussac and TrENARD, of
carbon, 50.224; oxygen, 44.147; and hydrogen, 5.629. It is the
most prevalent of the vegetable acids, and the most easily formed
artificially.

4. Ozxalic acid.—~This acid,—which exists extensively in the
vegetable kingdom, but always united with lime, potassa, soda, or
oxide of iron,—is only found as an animal constituent in certain
urinary calculi, combined with lime. It is formed of carbon one
part, oxygen two parls.

5. Benzoic acid.—This acid, found in many individuals of the
vegetable kingdom, is likewise met with in the urine of the horse,
cow, camel, rhinoceros; and sometimes in that of man, especially
of children. It consists of carbon, 74.71; oxygen, 20.02; hydro-

n, 5.27.
geﬁi Lactic acid.—The acid of milk is met with in the blood,
urine, milk, marrow, and also in muscular flesh. Sometimes it is
in a free state, but usually united with alkalies. However much it
may be concentrated, it does not crystallize, but remains under the
form of syrup or extract. When cold it is tasteless, but when
heated has a sharp acid taste. It is proper to observe, that this
acid, although described by BerzeLivs, has not been universally
admitted by chemists. Berzrrivs himself, indeed, now considers
it to be acetic acid, disguised by animal matter; and TIEDEMANN
and GMEeLIN are of the same opinion.

7. Sugar of milk.—This substance is so called, because it hasa
saccharine taste, and exists only in the milk. It differs from su
in not fermenting. It is obtained by evaporating whey, formed
during the making of cheese, to the consistence of honey ; allowing
the mass to cool, dissolving it, elarifying, and crystallizing. It com-
monly crystallizes in regular parallelipipedons, terminated by pyra-
mids with four faces. It is white, semi-transparent, hard, and of
a slightly saccharine taste, and is formed of carbon, 38.825; oxygen,
53.834; and hydrogen, 7.341.
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‘8. Sugar of diabetes.—In the disease, called diabetes mellitus,
the urine, which is passed in enormous quantity, contains, at the
expense of the economy, a large quantity of a peculiar saccharine
matter, which, when properly purified, appears identical, both 1n
properties and composition, with vegetable sugar, approaching nearer
to the sugar of grapes than to that of the cane. It is obtained inan
irregularly crystalline mass, by evaporating diabetic urine to the
consistence of syrup, and keeping it in a warm place for several
days. It is purified by washing in cold, or at the most, gently
heated alcohol, till the liquor comes off colourless, and then dissolv-
ing it in hot alcohol. By repeated crystallization it is thus rendered
pure. (Prout.) In the notes of two cases of diabetes mellitus now
before us, we find that sixteen ounces of the urine of one of the pa-
tients, of the specific gravity 1.034, afforded a straw-coloured ex-
tract, which, when cuﬁ and consolidated, weighed one ounce and
five drachms. The same quantity of the urine of the other patient,
specific gravity 1.040, yielded one ounce and seven drachms.

either extract appeared to contain urea when nitric acid was
added, but when a portion was dissolved in water and subjected to
a temperature of 212°, traces of ammonia were manifested on the
vapour being presented to the fumes of muriatic acid. From this,
a conclusion was drawn that urea was present, as it is the only
known animal matter which is decomposed by the heat of boiling
water. During a little more than one month that the subject of the
latter case was under care, he passed about four hundred and eighty

ints of urine, or about seventy-five pounds troy of diabetic sugar!
much of this being derived from the system itself. According to
the analysis of Gay Lussac and TaENARD, this sugar consists of
hydrogen, 7.341; carbon, 38.825; oxygen, 53.834.

9. Picromel—Tunexarp discovered this prineiple in the bile of the
ox, sheep, dog,cat, and of several birds; CEREVALLIER, in that of man.
To obtain it, the acetate of lead of commerce must be added to bile
until there is no longer any precipitate. By this means, the yellow
matter of the bile and the whole of the fatty matter are thrown down,
united with the oxide of lead; the phosphoric acid, of the phosphate
of soda, and the sulphurie acid, of the sulphate of soda, are likewise
precipitated. The picromel may then be thrown down from the
filtered liquor by the sub-acetate of lead. The precipitate, which is
a combination of picromel with oxide of lead, must now be washed
and dissolved in acetie acid. Through this solution, sulphuretted
hydrogen is passed to separate the lead; filter and then drive off
the acetic acid by evaporation.

Pure picromel is devoid of colour, and has the same appearance
and consistence as thick turpentine. Its taste is at first acrid and
bitter, but afterwards sweet. Its smell is nauseous, and its specific
gravity greater than that of water. When digested with the resin
of the hile,l a portion of the latter is dissolved, and a solution oh-
fained, which has both a bitter and sweet taste, and yields a pre-
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vipitate with the subacetate of lead and the stronger acids. This is
the compound that causes the peculiar taste of the bile. According
to Tuomson, Picromel is composed of carbon, 54.53; oxygen,
48.65; and hydrogen, 1.82.

10. Colouring principle of the bile.—Of the nature of this prin-
ciple, which exists in the bile of different animals, we have no defi-
nite ideas. It is generally precipitated along with the fatty matter;
and, by means of ether, which dissolves it, may be obtained pure.

The colouring principles of other parts of animals are not suffi-
ciently known to admit of elassification.

These inorganic and organic elements, variously combined and
modified by the vital principle, constitute the different parts of the
animal fabriec. Chemistry,in its present improved condition, enables
us to separate these substances, and to investigate their properties;
but all the information we derive from this source relates to bodies
that have been influenced by the vital principle, but are no longer
so; and in the constant mutations, that are occurring in the system,
whilst life exists, and under its controlling agency, the same tex-
tures might exhibit very different chemical characteristics could
our researches be directed to them under those circumstances.
Whenever, therefore, the physiologist has to apply chemical eluci-
dations to operations of the living machine, he must recollect that
all his analogies are drawn from dead matter—a state so widely
differing from the living, as to suggest to him the necessity of a
wise and diseriminating caution.

The components of the animal body are invariably found under two
forms—solids and fluids. Both of these are met with in every animal,
the former being derived from the latter, for from the blood every
part of the body is separated; yet they are mutually dependent, for
every liquid is contained in a solid. The blood itself circulates in
a solid vessel ; both, too, possess an analogous composition, are in
constant motion, and are incessantly converted from one into the
other. Every animal consists of a union of the two, and this union
is indispensable to life. Yet certain vague notions, with regard to
their relative preponderance in the economy, and to their agency
in the production of disease, have led to very discordant doctrines
of pathology—the solidists believing that the cause of most affec-
tions is resident in the solids; the Aumorists, that we are to look
for it in the fluids. In this, as in similar cases, the mean will lead
to the most rational result. The causes of disease ought not to be
sought in the one or the other exclusively.

Of the Solid parts of the Human Body.

A solid is a body whose particles adhere to each other, so that
they will not separate by their own weight, but require the agency
of some extraneous force to effect the separation. Anatomists re-
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duce all the solids of the human body to twelve varieties:—bone,
cartilage, musecle, ligament, vessel, nerve, ganglion, follicle,
gland, membrane, cellular membrane, and viscus. :

1. Bone is the hardest of the solids. It forms the skeleton—the
levers for the various muscles to act upon, and serves for the pro-
tection of important organs. :

2. Cartilage is of a white colour, formed of very elastic tissue,
covering the articular extremities of bones to facilitate their move-
ments; sometimes added to bones to prolong them, as in the case
of the ribs; at others placed within the articulations, to act as elastic
cushions; and in the feetus, forming a substitute for bone; hence
cartilages are divided into articular or incrusting, cartilages of
prolongation, interarticular cartilages, and cartilages of ossifi-
cation.

3. The muscles constitute the flesh of animals. They consist of
fasciculi of red and contractile fibres, extending from one bone to
another, and are the agents of all movements,

4. The ligaments are very tough, diffieult to tear, and, under the
form of cords or membranes, serve to connect different parts with
each other, particularly the bones and musecles; hence their di-
vision, by some anatomists, into ligaments of the bones, as the li-
saments of the joints, and into ligaments of muscles, as the ten-

ons and aponeuroses.

5. The vessels are solids, having the form of canals, in which the
fluids circulate, They are called, according to the fluid they con-
vey, sanguineous, (‘arterial and venous,) chyliferous, lympha-
tic or secretory vessels.

6. The nerves are solid cords, consisting of numerous fasciculi.
These are connected with the brain, spinal marrow, or great
sympathetic; and are the organs by which impressians are con-
veyed to the nervous centres, and by which each part is endowed
with vitality. There are three great divisions of the rierves, those
of motion, sensation, and expression.

7. A ganglion is a solid knot, situated in the course of a nerve,
and seeming to be formed by an inextricable inter]acing of the
nervous filaments. The term is likewise applied, by many modern
anatomists, to a similar interlacing of the ramifications of a lym-
phatic vessel. Ganglions may, consequently, either be nervous or
mcular;* and the_]atter again may be divided into chyliferous or
lymphatic, according to the kind of vessel in which they may appear.

“rofessor CHAUSSIER, of Paris, a distinguished anatomist and phy-
siologist, whose recent loss science has to deplore, has given the
name glandiform ganglions to certain organs, whose nature and
functions are unknown to us, but which he considers to be organs
for the admixture and elaboration of fluids,—as the thymus gland
the thyroid gland, &e. ?

8. The follicle or erypt is a secretory organ, shaped like a mem-
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branous ampulla or vesicle, and always seated in the substance of
one of the outer membranes of the body, the skin or the mucous
surfaces, and secreting a fluid intended to lubricate them. They are
often divided into the simple or isolated, the conglomeratle, and
the compound, according to their size or the number in which they
are grouped and united together.

9. The gland is also a secretory organ, but differing from the
last. The fluid secreted by it is of greater or less importance. Its
organization is more complex than that of the follicle; and the fluid,

after secretion, is poured out by means of one or more excretory
ducts.

10. Membrane.—This is one of the most extensive and important
of the substances formed by the cellular tissue. It is spread out in
the shape of a web, and in man serves to line the cavities and reser-
voirs, and to form, support, and envelope all the organs.

BicuaT divides membranes into two kinds, the simple and com-
pound, according as they are formed of one or more layers.

The simple membranes are of three kinds, the serous, mucous,
and fibrous.

1st. The serous membranes or those that constitute all the sacs
or shut cavities of the body, those of the chest and abdomen, for
example.

2dly. The mucous, or those that line all the outlets of the body;
the air passages, alimentary canal, urinary and genital organs, &e.

3dly. Fibrous membranes, or those which compose tendon, apo-
neurosis, ligament, &c.

The compound membranes are formed by the union of the sim-
ple, and are divided into sero-fibrous, as the pericardium; sero-
mucous, as the gall-bladder, at its lower part; and fibro-mucous,
as the ureters.

11. The cellular or laminated tissue, to be deseribed presently,
is a sort of spongy or areolar structure, which forms the frame-
work of all the solids, fills up the spaces between them, and serves
at the same time as a bond of union and of separation.

12. The wviscus is the most complex solid of the body, not only
as regards intimate organization, but use. This name 1s given to
organs contained in the splanchnic cavities,—brain, thorax, and ab-
domen ;—and hence called cerebral, thoracic, or abdominal.

Every animal solid is either amorphous or fibrous; that is, it is
either without apparent arrangement, like jelly, or it is disposed in
minute threads, which are called fibres. The disposition of these
threads in different structures is various. Sometimes they retain
the form of threads; at others they have that of laminz, lamelle,
or plates. Accordingly, when we examine any animal solid, where
the organization is perceptible, it is found to be either amorphous,
or fibrous and laminated.

This circumstance led the ancients to endeavour to discover an
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professor put a dead body, weighing one hundred and twenty
ounds, into a heated oven, and dried it. After desiccation, it was
ound to be reduced to twelve pounds. It is probable, however,
that some of the more solid portions were driven off by the heat
employed, and hence that the evaluation of the proportion of the
fluids is too high. In the Egyptian mummies, which are completely
deprived of fluid, we find the solids extremely light, not weighing
more than seven pounds; but, as we are ignorant of the original
weight of the body, we cannot arrive at any comparative approxi-
mation. The dead bodies, found in the arid sands of Arabia, afford
additional instances of this reduction by desiccation, as well as the
dried preparations of the anatomical theatre. To a less extent, we
have the same thing exhibited in the excessive diminution in weight,
which oceurs in disease, and occasionally in those who are appa-
rently in health. Not many years ago, an anafomie vivante was
exhibited in London, to the gaze of the curious and scientific, whose
weight was not more than eighty pounds. Yet the ordinary fune-
tions were carried on, apparently unmodified. In the year 1830, a
still more wonderful phenomenon was exhibited in New York, who
was called the “ living skeleton.”” This extraordinary being was
forty-two years old, five feet two inches high, and weighed but
sixty pounds. His weight was formerly one hundred and thirty-
five pounds. For sixteen years previously, he had been gradually
losing flesh, without any apparent disease, having enjoyed perfect
health and appetite, eating, drinking, and sleeping as well as any
one. We have it also on the authority of Captain Rirey, that, after
tracted sufferings in Africa, he was reduced from two hundred
and forty pounds to below ninety !

The fluids are variously contained ; sometimes in vessels, as the
blood and lymph; at others, in cavities, as the fluids secreted by the
pleura, peritoneum, arachnoid coat of the brain, &ec.; others are in
minute areolz, as the fluid of the cellnlar membrane; whilst others
again are intimately combined with the solids.

They differ likewise in density, some existing in the state of
halitus or vapour; others are very thin and aqueous, as the fluid of the
serous membranes; others of more consistence, as the secretion of
the mucous membranes, the animal oils, &ec.

The physical and chemical properties of the fluids will engage
our attention when they fall individually under consideration, and
we shall find that one of them at least, the blood, exhibits certain
phenomena analogous to those of the living solid.

The fluids have been differently classed, according to the parti-
cular views that have from time to time prevailed in the schools.
The ancients referred them all to four—blood, bile, phlegm or pi-
tuita, and atrabilis; and each of these was found to abound in one
of the four ages, seasons, climates, or tem}:\araments. The blood
predominated in youth, in the spring,in cold mountainous regions,
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to consist of cylinders; but by using still higher magnifying powers,
these cylinders were found to be formed of
Fig. 4. rows of globules, all of the same size, that is,
about the »55th or ygs5th of an inch in di-
ameter; (Fig. 4.) separated from each other,
. and lying in various directions; crossing and
interlaninf, some of the rows strajght, others
b bent, and some twisted, forming irregular
& layers, united by a kind of net-work.
89  The membranes, which consist of cellular
¥ tissue, were found to present exactly the same
s kind of arrangement.
®0¢. The muscular fibre, when examined in the
SR like manner, was found to consist of globules
also y5%55th of an inch in diameter. Here, however, the rows of
globules are always parallel. The fibres never in-
Fig. 5. tersect each other like those of the cellular tissue,
_ o and this is the only discernible difference; the form
A @) and size of the globules being alike. The size of the
Bl clobules and the linear arrrangement they assume,
S8 seem to be the same in all animals that possess a
e muscular structure. (Fig. 5.)
@8 'The nervous structure has, by almost all ob-
jE8 servers, been esteemed globular. The examination
¥ of Dr. Epwarps yielded similar results. It seemed
¥R to be composed of lines of globules of the same size
e with those that form the cellular membrane and the
muscles; but holding an intermediate place as to the
ik regularity of their arrangement, and having a fatty
matter interposed between the rows.
In regard to the size of the globules, how-
Fig. 6. ever, Dr. Epwarps differs materially from an
h accurate and experienced microscopic observer,
B Mr. Bauer, who asserts that the cerebral glo-
@ bules are of various sizes, (Fig. 6.)
@98 From the result of his diversified obserya-
J g8 tions, Dr. Epwarps concludes, that “sphe-
# rical corpuscles, of the diameter of 5} ;th of a
millimeter, constitute, by their aggregation,
all the organic textures, whatever may be the
properties, in other respects, of those parts,
and the functions for which they are des-
: ' tined.”
The beautiful harmony and simplicity, that would thus seem to
reign through the structures of the animal body, have attracted
t attention to the labours of Dr. Epwazrps. The vegetable
ingdom was subjected to equal serutiny; and, what seemed still
more astounding, it was affirmed, that the microscope proved it also










PHYSICAL PROPERTIES OF TISSUES. 33

Physical Properties of the Tissues.

The tissues of the body possess the physical properties of matter
in general. They are found to vary in consistence, some being
hard, and others soft, as well as in colour, transparency, &c. We
find also certain physical properties, analogous, indeed, to what are
met with in several inorganic substances, but generally superior in
degree. These are fleaibility, extensibility, and elasticity, which
are variously combined and modified in the different forms of ani-
mal matter, but exist to a greater or less extent in every organ.
Elagticity is only exerted under particular circumstances. hen
the part, for example, in which it is seated, is put upon the stretch
or is compressed, the force of elasticity restores it to its primitive
state, as soon as the distending or compressing cause is removed.
The tissues, in which elasticity is adherent,are so disposed through
the body, as to be kept in a state of distention by the mechanical
circumstances of situation; but as soon as these circumstances are
deranged, elasticity comes into play and produces shrinking of the
substance. It is easy to see, that these circumstances, owing to the
constant alteration in the relative situation of parts, must be ever
varying. Elasticity is, therefore, constantly called into action,and
in many cases acts upon the tissues as a new power. The carti-
lages of the ribs, joints, &ec. in this manner, are valuable agents in
particular functions. We have other examples of the mode in which
elasticity exhibits itself under similar circumstances, when the con-
tents of hollow parts are withdrawn, and whenever muscles are di-
vided transversely. The gaping wound, produced by a cut across
a shoulder of mutton, is familiar to all. Previous to the division,
the force of elasticity is kept neutralized by the mechanical eircum-
stances of situation,—or by the continuity of the parts; but as soon as
this continuity is disturbed, or in other words, as soon as the me-
chanical circumstances are altered, the force of elasticity is exerted
and produces recession of the edges. This property has been de-
seribed under various names. It has been called fone, or tonicity,
contractilité de tissu, contractilité par dé-faut d’extension, &c.

The other properties of fexibility and extensibility vary greatly
according to the structure of the parts. The tendons, which are
composed of the cellular tissue, exhibit very little extensibility, and
this for wise purposes. They are the conductors of the force de-
veloped by the musele, and were they to yield, it would be at the
expense of the muscular effort; but they possess great flexibility.
The articular ligaments are very flexible, and somewhat more ex-
tensible. On the other hand, the fibrous or ligamentous structures,
which are employed to support weights, or which are antagonists
to muscular action,—such as the ligamentum nucha, or the strong
ligament, which passes from the spine to the head of quadrupeds,—
are very extensible and elastic.

: %nmhin.r physical property, possessed by animal substances, is a
OL. 3
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kind of contractility, accompanied with sudden corrugation and
curling. This effect, which BremaT terms racornissement, 1s pro-
duced by heat and by chemical agents, especially by the strong
mineral acids. The property is exhibited by leather when thrown
into the fire,

An effect, in some measure resembling this, is caused by the
evaporation of the water which is united to animal substances.
This constitutes what Dr. RocEeT calls the Aygrometric property
of animal membranes. It is characteristic of dry, membranous
structures, all of which are found to contract, more or less, by the
evaporation of moisture, and to expand again by its re-absorption;
hence the employment of such substances as Aygromefers. Ac-
cording to CHEVREUL, many of the tissues are indebted for their
physical properties to the water they contain, or with which they
are imbibed. When deprived of this fluid, they become unfit for
the purposes for which they are destined in life, and resume them,
as soon as they have again recovered the fluid.

A most important property, possessed by the tissues of organized
bodies, is that of imbibition; a property to which attention has been
chiefly directed of late. Ifaliquid be putin contact with any organ or
tissue, in process of time the liquid will be found to have passed into
the areolz of the organ or tissue, as it would enter the cells of a sponge.
The length of time, occupied in this imbibition, will depend upon
the nature of the liquid and the kind of tissue. Some parts of the
body, as the serous membranes and small vessels, act as true sponges,
absorbing with great promptitude; others resist imbibition for a
considerable time,—as the epidermis.

Liquids penetrate equally from without to within; the process is
then called #ransudation, but it does not differ from imbibition.

Within the last few years some singular facts have been observed
regarding the imbibition of fluids and gases. On filling membra-
nous expansions, as the intestine of a chicken, with milk or some
dense fluid, and immersing it in water, DurrocueT observed that
the milk left the intestine, while the water entered it; and hence
he concluded, that whenever an organized cavity, containing a fluid,
is immersed in another fluid, less dense than that which is in the
cavity, there is a tendeney in the cavity to expel the denser and
absorb the rarer fluid. This DurrocHET terms endosmose, or
“inward impulsion;” and he conceives it to be a new power—a
“ physico-organie or vital action.” Subsequent experiments showed
that a reverse operation could likewise have place. If the internal
fluid was rarer than the external, the transmission oceurred in the
opposite direction. To this reverse process DurrocHET gives
the name exosmose, or * outward impulsion.”

Soon after the appearance of DurTrocHET’s essay, similar ex-
periments were repeated, with some modifications, by Dr. Toexo, of
Philadelphia, and with like results. The fact of this imbibition and
transudation was singular and impressive; and with so enthusiastic
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an individual as DurrocuET, could not fail to give birth to nu-
merous and novel conceptions. The energy of the action of both
endosmose and exosmose is in proportion, he asserts, to the differ-
ence between the specific gravities of the two fluids; and also, inde-
pendently of their gravity, their chemieal nature affects their power
of transmission. These effects—DuTrocrEET at once decided—
must be owing to electricity. The cavities in which the changes
take place he conceives to be like Leyden jars, having their two
surfaces charged with opposite electricities, the ultimate effect or
direction of the current being determined by the excess of the one
over the other.

In an interesting and valuable communication by Dr. J. K.
MircaeLy, of Philadelphia, “on the penetrativeness of fluids,”
many of the visionary speculations of DuTrocHET are sensibly ani-
madverted upon. It is there shown, that DurrocuET has asserted,
in the teeth of some of his most striking facts, that the current was
from a less dense to a more dense fluid; that it was from positive to
negative, dependent not on an inherent power of filtration, a power
always the same when the same membrane is concerned, but modi-
fied at pleasure by supposed electrical agencies.

The facts and arguments, adduced by Dr. MiTcrELL, clearly ex-
hibit that imbibition and transudation are dependent upon the pene-
trativeness of the liquid and the penetrability of the membrane;
that if two liquids, of different rates of penetrativeness, be placed on
opposite sides of an animal membrane, “ they will in time present
the greater accumulation on the side of the less penetrant liquid,
whether more or less dense; but will finally, thoroughly, and uni-
formly mix on both sides; and at length, if any pressure exist on -
either side, yield to that and pass to the other side.”

A portion of the communication of Dr. MircueLL relates fo an
analogous subject, to which, as M. MaeexpIE has observed, little
or no attention has been paid by physiologists—the permeability
of membranes by gases. ©“ The laminz,” MAeENDIE remarks, * of
which membranes are constituted, are so arranged, that the gases can
penetrate them, as it were, without obstacle. If we take a bladder, and
fill it with pure hydrogen gas, and afterwards leave it in contact
with atmospheric air, in a very short time the hydrogen will have
lost its purity, and will be mixed with the atmospheric air which
has penetrated the bladder. This phenomenon is the more rapid
in proportion as the membrane is thinner and less dense. It pre-
sides over one of the most important acts of life—respiration, and
it continues after death.”

Dr. MircHELL is the first individual who directed his observa-
tion to the relative penetrativeness of different gases. This he was
enabled to discriminate by the following satisfactory experiment,
which we give in his own words. “Having constructed a syphon
of glass, with one limb three inches long, and the other ten or
tweglve inches, the open end of the short leg was enlarged and
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In studying each of these functions, we shall first of all describe
the organ or apparatus concerned in its production ; but, so far only
as is necessary in a physiological point of view,—the further deve-
lopment and the application of such development to other depart-
ments of medical science, not immediately concerning the physio-
logist,—and shall next detail what has been called the mechanism
nfg the function, or the mode in which it is effected. :

In many cases it will happen, that some external agent is con-
cerned in its production, as Zight in vision; sound in audition;
odours in olfaction ; fasfes in gustation, &ec. : :

The properties of these will, in all instances, be detailed in a brief
manner, but so far only as is necessary for our immediate purpose.

The difficulty of observing actions, that are carried on by the very
molecules of which the organs are composed, has given rise to
many hypothetical speculations, some of which are sufficiently in-
genious, others too fanciful to be indulged, by the reflecting, for a
moment; and, as might be expected, the number of these phantasies
generally bears a direct proportion to the difficulty and obscurity
of the subject. It will not be proper to pass over the most promi-
nent of these, but they will not be dwelt upon, whilst the results of
direct observation and experiment will be fully detailed ; and where
differences prevail amongst observers, such differences will be at-
tempted to be reconciled where practicable.

The functions, executed by dig'emnt organs of the body, can be
deduced from direct observation, although the minute and molecu-
lar action, by which they are accomplished in the very tissue of the
organ, may not admit of detection. We see, for example, blood
proceeding to the liver, the vessels, that convey it, ramifying in the
texture of that viscus, and becoming so minute as to escape vision,
even when aided by a powerful microscope. We find, again, other
vessels becoming perceptible, gradually augmenting in size, and
ultimately terminating in a larger duct, that opens into the small
intestine. If we examine each of these orders of vessels in their
most minute, appreciable ramifications, we discover, in the one,
always blood, and, in the other, always a very different fluid,—the
bile. We are hence led to the conclusion, that in the intimate
tissue of the liver, and in some part, communicating directly or in-
directly with both these orders of vessels, bile is separated from
the blood ; in other words, that the liver is the organ of the biliary
secretion. On the other hand, functions exist which cannot be so
demonstratively referred to an organ. We have every reason for
believing that the brain is the exclusive organ of the mental and
moral manifestations; but as few opportunities occur for seeing it
in action, and as the operation is too molecular to admit of direct
observation, when we do see it, we are compelled to conneet the
organ and function by a process of reasoning only; yet we shall
find that the results, at which we arrive in this manner, are by no
means the least satisfactory.
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The cerebrum, as well as the cerebellum, consists of two hemis-
pheres; and its posterior part is situated immediately above the
cerebellum. It is obvious, then, that without some protection,
the hemisphere of one side would press upon its fellow, when
the head is inclined to the opposite side; and that the posterior
lobes of the brain would weigh upon the cerebellum in the erect
attitude.

Fig, 9,

Fig. 9, is a posterior view of the cerebrum and cerebellum: the
cranium and dura mater being removed. A A are the hemispheres,
separated from each other by the falr cerebri, in the upper mar-
gin of which is the superior longitudinal sinus, d d. The falx
passes between the hemispheres in the mode exhibited at a a, Fig,.
10. ce, Fig. 9, is the situation of the fenforium cerebello super-
extensum, which passes horizontally forwards, so as to support the
posterior lobes of the brain, and prevent them from pressing inju-
riously on the eerebellum, B B. A process of the dura mater passes
also between the hemispheres of the cerebellum, B B. Indepen-
dently of the protection afforded to the encephalon, the dura mater
lodges the great sinuses into which the veins discharge their blood.
These different sinuses empty themselves into the foreular Hero-
philior confluence of the sinuses at d, (Fig. 9 & 10,) and ultimately
proceed in the direction ¢ ¢, constituting the lateral sinuses, which
pass through the temporal hone and Eﬂ'm the infernal jugular
veins, one of which is represented at e, Fig. 10.
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pendant upon pressure, we find all sensation, all mental manifesta-
tion lost; and they are not regained until the compressing cause
has been removed. The same thing occurs if the brain be stupefied
by opium or any other narcotic, and to a less degree in sleep, or
when the brain is engaged in intellectual meditations. Who has
not found, that in a state of reverie or brown study, he has suc-
ceeded in threading his way through a crowded street, carefully
avoiding every obstacle, yet so little impressed by the objects
around him as not to retain the slightest recollection of them? On
the other hand, how vivid are the sensations when the attention
18 directed to them!

Again, we have numerous cases in which the brain itself en-
genders the sensation, as in dreams, and in insanity.

In the former we see, hear, speak, make use of every one of
our senses apparently, yet there has been no impression from with-
out. Although we may behold in our dreams the figure of a friend
long since deceased, there can obviously be no impression made
on the retina from without. The whole history of spectral illu-
sions, of morbid hallucinations, and maniacal phantasies, is to be
accounted for in this manner. Whether, in such cases, the brain
reacts upon the nerves of sense and produces an impression upon
them from within, similar to what they experience from without,
during the production of a sensation, will form the subject of future
inquiry.

Pathology also affords several instances where the brain engen-
ders the sensation, most of which are precursory signs of cerebral
derangement. The appearance of spots flying before the eyes, of
spangles, depravations of vision, of hearing, &e. as well as a sense
of numbness in the extremities, are referable to the same cause.

These facts prove that every sensation, although referred to
some organ, must be perfected in the brain. The impression is
made upon the nerve of the part, but the appreciation takes place
in the common sensorium.

There are but few organs of the body which could be regarded
as insensible, provided we were aware of the precise circumstances
under which their sensibility is elicited. The old doctrine,—as old
indeed as HiprocraTES—Wwas, that the tendons and other membra-
nous parts are among the most sensible organs of the body. This
opinion was implicitly credited by Boermaave, and his follower
VAx SwieTEN; and in many cases had a decided influence on sur-
gical practice especially. As the bladder consists principally of
membrane, it wasagreed for ages by all thelithotomists, that it would
be improper to cut or divide any part of it; and therefore, in order
to extract the stone, dilating instruments were used, which caused
the most painful lacerations of the parts implicated in the operation.

HarLer considered the tendons, ligaments, periosteum, bones,
meninges of the brain, different serous membranes, arteries, and
veivns, e:;tirely insensible; yet we know that these parts are ex-
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found that sensibility was gradually extinguished in the parts cor-
responding to the destroyed medulla, but that the parts situated
above evidently continued to feel. Perception therefore occurs in
the encephalon; and not in the whole but in some of its parts.
Many physiologists, amongst whom may be mentioned HALLER,
Lorry, Roranpo, and FrourEexs, have sliced away the brain, and
found that the sensations continued until the knife reached the
level of the corpora quadrigemina; and again it has been found
that if the spinal cord be sliced away from below upwards, the
sensations persist until we reach the medulla oblongata. It is then
in the medulla oblongata that we must place the cerebral organs of
the senses, and it is with this part of the cephalo-spinal axis that
the nerves of the senses communicate.

If we divide the posterior roots of the spinal nerves and the fifth
pair, all general sensibility is lost; but if we divide the nerves of
the senses, we destroy only their functions. We can thus under-
stand why, after decapitation, sensibility may still remain for a
time in the head. It is instantly destroyed in the trunk, owing to
the removal of all communication with the encephalon, but the fifth
pair remains entire in the head, as well as the nerves of the organs
of the senses. Death must of course follow almost instantaneously
from loss of blood, but there snay be an appreciable space, during
which the head may continue to feel, or in other words, during
which the external senses may act.

It has been remarked that the cerebral hemispheres may be
sliced away without abolishing the senses. The experiments of
Roranpo and Frovrens, which have been repeated by MaceN-
piE, show however that the sight is an exeeption; thatit is lost by
the removal of the hemispheres. If the right hemisphere be sliced
away, the sight of the left eye is lost, and »ice versa; one of the
facts proving the decussation of the optic nerves. The experiments
of these gentlemen show that vision, more than the other senses,
requires a connexion with the organ of the intellectual faculties—
the cerebral hemispheres; and this, as Maee~pIE has judiciously
remarked, because vision rarely consists in a simple impression
made by the light, but is connected with an intellectual process,
by which we judge of the distance, size, shape, &ec. of hodies.

Having arrived at a knowledge of the part of the encephalon
in which perception occurs, our acquaintance with this mysterious
process is suddenly arrested. We know not, and we probably
never ean know, the action of the brain in accomplishing it. This
is certainly not allied to any physical phenomenon, and if ever we
are justified in referring a function to the class of organic and
vital, it would be those that belong to the elevated phenomena
which we have to consider under the head of the animal funections.
We know them but by their results. We are but litile better ac-
quainted, however, with many topies of physical inquiry;—with
the phenomena of the electrical or magnetic fluids, for example.
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The organs, then, that form the media of communication be-
tween the parts impressed and the brain, are the nerves and spinal
marrow. Broussars, indeed, affirms, that every stimulation capa-
ble of causing perception in the brain, runs through the whole of
the nervous system of relation; that it is repeated in the mucous
membranes, whence it is again returned to the centre of percep-
tion, “which judges of it according to the view of the viscus to
which the mucous membrane belor.gs, and adapts its action accord-
ing as it perceives pleasure or pain.” i

As we are totally unacquainted with the material character of
the fluid which passes with the rapidity of lightning along these
cords, it is as impossible for us to describe its mode of transmis-
sion as it is to depict that of the electric fluid along a conducting
wire. As in this last case, we are aware of such transmission only
by the result. Still, hypotheses, as in every obscure matter of
inquiry, have not been wanting. Of these, three are chiefly de-
serving of notice. The first, of greatest antiquity, is, that the brain
secretes a subtile fluid which circulates through the nerves, called
animal spirits, and which is the medium of communication be-
tween the different parts of the nervous system; the second regards
the nerves as cords, and the transmission as effected by means of
the vibrations or oscillations of these cords; whilst the third
ascribes it to the operation of electricity.

The hypothesis of the animal spirits has prevailed most exten-
sively. It was the doctrine of HierocrATESs, of GALEN, of the
Arabians, and of most of the physicians of the last centuries. Des-
carTEs adopted it energetically, and was the cause of its more
extensive diffusion, The great grounds assigned for this belief
were, 1st, that as the brain receives so much more blood than is
necessary for its own nutrition, it must be an organ of secretion;
2dly, that the nerves seem to be a continuation of the medullary
matter of the brain; and it has already been remarked, that Mac-
pieHI considered the cortical part of the brain to be follicular, and
the medullary to be secretory tubes. It was not unnatural, there-
fore, to regard the nerves as vessels for the transmission of these
spirits. As, however, the animal spirits had never been met with

"in a tangible shape, ingenuity was largely invoked in the surmises
regarding their nature; and generally opinions settled down into
the belief that the fluid was of an ethereal character. For the va-
rious opinions that have been held upon the subject, the reader is
referred to the Elementa Physiologiz of HaLLER, who was him-
self an ardent believer in the existence of the animal spirits, and
has wasted much time and space in an unprofitable inquiry into
their nature.

The truth is, that we have not the slightest evidence, direct or
indirect, of the existence of any nervous fluid of the kind described;
the nerves do not seem to consist of tubes, nor have we any rea-
son for considering the brain the organ of any ponderable secre-
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the teeth to be so, in correspondence with the phantasies of MECKEL
and DE BrainviLie.

Physiology of Tact and Touch.
L]

In describing the physiology of the sense of touch it will be con-
venient to revert to the distinction already made between the sense
when passively and when actively exerted, or between Zacf and
touch. The mode, however, in which the impression is made on
each is alike and equally simple, It is merely necessary, that the
substance, which has to cause it, should be brought in contact with
the physical part of the organ—the cuticle; the nervous part is
seated in the corpus papillare, for if the nerves proceeding to this
layer of the skin be cut, the sense becomes destroyed. In the exer-
cise of touch, each of the layers seems to have its appropriate office;
the corium, which forms the innermost layer, the base on which the
others rest, offers the necessary resistance when bodies are applied
to the surface; the rete mucosum is either unconcerned in the fune-
tion, or keeps the corpus papillare in the necessary state of supple-
ness. The erectile tissue, on which the papille are grouped, probably
aids them in their appreciation of bodies; and the epidermis modi-
fies the taetile impression, which might become too intense or be
painful did this envelope not exist. The degree of perfection of the
sense is, indeed, greatly influenced by the state of the cuticle.
Where it is thin, as upon the lips, glans penis, clitoris, &c. the
sense is very acute; but where thick and hard, it is very obtuse;
and where removed, as by blistering, the contact of bodies gives
pain, but does not occasion the appropriate impressions of touch.

It has been supposed, that some of the instances of great resist-
ance to heat have been caused by unusual thickness and compact-
ness of cuticle, together with a certain degree of insensibility of the
skin. The latter may be an important element in the explanation,
but some of the feats, executed by persons of the character alluded
to, could hardly have been influenced by the former, as the resist-
ance seemed almost equally great in the delicately organized mu-
cous membranes. A Madame GiranpeLLi, who exhibited in Great
Britain many years ago, was not only in the habit of drawing a box
with a dozen lighted candles along her arm, and of putting her
naked foot upon melted lead, butof dropping melted sealing-wax upon
her tongue and impressing it with a seal, without appearing to expe-
rience the slightest uneasiness; and at this very time, (1832,) a man
by the name of CuABeRT, is exciting, in this country, the surprise
which followed his exhibitions in London a year or two ago, and
which gained him the appellation of the  Fire King.”” In addition
to the experiments performed by Madame GiraNpELLI, he swal-
lows forty grains of phosphorus, washes his fingers in melted lead,
and drinks boiling Florence oil with perfect impunity. In the case
of the phosphorus he professes to take an antidote, and doubtless
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bodies either by radiation or by positive contact, until they attain
the like temperature, or until there is an equilibrium of caloric, and
all have the same temperature as indicated by the thermometer,
Hence objects in the same apartment will, caferis paribus, exhibit
the same temperature by this test. From this law, however, the
animal body must be excepted. The power which it possesses of
generating its own heat and of counteracting the external influences
of temperature, preserves it constantly at the same point. This
power will fall under consideration in another place.

Although, however, all objects may exhibit the same tempera-
ture, in the same apartment, when the thermometer is applied to
them, the sensations communicated to the body may be very differ-
ent. Hence the difficulty that the uninstructed have in believing
that they are actually of identical temperature: that a hearth-stone,
for instance, is of the same degree of heat as the carpet in the cham-
ber. The cause of the different sensations, experienced in the two
cases is, that the hearth-stone is a much better conductor of the
matter of heat than the carpet. The consequence is, that calorie is
more rapidly abstracted by it from the part of the body that comes
in contact with it, than it is by the carpet; and the stone appears
to be the colder of the two. For the same reason; when these two
substances are raised in temperature above that of the human body,
the hearth-stone will appear the hotter of the two; because, again,
it conducts caloric and communicates it more rapidly to the body
than the carpet.

When the temperature of the surrounding air is higher than 98°,
we receive heat from the atmosphere, and experience the sensation
of heat. The human body is capable of being penetrated by the
caloric of substaneces exterior to it, precisely like those substances
themselves; but within certain limits it possesses the faculty of con-
suming the heat and retaining the same temperature,

When the temperature of the atmosphere is the same as our own
—an elevation which it not unfrequently attains in many parts of
the United States, we still experience the sensation of unusual
warmth: yet no caloric is communicated to us. The cause of this
feeling is, that we are accustomed to live in a medium of a less ele-
vated temperature and consequently to give off caloric habitually to
the atmosphere.

Lastly, in an atmosphere of a temperature much lower than that
of the body, heat is incessantly abstracted from us; and if rapidly
abstracted, we have the sensation of great cold.

From registers, kept by the illustrious founder of the University
of Virginia, Mr. JEFFERsON, at his residence at Monticello, lat. 37°,
58', long, 78% 40, it appears that the mean temperature of this
part of Virginia is about 553 or 56°; that the thermometer varies
from 53° in the coldest month, to 94° in the warmest. Now the
temperature of the human body being 985 it follows, that heat must
heérnnesiantljr abstracted from uvs, and that we ought here constantly
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At the posterior extremity of the fingers, the nails are situated,
which support the pulp of the fingers behind, and render the con-
tact with bodies more immediate. This happy organization of the
soft parts of the hand alone concerns the sense of touch directly; the
other advantages, which it possesses, relating to the power of apply-
ing it under the guidance of volition.

Of the mode in which touch is effected it is not necessary to treat.
Being nothing more than tact, exerted by an appropriate instru-
ment, the physiology of the two must be identical. il

Metaphysicians have differed widely regarding the services that
ought to be attributed to the touch. Some have greatly exaggerated
them, considering it the sense par excellence, or the first of the
senses. It is an ancient notion to aseribe the superiority of man
over animals and his preeminence in the universe—his intelligence,
in short, to the hand. Aw~axacoras asserted, and HELvETIUS re-
vived the idea, © that man is the wisest of animals because he pos-
sesses hands.”” The notion has been embraced and expanded by
CoxprLLAc, Burron, and many modern physiologists and metaphy-
sicians. Burrow, in particular, assigned so much importance to
the touch, that he helieved the cause why one person has more in-
tellect than another is, his having made a more prompt and repeated
use of his hands from early infancy. Hence he recommended that
infants should be allowed to use them freely from the moment of
birth. Other metaphysicians have considered the hand the source
of our mechanical capabilities.

The same answer applies to all these views. The hand can only be
regarded as an instrument by which information of particular kinds
is conveyed to the brain, and by which other functions are executed
under the direction of the will. The idiot has the sense frequently
more delicate than the man of genius or than the best mechanician,
whilst the most ingenious artists have by no means the most deli-
cate touch. But we have some striking cases to show that the hand
is not entitled to this extravagant commendation. Not many years
ago, a Miss Birrin was exhibited in London, who was totally de-
void of both upper and lower extremities. Yet she was unusually
intelligent and ingenious. It was surprising to observe the facility
with which she hem-stitched, turning the needle with the greatest
rapidity in her mouth and inserting it by means of the teeth. She
also painted miniatures faithfully and beautifully; holding the pen-
cil between her head and neck. All her motions were, in fact,
confined to the tongue and lips, and to the muscles of the neck.

MAGENDIE, in the last edition of his physiology, alludes to a
similar case. He says that there was, at that time, (1825,) in Paris,
a young artist, who had no signs of arm, forearm, or hand, and
whose feet had one toe less than usual—the second; yet his intelli-
gence was, in no respect, inferior to that of boys of his own age;
and he even gave indications of distinguished ability. He sketched
and painted with his feet. At this very time, (15832,) a Miss Ho-
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NEYWELL is advertised in the public prints, asborn without arms; and
vet who has aequired so much dexterity in the use of the scissors,
as to be able, by holding them in her mouth, to cut likenesses,
watch papers, flowers, &e. She is also affirmed to write, draw, and
execute all kinds of needle-work with the utmost ease and despatch.
How fatal are these authentic examples to the views of HerLvETIUS
and others!

But, it has been said the touch is the least subjeet to error of all
the senses, and that it is Zhe geometrical sense. In part only is this
accurate, It certainly possesses an advantage in having the organ
brought into contact with the body that excites the impression,
whilst in the cases of vision, and olfaction, the organ receives only
the impression of an emanation from the body; and,in that of audi-
tion, a vibration only of an intervening medium.

Yet some of the errors into which it falls are as grievous as those
that happen to the other senses. How inaccurate is its appreciation
of the temperature of bodies! We have attempted to show, that it
affords us merely relative knowledge, the same substance appearing
hot or cold to us, according to the temperature of the substance
previously touched. Nay, this infallibility so little exists, that we
have the same sensation communicated to us by a body that rapidly
abstracts caloric from us, as by one that supplies it rapidly. By
touching frozen mercury, which requires a temperature of — 40° of
Fanrenserr to congeal, we experience the sensation of a burn!

Again, if we cross the fingers and fouch a rounded body, a mar-
ble, for instance, with two of the pulps at the same time, instead of
experiencing the sensation of one body, we feel as if there were
two;—an illusion produced by the lateral portions of fingers being
brought in opposition which are naturally in a diﬂ*emnfsgﬂuatiun,
and at a distance from each other; and as these two parts habitually
receive distinct impressions, when apart, they continue to do so
when applied to opposite sides of the rounded body.

It has been asserted, again, that the touch is the great corrector
of the errors into which the other senses fall. But let us inquire
whether, in this respect, it possesses any decided superiority over
the other senses. For this purpose, it is well to adopt the distine-
tion made by Spurzaerm and others, of the functions of the senses
into immediate and mediate. Each sense has its immediate fune-
tion, which it possesses exclusively; for which, in other words, no
other can be substituted. The touch instruets us regarding tempe-
rature; the taste appreciates savours; the smell, odours; audition,
sound; and vision, colours. These are the immediate functions of
the senses, each of which can be accomplished by its own organs,
but by no other. As concernsthe immediate functions of the senses,
therefore, the touch can afford no correction. Its predominance as
regards the mediate functions of the senses is likewise exaggerated.
The mediate functions are those that are auxiliary to the senses,
eonsisting in the impressions they furnish to the mind, and by aid
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Into the two upper passages cavities in certain bones open, which
enlarge considerably the extent of the nasal fossw. These are called
sinuses, and consist of the maxillary, palatine, frontal, sphe-
noidal, and ethmoidal; the last being sometimes termed ezhmoidal

cells.

Fig. 16.

«. Frontal sinus—b, Ethmoidal cells—ec. Spheneidal sinus—d. Nasal fosse—e. Maxillary sinur,

All the cavities are lined by the delicate membrane—the Schne:-
derian or pituitary,—or by a prolongation of it. In the nasal fossa,
it augments the thickness of the turbinated bones. It-resembles the
mucous membranes in general in its composition, and adheres firmly
to the bones and cartilages, which it covers. Its aspect is velvety,
owing to a multitude of minute papille, and it receives a great
number of vessels and nerves. The sinuses are lined by a prolonga-
tion, apparently, of the same membrane; differing, however, in
some respects from the other. The whole of this membrane is the
seat of the secretion of the nasal mucus, which, doubtless, per-
forms a part in olfaction as important as the secretion from the mu-
cous membrane of the mouth does in gustation.

The same nerve is not distributed over the whole of this mem-
brane. In some parts, the olfuctory or first pair,can be traced;
in others, we see only filaments of the fifth pair.

The first of these—the olfactory or ethmoidal nerves, have not
always been regarded as the nerves of smell. Anciently, they were
supposed to be canals for the passage of the pituita or phlegm,
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condiment; and although with us it has the name devil’s dung, it
is by many of the Asiatics called the food of the gods. We find,
too, certain animals that are almost enravished by certain odours.
The cat, for example, if the catmint—Nepela cataria, or the root
of the valerian— Faleriana officinalis, be placed in its way. These
differences, like those in the appreciation of savours by animals,
must be referred to minute and inappreciable organization,

Odours have been considered possessed of medicinal and even of
poisonous properties. Some individuals, whose peculiarity of con-
stitution renders them very liable to the action of ipecacuanha or
jalap, will experience emetic effects from the former, or the cathartic
qualities of the latter, by merely smelling them for a short space;
and the majority of individuals, by pounding jalap or rhubarb for
a long period, will find themselves more or less affected. By
smelling, for a considerable time, strong alcohol, intoxication may
be induced, as not unfrequently happens to the spirit taster, who 1s
young in his voecation. It has also been asserted, that the con-
stant application of this sense to the diserimination of teas, in the
English East India company’s warehouses, has laid the foundation
for numerous head affections; but the report originated in prejudice
or in accidental coincidences, and has not been found to be accurate.

In all these cases, in which we see medicinal or poisonous effects
actually produced by substances inhaled through the nostrils, we
cannot attempt to explain them by the simple impression, made by
the odorous particle on the olfactory nerve. They must be aec-
counted for by the circumstance of the minute particles of the me-
dicinal or poisonous substance being diffused in the atmosphere and
coming into contact with the mucous membranes, from which they
are absorbed, and in this manner enter the circulation.

Odours have, likewise, been considered to possess nutritive pro-
perties; and this chiefly, perhaps, from the effect known to be pro-
duced by savory smells upon the appetite. Itis not probable, that ab-
sorption can, in this case, oceur to a sufficient extent to account for the
apparent satiation. The fact can only be explained by the effect
upon the nervous system, which influences the appetite materially,
as we see in the operation of various mental emotions. The first
impact of a nauseous odour, or even the view of a disgusting object,
will frequently convert the keenest appetite, on the instant, into
loathing. ~ Yet, anciently, it was believed, that life might be sus-
tained for some time, by simply smelling nutritious substances.
DemocriTus is said to have lived three days on the vapour of hot
bread; and Bacon refers to a man, who supported an abstinence of
several days by inhaling the odour of a mixture of aromatic and al-
liaceous herbs. Two hundred years ago these notions were enter-
tained to a great extent; and they afford the basis for the viaticum
suggested for travellers proceeding to the moon, according to th!:
plan proposed by Dr. Jouy WiLkins, Bishop of Chester.

oL 14
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That the upper part of the nasal fossz is the great seat of smell,
is proved by the facts referred to regarding the uses of the nose.
DEssAULT, too, mentions the case of a young female, who had a
fistula in the frontal sinuses, and who could not perceive an odorous
substance, when presented at the orifice of the fistula, because there
was no communication with the proper portion of the masal fosse,
even although she was capable ulP breathing through the opening,
Descuanmes, the younger, also relates the case of a man, who had
a fistula of the frontal sinus, through which ether might be injected
without being appreciated, provided all communication had been
previously cut off between the sinus and the upper part of the nasal
foss= ; but if this precaution had not been taken, the sense was more
vivid when the odours passed through the fistulous opening, than
when they reached the organ by the ordinary channel.

Professor RicHERAND, again, found that highly odoriferous in-
jections, thrown through a fistulous opening into the maxillary si-
nus or antrum of Highmore, produced no olfactory sensation what-
ever.

All these facts would certainly seem tolead to the belief, that the
upper part of the nasal fosse, on which the first pair or olfactory
nerves are distributed, is the chief seat of olfaction, and that the in-
ferior portions of these foss, as well as the different sinuses com-
municating with them, are not primarily concerned in the func-
tion; but doubtless, offer secondary advantages of no little import-
ance. This conclusion would, however, seem to admit, what is
not by any means universally admitted, that the olfactory nerve
is the sole or chief nerve of smell. Especially difficult is it
to embrace this view, and not to believe that the spongy bones
and sinuses, on which the fifth pair are distributed, are agents in
perfecting the sense, when we find them largely developed in
animals, that possess unusual delicacy of smell, as in the dog and
elephant. It has already been remarked, that the ancients believed
the olfactory nerves to be canals for conveying away the pituita
or phlegm from the brain. DiemerBROECK, in 1672, maintained
this opinion. At the early part of the last century, however,
the olfactory was supposed to be the proper nerve of smell, and
this opinion prevailed, with scarcely a dissentient voice, until
within the last few years. Inspection of the origin and distribution
of this nerve seems to indicate it as admirably adapted for a nerve
of special sensibility connected with smell. It is largely developed
in animals, in proportion to their acuteness of smell, and is distri-
buted on the very part of the pituitary membrane to which it is
necessary to direct air, loaded with odorous emanations, in order
that they may be fully appreciated. Macexnpig has, however, en-
deavoured to show, by experiment, that the sense of smell is in no
wise, or but little, dependent upon the olfactory nerves, but upon
the branches of the fifth pair. Prior to the institution of his expe-
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riments, he had observed with astonishment, that after he had re-
moved the cerebral hemispheres with the olfactory nerves of animals,
they still preserved this faculty. He had noticed, too, that the sense
had continued in some lunatics, who had fallen into a state of stupor,
and in whom the substance of the brain appeared, on dissection,
greatly disorganized. These facts induced him to expose the olfac-
tory nerves on living animals, and to experiment upon them. In
the course of his experiments, he found, in the first place, that the
nerves were insensible to puncture, pressure, and to the contact of
the most odorous substances. He alterwards satisfied himself, that
after their division, the pituitary membrane not only preserved its
general sensibility, appreciated the contact of bodies, but that it
continued to feel strong odours, those of ammonia, acetic acid, oil
of lavender, Dippel’s oil, &e. On the other hand, having divided
the fifth pair of nerves within the cranium, and left the olfactory
nerves untouched, he remarked, that the pituitary membrane had
lost its general sensibility; was no longer sensible to contact of
any kind; and that it had lost the power of appreciating odours.

From these experiments, he considered himself justified in in-
ferring, that the olfactory nerve does not preside over the general
sensibility of the nose; that it has, at the most, but a special
sensibility as concerns odours; and that if the olfactory nerve be the
nerve of smell, it at least requires the influence of the fifth pair, in
order that it may act: lastly, he asks, may not the general and
special sensibility be comprised in the same nerve in the sense of
smell, as they are in that of taste:—in the fifth pair?

These experiments are highly interesting; but they do not en-
tirely establish, that the fifth pair is ZAe olfactory nerve. The nu-
merous facts already mentioned, attract us irresistibly to the first
pair, or olfactory, as they have been exclusively called. It has
been already remarked, that the fifth is concerned in all the facial
senses: that it conveys to them general sensibility, or feeling; but
that some of them are, unquestionably, supplied with nerves of spe-
cial sensibility; the eye, for example, with the optic nerve; and the
ear with the auditory; but that neither one nor the other can exert
its special function, without the integrity—the presidency—of the
fifth pair. The olfactory nerve is probably in this category,—is the
nerve of special sensibility. It is true, that in the experiments of
MAaGENDIE, the animal appeared to be affected by odorous sub-
stances, after the division of the first pair; but a source of fallacy
might exizt here, in discriminating accurately between the general
and special sensibility. Some of the substances, that were em-
ployed, were better adapted for eliciting the former than the lat-
ter:—ammonia and acetic aeid, for example.

The immediate function of the sense of smell, is to appreciate
odours. In thisitcannot be supplied by any other sense. The function
is instinctive; requires no education; and is exerted as soon as the
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On the different eminences, some muscular fibres are perceptible,
which it is not neeessary for our purpose to distinguish; as in man
at least they are only vestiges—as the French term them—to indi-
cate the uniform plan, which aplpeere to .have prevailed in the for-
mation of the vertebrated animals: if they have any office, it must,
at all events, be extremely inconsiderable.

Numerous vascular and nervous ramifications are distributed on
the pavilion. Itisattached to the head by different ligaments, called—
from their situation or attachments—zygomato-auricular, or ante-
rior auricular:—temporo-awricular, or superior auricular, and
mastoido-auricular, or posterior auwricular; all of which termi-
nate on the convex part of the concha. Three muscles are, likewise,
attached to the ear, so as to move the pavilion, in animals at least.
These occupy the same position as the ligaments described, and
have similar names. In man,these again, are mere vestiges; but in
many animals,in the horse for example, they are largely developed,
and are capable of moving the pavilion in various directions.

The meatus auditorius externus extends from the inner extre-
mity of the concha to the membrana tympani. In the adult it is
about an inch long; narrower in its middle than at the extremities;
longer inferiorly than superiorly, owing to the obliquity of the
membrana tympani; and slightly curved uvpwards about its middle.
The outer orifice is furnished with down or hairs, like the orifices
of certain other canals. The meatus is partly osseous, for the space
of half an inch, and penetrates the temporal bone. More externally
it is formed of fibro-cartilage—a prolongation of that of the concha.
It is lined by an extension of the skin, which becomes gradually
thinner as it proceeds inwards, and is ultimately reflected over the
outer surface of the membrana tympani. Beneath this skin, nu-
merous sebaceous follicles are situated, which secrete the bitter
humour, called cerumen.

This humour oceasionally becomes msplsseted obstruets the
canal; prevents the sonorous vibrations from reaching the membrana
tympani, and is thus the cause of deafness. Softening the cerumen
by means of warm water or oil dropped into the meatus, and then
removing it by means of the syringe, restores the hearing.

The portion, then, of the auditory apparatus, which we have ar-
bitrarily termed the external ear, is a complete cul-de-sac, formed
by a prolongation of the common integument. There is no opening
communicating with the next portion—the middle ear ;—the mem--
brana tympani, with its dermoid envelopes, forming at once the
medium of union and of separation between the two. A knowledge
of this fact, would somewhat diminish alarm in cases where insects
or other extraneous bodies get into thc meatus auditorius. The
pain is excruciating, owing to the great general sensibility of this
portion of the auditory apparatus; but generally the chief dread en-
tertained is, that the irritating substance may pass into the head.
It cannot, of course, proceed farther than the membrana tympani;
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will become gradually more and more faint, and when the air is
exhausted will not be heard at all. For the same reason a pistol
fired on the top of the Himala mountains gives a much feebler re-
port than in the valleys beneath. Sympaihetic sounds afford ad-
ditional evidences of the carrying power of air. Every sonorous
elastic body can be thrown into oscillations, provided the air around
it be made to tremble in any manner. Thus, if we sound a note
near a piano forte, whose dampers are raised so as to admit of free
vibration, the string, that is in unison with the tone produced, will
vibrate; and a wineglass or goblet may, according to ArworT, be
made to tremble and even to fall from a table by sounding on a
violoncello near it, the note that accords with its own.

The strata of air, in proximity with the sonorous body, receive
the first impulses; and from these they are successively propagated
to others ; much in the same manner as the undulations extend from
the place in which a stone is cast on a surface of smooth water;
except, that the aerial undulations usually extend in every diree-
tion, whilst the aqueous proceed only horizontally. In this pro-
pagation from stratum to stratum a portion of the sound is neces-
sarily lost; so that the loudest sounds are heard only within cer-
tain limits ; and, in all cases, the intensity of the sound isinversely
as the square of the distance from the sonorous body.

By causing the sonorous undulations to proceed entirely in one
direction and preventing their escape in every other, a sound may
be rendered audible at a much greater distance. Bror found, that
when he spoke in a whisper at one extremity of a cylinder up-
wards of one thousand yards long, he was distinctly heard at the
other. In many large manufactories the knowledge of this faet is
turned to good account. By having numerous tubes communica-
ting with the different rooms of the establishment, and terminating
in the office of the principal, he is enabled to have his directions
readily conveyed, and to receive any information he may require,
without the slightest inconvenience.

The velocity, with which sound proceeds, admits of easy caleu-
lation. Light passes with such rapidity, that it may be regarded
as proceeding from objects on the earth instantaneously to the eye.
The velocity of sound is incomparably less. We see the flash of
a gun at a distance; and, some time afterwards, we hear the re-
port. Considering the light then to have reached the eye instan-
taneously, if we know the distance of the gun, and note the time
that elapsed between the appearance of the flash and the report, we
can calculate accurately the rapidity of sound. This is found to
be about eleven hundred and forty-two feet in a second. We can,
in this manner, tell the distance of a thunder cloud, by noting the
time of the flash, and the time that elapses before hearing the clap.
If it be thirty seconds, the cloud is at the distance of thirty times
eleven hundred and forty-two feet, or of six miles and a half,

This velocity is the same for all kinds of sounds. Bror found,

Vor. L 16
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Solids, too, are much better conduectors of sound than air. If
we scratch one end of a wooden rod, the sound will be distinetly
heard by the ear applied to the other, although it may be inaudi-
ble through the air. Savage tribes are in the habit of discovering
the advance of enemies, or of their prey, by applying the ear to
the ground; and the watchmen, in some of the towns, instead of
springing a rattle,and alarming offenders, strike the pavement with
a staff, the sound of which is heard by their fellow watchmen at a
considerable distance. Itisacommon practice to ascertain whether
a kettle boils, by putting one end of a poker on the lid, and the
other to the ear. The difference between simmering and boiling is
in this way easily detected. A knowledge of this fact, and of the
ready communication of sound through solids, has lately given rise
to a valuable suggestion for the discrimination of diseases of the
chest, and of various physiological and pathological conditions.
By putting the ear to the chest we can hear the rush of the air
along the bronchial tubes: the pulsations of the heart, &e. and can
discover any aberration, that takes place in the execution of their
functions. This is what has been called, by the late distinguished
Laennec, of Paris—the proposer of the method—immediate aus-
cultation. The direct application of the ear to the chest, is, how-
ever, frequently inadmissible. In these cases LAEx~Ec used a hol-
low eylinder, called a sfethoscope, one end of which he applied to
the chest—the other to the ear. This plan he termed mediate aus-
cultation. The suggestion has led to most valuable improvements
in diagnosis.

HassenrraTz and Bror have made some accurate experiments
on the comparative rapidity of the progress of sound through air
and solid bodies. The latter found, in the aqueducts of Paris, that
a blow, struck upon a pipe nine hundred and fifty-one metres, or
about ten huhdred and forty yards in length, was heard two se-
conds and a half sooner through the sides of the pipe than through
the air; but the sound did not extend so far.

It has been already observed, that the vibrations of the air,
caused by a sonorous body, are capable of exciting corresponding
vibrations in solid bodies within their spherg of action. It was an
old observation, that such vibrations are excited only in bodies in
unison with the sonorous body; in other words, in those that are
capable of producing the same tone with the latter. M. Savart
has, however, found, that unison is not necessary; and that when
a sound is produced in the air, every body receives a vibration,
which is a repetition of the one that occasions the sound. This he
proved by using small membranes, on which he placed fine sand.
These were agitated, and the sand assumed various regular ar-
rangements, whenever a sound was produced in their vicinity.
This law of physies is important in its physiological relations.
The apparatus of audition consists of several membranous struc-
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tures, which are thrown into oscillations, whenever the ear re-
eeives the impressions of sound.

The vibrations, which produce sound, differ much as regards
their extent and rapidity; and on these differences are dependent
two of the qualities of sound—sfrength and tone.

The strength or intensity of sound depends on the extent of
the vibrations of a sonorous body. This is easily seen in a musi-
cal string; the sound of which becomes weaker as the extent of
the oscillations diminishes.

The fone, on the other hand, is dependent on the rapidity of the
oscillations; on their number in a given time. The tone produced
by a string, or other sonorous body, that vibrates quickly, is
termed acute or sharp, when compared with the tone of one that
vibrates slower. The latter is called grave, when compared with
the former.

The gravest sound, that the ear can appreciate, is ordinarily
considered to result from thirty-two vibrations per second; the
most acute, from eight thousand one hundred and ninety-two vi-
brations, according to some;—twelve thousand, according to
others. Some well-devised experiments, however, recently made
by SavarT, largely extend these limits, and appear to indicate,
that they cannot yet be rigidly fixed. In his experiments, the ear
distinctly appreciated fourteen or sixteen vibrations per second;
and the acutest note, that was audible, proceeded from upwards of
forty thousand simple oscillations per second.

The duration of the impression of a sonorous vibration on the
ear, 18 about the sixteenth part of a second.

If a sonorous body be struck, and the vibrations excited be all

erformed in equal times, a simple and uniform sensation will be
produced on the auditory nerve, and one rmusical fone will be
heard. But if the vibrations be various and irregular, they will
fall irregularly on the organ of hearing, and will excite a harsh im-
pression, as if various sounds were heard together. In other words,
a noise or discord will be produced.

If two notes, sounded together, afford pleasure, they produce
harmony or concord., This arises from the agreement of the vi-
brations of the two sonorous bodies, so that some of the vibrations
of each strike upon the ear at the same time. If, for example, the
vibrations ol one sonorous body take place in double the time of an-
other, the second vibration of the latter will strike upon the ear at
the same instant as the first vibration of the former. This is the
concord or harmony of an ocfave. Between a note and its octave,
there are six intermediate notes, constituting the diafonic scale,
or gamut. If the vibrations of two strings are as two to three, the
second vibration of the former will correspond with the third vi-
bration of the latter, producing the harmony called @ fifth. There
are other tones, which, although they cannot be struck together
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without producing discord, if struck in succession, may give the
pleasure called melody. Melady is, in truth, nothing more than
the effect produced on the brain, by pleasing musical tones, sound-
ed in succession.

There is another quality of sound, which the French call Zimbre.
By some of the translators of the works of the French phy-
siologists, this word has been inaccurately rendered nofe. Itis
essentially different from note or tone, and is peculiar. By En
lish philosophers it is termed the guality of sound. It is this
quality that enables us to recognise various instruments, although
sounding the same note or tone; and to distinguish the voices of
individuals from each other. Its cause is not evident. By most, it
is conceived to depend upon the nature of a sonorous body, if it be
a surface:—and at the same time on its shape, if a tube. BroT con-
jectures, that it is owing to the series of harmonie sounds forming
part of every appreciable sound. When any sonorous body is made
to vibrate, a distinct sound is heard, which is the fundamenial;
but, if attention be paid, others will be heard at the same time.
These are called harmonics.

It is not improbable but that the Zimbre or quality may be de-
pendent as well upon the nature of the sonorous body, as upon the
greater or less number of harmoniecs, that accompany the funda-
mental sound.

Physiology of Audition.

In tracing the progress of the sonorous vibrations to the inter-
nal ear, we shall follow the order of parts described in the anato-
mical sketch of the auditory apparatus; commencing with the ex-
ternal ear. ’

The meatus auditorius externus being always open, sonorous vi-
brations can readily attain the membrana tympani. Some of these
pass directly to the membrane without experiencing reflection, and
communicate their oscillations to it. The pavilion has, by most
physiologists, been regarded as a kind of ear trumpet, collecting
the aeria%undulatinns, and directing them, after various reflections,
to the bottom of the auditory canal. In the horse, and in those ani-
mals which have the power of pricking the ears, or of moving
them in various directions, this is doubtless the case; but in man
we cannot expect any great effect of the kind, if we regard its par-
ticular arrangement, and the incapability of moving it from its
fixed direction, which is nearly parallel to the head. BoeruAAVE,
indeed, pretended to have proved by calculation, that every sono-
rous ray, which falls upon the pavilion, is ultimately directed to-
wards the meatus auditorius externus. Simple inspection of the
pavion will show that this cannot be universally true. Some part
of the anthelix is, in almost every individual, more prominent than
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ever, that the most important function of the cerumen is to keep
the lining membrane of the meatus in a physical condition, adapt-
ed for the proper fulfilment of its functions.

Middle Ear.—In the mode described, the vibrations of a so-
norous body attain the membrana tympani. An experiment by
Savart would seem to show, that this membrane is thrown into
vibrations chiefly by the air contained in the meatus. He made a
small truncated cone of pasteboard, and closed the smaller extre-
mity by a tense membrane, nearly as the membrana tympani
closes the inner extremity of the meatus auditorius; and he found,
that when sounds were produced near the parietes of the cone, the
membrane vibrated but little; whilst, if they were occasioned op-
posite the base of the cone, so that they could be fransmitted to
the membrane by the air within the canal, the vibrations were
very distinet, even at a distance of thirty yards and vpwards.

The membrane of the tympanum then receives and repeats the
sonorous vibrations, It has, however, been supposed to be pos-
sessed of other functions. Dumas, for example, conceived it to be
composed of numerous cords, and each of these to correspond to
some particular tone. But of this arrangement we have not the
slightest evidence from observation or analogy.

By others, it has been supposed, and with every probability,
that the membrane is capable of being rendered tense or the con-
trary by the bent lever, formed by the chain of small bones. They
have farther stated, that this tension or relaxation is adapted to the
sounds, which the membrane has to transmit.

The ancients believed, that the adaptation was produced by the
stretching of the membrane, so as to put it in unison with the sound
produced.

Independently, however, of the experiments of SavarT, which
show, that unison is not necessary for the production of vibrations,
the fact, that we are capable of distinguishing several sounds at the
same time, would be sufficient to negative the supposition. Nor
can we easily conceive, that the membrane could admit of as many
distinet vibrations as the ear is capable of accurately appreciating
tones, which amount to about eight octaves.

Brecmar thought, that the degree of tension of the membrane
corresponded with the intensity of sounds; and that its effect was
to cause the sonorous vibration to attain the internal ear, in a de-
gree sufficiently strong to excite the appropriate impression; but
not so strong as to cause pain,—the membrane becoming more
tense for a feeble sound, and relaxed for one too strong. In sup-
port of this view, Brcuar cites the case of several persons, who
could not hear ordinary sounds, until the ear had been impressed
by louder, which, according to him, roused the membrane to ten-
sion.

SAavart, on the other hand, from the fact, that every membrane
vibrates with more difficulty, and less extensively, according to its
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erroneously asserts, that the posterior ehamber contains the crys-
talline and vitreous humours; and Dr. ArxorT, that the anterior
and posterior chambers of the eye, are the compartments before
and behind the erystalline. Anatomists are not agreed, whether
the aqueous humour has a proper membrane, which secretes it, or
whether it is not an exhalation from the vessels of the iris and ci-
liary processes. Rises,indeed, derives it from the vitreous humour,
However seereted, it is very rapidly regenerated, when evacuated;
as it must be in every operation for the cataract by extraction. It
is not lodged in ecells, and hence readily flows out when the cornea
is punctured. The quantity of the aqueous humour in the adult, is
about five or six grains. Its specific gravity is not rigidly established,
but it differs slightly from that of water,being a littlegreater. Accord-
ing to BErzEL1US, itis composed of water 98.10; a little albumen, mu-
riates, and lactates 1.15; soda, with a substance soluble in water, 0.75.

Section of the eye magnified three diameters.

The crystalline lens is a small body, of a crystalline appearance,
and lenticular shape, whence its name. It measures, in the adult,about
1.33 of an inch in its greatest eircumference; and is about 2% lines
thick at its centre. It is situated between the aqueous and vitreous
humours; and not, as Dr. FLeminG asserts, in “the centre of the
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A A. The frontalis musele, K. Orbicularis oris.
B B. Cormugator supercilii, L. Nasalis labii superiovis,
C C. Orbicularis palpebrarnm, . N. Trangularis oris,

. Levator labin superioris aleque nasi, 0. Quadeatus meniti.

E. Compressor nnsi. P. Levatores menti.

F. Levator labil proprius. Q. Buctinator,

G. Levator anguli oris, R. Temporalis musele,

H. Zygomaticus,

The edge of the eyelids is thick, rounded, and furnished with
hairs, resembling generally, in colour, those of the head. These
are the eyelashes or cilia. On the upper eyelid they are curved
upwards; on the lower downwards, as in Fig. 27. The eyelids are
formed of four membranous layers, in superposition, and of a fibro-
cartilage, which extends along the whole of the edge and keeps
them tense. The outermost of these layers is the common integu-
ment; the skin of which is very delicate and semi-transparent,
yig‘!rdinglreadily to the motions of the eyelids and having numer-

oL. 1. 21 .
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from the perpendicular. The shape, however, of the posterior sur-
face of the lens so modifies the perpendiculars,as to occasion such a
degree of convergence, that the oblique ray meets the axis at a fo-
cus on the retina. (See Figs. 21 & 34.) In this manner, two cones
are formed ; the one having its apex at the radiant point, and its
base on the cornea,—the objective cone,—the other having its apex
on the retina, and termed the ocular cone.

These remarks apply chiefly to the cone proceeding in the diree-
tion of the axis of the different humours, from a single radiant point.
It is easy to understand, that eyvery portion of the object A B C,
Fig. 34, must be a radiant point and project so many cones, in an
analogous manner; which, by impinging upon the retina, form a

spicture of the object upon that expansion, at g & 4. It is important,
however, to observe, that the rays, proceeding from the upper part
of the objeet, fall, after refraction, upon the lower part of the re-
tina; and those from the lower part of the object upon the upper;
so that the picture or representation of the object on the retina is
inverted. How the idea is excited in the mind of an erect object
will be the subject of after inquiry.

When rays fall obliquely on a lens, as A g and C /4, and pass
through the centre of the lens, they suffer refraction at each of its
surfaces, but as the two refractions are equal and in opposite direc-
tions, the rays may be esteemed to pursue their course in astraight
line. The point @, at which these various rays cross, is called
the optic centre of the erystalline. Each of these straight rays,
proceeding from a radiant point, may be assumed as the axis of all
the rays proceeding obliquelyfrom the same point, and the common
focus must fall on some part of this axis. In this way, the object is
represented, in miniature and inverted, on the retina.

That such a representation of external objects is formed within
the eye, is in accordance with sound theory, and is supported, not
only by indirect but by direct experiment. If a double convex lens
be fitted into an opening, made in the window-shutter of a darkened
chamber, luminous cones will proceed from the different objects on
the outside of the house, and will converge within; so that if they
be received on a sheet of paper, a beautiful and distinet image of
the object will be apparent. This is the well known instrument—
the camera obscura, of which the organ of sight may be regarded
as a modification. Making abstraction, indeed, of the cornea, and of
the aqueous and vitreous humours, the representation of the eye in
Fig. 34, with the object, and its image on the retina, is the common
camera obseura. The eye is, therefore, more complicated and more
perfect than this simple instrument; the cornea with the aqueous
and vitreous humours being added for the purpose of concentrating
the light on the retina; the latter, in addition, affording a large
space for the expansion of the retina, and preventing the organ from
collapsing. In the operation for cataract by extraction, which con-
sists in removing the lens through an opening, made in the lower
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part of the cornea; the aqueous humour escapes but is subsequently
regenerated. If, however, too much pressure be exerted on the
ball, to force the erystalline through the pupil and the opening in the
cornea, the vitreous humour is sometimes pressed out, when the eye
collapses and is irretrievably lost. Yet how minute must these re-
presentations be; and how accurate the mental appreciation, seeing
that each impression from myriads of luminous points is trans-
mitted by the retina to the encephalon and perceived with unerring
certainty !

Experiments have been instituted, which are even more satisfac-
tory than those just mentioned. These have been of different kinds.
Some experimenters have formed artificial eyes of glass, to repre-
sent the cornea and crystalline, with water in place of the aqueous
and vitreous humours. Another mode is, to place the eye of an
ox or sheep in a hole in the shutter of a dark chamber; having pre-
viously removed the posterior part of the sclerotica, so as to permit
the images of objects on the retina to be distinetly seen. MALPIGHT
and Harrer employed a more easy method.. They selected the
eyes of the rabbit, pigeon, puppy, &ec. the choroid of which is near-
ly transparent; and directing the cornea towards luminous objeets,
they saw them distinctly depicted on the retina. More recently
MaceNDIE has repeated these experiments by employing the eyes
of albino animals, as those of the white rabbit, the white pigeon,
the white mouse, &e., which afford great facilities for accomplishing
the experiment; the sclerotica being thin, and almost transparent;
the choroid, also, thin, and when the blood, which gives it colour,
has disappeared after the death of the animal, offering no sensible
obstacle to the passage of light. In every one of these experiments,
external objects were found to be represented on the natural or ar-
tificial retina in an inverted position; the image being clearly de-
fined, and with all the colours of the original.

In the prosecution of his experiments, in some of which he
was assisted by M. Bror, Maeenpie found, as might have been
expected, that any alteration in the relative proportion or situation
of the different humours had a manifest effect upon vision. When a
minute opening was made in the transparent cornea, and a small
quantity of the aqueous humour permitted to escape, the image had
no Jonger the same distinetness. The same thing occurred when a
little of the vitreous humour was discharged by a small incision
made through the sclerotica. He farther found, that the size of the
image on the retina was proportionate to the distance of the object
from the eye. When the whole of the aqueous humour was evacu-
ated, the image seemed to occupy a greater space on the retina, and
to be less distinet and luminous. The removal of the cornea was
attended with similar results.

When the erystalline was ecither depressed or extracted, as in
thir operations for cataract, the image was still formed at the bot-

or. L 22
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tom of the eye; but it was badly defined, slightly illuminated, and
at least four times the usual size.

Lastly, when the cornea, aqueous humour, and crystalline, were
- removed, leaving only the capsule of the crystalline and the vitre-
- ous humour, an image was no longer formed upon the retina; the
ll.ghlt from the luminous body reached it, but it assumed no shape
similar to that of the body from which it emanated.

The greater part of these results, as MacENDIE remarks, accord
very well with the theory of vision. Not so, the distinctness of the
image under these deranging circumstances. According to the
commonly received notions on this subject, it is necessary, in or-
der to have the object depicted with distinctness on the retina, that
the eye should accommodate itself to the distance at which the ob-
ject is placed; otherwise indistinet vision must result. This is a
subject, however, that will be discussed presently.

uch are the general considerations relating to the progress of
luminous rays from an object through the dioptrical part of the or-
gan of sight to the nervous portion—the retina. We shall now in-
quire.into the offices executed by the separate parts that enter into
its composition, where they have not already engaged attention.

The cornea, agueous humour, crystalline, and vitreous humour,
we have shown to be a series of refractive bodies, for concentratin
the luminous rays on the retina; to keep the parietes of the eye dis-
tended, and to afford surface for the expansion of the retina;—thus
enlarging the field of vision. It is probably owing to their different
refractive powers, that the eye is achromatic; or, in other words,
that the rays, impinging upon the retina, are not decomposed
into their constituent colours, an inconvenience which apper-
tains to the common lens. (Fig. 24.) The eye is strictly achro-
matic; and it has been an object of earnest inquiry amongst phi-
losophers, how the aberration of refrangibility is corrected in
it. Euvrer first, perhaps, asserted, that this is owing to the dif-
ferent refractive powers of the humours; and he conceived, that, by
imitating this structure in the fabrication of lenses, they might be
rendered achromatic. Experience has shown the accuracy of this
opinion, (Fig. 25.) Others have believed that the effect is produced
by certain of the humours, as the aqueous and the vitreous, which

they have considered capable of correcting the dispersion produced
by the cornea and crystalline. Others have placed it in the crystal-
line, the layers of which, being of different dispersive powers, might
correct each other. Lastly, some have denied altogether the neces-
sity for the eye’s being achromatic; asserting, that the depth of the
organ is so inconsiderable, that the dispersion of the rays, by the
time they reach the retina, ought to be inappreciable. Such was the
opinion of PALEMBERT. MaAskELEVNE calculated the amount of

the abemﬁw must necessarily take place in the eye, and con-
 cluded that it d be fourteen or fifteen times less than in a com-
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mon refracting telescope, and therefore imperceptible. Uncertainty
still rests on this subject; and it cannot be removed until the dis-
persive and refractive powers of the transparent parts of the organ
be mathematically determined; as well as their exact curvatures.
It has been already shown, that the data we possess on this subject
from different observers are sufficiently imprecise.

Our knowledge, then, is restricted to the fact, that the eye is
perfectly achromatic, and that, in this respect, it exceeds any in-
strument of human construction. The views of EvLeEr are the
most probable; and the effect is doubtless much aided by the iris
or diaphragm, which prevents the rays from falling upon the mar-
gins of the lens, where, by the surfaces meeting at an angle, the
aberration is necessarily greatest.

Of the coats of the eye—the sclerolic, as has been remarked,
gives form to, and protects the organ.

The choroid is chiefly useful by the black pigment, which lines
and penetrates it. It will be seen, indeed, that some individuals,
on insufficient grounds, have esteemed it the seat of vision. Leaving
this question for the moment, and granting, as we shall endeavour
1o establish, that the impression is received upon the expansion of
the optic nerve—the retina—the use of the choroid would seem to
be, in ordinary circumstances, to afford surface for the pigmentum
nigrum, whose function it is to absorb the rays after they have
passed through the retina, and thus to obviate the confusion that
would arise from varied reflections, were the choroid devoid of
such dark covering. In the a/binos or white animals, the pigment,
being wanting, this inconvenience is really experienced, so that
they become nyctalopes, or at least see but imperfectly during the
day. In the night, however, or when the light is feeble, their vision
is unimpaired; and hence the albinos of our species have been call-
ed by the Germans and Dutch, kakerlaken, or cockroaches.

Sir Everarp HouME is of opinion, that the pigmentum nigrum
of the eye is provided as a defence against strong light, and hence
it is lightest in those countries farthest removed from the effects of
the sun. In confirmation of this he remarks, that it is dark in the
monkey and in all animals that look upwards, and in all birds ex-
posed to the sun’s rays; whilst the owl, that never sees the sun,
has no black pigment. The function, assigned to it by Sir EvERARD,
it doubtless possesses likewise.

The use of the shining spot on the outside of the optic nerves,
in the eyes of quadrupeds, called the Zapefum, has been an inter-
esting theme of speculation, and has given rise to much ingenious,
and to not a little ridiculous hypothesis amongst naturalists. The
absence of the black pigment necessarily occasions the reflection
of a portion of the rays from the membrana Ruyschiana; and it
has been presumed, that these reflected rays, in their passage back
through the retina, may cause a double impression, and thus add
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to the intensity of vision. Another view has been, that the reflect-
ed rays may pass outwards through the retina without exeiting any
action, to be thrown on the object in order to increase the distinet-
ness of the image on the retina, by an increase of its light. Dr.
FLEMING, who, in his work on the Philosophy of Zoology, usually
exhibits much philosophical acumen and physiological accuracy,
thinks it not probable, that both surfaces of the retina are equally
adapted for receiving impressions of external objects, and that the
rays in their passage inwards alone produce the image. More re-
cently, however, M. DesmouLixs has adduced many facts and argu-
ments to show, that the tapetum really does act the part of a mirror,
and by returning the rays through the retina, subjects it to a double
contact. He affirms,that in nocturnal animals, and in many fishes and
birds, which require certain advantages to compensate for the con-
ditions of the media in which they are situated, the tapetum is of
great extent, and always corresponds to the polar segment of the
eyeball, or to the visual axis; that in many animals, as in the cat,
the pigmentum nigrum is wholly wanting; and that it is only ne-
cessary for the vision of diurnal animals. He farther remarks,
that, in man, the pigment diminishes according to age; and
that in advanced life it becomes white; and he ingeniously pre-
sumes, that this is a means employed by nature to compensate, in
some measure, for the gradual diminution in the sensibility of the
retina,—the choroid beneath reflecting more and more of the rays
according as the pigment is removed from its surface. The views of
M. DesmouLiNs are the most satisfactory of any that have been
pounded, and impress us the more forcibly, when we compare
them with some other fanciful speculations, such as that of M.
RicaeraxDp, who supposes, that the use of the tapetum is to cause
animals to have an exaggerated opinion of man! As if the same
effect would not be produced whatever were the object that im-
pressed the organ. q

The ¢ris has been compared, more than once, to the diaphragm
of alens or telescope. Its function consequently must be, to cor-
rect the aberration of sphericity, which would otherwise take
place. This it does by diminishing the surface of the lens on which
the rays impinge, so that they meet at the same focus on the re-
tina. Bror has remarked, that this diaphragm is situated in the
eye precisely at the place where it can best fulfil the office, and
yet admit the greatest possible quantity of light.

The iris is capable of contracting or dilating, so as to contract
or dilate the pupil. It has been already observed, that the views
of anatomists, regarding the muscular structure of the iris, have
been very discrepant, and that some esteem it to be essentially vas-
cular and nervous, the vessels and nerves being distributed on an
erectile tissue.  The partizans of each opinion explain the motions
of the iris differently. They who admit it to consist of muscular
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fibres affirm, that the pupil is contracted by the action of the cir-
cular fibres, and dilated by that of the radiated. Those, again, that
deny the muscularity of the organ, say, that contraction of the
pupil is caused by the afflux of blood into the vessels, or by a sort
of turgescence similar to what occurs in erectile parts in general,
and dilatation by the withdrawal of the surplus fluid.

Admitting, (and we think this must be conceded,) that the iris
is really muscular, we meet with a singular anomaly in its physio-
logy—thal no ordinary stimulus, applied directly to it, has any
effect in exciting it to contraction. It may be pricked with the
point of a cataract needle without the slightest motion being ex-
cited ; and, from the experiments of FonTana and Carpawi, it
seems equally insensible, when luminous rays are made to impinge
on it; yet MM. FowLer, Rixsnorp, and Nysten, have proved,
that it contracts, like other muscular parts, on the application of
the galvanic stimulus. Like them, too, it is under the nervous in-
fluence, its movements being generally involuntary ; but, there is
some reason to believe, occasionally voluntary. Dr. RoceT asserts
that this is the case with his eye. In the parrot, and in certain
nocturnal birds, its motions are manifestly influenced by volition;
and, when the cat is roused to attention, the pupil dilates, so as to
allow a greater quantity of light to reach the retina.

MacEexDIE affirms, that the attention and effort, required to see
minute objects distinctly, occasion contraction of the human pupil.
He selected an individual, whose pupil was very movable; and
placing a sheet of paper in a fixed position, as regarded the eye
and the light, he marked the state of the pupil. He then directed
the person to endeavour, without moving the head or eyes, to read
very minute characters, traced on the paper. The pupil imme-
diately contracted, and continued so as long as the effort was main-
tained.

Many experiments have been made to discover the nerve, which
presides over the movements of the iris. These experiments have
demonstrated, that if, instéad of directing a pencil of rays upon the
iris, we throw it upon the retina, or through the retina on the
choroid, contraction of the pupil is immediately induced. The
movements of the iris must, then, be to a certain extent under the
influence of the optic nerve. It is found, indeed, that if the optic
nerve be divided, in a living animal, the pupil becomes immoy-
able and expanded. Yet, that the motions of the iris are not solely
influenced by this nerve is evinced by the faet, that in many cases
of complete amaurosis of both eyes, there has been the freest dila-
tation and contraction of the pupil ; and also that the section of the
nerve of the fifth pair, which chiefly supplies the iris, equally in-
duces immebility of the pupil. The same effect is produced, ac-
cording to Mr. Herserr Mavo, by dividing the third pair;
and, according to DEsmovLIiNs, in the eagle, whose iris is ex-
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tremely movable, the third pair is the only nerve distribuled to
the organ.

The general remark, made by Broussass, on the organs that
combine voluntary and involuntary functions, is applicable here;
—that they will be found to possess both cerebral and gan-
glionic nerves. Accordingly, MAceENDIE conjectures, that those
of the eiliary nerves, which proceed from the ophthalmic gan-
glion, preside over the dilatation of the pupil, or are the nervesof
involuntary action; and that those, which arise from the nasal
branch of the fifth pair, preside over the contraction of the pupil.
We can thus understand why, in apoplexy, epilepsy, &e., the pu-
pil should be immovably dilated. All volition and every cerebral
phenomenon are abolished by the attack ; the nerve of the filth
pair, therefore, loses its influence; and the iris is given up to the
agency of the ganglionic nerves, or nerves of involuntary action,
proceeding from the ophthalmic ganglion.

_ On the whole, as the preceding detail will have sufficiently evi-
denced, our notions, regarding the motions of the iris, and the
nerves that preside over them, are vague and unsatisfactory.

The iris contracts or dilates according to the intensity of
the light that strikes the eye. If the light from an object be
feeble, the pupil is dilated to admit more of the luminous rays; on
the contrary, if the light be powerful, it contracts. We see this
very manifestly on opening the eyes, after they have been for
some time closed, and bringing a candle suddenly near them. Itis
one of the means we frequently employ in cerebral diseases to
judge of the degree of insensibility. :

We shall presently inquire into the effect of contraction or di-
latation of the pupil on distinet vision ; and show that they are ae-
tions for accommodating the eye to vision at different distances.

We may conclude, then, that the iris is one of the most import-
ant parts of the visual apparatus; and that its functions are mul-
tiple:—that it is partly the cause of the achromatism of the organ,
by preventing the rays of greatest divergence from falling near the
marginal parts of the crystalline:—that it corrects the aberration
of sphericity—regulates the quantity of light admitted through the
pupil, and accommodates the eye, to a certain extent, to vision at
different distances.

An enumeration of the multiform sentiments entertained, re-
garding the functions of the ciliary processes, will show how little
we know, that is precise, on this matter, also. They have often
been considered contractile; some believing them connected with
the motions of the iris, others to vary the distance of the crystal-
line from the retina. Jacosson makes them dilate the apertures,
which he conceives to exist in the canal goudronné, so as to cause
the admission of a portion of the aqueous humour into the canal,
and thus to change the situation of the crystalline. Others believe
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that they seerete the pigmentum nigrum ; and others—the aqueous
humour. But the processes are wanting in animals, in which the
humours, notwithstanding, exist. There is no opinion, perhaps,
more probable than that of HALLER;—that they are destined to assist
mechanically in the constitution of the eye, and have no farther use.

The function of the refina remains to be considered. It is
the part that receives the impression from the luminous rays,
which impression is, by the optic nerve, conveyed to the brain.
This nervous expansion was, at one time, universally believed to
be the most delicately sensible membrane of the animal frame. Of
late, it has been shown by the experiments of MAgEwnDIE, that the
sensibility of both it and the optic nerve is almost entirely special,
and limited to the appreciation of light:—that the general sensi-
bility is exelusively possessed by the fifth encephalic pair, and that
the nerve of special sensibility is incapable of executing its func-
tions, unless that of general sensibility be in a state of integrity.
That distinguished physiologist found, when a couching needle
was passed into the eye at its posterior part, that the retina might
be punctured and lacerated without the animal exhibiting evidences
of pain. The same result attended his experiments on the optic
nerves. These nerves, both anterior and posterior to their decus-
sation, as well as the thalami nervorum opticorum, the superficial
layer of the tubercula quadrigemina, and the three pairs of motor
nerves of the eye gave no signs of general sensibility. On the
other hand, the general sensibility of the anterior part of the eye—
of the conjunctiva,—is well known. It is such, that the smallest
particle of even the softest substance excites intense irritation.
This general sensibility Macexpie found to be totally annihilated
by the division of the fifth pair of nerves within the cranium; so
that hard-pointed bodies and even liquid ammonia made no painful
"impression on the conjunctiva. Nictation was arrested, and the
eye remained dry and fixed like an artificial eye behind the para-
lyzed eyelids. The sight, in this case, also, was almost wholly
lost; but by making the eye pass rapidly from obscurity into the
vivid light of the sun, the eyelids approximated, and, consequently,
some slight sensibility to light remained; but it was extremely
slight. In this sense, then, as in the senses of hearing and smell,
we have the distinetion between a special nervous system of sense,
and a nervous system of general sensibility, without which the
former is incapable of executing its elevated functions.

The expansion of the retina occupies at least two-thirds of the
circumference of the eyeball. It is of obvious importance that it
should have as much space as possible; and in ecertain animals, in
which the sense is very acute, the membrane is plaited, so as to have
a much larger surface than the interiorof the eyeball; and thustoallow
the same luminous ray to impinge upon more than one point of the
membrane. This is seen in the eyes of the eagle and vulture, and in
nocturnal animals, The inconceivable acuteness of the sense of sight
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in birds of prey, has already been referred to,under the sense of smell.
It was there stated, that the strange facts regarding the condor, vul-
ture, turkey-buzzard, &ec., which meet in numbers in the forests,
when an animal is killed, ought rather to be referred to acuteness
of the sense of sight than of smell. Sir Everarp Home affords an
additional illustration of this subjeet. ¢¢In the year 1778, Mr.
Baser, and several other gentlemen, were on a hunting party in
the Island of Cassimbusar, in Bengal, about fifteen miles north of
the city of Marshedabad; they killed a wild hog of uncommon
size, and left it on the ground near the tent. An hour after, walk-
ing near the spot where it lay, the sky perfectly clear, a dark spot
in the air, at a great distance, attracted their attention; it appeared
to increase in size, and to move directly towards them; as it ad-
vanced it proved to be a vulture flying in a direct line to the dead
hog. In an hour, seventy others came in all directions, which in-
duced Mr. Baner to remark,—this cannot be smell.”” How incon-
ceivably. sensible to its special irritant must this membrane be in
the human eye, when we consider that every part of an extensive
landscape is depicted upon its minute surface; not only in its pro-
per situation, but with all its varied tints! and how impracticable is
1t for us to comprehend how the infinitely wider range of country
can be so vividly depicted on the diminutive eye of the vulture,
as to enable it to see its prey from such a remote distance!

Having traced the mode in which the general physiology of
vision is effected, and the part performed by each of the constituents
of the eye proper, we shall briefly consider the functions of the
rest of the visual apparatus; the anatomical sketch of which has
been given under the head of accessory organs; and afterwards -
inguire into the various interesting and important phenomena ex-
hibited by this sense.

These organs perform but a secondary part in vision. The orbit
shelters the eye, and proteets it from external violence. The eye-
brows have a similar effect; and, in addition to this, the hair, with
which they are furnished, by virtue of its oblique direction to-
wards the temple, and by the sebaceous secretion that covers it,
prevents the perspiration from flowing into the eye, and directs it
towards the temple or the root of the nose. By contracting the
eyebrows, they can be thrown forwards and downwards in
wrinkles; and can thus protect the eye from too strong a light,
especially when coming from above.

The eyelids cover the eye during sleep, and preserve it from
the contact of extraneous bodies. During the waking state, this
protection is afforded by the instantaneous occlusion of the eyelids,
on the anticipation of danger to the ball. The incessant nictation
likewise spreads the lachrymal secretion over the surface of the
conjunctiva, and cleanses it; whilst the movement, at the same
time, probably excites the gland to augmented secretion.
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and the vision of the myopic or short-sighted can, in this way, be
assisted. It is a means of which they often avail themselves.

The cilia or eyelashes, it is probable, are of similar advantage
as regards the admission of light into the eye, and have some part,
probably, in preventing extraneous bodies, borne about in the air,
from reaching the sensible conjunctiva. !

The muscles of the eyeball have acquired the chief portion of
their interest of late years, and largely through the investigations
of the eminent physiologist—of whose labours we have so fre-
quently had occasion to speak—Sir CaArLEs Berr. The arrange-
ment of the four straight muscles, and especially their names, suf-
ficiently indicate the direction in which they are capable of moving
the organ, when acting singly. If any two of them contract to-
gether, the eyeball will, of course, be moved in the direction of
the diagonal, between the two forces; and if each muscle contracts
rapidly after the other, the organ will execute a movement of cir-
cumduction. The obligue muscles are antagonists to each other,
and roll the eye in opposite directions; the superior oblique direct-
ing the pupil downwards and outwards; the inferior upwards and
inwards. But as the different straight muscles are capable of carry-
ing the eye in these directions, were we to regard the two sets of
muscles as possessing analogous functions, the oblique would ap-
pear to be superfluous.

This, along with other reasons, attracted the attention of Sir
CuarLes BeLL to the subject; and the result of his experiments
and reflections was:—that the straight muscles are concerned in
the motions of the eye excited by volition; and that the oblique
muscles are the organs of its involuntary motions; and, in this
manner, he accounts for several phenomena, comnected with the
play of these organs in health and disease.

Whilst the power of volition can be exerted over the recti mus-
cles, the eye is moved about in the waking state by their agency;
but as soon as volition fails, from any cause, the straight muscles
cease to act, and the eye is turned up under the upper eyelid.
Hence it is, that this happens at the approach of, and during sleep:
and whenever insensibility occurs, from any cause, as in faintness,
or on the approach of dissolution; and that turning up of the eye-
ball, which we have been accustomed to regard as the expression
of agony, is but the indication of a state of incipient or total in-
E'EﬂSibilitF;

Whenever, too, the eyelids are closed, the eyeball is moved, so
that the cornea is raised under the upper eyelid. If one eye be
fixed upon an object, and the other be closed, with the finger so
placed as to feel the convexity of the cornea through the upper eyelid,
and the open eye be shut, the cornea of the other eye will be found
to be elevated. This change takes place during the most rapid
winking motions of the eyelids; and is obviously inservient to the
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protection of the eye; to the clearing of the eyeball of every thing
that could obseure vision, and perhaps, as Sir CaarLes BELL pre-
sumes, to procure the discharge from the ducts of the lachrymal
gland. During sleep, when the closure of the eyes is prolonged, the
transparent cornea is, by this action, turned up under the upper
eyelid, where it is securely lodged and kept moist by the secretions
of the lachrymal gland and conjunctiva.

The different distributions of the motor nerves of the eye have
been described in the anatomical sketch. It is there stated, that
the superior oblique muscle receives one whole pair of nerves:—the
fourth pair. This nerve, then, it seemed to Sir CuarrLEs BeLL,
must be coneerned in the functions we have described; and as the
various involuntary motions of the eyeball are intimately concerned
in expression, as in bodily pain, and in mental agony,—in which
the action of the direct muscles seem, for a time, to be sus-
pended,—he was led to consider the fourth pair as a nerve of
expression—a respiratory nerve; and, hence, intimately connected
with the facial nerve of the seventh pair, which, as has already
been remarked, is the great agent in the twinkling of the eyelids.
Anatomical examination confirmed thisview;—theroots of the nerve
being found to arise from the same column as the other respiratory
nerves. The coincidence of this twinkling and of the motion of
the eyeball upwards was, therefore, easily understood.

There is a difficulty, however, here, which has doubtless already
suggested itself. The fourth pair of nerves is distributed to the
superior oblique only; the lesser oblique receives none of its rami-
fications. They cannot, therefore, be identically situated in this
respect. Yet they are both considered by Sir CuarrLes BeLL as
involuntary muscles. The action, indeed, of the lesser oblique
would appear to be even more important than that of the greater
oblique, as the function of the latter, when acting singly, is to carry
the eye upwards and inwards; and, when the action of its antago-
nist is abolished, this is more clearly manifested. Sir CHARLES
Berr found, that the effect of dividing the superior oblique was
to cause the eye to roll more forcibly upwards: in other words,
it was given up, uncontrolled, to the action of the antagonist
muscle.

This difficulty, although it is not openly stated by Sir CuARLES,
must have impressed him ; as, after having referred to the eflect of
the division of the superior oblique, he is constrained to suggest
an influence to the fourth pair, which would, we think, be anoma-
lous:—that it may, on certain occasions, cause a relaxation of the
muscle to which it goes, and, in such case, the eyeball must be
rolled upwards!

We have still, therefore, much to learn regarding this subject,
into which so much interest, and, al the same time, so much un-
certainty has been infused. The views of Sir CHARLES regarding
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the functions of the two sets of muscles on certain optical pheno-
mena will be dwelt upon hereafter.

The great use of the /ears would seem to be to moisten the con-
junctiva, and to remove extraneous bodies from its surface; thus
assisting the motions of the eyelids and eyeball, just referred to.
These tears are secreted by the lachrymal gland; and, by means
of its excretory ducts, are poured upon the surface of the tunica
conjunctiva, at the upper and outer part of the eye. Their farther
course towards the puncta lachrymalia has been the subject of dif-
ference of sentiment. The generality of physiologists consider,
that, owing to the form of the tarsal cartilages, a canal must exist,
when the eyelids are closed, of a triangular shape, formed ante-
riorly by the junction of the cartilages, and behind by the ball of
the eye. MaGENDIE, on the other hand, denies the existence of
this canal, and asserts, that the tarsal cartilages do not touch by a
rounded edge, but by an inner plane surface. If we were to grant
the existence of this canal, it could only aid us in our explanation
of the course of the tears during sleep. In the waking state, they
are not ordinarily secreted in such quantity as to require that much
should pass to the puncta; the movements of nictation spreading
them over the surface of the eye, whence they are partly absorbed,
and the rest perhaps is evaporated. Under extraordinary circum-
stances, however, the gland increases its secretion so much, that
the tears not only pass freely through the lachrymal ducts into the
nose, but flow over the lower eyelid. The epiphora or watery
eye, caused by obstruetion of these ducts, also proves that a certain
quantity of the secretion must always be passing into the puncta.
The physical arrangements of the eyelids and tunica conjunctiva
are doubtless the cause of their course in this direction.

It has been gratuitously supposed by some, that the humour of
MErsomivs prevents the tears from reaching the outer surface of
the lower eyelid; acting like a layer of oil on the margin of a ves-
sel filled with water. A similar function has been assigned to the
secretion of the caruncula lachrymalis. Both these fluids, how-
ever, are probably inservient to other ends. They are readily mis-
cible with water—become consequently dissolved in the tears, and,
with the assistance of the fluid secreted by the tunica conjunctiva,
aid the movements of the eyelids over the ball of the eye, and
keep the tarsal margins and their appendages in the condition re-
quisite for the due performance of their functions.

The action of the puncta themselves in admitting the tears has
received different explanations. ApEevrox regards it as organic and
vita. 'We ought, however, in all cases, to have recourse to this
mode of aceounting for phenomena as the ultima ratio, and the
present appears to us to be a case in which it is singularly unne-
cessary. In many of the results of absorption we are compelled
to suppose, that a vital operation must have been concerned in the
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process. Where, for example, as in the case of the lymphatie ves-
sels, we find the same fluid circulating, whatever may have been
the nature of the substances whence it was obtained, the evidence,
that a vital action of selection and elaboration has been going on,
is irresistible: but no such action can have occurred in the case in
question. The tears in the lachrymal ducts and in the ductus ad
nasum are identical with those spread upon the surface of the eye;
the only difference being in their situation. This is one of the
few cages in the human body, which admit of satisfactory explana-
tion on the physical principles of ‘capillary attraction. In vege-
tables, the whole of the circulation of their juices is to be thus ae-
counted for. If we twist together several threads of yarn, moisten
them, and put one extremity of the roll into a vessel of water, al-
lowing the other to hang down on the outside of the vessel, and
to dip into an empty vessel placed below it, we find, that the
whole of the fluid, in the first vessel, is in a short time transferred
to the second. If, again, we take a small tube, less than the twen-
tieth part of an inch in diameter, which is called capillary, and
place it so as to touch the surface of water, we find, that the
water rises in it to a height, which is greater the smaller the
bore of the tube. If the diameter of the tube be the fiftieth part
of an inch, the water will rise to the height of two inches and a
half; if the one hundredth part of an inch, to five inches; if the
two hundredth part of an inch, to ten inches; and so on. Now, the
punctum lachrymale is, in our view of the subject, the open ex-
tremity of a capillary tube, which receives the fluid of the lachry-
mal gland and conveys it to the nose, being properly directed to-
wards the eyeball by the tensor tarsi muscle of HorNER.

Lastly, the funica conjunctiva is another part of the guardian
apparatus of the eye. It secretes a fluid, which readily mixes with
the tears and appears to have similar uses. Like the mucous mem-
branes in general, it absorbs; and, in this way, a part of the la-
chrymal secretion is removed from its surface. An animal, for the
same reason can be readily poisoned by applying Prussic acid to
it. As the conjunctiva lines the eylids and is reflected over the
globe, it supports the friction, when the eyeball or eyelids are
moved ; but, being highly polished and always moist, the whole
of this is but insignificant.

The extreme sensibility of the outer part of the eye appertains
entirely to the tunica conjunctiva, and is dependent on the ophthal-
mie branch of the fifth pair. When this nerve was divided in a
living animal, MaGexpIE found that the membrane became en-
tirely insensible to every kind of contact, even of substances that
destroyed it chemically. In his experiments on this subject, he ar-
rived at some singular results, regarding the influence of the fifth
pair on the nutrition of the eye. When the trunk of the nerve was
divided within the cranium, a little after its passage over the pe-
trous portion of the temporal bone, the cornea was found, ahout
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twenty-four hours afterwards, to become troubled, and a large spot
to form upon it. In the course of from forty-eight to sixty hours,
this part was completely opaque; and the conjunctiva, as well as
the iris, was in a state of inflammation; a turbid fluid was thrown
out into the inner chamber, and false membranes proceeded from
the interior surface of the iris. The erystalline and vitreous hu-
mour now began to lose their transparency; and, in the course of
a few days, were entirely opaque.

Eight days after the division of the nerve, the cornea separated
from the sclerotica; and the portions of the humours that remained
fluid escaped at the opening. The organ diminished in size, and
ultimately became a kind of tubercle, filled with a substance of a
caseous appearance. MAGENDIE properly concludes from these
experiments, that the nutrition of the eye is under the influence of
the fifth pair ; and he conceives, that the opacity of the cornea was
directly owing to the section of this nerve, and not to a cessation
of the lachrymal secretion or to the prolonged contact of air, caused
by the paralysis of the eyelids; inasmuch as when the branches of
the nerve proceeding to the eyelids were simply divided, or when
the lachrymal gland was taken away, the opacity did not super-
vene.

Phenomena of Fision.

It has been more than once remarked, that the retina—the ex-
pansion of the optic nerve—is the part of the eye that re-
ceives the impressions of luminous rays, from which they are
conveyed by the optic nerve to the brain. Yet this has been
contested.

The Abbé Mariorre discovered the singular fact, that when a
ray of light falls, as he conceived, upon the centre of the optic
nerve, it excites no sensation.

¢¢ Having often observed,”” he remarks, ‘‘on dissections of men
as well as of brutes, that the oplic nerve does never answer just to
the middle of the bottom of the eye; that is, to the place where
the picture of the object we look directly upon is made ; and that
in man it is somewhat higher, and on the side towards the nose;
to make therefore the rays of an object to fall upon the optic nerve
of my eye, and to find the consequence thereof, 1 made this expe-
riment. I fastened on an obscure wall, about the height of my
eye, a small round paper, to serve me for a fixed point of vision.
I fastened such another on the side thereol towards my right hand,
at the distance of about two feet, but somewhat lower than the first,
to the end that I might strike the optic nerve of my right eye,
while I kept my left shut. Then I placed myself over against the
first paper, and drew back by little and little, keeping my right
eye fixed and very steady on the same, and being about ten feet
distant, the second paper totally disappeared.”
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It is obvious, from what has been said regarding the axes of the
orbits and the part of the eyeball at which the optic nerve enters,
that rays of light from an object can never fall, at the same time,
upon the insensible point of each eye. The defect in vision is, con-
sequently, never experienced except in such experiments as those
performed by MarrorTe. In one of these he succeeded in direct-
ing the rays to the insensible points of both eyes at once. He put
two round papers at the height of the eye, and at the distance of
three feet from each other. By then placing himself opposite them
at the distance of twelve or thirteen feet, and holding his thumb
before his eyes, at the distance of about eight inches, so that it con-
cealed from the right eye the paper on the left hand, and from the
left eye the paper on theright, he looked at his thumb steadily with
both eyes, and both the papers were lost sight of.

These experiments certainly show, that there is a part of the re-
tina or oplic nerve, which is, in each eye, insensible to light; and
that this point is on the nasal side of the axis. No sooner, however,
had MarrorTe published an account of his experiments than it
was decided, that this spot was the base of the optic nerve; a con-
clusion was accordingly drawn, that it is incapable of distinct vision,
and this conclusion has been embraced, without examination, in
almost all the books of optics to the present time. Although pro-
bable, however, it is by no means certain that the light, in these
cases, does fall upon the base of the nerve. The direction in which
the ray proceeds is such, that it is reasonable to suppose it does
impinge there; the suggestion of M. THILLAYE, that it falls upon
the yellow spot of SoEMMERING, can only be explained by his being
in utter ignorance of its situation, which we have seen to be on the
outer side of the nerve. But granting that the light falls on the
base of the nerve, it by no means demonstrates, that the nerve is
incapable of receiving the impression. It has been already shown,
that the central artery of the retina penetrates the eye through the
very centre of the nerve; and, through the same opening, the cen-
tral vein leaves the organ. It is probable, therefore, that, in these
experiments, the ray falls upon the blood-vessels, and not upon the
medullary matter of the nerve; and if so, we could not expect that
there should be sensation. That the insensible spot is of small
magnitude is proved by the fact, that if candles are substituted for
the round papers or wafers, the candle does not disappear, but be-
comes a cloudy mass of light. It is true, Daxter. BernouviLLr con-
sidered the part of the nerve insensible to distinct impressions to
occupy about the seventh part of the diameter of the eye, or about
the eighth of an inch ; but there must evidently have been some error
in his caleulations, for the optic nerve itself can rarely equal this pro-
portion. The estimate of LecaT, who was himself a believer in the
views of MARIoTTE, that its size is about one-third, or one-fourth of
a line, is probably still wider from the truth in the opposite direc-
tion. Simple experiment, with two wafers placed upon a door at
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the height of the eye, will show clearly, that both the horizontal
and vertical diameters of the spot must be larger than this.

The fact, observed by MartorTE, was not suffered to remain in
repose. A new hypothesis of vision was formed upon it; and as
he considered it demonstrated, that the optic nerve was insensible
to light, he drew the inference, that the retina was so likewise; and
as vision was effected in every part of the interior of the eye, ex-
cept at the base of the optic nerve, where the choroid is alone ab-
sent: he inferred that the choroid must be the true seat of vision.

The controversy, at one time, maintained on this subject, has
died away, and it is not our intention to disturb its ashes, farther
than to remark, that M. De LA Hirg, who engaged in it, enter-
tained the opinion, that the retina receives the impression of the
light in a secondary way, and through the choroid coat as an inter-
mediate organ: that by the light striking the choroid coat, it is
agitated, and this agitation is communicated to the retina. The
views of De LA Hire are embraced by BrewsTEr, in his recent
treatise on optics, as well as by numerous other philosophers.

The opinions of MarrorTe have now few, if any supporters.
The remarks already made, regarding the optic nerve; the effect
of diseases of the retina, of the nerve itself, and of its thalami,
compel us to regard its expansions as the seat of vision: and if we
were even to admit, with MariorTE, that the insensible portion
is really a part of the medullary matier of the nerve, and not a
blood-vessel existing there; we could still satisfactorily account for

~the phenomenon by the anomalous circumstances in which the
nervous part of the organ is there placed. The choroid coat, of
great importance in the function, is absent; as well as the pigmen-
tum nigrum; and hence we ought not to be surprised, that the
function is imperfectly executed; we say imperfectly, for the ex-
periment with the candles exhibits, that the part is not really in-
sensible to light; or is so in a very small portion of its surface only.

It may seem, at first sight, that the fact of this defect existing
only in the centre of the optic nerve, or at the porus opticus, as
it has been termed, where the central artery of the retina enters,
and the corresponding vein leaves the organ, militates against the
idea of its being caused by the rays impinging upon these vessels;
as, if so, we ought to have similar defects in every part of the re-
tina, where the ramifications of these vessels exist. Circumstances
are not here, however, identical. When the ray falls upon the
porus opticus, it strikes the vessels in the direction of their length;
but, in the other cases, it falls transversely upon them; pierces
them, and impresses the retina beneath; so that, under ordinary
cireumstances, no difference is perceived between the parts of the
retina, over which the vessels creep, and the remainder of its ex-
tent. We can, however, by an experiment deseribed by J. G.
STEINBUCH, in his Beitrag zur Physiologie der Sinne, published
at Niirnberg, in 1811, exhibit that under particular circumstances
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render the rays, proceeding from an object, more convergent, and
enable the eye to refract them to a focus farther forward, or on the
retina,

Although the presbyopic eye is unusual in youth, it is some-
times met with. A young friend, at ten or twelve years of age,
was compelled to employ spectacles, adapted to advanced life; and
this was the case with several of the members of a family, to whom
the arts have been lar%eijr indebted in this country. One of them,
at twenty, was compelled to wear spectacles which were almost
microscopes.

Both the myopic and the presbyopic conditions exist in a thou-
sand degrees, and hence it is impossible to say, @ priori, what is
the precise lens, which will suit any particular individual. This
must be decided by trial. The opticians have their spectacles ar-
bitrarily numbered to suit different periods of life, but each person
should select for himself such as will enable him to read without
effort at the usual distance.

A degree of myopy may be brought on by long-protracted at-
tention to minute and near objects; as we observe occasionally in
the watchmaker and engraver; and again, a person, who has been
long in the habit of looking out for distant objects, as the sailor, or
the watchman at the signal stations, is rendered less fitted for mi-
nute and near inspection.

During the domination of NarorEoN, when the conseript laws
were so oppressive, the young men frequently induced a myopic
state of the eye, by the constant use of glasses, of considerable con-
cavity ; this defect being esteemed a sufficient ground of exemp-
tion from military service.

Anmother question, which has given rise to much disputation and
experiment is, why, as we have two eyes, and the image of an ob-
ject is impressed upon each of them, we do not see such object
double ?

SmiTH, in his “ Opties,”” and Burron consider that in infancy
we do see it double; and that it is not until we have learned by
experience,—by the sense of touch for example,—that one object
only exists, that we acquire the power of single vision. After the
mind has thus become instruected of its error, a habit of rectifica-
tion is attained, until it is ultimately effected unconsciously.

The objections to this hypothesis are many and cogent. We are
not aware of any instance on record, in which double vision has
been observed to occur in those, who, having laboured under cata-
ract from birth, have received their sight by an operation; and we
are obviously precluded from knowing the state of vision in the
infant; although the simultaneous and parallel motion of the eyes,
which is manifestly instinctive, and not dependent upon habit,
would induce us to presume, that the images of objects—as soon
as the parts have attained the necessary degree of development—
are made to fall upon corresponding parts of the retinz. This, we
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the relation of the optic nerves to each other is the same, and,
moreover, the same explanation ought to apply to audition, in
which we have two distinct impressions, but only a single percep-
tion. Yet no one conceives that the auditory nerves decussate.

Another opinion has been maintained;—that we do not actually
receive the perception of two impressions at the same time, but
that vision consists in a rapid alternation of the eyes, according as
the attention is directed to one or other of them by accidental cir-
cumstances. Such was the opinion of Durours. A modification
of this view was entertained by LiecaT, who asserts, that, although
the right eye is not always the most powerful, it is the most
frequently employed: and Garr openly denies, that we use both
eyes at the same time, except in the passive exercise of the fune-
tion. In active vision, he asserts, we always employ one eye only ;
sometimes the one and sometimes the other; and thus, as we receive
but one impression, we necessarily see but one object. In support
of this view he remarks, that, in many animals, the eyes are si-
tuated at the sides of the head, so as not to be capable of being di-
rected together to the same object. In them, consequently, one
eye can alone be used; and he considers this a presumption that
such is the case in man. He remarks farther, that in many cases
we use one eye by preference, in order, that we may see better;
as in shooting, or in taking the direction of objects in a straight
line, &ec.; and that although, in other cases, both eyes may be open,
we still use but one. In proof of this he says, the shade of a small
object, placed between the eyes and a lighted body, does not fall
between the eyes on the roof of the nose, as it ought to do if the
body were regarded with both eyes, but on each eye alternately,
according as the one or the other is directed to it: and, he adds, if,
when we squint voluntarily, we see two objeets, it is because one
eye sees passively, whilst the other is in activity.

Amongst the numerous objections to this view of the subject, a
few may be sufficient. Every one must have observed how much
more vividly an object is seen with both eyes than with one only.
The difference indeed according to Jurin is a constant quantity ;
and, in sound eyes of the ordinary degree of power, amounts to
one-thirteenth of the whole effect. But we have experiment to
show, that a distinct impression is made upon each eye.

If a solar beam be admitted into a dark chamber, and be made
to pass through two glasses of tolerable thickness, but of different
colours, placed close alongside each other, provided the sight be
good, and the eyes of equal power, the light, which is perceived,
will not be of the colour of either of the glasses, but will be of an
intermediate shade; and, when this does not happen, it will be
found that the eyes are of unequal power. When such is the case,
the light will be of the colour of the glass, that is placed before the
-st.r%pger Ieye. These results were oblained in the Cabinet de
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where the rays fall upon the centres of the retinz; and that these
centres have been called the points of distinct vision. Now, the
other corresponding points of the retine are not, as Dr. ArRNoTT
has asserted, equidistant and in similar directions from the centres
of the retinze. They are in similar directions, but not equidistant,
as will be obvious from the figure. Let us suppose the axes direct-
ed to the star A, and that rays, from an object at B, strike the two
eyes. This object, seen by oblique vision, will, for reasons pre-
viously stated, not be as distinet as the star A ; but we know from
experience, that it will be seen single. Experience, therefore,
teaches us, that the points of the two retine, on which the rays
from B impinge, are corresponding points. As, however, the rays
from B fall on the two eyes with different obliquity, these points
cannot be equidistant from the axes; the point ¢ in the eye D be-
ing necessarily more remote. In all cases, however, of oblique
vision, it is obvious, that in one eye the point will fall on the inner
or nasal side of the axis; in the other, on the outer or temporal side.
This seems essential ; for if we so modify the experiment, that the
rays from an object impinge upon the retina, with a different rela-
tion to the axes, the object is seen double; or, in other words, the
rays do not fall upon corresponding points. Letussuppose thelines
D e, Fig. 39, (see next page) to be the optic axes of the eyeballs
A and B respectively; the object at D will, of course, be seen sin-
gle; but a nearer object at S would be seen double ; because all the
rays, proceeding from it and passing through the optic centre of the
crystalline in each eye, impinge upon the retina on the outer side
of the axes; and are, therefore, not on corresponding points. In
like manner, the rays, from a more distant object at I, will impinge
on the inner side of the axes; and double vision will be the conse-
quence. That such is the case is easily proved, by holding the
finger before the eye, and looking at any object a few feet distant;
the finger will appear double ; and, if we shift our vision to the fin-
ger, the object will appear double.

In the course of the preceding remarks, it was said, that the eyes
are not always of the same power. The difference is, indeed, some-
times surprising. M. ApeELox mentions the case of a person, one
of whose eyes required a convex glass, with a focus of five inches;
the other, a concave glass with a focus of four inches. In these
cases, it is important to use one unassisted eye only ; as confusion
must necessarily arise from directing both to an object. This is the
cause why we close one eye in looking through a telescope. The
instrument has the effect of rendering the focal distance of the two
eyes unequal, and of placing them in the same situation as if they
were, originally, of different powers,
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retina, that are equally sensible. According to this view, both
eyes must of course act.

The fact of the diverted eye resuming its proper direction, when
the sound one is closed, is of important practical application. Many
of the cases of squinting, that oceur in infancy, have been induced
by irregular action in the muscles of the eyeball; so that some,
having been, from accident or from imitation, used more frequently
than others, the due equilibrium has not been maintained ; double
vision has resulted ; and the affected eye has gradually attained its
full obliquity. In these cases we can, at times, remedy the defect,
by placing a bright or conspicuous object in such a position as to
exercise the enfeebled muscles ; or we ean compel the whole labour
of vision to be effected by one eye, and fhaf the affected organ,
which under the stimulus will be correctly exerted, and thus, by
perseverance, the inequality may often be obviated. These indeed
are the only cases in which we can expect to afford relief; for if the
defect be in the interior of the eye, in a radical want of correspon-
dence between the retina, or in inequality of the foei, it is irreme-
diable.

It would appear, then, that in confirmed squinting, one eye
only is used ; and that vision is single. Arn~orT, indeed, asserts,
that “ persons who squint have always a double vision; but they
acquire the power of attending to the sensation in one eyeata
time.”” Experience and reflection are against this assertion.

We have said, that the eyeball of the imperfect eye is drawn
towards the nose, in order that as few rays as possible may pene-
trate the organ; and the vision of the sound eye be less liable to
confusion. Sir EveErarp Home, however, conceives, that it takes
this direction in consequence of the adduetor muscle being stronger,
shorter, and its course more in a straight line than that of any of
the other muscles of the eye; and Sir CuarLEs BeLL ingeniously
applies his classification of the muscles of the eye to an explana-
tion of the same fact. He asserts, that the recti muscles of the eye-
ball are in activity during attention to the impression on the re-
tina; but that, when the attention is withdrawn, the straight mus-
cles are relieved, and the eyeball is given up to the influence of
the oblique museles, the state of equilibrium between which exists,
when the eyeball is turned, and the pupil presented upwards and
inwards.

Lastly, in persons who are in the habit of taking repeated ce-
lestial observations, or in those who make much use of the micro-
scope, the attention is so entirely directed to one eye, that the
other is neglected, and will, in time, wander about, so as to pro-
duce squinting at the pleasure of the individual. In-these cases,
the eyes becomes of unequal power, so that one only can be em-
ployed where distinct vision is required.

So far our remarks have been directed to double vision, where
both eyes are employed.
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We have now to mention a very singular fact, connected with
double and multiple wvision with one eye only. If a hair, a
needle, or any small object be held before one eye—the other be-
ing closed—and within the point of distinct vision, so that the
bright light of a lamp or from a window shall fall upon the object,
i@ its passage to the eye, or be reflected from it, we appear to see
not one object but many.

This fact, when it was first observed by the author, appeared to
him to have entirely escaped the observation of opticians and phy-
siologists, inasmuch as it has not been noticed in any of the works
recently published on opties or physiology. On reference, how-
ever, to the excellent “ system” of Smrru, on the former subject,
be found in the “ Essay wupon distinct and indistinct Fision,”
by Dr. Jurin, appended to that work, the whole phenomenon ex-
plained and elucidated at considerable length. The elaborate cha-
racter of the explanation is probably the cause why the fact has not
been noticed by subsequent writers.

The best way of trying the experiment is that suggested by Ju-
riN. Take a parallel ruler, and opening it slightly, hold it di-
rectly before the eye, so as to look at a window or lamp through
the aperture. If the ruler be held at the visual point, the aperture
will appear to form one luminous line; but if it be brought nearer
to the eye, it will appear double, or as two luminous lines, with a
dark line between them ; and according as the aperture is varied,—
or the distance from the eye,—two, three, four, five or more lumi-
nous and dark parallel lines will be perceptible.

At first sight, it might seem, that this phenomenon should be
referred to the diffraction or inflection, which the light experiences
in passing by the edges of the small body,—as the hair or needle.
NewTon had long ago shown, that, when a beam of light shines
upon a hair, the hair will cast several distinet shadows upon a
screen, and will, of course, present several images to the eye. Dr.
RirrENHOUSE, in the second volume of the merican Philoso-
phical Transactions, explains on the same principle, a very cu-
rious optical appearance, noticed by Mr. Horrinson, in which,
by the inflection of light, caused by the threads of a silk handker-
chief, a multiple image of a distant lamp was presented.

The objections, however, to the explanation by inflection are,—
that the image always appears single, if the object be not within
the distance of distinct vision; and, secondly, the same multiple
image is presented, when the object is seen by refleetion, as when
we look at a fine line, drawn upon paper; or at a fine needle, held
in a bright light. In this case, a considerable number of parallel
images of the needle may be seen, all equally or mearly equally
distinet, and not coloured.

Dr. Jurin considers the phenomenon to be caused by fits of easy
refraction and reflection of light. Newrox demonstrated, that
the rays of light are not, in all parts of their progress, in the same
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disposition to be transmitted from one transparent medium into an-
other; and that, sometimes, a ray, which is transmitted through
the surface of the second medium, would be reflected back from
that surface, if the ray had a little farther to go before it impinged
upon it. This change of disposition in the rays,—to be either
transmitted by refraction, or to be reflected by the surface of a
transparent medium,—he called their fits of easy re¢fraction, and
fits of easy reflection: and he showed, that these fits succeed each
other alternately at very small intervals in the progress of the rays.

Newtoxn does not attempt to explain the origin of these fits, or
the cause that produces them; but it has been suggested, that a
tolerable idea of them may be formed by supposing that each par-
ticle of light, after its emanation from a luminous body, revolves
round an axis perpendicular to the direction of its motion, and
presents alternately to the line of its motion an attractive and a
repulsive pole, in virtue of which it will be refracted, if the at-
tractive pole be nearest any refracting surface on which it falls,
and reflected, if the repulsive pole be nearest the surface.

A less scientific notion of the hypothesis has also been suggest-
ed,—by supposing a body with a sharp and a blunt end passing
through space, and successively presenting its sharp and blunt ends
to the line of its motion. When the sharp end encounters any soft
body it penetrates it: but when the blunt end encounters the same
body, it will be reflected or driven back.

In applying this to the phenomenon in question, JURIN pre-
sumes, that the
light, in passing Fig, 390,
through the hu- c
mours of the eye,
experiences these
fits of easy refrac-
tion and easy re-
flection. Thiswill £
be understood by A&
the marginal fi-
gure, Fig. 390,
From the point A,
suppose a number
of rays of light to
proceed and to impinge, with different degrees of obliquity, on
the denser medium, B C; all the rays, which are in fits of easy
refraction, will pass through the medium to the point D; whilst
those, that are in fits of easy reflection, will be thrown back into
the medium A B C; so that we may presume, that all the rays,
which fall upon the parts of the medium B C, corresponding to the
bases of the dark cones will be reflected back, whilst those, that
correspond to the bases of the light cones, will pass to a focus at D.
Now, if all the bundles of rays, transmitted through the surface
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B C, be accurately collected into a focus, no other consequence
will arise from the other bundles of rays having been reflected
back, than that the focus will be less luminous, than it would have
been had all the rays been transmitted through it.

This explains why, at the distance of distinct vision, we have
only a single impression made on the eye.

But if we approach the object A, so that the focus is not thrown,
—say upon the screen R T, which may be presumed to represent
the retina—but behind it; the dark and light spaces will be repre-
sented upon the screen, and, of course, in concentric circles. This
happens to the eye, when the hair or needle or other object, is
brought nearer to it than the visual point. We can thus understand,
why concentrie circles, of the nature mentioned, should be formed
upon the retina; but how is it, that the objects seen preserve their
linear form ? Suppose a b, Fig. 39%,to be a luminous cone, which,

Fig. 30®, " in a fit of easy refraction, has impinged
@ ¢ e g ;upon theretina: and A B, b a, the con-

= centric circles, eorresponding to the rays,
that have been reflected. Itis obvious that
every point of the object will be the centre
of so many coneentric circles on the retina;
and if we imagine the fits of easy reflection
and refraction to be the same around those
points, we shall have the dark and lueid
lines represented by the tangents to these
circles; and hence we can comprehend
why, instead of having one lueid line e f,
we have three, separated by dark lines pa-
rallel to them; and if the light from the
luminous point be strong enough to form
more lucid rings than are represented in
Fig. 39%, and the breadth of those rings be
not too minute to be perceived, we may
have the appearance of five, seven, or
more lucid lines, separated by parallel dark

H D f ¥ ] lines.

We proceed now to consider the advantages which the mind
derives from the possession of this sense, so pre-eminently entitled
to the epithet infellectual.

Its immediate function is to give us the sensation of light and
colour. In this it cannot be supplied by any of the other senses.
The action is, therefore, the result of organization; or is a ¢ law of
the eonstitution;” requires no education; but is exercised as soon as
the organ has acquired the proper development. Yet, occasionally,
we meet with singular cases, in which the eye appears to be to-
tally insensible to certain eolours, although capable of performing
the most delicate functions of vision,
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Sir Davip BrewsTER, in his recent Treatise on Optics, and in
the article on Optics in the Library of Useful Knowledge, which
is evidently an emanation from the same mind, has collected seve-
ral of these cases from various sources.

A shoemaker, of the name of Harris, at Allonby, in Cumber-
land, could only distinguish &lack and while; and, whilst a child,
could not discriminate the cherries on a tree from the leaves, ex-
cept by their shape and size. Two of his brothers were almost
equally defective. One of them constantly mistook orange for
grass green, and light green for yellow.

A Mr. Scorr, who describes his own case in the Philosophical
Transactions, for 1778, mistook pink for a pale blue, and a full
red for a full green. His father, his maternal uncle, one of his sis-
ters, and her two sons, had all the same defect.

A Mr. R. Tuckeg, son of Dr. Tucker, of Ashburton, mistakes
orange for green, like one of the Harrises; and cannot distinguish
blue from pink, but almost always knows yellow. He mistakes
red for brown, orange for greem, and indigo and wviole? for
purple.

A tailor at Plymouth, whose case is described in the Transac-
tions of the Royal Sociely of Edinburgh, by Mr. Harvey, of
Plymouth, regarded the solar spectrum as consisting only of yel-
low and light blue; and he could distinguish with certainty only
yellow, white, and gray. He regarded indigo and Prussian blue
as black, and purple as a modification of blue. Green puzzled him
exceedingly; the darker kinds appearing to him brown, and the
lighter kinds a pale erange. On one occasion he repaired an arti-
cle of dress with erimson instead of black silk; and, on another
occasion, patched the elbow of a &/ue coat with a piece of crimson
eloth.

A still more striking case is given by Dr. Nicor, in the Medico-
Chirurgical Transactions of London, of a person in the British
navy, who purchased a blue uniform coat and waistcoat, with red
breeches to match.

Sir Davip BRewsTER refers to a case, that fell under his own
observation, where the gentleman saw only the yellow and the
blue colours of the speetrum.

This defect was experienced by Mr. DvgarLp StewarT, who
was unable to perceive any difference between the colour of the
scarlet fruit of the Siberian crab and that of its leaves.

Mr. Darron, the chemist and philosopher, cannot distinguish
blue from pink by daylight; and, in the solar spectrum, the red is
scarcely visible; the rest of it appearing to consist of two colours,
yellow and blue. Mr. TrovenTon, the optician, is fully ca-
pable of appreciating only dlue and yellow; and when he names
colours, the terms &/ue and yellow correspond to the more or less
refrangible rays;—all those, that belong to the former, exciting the

Vor. L 27



210 SENSIBILITY.

sensation of blueness; and those, that belong to the latter, that of
yellowness. ;

The opinions of philosophers have varied regarding the cause of
this singular defect in eyes otherwise sound, and capable of per-
forming every other function of vision in the most delicate and
accurale manner.

By some, it has been presumed to arise from a deficiency in the
visual organ; and by such as consider the ear to be defective in
function in those that are incapable of appreciating musical tones,
this deficiency in the eye is conceived to be of an analogous na-
ture. “ In the sense of vision,”” says Dr. Brown, ¢ there is a spe-
cies of defect very analogous to the want of musical ear,—a de-
fect, which consists in the difficulty, or rather the incapacity, of
distinguishing some colours from each other—and colours, which,
to general ohservers, seem of a very opposite kind. As the want
of musical ear implies no general defect of mere quickness of hear-
ing, this visual defect, in like manner, is to be found in persons
who are yet capable of distinguishing, with perfect accuracy, the
form, and the greater or less brilliancy of the coloured object;
and I may remark, too, in confirmation of the opinion that
the want of musical tone depends on causes not mental but
organic, that in this analogous case some attempts, not abso-
lutely unsuccessful, have been made to explain the apparent
confusion of colours by certain peculiarities of the external organ
of sight.”

Mr. Davrton, who believes the affection to be seated in the
physical part of the organ, has endeavoured to explain his own
case, by supposing that the vitreous humour is bfue, and there-
fore ahsorbs a great portion of the red and other least refrangible
rays; and Sir Davip BrewsTer, in the Library of Useful
Knowledge, appears to think, that it may depend upon a want of
sensibility in the retina, similar to that observed in the ears of
those who are incapable of hearing notes above a certain pitch;
but as this view is not contained in his more recent Treatise
on Optics, it is probably no longer considered by him to be satis-
factory.

The defect in question has always appeared to us entirely cere-
bral, and to strikingly resemble, as Dr. Browx has suggested, the
“ want of musical ear.”” Aswe have already endeavoured to esta-
blish, that the latter is dependent upon a defective mental appre-
ciation, the parity of the two cases will, of course, compel us to
refer the visual defect, or the want of the ¢ faculty of colouring,”
to the same cause. It has been remarked, that the eye, in these
cases, exercises its function perfectly, as regards the form and po-
sition of objects, and the degree of illumination of their different
portions. The only defect is in the imperfect conception of colour,
The nerve of sight is probably accurately impressed, and the de-
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ficiency is in the part of the brain, whither the impression is con-
veyed, and where perception is effected, which is incapable of ac-
curately appreciating those differences between rays, on which their
colour Tests ; and this we are glad to find is the view taken of it by
one of the most eminent philosophers of the present day, Sir J. F.
W. HEerscHEL.

The mediate or auziliary functions of vision are numerous;
and hence, the elevated rank that has been assigned to this sense.
By it, we are capable of judging, to a certain extent, of the diree-
tion, position, magnitude, distance, surface, and motion of bodies.
Metaphysicians have differed greatly in their views on this sub-
ject; the majority believing, that, without the sense of touch,
the eye is incapable of forming any aceurate judgment on these
points; others, that the sense of touch is no farther necessary
than as an auxiliary; but that a correct appreciation would be
formed by sight alone. The few remarks, that may be neces-
sary on this subject, will be deferred, until the physical and
other circumstances, that enable us to judge of distance, &e., have
been canvassed.

The direction or position of objects hasalready been considered,
so far as regards the inverted image, formed by them on the retina.
The errors, that arise on this point, are by no means numerous,
and seldom give rise to much inconvenience. The direction of the
light, that impinges on the retina, is always referred,”as we have
attempted to demonstrate, in the direction of a line, drawn from
the luminous point through the optic centre of the crystalline.
Whenever, therefore, the luminous cone meets with reflection or
refraction, before reaching the eye, the retina conveys erroneous
information to the sensorium, and we experience an opfical illu-
Sion.

To ascertain the magnifude, distance, and surface of bodies,
we are obliged to take into consideration several circumstances con-
nected with the appearance of the object—such as its apparent
size, the intensity of light, shade and eolour, the convergence of
the axes of the eyes, the size or position of intervening ob-
jects, &e.

PorTERFIELD enumerates six methods, which are employed in
appreciating the distance of objects—1, their apparent magnitude;
2, the vivacity of their colours; 3, the distinetion of their smaller
parts; 4, the necessary conformation of the eye for seeing dis-
tinctly at different distances; 5, the direction of their axes; and
6, the interposition of objects.

Dr. Browx reduces them to three—1, the difference of the af-
fections of the optic nerve; 2, the different affections of the mus-
cles, employed in varying the refracting power of each eye, accord-
ing to the distance of objects, and in producing that particular in-
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(ArNorT says one hundred thousand times!) and is eighty-six thou-
sand miles in diameter. In like manner, a five cent piece, held at
some distance from the eye, will shut off the sun, although its
diameter is eight hundred and eighty-eight thousand miles. The
sun and moon again, by subtending nearg[y the same visual angle,
appear to us of nearly the same size; and the illusion persists in
spite of our being aware of the mathematical accuracy, with which
it has been determined, that the former is ninety-six millions
of miles from us, and the latter only two hundred and forty
thousand.

The visual angle again, subtended by an object, differs greatly ac-
cordingto thepositionof theobject. Aspherehasthesameappearance
or bulk, when held at a certain distance from the eye, whatever may
be the position in which it is viewed; and, accordingly, the visual
angle, subtended by it, is always identical. Not so, however, with
an oval. If held, so that the rays from one of its ends shall
impress the eye, it will oceasion a circular image, and subtend
a much smaller angle, than if viewed sideways, when the image
will be elliptical, or oval. The same thing must occur with every
object, whose longitudinal and transverse diameters differ. It is ob-
vious that, if any such object be held in a sloping position, towards
the eye, it will appear more or less shortened; precisely in the same
manner as the slope of a mountain or inclined plane would appear
much greater, if placed perpendicularly before the eye. This ap-

earance is what is called foreshortening; and it may be elucidated
by thefollowingfigure. Suppose a man to be standingon alevel plain,
with his eye at ¢, looking down on the plain. The portion of the
surface @ d, which is next to him, will be seen without any fore-
shortening; but if we suppose him to regard successively the por-
tions d f, f g,and g b of the plain, the angle, subtended by each
portion, will diminish; so that if the angle @ ¢ d be 45° d ¢ f will
be 18°; f ¢ g 8% and so on; until, at the length, the obliquity will
be so great, that the an-
gle becomes inapprecia- Fig. 41,
ble. This is the cause . &

why,if we lookobliquely Moo |

upon a long avenue of
trees, we are unable to
see the intervals between \

the farthest in the series; el F 7 A
although those between the nearest to us may be readily distin-
guished.

In all paintings, of animals especially, the principle of fore-
shortening has to be rigidly attended to: and it is owing to a ne-
glect of this, that we see such numerous distorted representations,
of the human figure particularly.

It has been already stated, that objects appear smaller according
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to their distance; hence, the houses of a street, or the trees of an
avenue, that are nearest to
Fig. 42. us, or in the foreground,
will form the largest
images on the retina, and
there will be a gradual
diminution, so that, if we
could imagine lines to be
| drawn along the tops and
bottoms of the objects,and
to be sufficiently prolong-
ed, they would appear to
meet in a point, as in Fig,.
42, The art which traces
objects with their various
degrees of apparent dimi-
nution on account of distance, and of foreshortening on account of
obliquity of position, is called perspective.

2. The intensity of light, shade, and colour.—It has been
shown, that the intensity of light diminishes rapidly, according to
the distance of the body, from which it emanates; so that it is only
one-fourth as powerful when doubly distant, one-sixteenth when
quadruply distant, and so on. This fact is early recognised; and
the mind avails itself of it to judge with much accuracy of relative
distances.

It is, however, a pregnant source of optical illusions. In a bright
sunshine, the mountains appear much nearer to us than when seen
through the haze of our Indian summer.”

In a row of lamps along a street, if one be more uminous than
the rest, it will seemn to be the nearest; and, in the night, we incur the
strangest errors, in judging of the distance of any luminous body.

The sky appears nearer to the earth directly above, than it does
towards the horizon; because the light from above having to pass
only through the atmosphere, is but slightly obstructed, whilst a
portion only of that, which has to pass through the dense hetero-
geneous air, near the surface of the earth, arrives at the eye. The
upper part of the sky being, therefore, more luminous, seems
nearer; and, in the same manner, we explain, in part, why the sun
and moon appear larger at rising and setting.

* A delightful season in the southern and western parts of North America, ge-
nerally happening in October or November; and having nothing similar to it, so
far as we are aware, in any other part of the globe. It is dependent upon some
meteorological condition of the atmosphere, and occurs only when the wind is
southerly, or from the warmer regions; disappearing immediately as soon as it
veers to the north. By some, this phenomenon has been au[i:pnsed to be caused
by the large fires in the western prairies; but the warmth that attends the haze

Eﬂﬂnt':n be explained on this hypothesis, independently of other sufficient objec-
ONE 10 1t
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The shade of bodies keeps pace with their intensity of light; and,
accordingly, the shadows of objects near us, are strongly defined ;—
whilst in the distance they become confused, and the light [altu-
gether so faint, that the eye at last sees an extent of distant blue
mountain or plain; “appearing bluish,’” says Dr. Ar~vorr, “be-
cause the transparent air, through which the light must pass, has
a blue tinge, and because the quantity of light arriving through the
great extent of air is insufficient to exhibit the detail.”” ¢ 'The
ridge called Blue Mountains,” he adds, ‘“in Australia, and another
of the same name in America, and many others elsewhere, are not
really blue, for they possess all the diversity of scenery, which the
finest climates can give; but to the discoverer’s eye, bent on them
from a distance, they all at first appeared blue, and they have ever
since retained the name.”

As regards the Blue Ridge of America, within twenty miles of
which we are now situated, Dr. AryorT probably labours under
misapprehension. Within a very few miles from the whole of this
extensive chain,as well as from a distance, the blue tinge is percep-
tible, especlaﬂy when the air is dense and clear, soon after the sun
has descended behind it; so that the name is as appropriate in the
vicinity as it was when “the discoverer’s eye was bent on them
from a distance.”’

It is obvious, that without the alternation of light and shade we
should be unable to judge, by the eye, of the shape of bodies; to
distinguish a flat circle from a globe; or any of the prominences
and depressions, that are every where observable. The universe
would appear a flat surface, the outlines of which would not even
be perceptible; and the only means of discriminating objects would
be by their difference of colour,

It is partly by attending to the varying intensity of light and
shade, that the pamter succeeds in representing the near as well as
the distant objects in an extensive landscape: those in the fore-
ground are made bold and distinet; whilst the remote prospect is
made to become gradually less and less distinet, until it fades away
in the distance. This part of his art is called aerial perspective,

3. Convergence of the axes. When objects are situated at
a moderate distance from us, we so direct the eyes, that if the
axes were prolonged they would meet at the object, as at D. Fig,
39, This angle will, of course, vary inversely as the distance:
so that if the axes be turned to the object S, the angle will be
greater: if to E, less. By this change in the dlrechun of the axes
the mind is capalﬂe of judging, to a certain extent, of near dis-
tances. A definite muscular effort is required foreach particular case;
and the difference in the volition necessary to effect it enables the
brain to discriminate, precisely in the same manner as it judges
of the height of a body, by the muscular action, required to earry
the axis from one extremity of the object to the other.

We have the most satisfactory evidence, that such convergence
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replied yes, and pointed to the hour of six, and to the hands of the -
watch.  She then looked at the chain and seals, and observed that
one of the seals was bright, which was the case, being a solid piece
of rock crystal.”” On the third day she observed the doors on the
opposite side of the street, and asked if they were red. They were
of an oak colour. In the evening she looked at her brother’s face,
and said she saw his nose ; he asked her to touch it, which she did;
he then slipped a handkerchief over his face, and asked her to look
again, when she playfully pulled it off, and asked, ¢ What is that?”’
On the thirteenth day she walked out with her brother in the streets
of London, when she distinctly distinguished the street from the
foot pavement, and stepped from one to the other “like a person
accustomed to the use of her eyes.”” ¢ Eighteen days after the last
operation,”” says Mr. Warprop, ‘I attempted to ascertain, by a
few experiments, her precise notions of the colour, size, forms,
position, motions and distances of external objects. Asshe could
only see with one eye, nothing could be ascertained respecting the
question of double vision. She evidently saw the difference of co-
lours; that is, she received and was sensible of different impressions
from different colours. When pieces of paper, one and a half ineh
square, differently coloured, were presented to her, she not only
distinguished them at once from one another, but gave a decided
preference to some colours, liking yellow most, and then pale pink.
It may be here mentioned, that, when desirous of examining an
objeet, she had considerable difficulty in directing her eye to it,
and finding out its position, moving her hand as well as her eye in
various directions, as a person when blindfolded, or in the dark,
gropes with his hand for what he wishes to touch. She also dis-
tinguished a large from a small object, when they were both held
up before her for comparison. She said she saw diflerent forms in
various objects, which were shown to her. On asking what she
meant by tgiﬁ'erent forms, such as long, round, and square, and de-
siring her to draw with her finger these forms on her other hand,
and then presenting to her eye the respective forms, she pointed to
them exactly; she not only distinguished small from large ﬂb:jﬂcls,
but knew what was meant by above and below; to prove which, a
figure drawn with ink was placed before her eye, having one end
broad and the other narrow, and she saw the positions as they
really were and not inverted.(!!) She could also perceive motions;
for when a glass of water was placed on the table before her, on
approaching her hand near it, it was moved quickly to a greater
distance, upon which she immediately said, ¢ You move it; you
take it away.” She seemed to have the greatest difficulty in find-
ing out the distance of any object; for when an object was held
close to her eye, she would search for it by stretching her hand
far beyond its position, while on other occasions she groped close
to her own face for a thing far remote from her.”

We have given the particulars of this case at some length, inas-
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maxillaria or jaw bones. Jacossox considers them to be an organ
of sense, as they communicate with the exterior, and are largely
supplied with vessels and nerves. Aeccordingly, this has been es-
teemed a sensitive apparatus, connected with the season of love in
animals; and by other naturalists as a sense, intermediate between
those of taste and smell, and intended to guide the animal in the
proper selection of food. It need hardly be said, that this is all
imaginary.

ADELON, it was remarked, makes two divisions of the external
sensations:—those that convey information to the mind; and these
that do not. The former have engaged our attention; the latter will
not occupy us long. They comprise but two—ifching and tickling.
Both of these occur in the skin and mucous membranes, and near
the communication of the latter with the skin; or, in other words,
near the termination of the outlets which they line.

Itching, however, is not always an external sensation,—that is,
not always caused by the contact of a body external to it. It fre-
quently arises from an altered condition of the tissue of the part in
which it is experienced, as in cutancous affections; in itching at
the nose produced by irritation in the intestinal canal; itching at
the glans penis in cases of calculi in the urinary bladder, &e.,
but commonly the sensation is caused by an extraneous body;
and we are irresistibly led to serafch, however it may be pro-
duced. When it arises extraneously, it can generally be rea-
dily allayed; but, when dependent upon a morbid condition of
the texture of the part, it becomes a true disease, and the source of
much suffering. If the itching be accompanied with a feeling of
motion, or of purring in the part, it is called tingling. This kind
of purring also often oceurs without the presence of itching.

Tickling or titillation is always caused by the contact of some
extraneous substance, and is therefore a true external sensation.
Although occurring in the skin and commencement or termination
of the mucous membranes, all parts are not equally susceptible of
it: and some,—as the lining membrane of the genital organs—are
only or chiefly so, under particular circumstances.

The sides, palms of the hands, and soles of the feet, are the most
sensitive in this respect; not, perhaps, because the nerves are more
numerous in those parts, but because, owing to thinness or supple-
ness of skin, or to other inappreciable circumstances, they are more
susceptible of this kind of excitation. We find, too, that individuals
differ as much as the parts of the body in this respect: some being
not ticklish, or incapable of being thrown into the spasm, which
the act, nay, even a threatening of the act, produces in others.
Cases are on record, in which prolonged titillation has produced
general convulsions, and even death. LEecar terms it an herma-
phroditic sensation, inasmuch as, on the one hand, it excites laughter;
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other hand, consist, as we have seen, of the numerous wants and ap-
petites, necessary for the preservation of the individual and of the
species. In addition to these, man possesses another series of
faculties, which influence his character and disposition, and di-
rect his social existence :—these are the affective or emotive facul-
ties, or the facullies of the heart.

The study of these different mental and moral phenomena em-
braces what has been called psychology, from a notion that they
are exclusively dependent upon the mind. This notion was, atone
time, universal, and hence the appellation metaphysician, applied
to such as were considered to proceed in their investigations of
those subjects beyond what was physical, material, or corporeal.

There is no subject, which has given occasion to so much excite-
ment and controversy, as the connexion of the mental faculties with
the encephalon. “ It has unfortunately happened,” says Dr. Bos-
TOCK, “ that this subject, which is one of great interest and curiosity,
has seldom been viewed with that philesophical spirit, which should
always direct our investigations and by which alone we can expect
to arrive at truth, It is admitted that certain errors may be so in-
terwoven with our accustomed associations, on topies connected
with morals and religion, as to render it doubtful, on some occa-
sions, how far we ought to attempt their removal: but if this con-
cession be made, on the one hand, it is ineumbent upon us, on the
other, not to inflame the prejudices which may exist on these to-
pics, but to use our endeavours to correct all undue excitement,
and thus to bring the mind into that tranquil state, which may en-
able it 1o receive truth without the fear of injury.”

In such a spirit ought every discussion on this interesting subject
to be conducted; and in such a spirit will the few remarks, we have
to make, be offered.

The chief opinions that have been indulged on this subject, are,—
1st. That all the mental phenomena are immaterial and the exclu-
sive product of the mind. 2dly. That the sentient principle, within
us, requires the intervention of an organ, through which it acts; in
other words, that mind is a principle superadded to organization ;
and 3dly. That where there is no organization there is no percep-
tion:—that wherever an organized structure, like the brain, exists,
perception exists; that where the organization is imperfect, per-
ception is imperfect; where the organization is sound and vigorous,
perception is clear and vigorous; where it is impaired, perception
is impaired; and that, when the organization ceases, perception ap-
pears to cease also. This last view is materialism. It supposes
that a certain condition of matter is capable of thinking, reasoning,
and understanding.

The doctrine,—that our intellectual and moral acts are superadded
to organization, during life, and that there is an organ of the body
concerned in their manifestation,—is the one embraced by the
generality of physiologists, and is most consistent with reason and
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tween those of the carnivorous and herbivorous animal. In the

carnivorous ani-
mal, which has
to seize hold of,
and retain its
prey between its
teeth, the jaws
have considera-
ble strength; and
the movement of
elevation is all
that is practica-
ble; or, at least,
that can be ef-
fected to any ex-
tent. Thisis dependentupon orga-
nization. The condyle is broader
from side to side, which prevents
motion in that direction: the gle-
noid cavity is very deep, so that
the head of the jaw bone eannot
pass out from it; and it is, more-
over, fixed in its place by two
eminences beforeand behind. The
muscular apparatus is also so ar-
ranged as to admit of energetic
action on the part of the muscles
that raise the jaw; but of scarcely
any in a horizontal direction. The
deep depressions, in the regions
of the temporal and masseter
muscles, indicate their large size
in the purely carnivorous animal;
whilst the pterygoid muscles are
extremely small. The teeth, too,
are characteristic; the molares be-
ing comparatively small, at the
same time, that they are much
more pointed. On the other

Skull of the Polar Bear.

Fig. 84,

Skull af the Cow.

hand, the cuspidati are remarkably large; and the incisors, in ge-

neral, acuminated.

The herbivorous animal has an arrangement the reverse of this.
The condyle or head of the lower jaw is rounded; and can, there-

fore, be moved in all directions; and as easily horizontally as up

and down. The glenoid cavity is shallow, and yields the same
facilities. The articulation, which is very close in the carnivo-
rous animal, is here quite loose. The elevator muscles are much

Yor. L. 53
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