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8IR CHARLES BELL'S DIVISION. 67

clude, therefore, that each of the spinal nerves consists of filaments
destined for both motion and sensibility; that the encephalic nerves,
which have but one root, are destined for one of these exclusively,
and that they are either nerves of motion or of sensation, according
as their roots arise from the anterior or the posterior column of the
medulla oblongata.

It has already been remarked, that the medulla oblongata, accord-
ing to some anatomists, is composed of three fasciculi or columns
on each side ; an anterior, middle, and posterior; and it has been
affirmed by Sir Charles Bell, that whilst the anterior column gives
origin to nerves of motion, and the posterior to nerves of sensibility,
the middle gives rise to a third order, having the function of pre-
siding over the respiratory movements, and which Sir Charles ac-
cordingly calls the respiratory nerves. To this third order of nerves
belong,—the accessory nerve of Willis or superior respiratory, the
vagus, the glosso-pharyngeal, the facial called by him the respiratory-
nerve of the face, the plhrenic nerve, and another—having the same
origin as the last—the external respiratory.  Sir Charles Bell’s views,
if admitted, lead consequently, to the belief, that there are at least
three sets of nerves, one destined for sensation, another for motion,
and a third for a particular kind of motion—the respiratory ; and that
every nerve of motion communicates to the muscles, to which it is
distributed, the power of aiding, or taking part in, motions of one
kind or another, so that a muscle may be paralyzed, as regards cer-
tain movements, by the section of a nerve, and yet be capable of
others of a different kind, by means of the nerves that are uninjured.

The accompanying plate exhibits the system of respiratory nerves,
as given by Mr. Shaw,” the son-in-law of Sir Charles Bell, who, some
years ago, was prematurely snatched from existence, after having
made numerous useful contributions to medical and surgical science.

A is the cerebrum, B, the ecrchellum,
C C C, the spinal marrow, D, the tongue,
E, the larynx, F, the lungs, G, the heart,
H, the stomach, I, the diaphragm.

1 1 1. The par vagum, arising by a sin-

le set of roots and passing to the larynx,
%unga, heart, and stomach.

2. Superior laryngeal branches of the
par vagum.

3. Recurrent or inferior laryngeal
branches of the par vagum.

4. Pulmonic plexus of the par vagum.

5. Cardiac plexus of the par vagum,

6. Gastric plexus of the par vagum.

7. Respiratory nerve or portia dura
passing to the muscles of the face, arising
by a series of single roots.

8. Branches of the glosso-pharyngeal,

9. Lingualis, m:ndif'l hr-fnchrg:g to the
tongue and to the muscles on the fore part
of the larynx,

10, Origins of the superior external re-
spiratory or spinal accessory.

11. Branches of the last nerve proceed-
ing to the muscles of the shoulder.

121212, Internal respiratory or phrenic
passing to the diaphragm.

The origins of this nerve are seen to be
much higher up than they are generally
described.

13. Inferior external respiratory, to the
muscles on the side of the chest.

Yet thisdivision is by no means universally admitted ; and even by

some who are of opinion, that the sensitive and motor filaments arise
from distinct tracts of the spinal cord, it is denied that this is the

* Manual of Anatomy, &c., 3d edit. Lond,, 1822, Reprinted in this country.










































SENSATIONS: 81

tion whatever. By the sensations we receive a knowledge of what
is passing within or without the body; and, in this way, our notions
or ideas of them are obtained. 'When these ideas are reflected upon,
and compared with each other, we exert thought and judgment ; and
they can be recalled, with more or less vividness and accuracy, by
the exercise of memory.

The sensations are numerous, but they may all be comprised in
two divisions,—the external and the internal. Vision and audition
afford us examples of the former, in which the impression, made
upon the organ, is external to the part impressed. Hunger and thirst
are instances of the latter, the cause here being internal, necessary,
and depending upon influences seated in the economy itself. Let us
endeavour to discover in what they resemble each other.

In the first place, every sensation, whatever may be its nature,—
external or internal,—requires the intervention of the encephalon.
The distant organ,—as the eye or ear,—may receive the impression,
but it is not until this impression has been communicated to the
encephalon, that sensation is effected. The proofs of this are easy
and satisfactory. If we cut the nerve proceeding to any sensible
part, if we put a ligature around it, or compress it in any manner;
it matters not that the object, which ordinarily excites a sensible
impression, be applied to the part, no sensation is experienced.
Again, if the brain, the organ of perception, be prevented in any
way from acting, it matters not that the part impressed, and the
nerve communicating with it, be in a condition necessary for the
due performance of the function, sensation is not effected. We see
this in numerous instances. In pressure on the brain, eccasioned
by fracture of the skull, or in apoplexy, a disease essentially depen-
dent upon pressure, we find all sensation, all mental maniéstaﬁnn,
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 isengaged in intellectual meditations. 'Who has not
found, that in a state of reverie or brown study he has succeeded
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 is directed to them!

Again, we have numerous cases in which the brain itsell engen-
ders the sensation, as in dreams, and in insanity. In the former we
see, hear, speak, make use of every one of our senses apparently,
vet there has been no impression from without. Although we may
behold in our dreams the figure of a friend long since deceased, there
can obviuusE{ be no impression made on the retina from without.*
The whole history of spectral illusions, of morbid hallucinations,
and maniacal phantasies, is to be accounted for in this manner.

® Adclon, Art. Encephale (Physiologie) in Dict. de Méd. vii. 514, Paris, 1823, and
Physiol. de I'Homme, Tom. 1., p. 239, 3de Edit. Par. 1629,
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NERVOUE FLUID. 85

process is suddenly arrested. We know not, and we probably
never shall know, the action of the brain in accomplishing it. It is
certainly not allied to any physical phenomenon, and if we were ever
justified in referring functions to the class of organic and wital, it
would be those, that belong to the elevated phenomena, which have
to be considered under the head of the animal functions. We know
them only by their results; yet we are but little better acquainted
with many topics of physical inquiry ;—with the phenornena of the
electrical or magnetic fluid, for example.

The organs, then, that form the media of communication between
the parts impressed and the brain, are the nerves and spinal mar-
row. Broussais,® indeed, affirms, that every stimulation, capable of
causing perception in the brain, runs through the whole of the ner-
vous system of relation; that it is repeated in the mucous membranes,
whence it is again returned to the centre of perception, which judges
of it according to the view of the viscus to which the mucous mem-
brane belongs, and adapts its action according as it perceives plea-
sure or pain.

- We are totally unaecquainted with the material character of the
fluid, which passes with the rapidity of lightning along these cords,
and it is as impossible for us to describe its mode of transmission, 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 re-
sult.  Still, hypotheses, as in every obscure matter of inquiry, have
not been wanting.t Of these, three are chiefly deserving 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 between 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 elec-
tricity.

Th}; hypothesis of animal spirits has prevailed most extensively.
It was the doctrine of Hippocrates, of Galen,} of the Arabians, and
of most of the physicians of the last centuries. Descartes§ adopted
it energetically, and was the cause of its more extensive diffusion.
The great grounds, assigned for the belief, were, first, that as the
brain receives so much more blood than is necessary for its own nu-
trition, it must be an organ of secretion; secondly, that the nerves
seem to be a continuation of the medullary matter of the brain; and
it has already been remarked, that Malpighi considered the cortical
part of the Erain to be follicular, and the medullary to consist of
secretory tubes. It was not unnatural, therefore, to regard the nerves
as vessels for the transmission of these spirits. As, however, the

*® Traité de Physiologie, &c. Paris, 1822 ; and Drs. Bell and La Roche's Transla-
tion, 3d Amer. Edit. p. 63. Philad. 1832,

t See Fletcher’s Rudiments of Physiology, P. ii. 6. p. 68. Edinb. 1836.

I Good's Study of Medicine, Physiological Proem to Class iv. 2.

§ Tractatus de homine, §. 14.

YOL. I. 8












EXTERNAL SENSATIONS. o]

the instruments by which the brain receives its knowledge of the
universe; but they are only instruments, and cannot be considered
as the sole regulators of the intellectual sphere of the individual.
This we shall see is dependent upon another and still higher nervous
nrﬁa‘m,—the brain.

he external senses are generally considered to be five in num-
ber; for, although others have been proposed, they may perhaps be
reduced to some modification of these five,—tact or touch, taste,
smell, hearing, and vision. All these have some properties in com-
mon. They are all situated at the surface of the body, so as to be
capable of acting with due facility on external bodies. They all con-
sist of two parts ;—the one, physical, which modifies the action of the
body, that causes the impression; the other, nervous or vital, which
receives the impression, and conveys it to the brain. In the eye and
the ear, we have better exemplifications of this distinction Ii;nn in
the other senses. The physical portion of the eye is a true optical
instrument, which modifies the ﬁght, before it impinges upon the
retina. A similar modification is produced by the physical portion
of the ear on the sonorous vibrations, before they reach the auditory
nerve ; whilst in the other senses, the physical portion forms part of
the common integument in which the nervous portion is situated,
and ecannot therctore be easily distinguished.

Some of them, again, are symmetrical; that is, composed of two
separate and similar halves, united by a median line,—as the skin,
tongue, and nose. Others, as the eye and the ear, are in pairs;
and this, partly perhaps, to enable us to judge of the distances of
external objects. We shall find, at least, that there are certain
cases, in which both the organs are necessary for accurate appre-
ciation.

Two of the senses—vision and audition—have, respectively, a
nerve of special sensibility ; and, until of late years, the smell has
been believed to be similarly situated. In the present state of our
knowledge, we cannot decide upon the precise nerve of taste,
although it will be seen that a plausible opinion may be indulged on
the subject. The general sense of touch is seated in the nerves of
general sensibility. All, however, seem intimately connected with
one of the nerves of general sensibility,—the fifth encephalic pair,—
and, in the case of those senses more particularly, which possess
nerves of special sensibility, it is fuundI: that they are um}:l)' the
presidency of this nerve of general sensibility ; for, if it be cut, the
function is abolished, although the nerve of special sensibility may
remain entire.

Being instruments by which the mind becomes acquainted with ex-
ternal bodies, it was manifestly of importance, that the senses should
be influenced by volition. Most of them are so. The touch has
the pliable upper extremity, admirably adapted for the purpose.
The tongue is moveable in almost every direction. The eye can be
turned towards objects in almost all positions, by its own immediate
muscles. The ear and the nose possess the least individual motion;

8 *






BENEE OF TACT OR TOUCH. a1

must impinge upon or fouch the mervous part of the organ, before
sensation can, in any of the cases, be effected.

BECT. .—SENSE OF TACT OR TOUCH.—PALPATION.

The sense of tact or touch is the general feeling or sensibility,
possessed by the skin especially, and which instructs us regardinﬁ
the temperature and the general qualities of bodies. By some, touc
is confined to the sense of vesistance alone; and hence they have
conceived it necessary to raise into a distinct sense one of the attri-
butes of tact or tnui. The sense of heat, for example, has been
separated from tact,* but we think on insufficient grounds. It pro-
Eerly belongs to the sense we are considering, in the acceptation

ere given to it, and adopted by all the French physiologists. Ac-
cording to them, tact is spread generally in the organs, and especi-
ally in the cutaneous and mucous surfaces. It exists in all animals;
whilst touch is exercised only by parts evidently destined for that
purpose. Touch does not exist in every animal. It is nothing more
than tact, joined to muscular contraction and directed by volition.
So that, in the exercise of tact, we may be esteemed passive ; in that
of touch active.

The organs, concerned in touch, execute other functions besides ;
and in this respect touch differs from the other senses. Its chief or-

an, however, is the skin; and hence it is necessary to inquire into
its structure, so far as is requisite for our purpose.

1. Anatomy of the Skin, Hair, Nails, &-c.

The u|la‘per classes of animals agree in possessing an outer enve-
lope or skin, by which the insensible perspiration passes, a slight de-
gree of absorption takes place, the parts beneath are protected,
and the sense of touch is accomplished. :

In man, the skin consists of four parts,—the cuticle, rete muco-
sum, corpus Papillure, and corium.

1. The epidermis or cuticle is the outermost layer. It is a dry,
membranous structure, devoid of vessels and nerves, and decidedly
the most inorganic part of the body. It is, so far as we know, en-
tirelly insensible. It resists putrefaction for a long time, and may be
easily obtained, in a separate state from the other layers, by mace-
ration in water. Itis the thin peliicle raised by a blister.

The cuticle is probably a secretion from the true skin, which con-
creles on the surface, becomes dried, and aflords an efficient protec-
tion to the corpus papillare beneath. It is composed, according to
some, of concrete albumen; according to others, of mucus; and is
said to be pierced by oblique pores for the passage of hairs, and for
the orifi¢es of exhalent and absorbent vessels, Breschet and Rous-
sel de Vauzémet affirm, that there is a special “blennogenous

* Fleming’s Philosophy of Zoology, i, 171. Edinb. 1822, and Bostock's Physiclogy,
3d edit. p. 734, Lond. 1836.

t Nouvelles Recherches sur la Structure de la Peau, par M. Breschet, Paris, 1835;
See, also, Clinical Lectures on the Skin, by Dr. Wm. Wallace, in London Lancet, Nov.
and Dec. 1837; Meckel's Handbuch, B. ii., and Weber's Hildebrandt, i. 189.






ORGANS OF TOUCH. 03

The true skin consists chiefly of gelatine. Hence it is used in
the manufacture of glue. Gelatine, when united with tannin, forms
a substance which is insoluble in water; and it is to this combina-
tion, that leather owes the properties it possesses. The hide is first
macerated in lime-water to remove the cuticle and h?.Irs,.and leave
the corium or gelatine. This is then placed in an infusion of oak
bark, which contains the tannin. The tannin and the skin unite,
and leather is the product. :

These four strata con- Fig. 16.
stitute the skin, as it is
commonly called; yet all
are comprised in the
thickness of two or three
lines. The cutis vera
is united to the struc- R

tures below by cellular 1. Cuticle.—-2. Rete mucosum.—3, Corpus papillare.—4. Cu-
mem&mne; an thiﬂ, Wlﬂ] tis vera.—35. Cellular membrane.—&. Panniculus carnosus.

the layers external to it,

forms the common integument. In certain parts of the body, and in
animals more particularly, the cutis vera is adherent to muscular
fibres; inserted more or less obliquely, as at 6, Fig. 16. These form
the muscular web, mantle or panniculus carnosus. The layer is well
seen in the hedge-hog and porcupine, in which it rolls up the body,
and erects the spines; and in birds, it raises the feathers. In man,
it can hardly be said to exist. Some muscles, however, execute a
similar function. By the occipito-frontalis, for instance, many per-
sons can move the hairy scalp: and by the dartos, the skin of the
scrotum can be corrugated. These two parts, therefore, act as
panniculi carnost. .

In the skin are situated numerous sebaceous follicles or crypis,
which separate an ocily fluid from the blood, an ur it over the
surface to lubricate and defend it from the action of moisture. They
are most abundant, where there are folds of the skin, or hairs, or
where the surface is exposed to friction. We can generally see
them on the pavilion of the ear, and their situation is ﬂﬁﬂn indicated
by small dark spots on the surface, which, when pressed between
the fingers, may be forced out along with the sebaceous secretion,
in the form of small worms. By the vulgar, indeed, these are con-
sidered to be worms. The follicular secretions will engage us here-
after. At present, it is sufficient to remark, that they differ materi-
ally according to the part of the body where they exist;—the cha-
racters of the fluid, secreted in the axille, groins, feet, &c. varying
considerably.

The consideration of the hair belongs naturally to that of the
skin. The roots of the hair are in the form of bulbs, taking their
origin in the cellular membrane. Around each bulb there are two
capsules, the innermost of which is vascular. The hair itself con-
sists of a horny, external covering, and a central part, called the
medulla or pidz When we take hold of a hair by the base, with

































































































































































































IMMEDIATE FUNCTION OF HEARING. 157

tributed to the vestibule, enfeebled the hearing, and its total de-
struction was followed by irreparable deafness. For these, and other
reasons furnished by comparative anatomy, Lepelletier* infers, that,
in the higher organisms, tliqe vestibule and its nerve constitute the es-
sential organ of impression, the other parts being superadded to
perfect the apparatus.

%

The immediate function of the sense of hearing is to appreciate
sound; and we may apply to it what has been said of the other
senses, that, in this respect, it cannot be supplied by any other sense
—that it is instinctive, requires no education, and is exerted as soon
as the parts have attained the necessary degree of developement.

Amongst the advantages afforded by the possession of this sense,
which has been properly termed intellectual, are two of the highest
gratifications we enjoy—the appreciation of musie, and the plea-
sures of conversation. Itis to it that we are indirectly indebted
for the use of verbal language—the happiest of all inventions—as
it has been meerly termed, and to which we shall have to advert
in the course of our inquiry into the animal functions.

Metaphysicians and physiologists have diflered considerably in
their views regarding the organs more immediately concerned in
the appreciations in question. Many, for example, have referred
the faculty of music to the ear; and hence, in common language,
we speak of an individual, who has a “musical ear,” or the con-
trary. Others, more philosophically we think, have considered,
that the faculty is seated in the encephalon; that the ear is merely
the instrument for conveying the sonorous undulations, which, in
due order, constitute melody, but that the appreciation is ultimately
effected in the brain, * That it,” (the power of distinguishing the
musical relations of sounds,) says Dr. Brown,f dePengs chiefly or
perhaps entirely, on the structure or state of the mere corporeal
organ of hearing, which is of a kind, it must be remembered,
peculiarly complicated, and therefore susceptible of great original
diversity in the parts, and relations of the parts that form it, is
very probable; though the difference of the separate parts them-
selves, or of their re%a.t:iuns to each other may, to the mere eye, be
so minute, as never to be discovered by dissection.” Many phy-
siologists of eminence have regarded the complex internal ear as the
seat of the faculty; some looking to the cochlea; others to the
semicircular canals; but few referring it to the brain. Sir C. Bell,
indeed, asserts, that * we are not perhaps warranted in concluding,
that any one part of the organ of hearing bestows the pleasures of
melody and harmony, since the musical ear, though so termed is
rather a faculty depending on the mind.” Yet afterwards he adds—
« we think that we find in the lamina spiralis (of the cochlea) the

® Traité de Physiologie Médicale et Philosophique, iii. 143. Paris, 1832, See, on
the Comparative Physiology of Hearing, Roget's Animal and Vegetable Physiol. Edit.
cit. ii., 308,

% Lectures on the Philosophy of the Human Mind, Edinb. 1820: and Amer. edit
Boston, 1826 vol. i. p. 207.
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LIGHT. 165

Two great opinions have been entertained regarding the nature of
[fght; the one, propounded by Newton—that it consists of extremely
minute particles, emanating from luminous bodies; the other—that
of Descartes, Hook, Huygens, Euler, and others,—that it is a
subtile, eminently elastic fluid—an ether—pervading all space, the
elastic molecules of which, when put in motion by the oscillations
of bodies, impress the eye as sonorous vibrations aflect the ear. It
is not for us to discuss this question of higher physics. We may
merely remark, that difficulties attend both hypotheses. According
to that of Descartes, it is not easy to explain, why an opaque body
should prevent the undulations from reaching the eye,—or the change
of direction, which the light experiences in passing from one medium
into another; whilst, according to that of Newton, it is difficult to
conceive, how a luminous hucﬁ:, as the sun, can shed its immense
torrents of light incessantly, without undergoing rapid diminution ;
and how, with the extreme velocity of light, these particles should
not be possessed of sensible momentum; for it has been found, that
a large sunbeam, collected by a burning-glass, and thrown upon
the scale of a balance of extreme delicacy, is insufficient to dis-
turb the equilibrium. To the hypothesis of Newton it has also been
objected, that the particles, being reflected by thousands of bodies,
and in innumerable directions, would necessarily jostle and interfere

reatly with each other. This objection is not, however, as valid as
it appears at first sight. It will be seen hereafter, that the impres-
sion of a luminous object remains upon the retina for the sixth part
of a second. Admitting it, however, to impress the eye for the
sath part, three hundred particles, per second, would be sufficient
to excite a constant and uniform sensation of the presence of light ;
and since, as we shall find, it traverses sixty-seven thousand leagues
in a second of time, if we divide this by three hundred, we shall
find a space of six hundred and seventy miles between each parti-
cle; a distance equal to that—in a straight line—between New ]i’nrk
and Savannah; and if we suppose six particles to be sufficient per
second, each will be separated from the other by a space of thirty-
three thousand five hundred miles!

Without deciding in favour of either of the great theories, that of
Newton admits of more easy application to our subject, and will,
thg:z{[nre, be employed in the various explanations that may be re-

uired.
‘ The light, then, proceeding from a luminous body, impinges on
the substances, that are within its sphere; and these, by reflecting
the whole or a part of it to the eye, become visible to us.

In its course, direct or reflected, its velocity is almost inconceiv-
able. From observations made on the eclipses of Jupiter’s satel-
lites, by Romer, Cassini, and other astronomers, it has been caleu-
lated, that the l}ght of the sun is eight mioutes and thirteen seconds
in its passage from that luminary to the earth. The distance be-

* Letters of Euler on different subjects of Natural Philosophy; with notes, &e. by
Bir David Brewster. Amer, edit. by Dr. Griscom. New York, 1833, vol. i. B7.












































































































ACTION OF THE RETINA. 201

rather to be referred to acuteness of the sense of sight than of smell.
Sir Everard Home* affords an additional illustration of this subject.
In the year 1778, Mr. Baber, and severa! other gentlemen, were on
a hunting ']iar}y in the island of Cassimbusar, in Bengal, about fiftcen
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, walking 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 advanced 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
induced Mr. Baber to remark,—* this cannot be smell.”

How inconceivably sensible to its special irritant must this mem-
brane be in the human eye, when we consider that &v&rg part of
an extensive landscape i1s depicted upon its minute surface; not
only in its proper situation, but with all its varied tints! and how
impracticable is it 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 !

If pressure be made on the eyeball, behind the cornea so as to
affect the retina, concentric luminous ecircles will be seen, opposite
to the part on which the pressure is applied ; and, if the pressure be
continued for twenty or thirty seconds, a broad undefined light,
which increases in intensity every moment, rises immediately before
the eye. If the eyelids be open, and light be present, on the repeti-
tion of the last experiment, a dense cluuﬁ arises, instead of the broad
undefined light, and the eye becomes, in a few seconds, perfectl
blind, but, in the course of three or four seconds after the finger is
removed, the cloud appears to roll away from before the eye. From
this, it seems, that sensations of light may be produced by mechanical
pressure made on the retina; in other words, the retina becomes
phosphorescent by pressure. The same thing, too, is observed, if a
sudden blow be given on the eye, or if we place a piece of zinc
under the upper lip, and a piece of copper above the eye. A flash
of light is seen, produced, doubtless, by the galvanic fluid impressing
directly, or indirectly the optic nerve. The same thing occurs in
the act of sneezing, and in forcing air violently through the nostrils.
On repeating the experiment of pressing the eyeball, Sir David
Brewstert observed, that when a gentle pressure was first applied,
so as to compress slightly the fine pulpy substance of the retina,
a circular spot of colourless light was produced, though the eye
was in total darkness, and had not been exposed to light for many
hours; but if light be now admitted to the eye, the compressed part
of the retina is found to be more sensible to the light than any other
part, and consequently it appears more luminous. If the pressure be
increased, beyond the point mentioned above, the t:irc:u?ar part of

* Lectures on Comparative Anatomy. Lond, 1814—1838,
i Letters on Natural Magic, Amer Edit. p. 27. New York, 1832












ACTION OF THE MUSCLES OF THE EYEBALL. 205

that could obscure vision, and perhaps, as Sir Charles Bell presumes,
to procure the discharge from the ducts of the lachrymal gland.
During sleep, when the closure of the eyes is prolonged, the trans-
parent 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 was there stated, that
the superior oblique muscle receives one whole pair of nerves :—the
fourth. This nerve, then, it seemed to Sir Charles Bell, must be
concerned in the functions we have deseribed: and, as the various
involuntary motions of the eyeball are intimately concerned in ex-
pression, as in bodily pain, and in mental agony,—in which the ac-
tion of the direct muscles seems, for a time, to be suspended,—he was
led to consider the fourth pair as a nerve of expression—a respira-
tory nerve ; and, hence, intimately connected with the facial nerve
of the seventh pair, which, as has already been remarked, is the
great nervous agent in the twinkling of the eyelids. Anatomical ex-
amination confirmed this view ;—the roots 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 l?l’]e eyeball up-
wards was, therefore, easily understood.

There is a difficulty, however, here, which has doubtless already
suggested itsell. The fourth pair of nerves is distributed to the su-
perior oblique only ; the lesser oblique receives none of its ramifica-
tions. They cannot, therefore, be identically situated in this respect.
Yet they are both considered by Sir Charles 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 func-
tion of the former, when acting singly, is to carry the eye upwards
and outwards ; and, when the action of its antagonist is abolished,
this is more clearly manifested. Sir Charles found, that the effect of
dividing the superior oblique was to cause the eye to roll more forci-
bly 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 Charles,
must have impressed him ; as, afier having referred 1o the effect of
the division of the superior oblique, he is constrained to suggest an
influence to the fourth pair, which would, we think, be anomalous:—
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 u
wards! In addition to this, too, as Mr. Mayo* has observed, the
distribution of the muscular nerves of the eye is not such as to allow
of our opposing the straight muscles to the oblique, and one cogent
reason is, that the third pair of nerves supplies part of each class.

We have still, therefore, much to learn regarding this subject, into

* Outlines of Human Physiology, 3d edit. p. 303. Lond. 1833.
VOL. L 18
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sent appears to us to be a case in which it is singularly unneces-
sary. In many of the results of absorption we are compelled to
suppose, that a vital operation must have been concerned in the
process. Where, for example, as in the case of the lymphatic 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,
1s 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 sitvation. This is one of the few
cases in the human body, which admit of satisfactory explanation
on the physical principles of capillary attraction. In vegetables, the
whole of the eirculation of their juices has been thus aceounted for.
If we twist together several threads of yarn, moisten them, and put
one extremity of the roll into a vessel of water, allowing 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 twentieth 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 subjeet,
the open extremity of a capillary tube, which receives the fluid of
the lachrymal gland and conveys it to the nose, the punctum being
Eﬂperly directed towards the eyeball by the tensor tarsi muscle of
orner.

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 eyelids, and is reflected over the
%Inhe, it supports the friction, when the eyeball or eyelids are moved ;

ut, being highly polished and always moist, the whole of this is
insignificant.

The extreme sensibility of the outer part of the eye appertains
entirely to the tunica conjunctiva, and is dependent on the ophthal-
mic branch of the fifth pair. When this nerve was divided in a
living animal, Magendie® 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-

* Pracis Elémentaire, ii. 494.
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corresponding vein leaves the organ, militates against the idea of
its hein%caused by the rays impinging upon these vessels; as, if so,
we ought to have similar defects in every part of the retina, 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 circumstances, no dif-
ference is perceived between the parts of the retina over which the
vessels creep, and the remainder of its extent. We can, however,
by an experiment of Purkinje, described by J. G. Steinbuch,* ex-
hibit, that under particular circumstances such difference really
exists, and renders the blood-vessels of the organ perceptible to its
own vision. If, without closing the eyelids, the left eye be covered
with the hand, or some other body, and a candle or lamp be held in
the right hand, within two or three inches of the right eye, but rather
below it, (kecping the eye directed straight forward,) on moving the
candle slowly from right to left, (or if the candle be held on the right
side of the eye, it may be moved up and down,) a spectrum appears,
after a short time, in which the blood-vessels of the retina, with their
various ramifications are distinctly seen, projected, as it were, on a
plane without the eye, and greatly magnified. They seem to pro-
ceed from the optic nerve, and to consist of two upper and two
lower branches, which ramify towards the field of ‘vision, where a
dark spot is seen, corresponding to the foramen centrale. The origin
of the vessels is a dark oval spot, with an areola.t

This phenomenon must be accounted for by the parts of the retina,
covered by the blood-vessels, not being equally fatigued with those
that are exposed.

It is by no means uncommeon for appearances of eobwebs, small
tubes with lateral pores, &c. to present themselves before the eyes,
without changing their position when the eyes are fixed upon an
object. These appearances are not owing to any modification in
the humours, but are apparently dependent upon the physical condi-
tion of the retina. Some years ago, a tube of the kind mentioned,
but apparently terminating in an open mouth, was the occasion of
some uneasiness to the author. This is now no longer seen, but nu-
merous opacities, somewhat resembling plexuses of vessels or nerves
are still apparent.}

It has been remarked, that the rays, proceeding from the upper
part of an object, impinge upon the lower part of the retina; and
those from the lower part on the upper portion of the retina ; hence,
the image of the object is reversed, as in Fig. 37.

* Beitrag zur Physiologic der Sinne. Narnberg, 1811,

t See, on the subject of rendering the blood.vessels of the observer's retina apparent
to him, the work of Mrs. Griffiths, entitled Discoveries in Liglt and Vision, p, 86,
New York, 1536,

t Sce, Dr. Alexander, in Boston Med, and Surg. Journal, June 7, 1837 ; also, Amer,
Med. Intelligencer, I, 145 and 186. Philad. 1835,
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The point o, Fig. 37, is, in Sir David’s view, this centre of visible
direction. Where a luminous cone proceeds in the direction of the
axis of the eye, the centre of visible direction will fall in that line,
and a perpendicular, drawn from the point b, where the rays of the
cone meet at a focus on the retina, will pass through this centre of
visible direction o, and the saine thing, he conceives, will applﬁ_ to
every other pencil of rays. Thus, the rays from D and E, which
fall upon the cornea at ¢, will be refracted so as to impinge upon the
retina at s and r respectively, and D and R will be seen in 'lhe.
direction of lines drawn from these points to the centre of visible
direction, o.

This “ law of visible direction,” laid down by Sir David Brewster,
removes at once, he thinks, every difliculty that besets the subject
we have been considering ;—the cause of erect vision from an
inverted image on the retina. The lines of visible direction neces-
sarily cross each other at the centre of visible direction, so that those
from the lower part of the image go to the upper part of the object,
and those from the upper part of the image to the lower part of the

object.

'll‘he views of Sir David are embraced by Mr. Mayo,* who con-
siders them confirmed by the fact—to which reference has already
been made—that any pressure, made upon the retina through the
eyeball, causes a spectrum to be seen in a direction opposite to the

int compressed, as well as by the following experiments of

cheiner, by whom this law of visual direction was first shewn.

If the head of a pin, strongly illuminated, be viewed with one eye
at a distance of four inches, that is, within the common limit of dis-
tinct vision, the object is seen large and imperfectly defined, the
outermost cone of rays, which enters the pupil from each point,
being too divergent to be collected to a focus on the retina. If a
card, pierced with a pinhole, be now interposed between the eye and
the object, the latter may be seen distinctly defined thmu%h the pin-
hole, by means of rays that have entere{{ the pupil nearly parallel,
with a slightly divergent tendency. But the object may be seen by
rays passing either through the upper or lower part, the right or left
side, or the centre of the pupil. Upon shifting the card for this pur-
pose the object appears to move in an opposite direction. Or, if three
pinholes be made, one in the centre, and one at either side, the
object appears tripled ; and if one of the side holes be closed, the

ite of the three objects disappears: if, for example, the left hand
pinhole be closed, the right object disappears.

Again, if the head of a pin, strongly illuminated, be viewed at the
distance of eighteen inches, its outline is distinct and clear: the rays
passing from each point of the object, are brought to a point on the
retina, but these rays reach the retina at different angles, and, by
interposing a card perforated with a single pinhole, the object may

* Qutlines of Human Physiology, 3d edit. p. 277.
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In making some experiments on indistinctness of vision at a dis-
tance from the axis of the eye, Sir David Brewster* observed a
singular peculiarity of oblique vision, namely,—that when we shut
one eye and direct the other to any fixed point, such as the head of a
pin, and hence see all other objects within the sphere of vision indis-
tinetly,—if one of these objects be a strip of white paper, or a pin
lying upon a green cloth, after a short time, the slrir of paper or
the pin will a'ltﬂigether disappear, as if it were entirely removed—
the impression of the green cloth upon the surrounding parts of the
eye extending itself over the part of the retina, which the ima_ e of
the pin occupied. In a short time, the vanished image will re-
appear, and again vanish. When the object, seen oblique ﬁy, is lumi-
nous, as a candle, it never vanishes entirely, unless its light is much
weakened, by being placed at a great distance; but it swells, and
contracts, and is encircled with a nebulous halo; the luminous im-
pressions extending themselves to adjacent parts of the retina not
directly influenced by the light itself.

From these, and other experiments of a similar character, Sir
David infers, that oblique or indirect vision is inferior to direct
vision, not only in distinctness, but from its inability to preserve a
sustained vision of objects. Yet it is a singular fact, that the indirect
has a superiority over direct vision in the case of minute objects,
such as small stars, which cannot, indeed, be seen bfy direct vision.

It is a mode, frequently adopted by astronomers for obtaining a
view of a star of the last degree of faintness, to direct the eye to
another part of the field, and, in this way, a faint star, in the neigh-
bourhood of a large one, will often become very conspicuous, so as
to bear a certain illumination, and yet it will entirely disappear, as
if suddenly blotted out when the eye is turned full upon it; and, in
this way, it can be made to appear and disappear as often as the
observer pleases. Sir J. F. W, Herschel and %lr James South, who
describe this method of observation, attempt to account for the phe-
nomenon, by supposing, that the lateral portions of the retina, being
less fatigued by strong light, and less exhausted by perpetuval atten-
tion, are probably more sensible to faint impressions than the central
ones; and the suggestion carries with it an air of verisimilitude.

Sir David Brewster, however,—from the result developed by his
experiments, that, “in the case of indirect vision, a luminous ﬂgject
does not vanish, but is seen indistinctly and produces an enlarged
image on the retina, beside that which is produced by the defect
of convergency in the pencils,”—concludes somewhat mystically,
“that a star, seen indirectly, will affect a large portion of tﬁe retina
i[';'nm th.lr::se two causes, and, losing its sharpness, will be more

istinet.

In order, that the image of any object may impress the retina,
and be perceived by the mind, it must, first of all, occupy a space
on the retina, sufficiently large for its various parts to be appre-

* Op. citat. p. 248, t Op. citat, p. 249.
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many animals are incapable of altering the shape of the eyeball, by
the muscles at least. The cetacea and the ray, amongst fishes,—
and the lizard amongst reptiles, have the sclerotica so inflexible as to
render any variation in it impossible.

With regard to many of the particular views that have been men-
tioned, they are mere “ cobwebs of the brain,” and unworthy of se-
rious argument. In the action of the orbicularis palpebrarum, as
suggested by Dr. Monro, there is, however, something so plausible,
that many persons have been misled by it.

He made a set of experiments to show, that this muscle, by com-
pressing the eyeball, causes the cornea to protrude, and thus enables
the eye to see near objects more distinctly. When he opened his
eyelids wide, and endeavoured to read letters, which were so near
the eye as to be indistinet, he failed ; but when he kept the head in
the same relation to the book, and brought the edges of the eyelids
within a quarter of an inch of each other, and then made an exertion
to read, he found he could see the letters distinctly. But on this ex-
periment Sir Charles Bell* properly remarks, that if the eyelids have
any effect upon the eyeball by their approximation, it must be to
flatten the cornea; and that the improvement in near vision pro-
duced by such approximation, is owing to the most divergent rays
being shut off, as in the experiment of the pin-hole through paper,
and distinet vision being thus effected.

2. The second hypothesis, which attributes the adaptation to a
change of fizure in tﬂe erystalline itself, has been embraced by all
those who regard that body to be muscular; and therefore by
Leenwenhoek and Descartes,f and more lately by Dr. Young.}

These muscular fibres, however, could never be excited by Dr.
Young, so as to change the focal power; and their existence is more
than doubtful. The increasing density of the lens towards the cen-
tre indicates rather a cellular structure, the cells being filled with
transparent matter of various degrees of concentration; and an ex-
amination into its intimate physical constituents affords no evidence
of muscularity.

It is somewhat singular, that on a subject where so many oppor-
tunities have occurred for establishing the fact definitively, such dif-
ference of opinion should exist regarding the question, whether an
eye from which the crystalline has been removed, as in the operation
for cataract, is eapable of adjusting itself to near objects? Amongst
others, Haller,§ and Knox decide the question affirmatively ; Porter-
field, Young, and Travers,|| negatively.

Magendie, as we have seen, considers the great use of the crys-
talline to be:—to increase the brightness and sharpness of the
image by diminishing its size, Mr. Travers again, regards adjust-

* Anat. and Physiology, Amer. edition, by Dr. Godman, ii, 227. New York, 1827,
t Boerhaav. Preeleet. § 527, tom. iv, p. 92 and Haller, Element, Physiol, xi. p. 2.
t Op. citat. and Medical Literature. London, 1513,
4 Eleinent. Physiol. xvi, 4.
| A synopsis of the discases of the eye. London, 1824,
19+
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latest writer on this subject, “to avoid the conclusion, that the
power of adjustment depends on the mechanism, which contracts
and dilates the pupil; and as this adjustment is independent of the
variation of its aperture, it must be effected by the parts in imme-
diate contact with the base of the iris. By considering the various
ways, in which the mechanism at the base of the iris may produce
the adjustment, it appears to be almost certain, that the lens is re-
moved from the retina by the contraction of the pupil.” The con-
clusion, drawn by Sir David, does not, however, impress us with
the same degree of certainty.

Pouillet, in his lectures before the Faculté des Sciences of Paris,* ex-
plains the matter with no little confidence, by the double effect of
the crystalline being composed of different layers, and the mobility
of the pupil. These layers being thinner towards the axis of the
crystalline than near its edges, by detaching them successively, the
curvature of the remainder becomes greatér and greater, until the
most central portion has the shape of a sphere. Hence, he re-
marks, such an apparatus will not have one focus only, but several,
—as many, in fact, as there are superposed layers ;—the foei being
nearer and nearer as we approach the central spherical portion.
This arrangement, he says, enables us to see at all distances, inas-
much as, having “ an infinite number of foci at our disposal, we can
use the focus, that suits the object we are desirous of viewing.” If,
for example, it be a near object, the pupil contracts, so as to allow
the rays to fall only on the central parts; if more distant, the pupil
is dilated to permit the rays to pass through a part, that has a more
distant focus.

It is obvious, however, that in such a case, the ordinary inconve-
nience of the aberration of sphericity must result; as when the pupil
is dilated, the rays must pass through the more marginal, as well as
through the central parts of the lens. Pouillet himself is aware of
this tfifﬁcult}r. but he does not dispose of it philosophieally. It
may be said,” he remarks, “that in opening the pupil widely, the
light is not precluded from passing by the centre, and that a kind of
curtain would be required to cover the part of the lens, which is
unemployed. To this I reply, that there is no necessity to prevent
the rays from passing by the axis of the crystalline ; for, what is
the light, which passes through this small space compared with that
which passes through the great zone of the crystalline. It may be
looked upon as null.”

The whole affair, it must be admitted, is enveloped in perplexity,
and it is rendered not the less so by the fact, mentioned by Magen-
die, that il we take the eye of an albino animal, and direct it to-
wards a luminous object, we find a perfect image depicted on the
retina, whatever may be the distance of the object;—the image,
of course, being smaller and less luminous when rernote, but always
distinet.  Yet, in this experiment, the eye being dead, there could
be neither contraction nor dilatation of the pupil.

* See, also, his Elémens de Physique Expérimentale. Poris, 1832, t. iii. p. 331
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are obviously precluded from knowing the state of vision in the
infant, although the simultanecus and parallel motions of the eyes,
which is manifestly instinctive, and not tﬁpendent upon habit, would
induce us to presume, that the images of objects—as soon as the
parts have attained the necessary degree of developement—are made
to fall upon corresponding parts of the retina. It may, also, be
remarked, in favour of the instinctive nature of this parallel motion
of the eyes, that in the blind,—although we may find much irregu-
larity in the motions of the eyeball, owing to no necessity existin
for the eyes being directed to any particular point,—the eyeballs
move together, unless some deranging influence be exerted.

The truth is, as we have already observed, the encephalon is com-
pelled to receive the impression as it is conveyed to it; and even in
cases, in which we are aware of an illusion, the perception of the
illusion still exists in spite of all experience. If the finger be pressed
on one side of the eyeball, an objeect, seen in front, will appear
double, and the perception of two objects will be made in the brain;
although we know from experience, that one only exists. This oc-
curs in all the various optical illusions to be presently mentioned.

The effect of intoxication has been adduced in favour of this
hypothesis. It is said that, in these cases, the usual train of mental
associations is broken in upon, and hence double vision results, The
proper explanation, however, of this diplopia of the drunkard rests
upon other grounds. The effects of inebriating substances on the
brain are, to interfere with all the functions of that organ; and most
sensibly with the voluntary motions, which become irregularly exe-
cuted. The voluntary muscles of the eye partake of this vacillation,
and do not move in harmony, so that the impressions are not made
on c{arrespcnding points of the retina, and double vision necessarily
results.

Another hypothesis has been, that although a separate impression
is made upon each retina,—in consequence of the union of the optic
nerves, the impressions are amalgamated, and arrive at the ence-
phalon, so as to produce but one perception. This was the opinion
of Briggs,* and Ackermann, and at one time it was generally re-
ceived.

Still more recently, Dr. Wollaston,t has supposed the consen-
taneous motion of the eyes to be connected with the partial union
of the optic nerves. The anatomical and physiological facts, re-
lating to the union and decussation of the optic nerves have alread
engaged us. By a reference to that subject it will be, found, that a
true decussation takes place between them ; that each eye has, not-
withstanding, its distinct nerve, from origin to termination; and that
no such semi-decussation, as that contended for by Dr. Wollaston,
probably exists. These facts are unfavourable to this hypothesis
of amalgamation of impressions; and besides, if we press slightly on
the eye, we have a double impression, although the relation of the
optic nerves to each other is the same; and, moreover, the same

* Nova Visionis Theoria. Lond. 1685, t Philos. Transact. for 1824, p. 222,


















































































































ORGAN OF INTELLECT. 265

Afa_in, when an injury befalls the brain, and the intellectual
faculties are perverted or suspended by it, the same thinﬂ% happens to
the affective faculties; and if the viscera fulfil the high office assigned
to them, why are not the passions manifested from the earliest
infancy, a period when the viscera are in existence and very active!
The argument of Bichat—that the phenomena which attend and
succeed to the passions, are referable to the organs of internal life—
is not absolute. The functions of animal life are frequently dis-
turbed by the passions, as well as those of organic life. It is not
uncommon for them to induce convulsions, mania, epilepsy, and
other affections of the encephalon. The effect here, as Adelon re-
marks, is mistaken for the cause. The heart certainly beats more
forcibly in anger, but the legs fail us in fear; and if we refer anger
to the heart, we must, by parity of reasoning, refer fear to the legs.”
By rveasoning of this kind, the passions might be referred to the
whole system, as there is no part which does not suffer more or
less during their violence. The error arises from our being im-
pressed with the most prominent effect of the passion—the feeling
accompanying it—and this is the cause of the gesture and the de-
scriptive language, to which Bichat has given unnecessary weight
in his argument.

If, then, the views of Bichat, regarding the seat of the passions,
be unfounded, the mischievous doctrine deduced from them—that
they are irresistible, and cannot be modified by education, falls to
the ground. His notion was, that the nutritive organs are the
source of irritative irradiations, which compel the brain to form
the determinations that constitute the passion, and to command the
movements by which it is appeased or satisfied. A similar view is
embraced by Broussais,} who, however, conceives, that the passions
can be fomented and increased by attention, until they become pre-
dominant. Daily experience, indeed, shows us the powerful effect pro-
duced on the passions by a well-directed moral restraint. How many
gratifying instances have we of persons, whose habitual indulgence of
the lowest passions and propensities had rendered them outcasts from
society, having become restored to their proper place in the com-
munity by exerting the due control over their vicious inclinations
and habits! We can not only curb the expression of the passions,
as we are constantly compelled to do in social intercourse; we can
even modify the internal susceptibility, by well-directed habits of
repression.

astly. Many physiologists, we have seen, have considered the
brain as a great nervous centre for the reception and elaboration of
the different impressions, conveyed thither by the external senses;
and absolutely requiring such impression for the mental manifesta-

* See also, Elliotson’s Human Physiclogy, p. 22. Lond. 1835,

t+ Examen des Doctrines Meédicales, ii. 388, and Physiology applied to Pathology, Drs.
Bell and La Roche's Translation, p. 136. Philadelphia, lgﬁlﬂ.
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is cerebellous,* or, during sleep, the effect is, in all these cases,
owing to congestion of blood in the brain in general, and in the
cerebellum in particular. From these data, Gall concludes, that the
cerebellum is the organ of the instinct of reproduction; and he re-
marks, that as this organ presides over one of the most important
faculties, it is situated on the median line; and at the base of the
skull—In this manner, he proceeds, with more or less success, in
his investigation of other cerebral organs and faculties.

But Gaﬁ does not restrict himself to the physiological applications
of his system. He endeavours, likewise, to explain the differences,
that exist between him and other philosophers. He alto}gather
rejects the primary faculties of instinel, intelligence, will, liberty,
reason, perception, memory, judgment, &ec. of the metaphysician as
mere generalizations of the mind, or common attributes of the true
primary faculties. 'Whilst, in the study of physics, the general and
agecial qualities of matter have been carefully distinguished, and
the latter have been regarded as alone founding the particular
nature of bodies, the metaphysician, says Gall, has restricted him-
self to general qualities. For example, it is asserted, that “ to think
is to feel.” Thought is doubtless a phenomenon of sensibility ; but
it is a sensitive act of a certain kind. To adhere rigidly to this
expression, says Gall, is but to express a %enerality, which leaves us
in as much ignorance as to what thought is, as we should be of a
quadruped or bird, l:-{. saying that it is an animal; and as, to become
acquainted with such animals, their qualities must be specified, so
to understand thought, the kind of sensation must be specified, that
constitutes it. [astinct, according to him, is a generaf expression,
denoting every kind of internal impulse; and consequently there
must be as many instincts as there are fundamental faculties.
Intelligence is likewise a general expression, designating the faculty
of knowledge; and, as there are many instincts, so there are many
kinds of intelligence. Philosophers, he thinks, have erroneousl
ascribed instinct to animals, and intelligence to man All animals
have, to a certain extent, intelligence; and in man many faculties
are instincts. Neither is the will a fundamental faculty. It is only
a judgment, formed amongst several motives, and the result of the
concourse of actions of several faculties. There are as many
desires as faculties; but there is only one will, which is the product
of the simultaneous action of the intellectual forces. So that the will
is frequently in opposition to the desires. The same thing applies to
liberty and reason; the former merges into what has been said of
the will, and the latter is only the judgment formed by the superior
intellectual faculties. In this respectﬁmwever, he remarks, it must

* See a case of Arachnitis Cerebelli, by the author, in Lond. Med, Rep. for Oect.
1822 : also, Abercrombic on Diseases of the Brain, 3d edit. p. 60, Lond. 1836; and
Stokes's Lectures on the Theory and Practice of Physic, Amer. Med. Lib. edit. p. 214,
Philad. 1837. For rccent cases of cerebellons disease, without genital excitement,
see Duplay, in Archives Geénérales de Médecine, Nov. 1836,
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Gall reproaches the moralists with ha?ing multiplied too much
the number of the primary affective faculties:—in his view, the
modifications of a single faculty, and the combination of several,
give rise to many sentiments, that are apparently different. For in-
stance, the primary faculty of vanity begets coquetry, emulation,
and love of glory. That of self-defence gives rise to temerily,
courage, a quarrelling spirit, and fear. Contempt is the product of
a combination of the faculties of pride and of the moral sense, &c.

Lastly, as regards their psychological differences, Gall divides
all men into five classes. First. Tﬁnse in whom all the faculties
of humanity predominate ; and in whom, consequently, organization
renders the developement of the mind and the practice of virtue
easy. Secondly. Those in whom the organs of the animal facul-
ties predominate; and who, being less disposed to goodness, will
need the aid of education and legislation. Thirdly. Those in
whom all the faculties are equally energetic, and who may be either
excellent individuals, or great criminals, according to the direction
they may take. Fourthly. Those who, with the rest of the
faculties nearly equal and mediocre, may have one predominant.
Fifthly, and lastly. Those who have the faculties alike mediocre :—
this is the most numerous class. It is rare, however, he remarks,
that the characters and actions of men proceed from a single faculty.
Most commonly, they are dependent upon the combination of
several; and, as the possible combinations of so many faculties are
almost innumerable, the psychological varieties of mankind may be
extremely various. ﬁﬂgain. as each of the many organs of the
brain may have, in diflerent men, a particular degree of develoye-
ment and activity, seeing that each of the faculties, which are their
products, has, most commonly, a special shade in every individual;
as these organs can establish between each other a considerable
number of combinations; and as men, independently of the differ-
ences in their cerebral organization, which gives rise to their dis-
positions, never cultivate and exert their faculties in an equal and
similar manner, it may be conceived, that nothing ought to be more
variable than the intellectual and moral characters of men; and we
may thus explain, why there are not two men alike in this respect.

Such is an imperfect sketch of the physiological doctrine of Gall,
which we may sum vp in the language of the author, in his Revue
Sommaire, appended to his great work.* “I have established, by a
great number of proofs, as well negative as positive, and by the
refutation of the most important objections, that the brain alone has
the immense advantage of being the organ of the mind. Farther
researches on the measure of the degree of intelligence of man and
animals have shown, that the brains of animals are more simple or
more complex, as their instincts, desires, and faculties are more
simple or more compound ; that the different regions of the brain
are concerned in different categories of function; and, finally, that

# Sur les Fonctions du Cerveau, vi. 500. Paris, 18235.






















































































































































MUSCULAR IRRITABILITY. 349

the best microscope, the ultimate muscular fibre from the small
nervous fibrils by which those gentlemen consider them to be sur-
rounded loopwise. He farther affirms, that the zig-zag form is the
necessary result of the method in which they performed their expe-
riments, and is produced by the muscular fibre adhering to the glass
on which it was placed. His own idea, founded on numerous ob-
servations, is, that the contraction of the fibre in length is always
occasioned by its extension in breadth under the influence of the
vital principle. Independently, however, of Raspail’s objection, the
circumstance, that, in this mode of viewing the subject, the muscle
itself is passive, and the nerve alone active, is a weighty stumbling-
block in the way of the views of both MM. Prévost and Dumas, and
Dr. Roget. Itis proper, too, to remark, that Person* was unable
1o detect any galvanic currents in the nerves by the most sensible
galvanometer ; and that other stimuli besides galvanism are capable
of exciting the muscular fibre to contraction. This we daily see in
experiments on the frog, by dropping salt on the denuded muscle.
J. Miillert hence infers, that a nerve of motion, during life, and
whilst its excitability or irritability continues, is so circumstanced,
that whatever suddenly changes the relative condition of its mole-
cules excites a contraction at the remote end of the muscle, and that
electrical, chemical, and mechanical irritants are, in this respect,
similarly circumstanced. '

With regard to the hypothesis, which ascribes muscular contrac-
tility to the chemical composition of the fibre, or that which main-
tains, that the property is dependent upon the mechanical structure
of the fibre, they are undeserving of citation, notwithstanding the
respectability of the individuals, who have written and experimented
on the subject. They merely seem to show, that here, as in every
case, a certain chemical and mechanical constitution is necessary,
in urdeci* that the vital operation, peculiar to the part, may be de-
veloped.

But not only is it necessary, that the muscle shall possess a proper
physical organization, it must, likewise, be endowed with one, that
is essentially vital—in other words, with irritability. The cause of
the ordinary contraction of muscles is, doubtless, the nervous influx,]
but if we aﬁer the condition of the muscle, by tying the vessels that
supply it with blood, although the nervous influx may be properly
transmitted to it, there wili be no contraction. We, moreover, find,
that after a muscle has acted for some time, it becomes fatigued,
notwithstanding volition may regularly direct the nervous influx to
it; and that it requires repose, before it is again capable of executing
its functions.

* Magendie’s Journal de Physiologie, tom. x.  Paris, 1730.

t Art. Electricitat (thierische) in Encyclopid. Warterb, der Medicin Wissensch, x.
545. Berlin, 1834. See, also, Richerand's Elémens de Physiologie, édit. de Bruxelles, p.
255. Bruxelles, 1837,

t Mojon’s Memoria sulla Contrattilita della Fibra Animale. Genov. 1814 ; and Legge
Fisiologiche, &c., translated by Skene, p. 36, Lond. 1827.
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VOICE.—~TONE. 407

considers, is exerted in increasing or diminishing the elasticity of
the ligaments, and, thus, in modifying the rapidity of the vibrations,
so as to favour the production of acute or grave tones. He thinks,
too, that the contraction of these muscles concurs greatly in closing,
in part, the glottis, particularly its anterior half; although the course
of its fibres, it appears to us, ought rather to widen the aperture.
The trachea or porte-vent has usually been thought to exert no
influence on the nature of the sound produced. It has been con-
ceived, however, by Grenié and others, that its elongation or decur-
tation may occasion some modification,

Thus much for the reed :—MM. Biot and Magendie, however,
include, in their theory of the voice, the action og the vocal tube,
likewise. This tube, geing capable of elongation and decurtation,
of being dilated or contracted, and susceptible of assuming an infi-
nite number of shapes, they think it we[]i) adapted for fulfilling the
funetions of the body of a reed instrument,—that is, if placed in har-
monic relation with the larynx,—and thus of favouring the produe-
tion of the numerous tones of which the voice is capable; of aug-
menting the intensity of the vocal sound by assuming a conical shape
with a wide external aperture; of giving rotundity and sweetness Ey
the proper arrangement of its external outlet, or of entirely subduing
it, by the closure of the outlet. The larynx rises in the production
of acute sounds; and falls in that of grave. The vocal tube is, con-
sequently, shortened in the former case; elongated in the latter. It
experiences also a simultaneous change in its width. When the
larynx descends,—in other words, when the vocal tube is elongated,
the thyroid cartilage is depressed and separated from the os hyoides
by the whole height of the thyro-hyoid membrane. By this separa-
tion, the epiglottic gland is carried forwards, and lodged in the con-
cavity at the posterior surface of the os hyoides. The gland drags
after it the epiglottis; and a considerable enlargement in width occurs
at the inferior part of the vocal tube. The opposite effect results,
when the larynx rises. The use of the ventricles of the larynx,
Magendie* considers to be, to isolate the inferior ligaments, so that
they may vibrate freely in the air. Lastly, in this theory the epi-
glottis has a use assigned to it which is novel. In certamn experi-
ments, instituted by Greniét for the improvement of reed instru-
ments—being desirous of Encreasini the intensity of sound without
changing the reed in any respect, he found, that to succeed in it he
was compelled to augment gradually the strength of the current of
air; but this augmentation, by rendering the sounds stronger, made
them rise. To remedy this inconvenience, Grenié found no means
answer, except that of placing obliquely in the tube, immediately
below the reed, a supple, elastic tongue, nearly as we see the epi-
glottis above the glottis. From this, Ma%endiei infers, that the
epiglottis may assist in giving to man the faculty of increasing or

* Précis, &c. i. 252; and Sir C, Bell, Philos. Transact. for 1832; and Nervous Sys-
tem, 3d edit. p. 484, Lond. 1837,

+ Biol's Précis Elémentaire de Physique, p. 399, $ Ibid. i. 252,
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which fills the tube. The sound, resulting in this way, is more grave
in proportion to the length of the tube; and it is in order to vary its
tones, that the instrument has apertures in its sides, by means of
which the length may be modified.

In assimilating the human vocal agpamtus to a flute, the great
difficulty has been to explain how, with so short a tube as the vocal
tube in man, and one so little variable in length, tones so different,
and especially so grave, can be produced.

To explain this, Savart establishes the existence of a number of
ph}'si{:al facts, previously unknown or unnoticed.

n organ pipes of great length the velocity of the current of air,
which acts as a motor, has but little influence on the number of oseil-
lations. When the length of the pipe is, for instance, twelve or
fifteen times greater than its diameter, it is difficult to vary the sound
a semitone. hen the air is forcibly driven in, it rises an octave;
and, when the velocity is diminished, the sound merely becomes
more feeble; but is depressed an almost imperceptible quantity. In
short pipes, on the contrary, the influence of the velocity of the
current of air is much greater, and several tones can be elicited.

The bird-call, used by sportsmen, is illustrative of this principle. It
is a small instrument, employed for imitating the notes Fio. 87
of certain birds; consisting of a cylindrical tube, B
about three-fourths of an inﬂ%l in diameter, and a third ook
of an inch high; closed at each end by a thin, flat §
plate, which is pierced, at its centre, by a hole about ™
the sixth of an inch in diameter. Sometimes, it has the shape re-

resented in the lower of the marginal figures. By placing this
mstrument between the teeth and lips, and forcing Fic. 88
air, with more or less strength, through the two g
apertures, different sounds can be produced. This
is more certainly effected, by attaching a porte-
vent to the whistle, as A A, Fig. 88, when it is
capable of producing all the sounds comprised
in an extent of from an octave and a half to two
octaves. M. Savart found, that, other things A
being equal, the diameter of the apertures has an
appreciable influence on the acuteness or grave-
ness of the sounds, which are more grave when
the orifices are larger. The nature of the pa-
rietes of the instrument appeared, also, to exert some effect on the
number of oscillations, and on the quality of the sounds; and if, in
the hemispherical whistle, Fig. 88, the plain plate was replaced b
a thin leaf of some extensible substance, as parchment, the snuné
issued more rapidly, and were usually more grave, full, and agree-
able, than when they were formed of a more solid substance.

It is an opinion, generally admitted, that the material, which com-
poses an organ pipe, has no influence on the number of vibrations,
which the column of air, contained in it, is capable of executing.
This is true as regards long pipes; but, according to Savart, it is
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remote than it really is, we incur an acoustic illusion. The ventri-
loquist takes advantage of this source of illusion; and, by skilfully
regulating the force and timbre of his voice, irresistibly leads us
into error. Mr. Dugald Stewart* gives some striking examples of
this kind of illusion. He mentions having seen a person, who, by
counterfeiting the actions of a performer on the violin, whilst he
imitated the music by his voice, riveted the eyes of the audience on
the instrument, although every sound they heard proceeded from his
own mouth. Mr. Savile Carey, who imitated the whistling of the
wind through a narrow chink, told Mr. Stewart, that he had fre-
quently practised the deception in the corner of a coffee-house, and
that he seldom failed to see some of the company rise to examine
the tightness of the windows, whilst others, more intent on the news-
papers, contented themselves with putting on their hats, and button-
m% their coats.}

t is to account for the mode in which this is effected, that dif-
ferent hvpotheses have been, from time to time, entertained. Haller,
Nollet, Mayer,} and others, believed, that the voice is formed during
inspiration; but this does not seem to be the case. Voice can cer-
tainly be effected during inspiration; but it is raucous, unequal, and
of trifling extent only. Dumas and Lauth§ consider ventriloguism
to be a kind of rumination of sounds; the voice, formed in the
larynx, being sent into the interior of the chest, attaining there a
peculiar timbre, and issuin% of a dull character. Richerand is of
opinion, that the whole mechanism consists in a slow, gradual expira-
tion, which is always preceded by a deep inspiration. By means of
this, the ventriloquist introduces into his lungs a considerable quan-
tity of air, the exit of which he carefully regulates.

r. Gough|| attempts to explain the phenomenon upon the prin-
ciple of echoes;—the ventriloguist, be conceives, selecting a room,
well disposed for echoes in various parts of it, and producing false
voices, by directing his natural voice in a straight line towards such
echoing parts, instead of in a straight line towards the audience,
who are supposed, by Mr. Gough, to be placed designedly by the
ventriloquist on one or both sides of him. A sufficient answer to
this is,oﬂaat the practised ventriloquist is careless about the room
chosen for his exhibitions; and that he habitually performs in rooms,
where this system of echoes would be totally impracticable.

But let us see what the ventriloquists themselves have said of the
mechanism of their art.

We pass over the explanation of Baron von Mengen, an Austrian
colonel, who forms a kind of vocal organ between his tongue and

# Elements of the Philosophy of the Human Mind, 3d edit. Lond. 1808, Anrfer.
edit. Brattleborough, (Vermont) 1813.
t Brewster, Natural Magic. Amer, edit,, p. 158. New York, 1832,
. Haller, Elément. Physiol., tom. ix.; and Lepelletier, Physiologie Medicale, &e.,
iv. 213. Paris, 1533,
§ Mémoir. de ln Société des Seiences Agricol. de Strasbourg, 1. 427.
| Manchester Memoirs, 2d edit. v. 622, Lond. 1789.
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tures delivered before the Surry Institution of London, suggested that
the larynx alone, by long and dexterous practice, and, perhaps, by a
peculiar modification in some of its muscles or cartilages, may be
capable of answering the purpose, and of supplying the place, ﬂFthE
associate organs of the mouth. In confirmation of this view, he
remarks, that, in singing, the glottis is the only organ made use of,
except where the notes are articulated ; and it is apparently the sole
organ employed in the mock articulations of the parrot and other
imitative birds; some of which have exhibited unusual powers. A
parrot, belonging to a Colonel O’Kelly, could repeat twenty of the
most popular English songs, and sing them to their proper tunes.*

The larynx, too, is the sole organ of all the natural cries; and
hence, it has been imagined, by Lord Monboddo, to have been the
chief organ of articulate language in its rudest and most barbarous
state. “ As all natural cries,” he observes, “ even though modulated
by music, are from the throat and larynx, or knot of the throat,
with little or no operation of the organs of the mouth, it is natuoral to
suppose, that the first languages were, for the greater part, spoken
from the throat; and that what consonants are used to vary the
cries, were mostly gutturals; and that the organs of the mouth would
at first be but very little employed.” Certamn it is, that privation of
the tongue does not necessarily induce incapacity of articulation;
whether the defect be congenital, or caused after speech has been ac-
quired. Professor John Tﬁumsﬂn found the speech but little impaired
after bullets had carried away more or less of the tongue.f Under
the sense of taste, several authentic cases were stated of individuals,
who were deprived of this organ, who yet possessed the faculty of
speech. To these we may add one other, which excited unusual
interest at the time, and was examined under circumstances that
could admit of no deception. The case forms the subject of various
papers, by Dr. Parsuns.i

A young woman, of the name of Margaret Cutting, of Wickham
market, near Ipswich, in Suffolk, when only four years old, lost the
whole of her tongue, together with the uvula, from a cancerous
affection; but still retained the powers of speech, taste, and degluti-
tion, without any imperfection ; articulating as fluently and correctly
as other persons; and even those syllables that commonly require
the aid of the tip of the tongue for accurate enunciation. She also
sang admirably ; articulating her words whilst singing ; and could
form no conception of the use of a tongue in other people. Her
teeth were few, and rose scarcely higher than the surface of the
gums, nwinﬁ to the injury to the sockets from the disease that had
destroyed the tongue. The case, when first laid before the Royal
Society, was attested by the minister of the parish; by a medical

* Good's Book of Nature, ii. 248.

t Origin and Progress of Language. Lond. 1774—1792.

t Repurt of Observations made in the British Hospital, in Belgium, after the Battle of
Waterloo. Edinb. 1816. § Philosoph. Transact. for 1742 and 1747,
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of education. It can scarcely, indeed, be conceived, that the cluck-
ing of the hen, when she meets with food proper for her offspring,
can be understood at first by the chick. But as soon as it traces
the connexion between the sound produced and the object of such
sound, it comprehends the signification ever afterwards.

There are sounds, which, from their discordant and harsh cha-
racter, affect most animals perhaps, independently of all exgerience.
The cry of terror or of pain, appears to occasion, sympathetically,
disagreeable effects in all that are within its sphere.

5. Artificial or Articulate Language.

Speech is, likewise, a vocal sound; but it is articulated, in its pas-
sage through the vocal tube; and is always employed to convey
ideas, which have been attached to it by the mins. It is a succes-
sion of articulate sounds, duly regulated by volition, and having
determinate significations attached to them.

The faculty of speech has been assigned, by some philosophers,
chiefly to the organ of hearing. It is manifest, however, that this,
like the musical ear, is refaral:ﬁe to a higher organ. The brain must
attach an idea to the impression, made upon it by the sound that
impinges upon the organ of hearing; the sound, thus, becomes the
sign of such idea, and 1s reproduced in the larynx, at the will of the
individual.

Of the intellectual character of the process, we have the most
decisive evidence. The infant, of tender age, has the ear and the
voice well developed, yet it is long before he is capable of speech ; this
does not happen, indeed, until he discovers the meaning of the sounds
addressed to him, and finds his own larynx capable of producin
similar sounds, which can be made subservient to his wishes. It is
thus, by imitation, that he acquires the faculty of speech. Again,
the idiot, notwithstanding his hearing may be acute, and his voice
strong, is incapable of speech; whilst, in the maniacal and delirious,
the language participates in the derangement and irregularity of the
ideas. The brain must, therefore, be regarded as the organ of the
faculty of language, and the ear, larynx, and vocal tube as its instru-
ments. Man, who is endowed with the most commanding intellect,
has the vocal apparatus most happily organized for expressing its
various combinations; and, according to Gall, if the ourang-outang
and other animals are incapable of speech, it is because they have
not the intellectual faculty of language. In proof that it is not to the
vocal organ that this deficiency must be ascribed, he remarks, that
animals may be made to enunciate several of the words of human
speech, and to repeat them to music. The case of the far-famed
parrot of Colonel O'Kelly has already been referred to. Mr. Her-
bert* saw this parrot, about the year 1799: it then sang perfectly
about fifty different tunes, solemn psalms, and humorous or low bal-
lads, articulating every word as distinctly as a man, without a single

* In a note to the Rev. Gilbert White’s Natural History of Sclborne, p. 227.
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L into R.—S8punish, Gil Blas; Portuguese, Gil Bras. Latin,arbor ; Spanish, albero.
_C or K into G.—Latin, hemicranium ; French, migraine. Latin, cibarium ; French,

{tbf;r. Latin, acer ; Ttalian, agro. Latin, alacer ; Italian, allegro. Greek, xuxves ;
atin, eygnus.

The most harmonious languages are such as have but few conso-
nants, in their words, compared with the vowels; hence the musical
superiority of the Greek and Italian, over the English, German, &ec.

“ Among certain northern nations,” says Richerand,* “all articu-
lated sounds appear to issue from the nose or the throat, and make
a disagreeable pronunciation, doubtless because it requires greater
effort ; and he who listens, sympathizes in the difficulty, which seems
to be felt by him that speaks ;"—and he adds,—* would it not seem
that the inhabitants of cold countries have been led to use conso-
nants rather than vowels, because as the pronunciation does not re-
quire the same opening of the mouth, it does not afford the same
space for the continual admission of cold air into the lungs " The
whole of Richerand’s remarks on this topic are singularly fantastic
and feeble, and unworthy of serious discussion.

In regard to the consonants, it has been presumed, that some com-
mon imitative principle must have existed with all nations, so as to
cause them to conform in adopting such as produce a certain sound
to canve{: the same effect to the ear.

Dr. John Wallis,t turned his attention to this matter, chiefly as re-
gards the English language, and he has collected a multitude of
examples to show, that a certain collocation of consonants, at the
commencement of a word, generally designates the class of ideas,
intended to be conveyed by it. For instance, he remarks that :—

Str, always carries with it the idea of great force and effort :—as strong, strike, stripe,
strife, struggle, stretch, strain, &c.
the idea of strength, but in less degree—the vis inertie, as it were :—as stand,
ﬂag,ﬁl!op. stick, stutfer, stammer, stumble, stalk, steady, still, stone, &c.
r, the idea of violent motion :—as throw, thrust, throb, threat, throng, &e.
Wr, the idea of obliquity or distortion:—as wry, wreathe, wrest, wring, wrestle,
wrench, wrizale, wrangle, &e.
Br, the idea of violent,—chiefly sonorous,—fracture or rupture:—as break, brittle,
brust or burst, brunt, bruise, broil, &ec.
Cr, the idea of straining or dislocation, chiefly sonorous :—as crack, creak, erackle,
cry, crow, crisp, crash.
Other words, beginning with those consonants, communicate the idea of curvature, as
if from enrous :—as , eringe, crouch, creep, erawl, cripple, erumple, crotchet, &c.
Others, again, denote decussation, as if’ from crux :—as cross, cruise, crutch, crogier.
&hr, the idea of foreible contruction :—as shrink, shrivel, shrug, shrill, &c.
r, the idea of the rough, hard, onerons and disagreeable, (either owing to the letter
of roughness r, or from gravis,)—as grate, grind, gripe, grapple, grieve, grunt, grave, &c.
Suw, the idea of silent agitation or of gentle lateral motion :—as sway, swag, swerve,
giveatl, swim, swing, swift, &ec.
Sm, a very similar idea to the last :—as smooth, smile, smirk, small, &e.
hfl. ;:,e idea of some adhesion or tenacity :—as cleave, clay, cling, climb, cloy, cluster,
close, &e.
Sp, the idea of some dispersion or expansion, generally quick, (especially with the
addition of the letter r,)—as apread, spring, sprig, sprinkle, split, splinter, spill, &c.

* Elémens de Physiologie, édit. cit. p. 298,
T Grammatica Lingum Anglicane, &c. edit. 6. Lond. 1765.
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if not entirely, confined to the gestures; and even in man—favoured,
beyond all animals, in the facility of communicating his sentiments
by the voice—the language of gestures is rich and comprehensive.

It is in the gestures of the face chiefly, that man far exceeds other
animals. This is, indeed, in him, the great group of organs of ex-
pression. In animals, the function is distributed over diflerent parts
of the body, the face assuming but little expression whilst the ani-
mal is labouring under any emotion, if we make exception of the
brute passion of anger and of one or two others. Hence it is, that,
by some naturalists, man has been defined, by way of distinction,
“a laughing and crying animal.” In animals, almost all the facial
expression of internal feeling is confined to the eye and the mouth,
but, in addition, the attitude of the body is variously modified, and
the hair is raised by the panniculus carnosus—as we see on the back
of the dog, when the animal is enraged.

In the human countenance, alone, in the state of society, can the
passions be read,—the rest of the body being covered by clothing ;
and even were it not, the absence of a coat of hair, and of a panni-
culus carnosus, would enable it to minister but little to expression.
The skin of the face is very fine, and on certain parts, as the lips
and cheeks, it is habitually more or less florid, and admits of con-
siderable and expressive variations in its degree of colour. The
union of the different , composing the face, gives occasion to
numerous reliefs, 1.=irhi{}i:l are called traits or features; and, beneath
the skin, are many muscles, ca able, by their contraction, of modi-
fyi&g the features in a thousand ways.

o comprehend fully the ph}rsit}lo%y of the facial expression of
the passions, a few observations on the muscles of the human face
will be necessary.

The eyebrow is a part greatly concerned in expression; and cer-
tain muscles are attached to it for the purpose of moving it.

Fig. 89 The fasciculus of fibres, which

;" descends from the frontal muscle

A, Fig. 89, and is attached to the
side of the nose, has been es-
teemed, by some, a distinet muscle,
and to have a distinct operation.
It draws the inner extremity of
the eyebrow downwards. When
the orbicularis palpebrarum, C C,
and the last muscle act, there is
a heavy lowering expression. If
they vield to the action of the
frontal muscle, the eyebrow is
arched, and there is a cheerful, in-
quiring expression. If the corru-
gator supercilii acts, there 1s more
or less of mental anguish, or of
- painful exercise of thought. If it
ot o e e combines with the frontalis, the
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form a muscular chain, which, when it makes the trunk its fixed
point, depresses the lower jaw. The arrangement of the elevators
and depressors is such, that the former predominate over the latter ;
and hence during sleep the jaws continue applied to each other, and
the mouth is, consequently, closed.

The human organs of mastication hold an intermediate place be-
tween those of the carnivorous and herbivorous animal. In the carni-
vorous animal, which has to seize hold of, and retain its prey between
its teeth, the jaws have considerable strength; and the movement of
elevation is all that is practicable; or, at least, that can be effected to
any extent. This is dependent upon
organization. The condyle is broad- Fig. 95.
er from side to side, which pre- e
vents motion in that direction; the
glenoid cavity is very deep, so that
the head of the jaw bone cannot
pass out from it; and it is, more-
over, fixed in its place by two
eminences before and 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 teniporal and masseter mus-
cles, indicate the large size of these
museles in the purely carnivorous
animal ; whilst the pterygoid mus-
cles are extremely small. The teeth,
too, are characteristic; the molares
being comparatively small, at the
same time, that they are much
more pointed. On the other hand,
the cuspidati are remarkably large; and the incisors, in general,
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 glencid cavity is shallow, and yields the same
facilities. The articulation, which is very close in the carnivorous
animal, is here quite loose. The levator muscles are much more
feeble; the temporal fossa is less deep; the zygomatic arch less
convex; and the zygomatic fossa less extensive. On the other
hand, the pterygoid fossa is ample, and the muscles of the same
name largely developed. The molares are large and broad; and
their magnitude is so great as to require, that the jaw should be
much elongated, in order to make room for them.

The joint of the lower jaw has, in man, solidity enough for the

Skull of the Cow.
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of circular and longitudinal fibres; and the outer coat is formed by
the prolongation of the peritoneum, which, after having surrounded
the intestines, completes the mesentery, by which the gut floats, as
it were, in the abdominal cavity.

The large intestine terminates the intestinal canal. It is much
shorter than the small, and considerably more capacious, being
manifestly intended, in part, as a reservoir. It is less loose in the
abdominal cavity than the portion of the tube which we have
described. It commences at the right iliac fossa, (Fig. 103, E,)
ascends along the right flank, as far as the under surface of the
liver; crosses over the abdomen to gain the left flank, along which
it descends into the left iliac region, and thence through the pelvis,
along the hollow of the sacrum, to terminate at the anus,

Like the small intestine it is divided into three portions; the
ceecum, the colon, and the rectum.

The cecum or blind gut is the part of the great intestine into
which the ileum opens. It is about four fingers’ breadth in length,
and nearly double the diameter of the small intestine. It occupies
the right iliac fossa, in which it is bound down, so as not to be able
to change its position. The extremity of the ileum joins the caecum,
at an angle; and if we examine the interior of the cecum, at the
point of junction, we find a valvular arrangement, which has been
called the valve of Tulpius, valve of Bauhin, ileo-cecal valve, &c.

F‘g— IMI

Commencement of the Large Intestines.— Faloe of Tulpius.
A C. Bmall intestine.—B B. Large intestine.—D. Appendix vermiformis ceci.

Fig. 104 exhibits the nature of this arrangement. At the point
of union of the two intestines, a soft eminence exists, flattened from
above to below, and elliptical transversely, which is divided into two
lips. One of these seems to belong to the ileum and colon—hence
called ileo-colic; the other to the ileum and cmcum, and termed,
ileo-caecal.
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left hypochondre, the colon turns backward under the spleen, and
descends along the left lumbar region, anterior to the kidney to
which it is closely connected. This portion is termed the colon
sinastrum, descending, or left lumbar cﬁ In the left iliac region,
it forms two convolutions, which have been compared to the Greek ¢,
or to the Roman s; and hence this part of the intestine has been
designated the sigmoid flezure, or Roman s, or iliac turn of the colon.
* This flexure varies greatly in length in different persons, extending
frequently into the hypogastric region, and, in some instances, as
far as the cecum. The colon, through its whole extent, is fixed to
the body by the meso-colon.

The coats of the great intestine are the same in number and
structure with those of the small, but they are thinner, and not as
easily separable by dissection. The mucous membrane is less
villous and velvety. The most characteristic difference, however,
in the general appearance of the great and small intestines, is the
pouched or cellurar aspect of the former. These pouches are reser-
voirs for the exerement, and in them it becomes more indurated, by
the absorption of the fluid portions.

In torpor of this part of the intestinal canal, the feces are, at
times, retained so long, that they become hard balls or scybala; and
are not unfrequently the occasion of the inflammation niy the lining
membrane of the large intestine, which constitutes dysentery.

The longitudinal muscular fibres are concentrated into three
ligamentous bands or fasciculi, which run the whole length of the
intestine, These fasciculi, being shorter than the intestine, pucker
it, and are the occasion of the pouched or saceated arrangement.
The inner or circular muscular fibres are, like those of the small
intestine, uniformly spread over the surface, and stronger than those
of the latter. Lastly, in the great intestine, especially in the colon,
are numerous processes of the peritoneum containing fat, and hence
called appendicule epiploice, or appendicule pinguedinosee. These
are seen in greatest abundance in the right and left lumbar portions
of the colon.

The rectum terminates the intestinal canal, and extends from the
termination of the colon to the anus. It commences about the fifth
lumbar vertebra, and descends vertically into the pelvis, following
the concavities of the sacrum and coceyx ; and, consequently, is not
straight, as its name would import. At its upper part, there are a
few appendicule epiploicee; and a small duplicature of the mesen-
tery, called meso-rectum, attaches it to the sacrum. It differs from
the other intestines in becoming wider in its progress downwards,
and in its parietes being thicker. The lower part of the mucous
membrane exhibits several longitudinal folds or ruge, which have
been considered as the effect of the contraction of the ecircular
fibres of the muscular coat. The longitudinal fibres of this last coat
have a different arrangement from that which prevails in the other
portions of the large intestine. They are distributed over the whole
surface, as in the small intestine—or rather, as in the ®@sophagus—














































































ORAL DIGESTION. 497

this division; bruising it, and, at the same time, expressing its fluid
portions. If the consistence be greater, the action of the jaws and
teeth is required. For this purpose, the lower jaw is successively
depressed and elevated by the action of its depressors and levators;
and the horizontal or grinding motion is produced at pleasure by
the action of the pterygoid muscles. Whilst these muscles are act-
ing, the tongue and the cheeks are incessantly moving, so as to
convey the food between the teeth, and insure its comminution.
Mastication is chiefly eflected by the molares. There is advanta

in using them, independently of their form, in consequence of the
:ll;m of the resistance being much shortened, as has already been

own. :

The teeth are well adapted for the service they have to perform.
The incisors, as their name imports, are used for cutting; hence
- their corona come to an edge; IEE: canine teeth penetrate and lace-
rate, and their coron= are acuminated: whilst the molares bruise
and grind, and their touching surfaces are tuberous. The first, hav-
ing usually no great effort to sustain, are placed at the extremity of
the lever; the %utter, for opposite reasons, are nearest the fulerum.
To preclude displacement, by the efforts they have occasionally to
sustain, they are firmly fixed in the alveoli or sockets; and, as the
roots are conical, and the alveoli accurately embrace them, the
foree, as in the case of the wedge, is transmitted in all directions,
instead of bearing altogether upon the jaw, which it would do, were
the fangs cylindrical. The molar teeth, having the greatest efforts
to sustain, are furnished with several roots; or with one, which is
extremely large. '

The gums add materially to the solidity of the junction of the
teeth with the jaw. They are themselves formed of highly resisting
materials, so as to withstand the pressure of hard and irregular sub-
stances. Whenever they become spongy, and fall away from the
teeth, the latter become loose; and are frequently obliged to be
extracted, in consequence of the loose tooth acting as an extraneous
body, and inflaming the lining membrane of the alveolus. The
arrangement of the jaws is likewise well adapted to the function;
the lower jaw passing behind the upper at its anterior part; but
coming in close contact at the sides, where mastication is chiefly
effected.

During the whole time that mastieation is going on, the mouth is
closed ;—anteriorly, by the lips and teeth, which prevent the food
from falling out of the cavity; and, posteriorly, by the velum palati,
the anterior surface of which is applied to the base of the tongue.
At the same time, the food is undergoing admixture with the
various fluids poured into the mouth, and particularly with the
saliva, the secretion of which is augmented, not only by the pre-
sence of food, but even by the sight of it, especially if the food be
desirable ;—giving rise to what is called “ mouth-watering.” It is
probable, that, independently of the mental association, the action
of the secretory organs is increaseii by the agitation of the organs
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CHYMIFICATION. 591

roperty of the whole internal membrane. To discover the esact
seat of the secretion, and especially whether it be not in the gastric

Jands, Sir Everard Home* selected those of the turkey ; which,
rom their size, are better adapted for such an experiment than those
of any other bird, except the ostrich. A young turkey was kept a
day without food, and was then killed. The gastric glands were
carefully dissected separately from the lining of the cardiac cavity ;
cutting off the duct of each before it pierced the membrane, so that
no part but the glands themselves were removed. Forty grains, by
wm%ht, of these glands were added to two ounces of new milk ; and
similar experiments were made with rennet; with the lining of the
cardiac cavity of the turkey ; and with the inner membrane of the
fourth cavity of the calf’s stomach. Coagulation, and the separation
into curds and whey, were first effected by the rennet. Next to
this, and simultaneously, came the gastric glands, and the fresh
stoﬂmch of the calf; "and lastly the cardiac membrane of the
turkey.

Frg:m these experiments, Sir Everard concluded, that the
power of coagulation
is in the secretion of

popm the gastric glands;

1 .: i’, ©) and tghat this gpaw&r
\{¥{{fe) is communicated to
AR | other parts, by their
Lpli".,|.-. becoming more or less
W impregnated with it
{¢ ‘The marginal fi-
i'e gure, copied from an
i i engraving by Sir Eve-
G'} it rard Home, of the
{8\ microscopic observa-
2 tions of Mr. Bauer,
ill exhibits the gastric
; ﬁlands, situated in the
el human @sophagus,
@4 magnified fifteentimes.
W& These glands are in
il the lining of the lower
@ part of the cesophagus;

fi '. and have the appear-

A G ance of  infundibular
i@ RO L NSV cells, whose depth does
not exceed the thick-
ness of the membrane.
This structure, although different from that of the gastric glands of
birds, is a nearer approach to it, than is to be met with in any part

of the inner surface of the stomach or duodenum. It also resembles

Fig. 108,

._..ll

d |

Gastric glands of the esophagus magnified fifteen times.

* Lectures on Comparative Anatomy, T, 209. Lond. 1814, and iii. 134, Lond. 1823.
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VOMITING. 555

gurgitation no indisposition may be felt, in vomiting it is always
present, more or less.

The sensation of the desire to vomit is termed nausea. It is an
indescribable feeling of general indisposition; sometimes accompa-
nied with a sensation of circumgyration, either in the head or epi-
gastric region; trembling of the lower lip, and copious flow of 1Fl:e
saliva: along with these signs, there is manifest diminution of the
powers of the vascular and nervous systems ; and hence the utility of
nauseating remedies when these systems are inordinately excited.
The causes, which produce nausea, show that it may be either an
external or internal sensation. Those, that occasion it directly or
externally, are certain emetic substances; too great distention of
the stomach, or the presence of food in it which disagrees by its
quality ; morbid secretions ; the reflux of the bile from the ducde-
num, &c. All these are so many immediate irritants, which deve-
lope the sensation, as the external sensations in general are developed.
In other cases, however, the cause acts at a distance. Between the
stomach and various organs of the body, such extensive sympa-
thetic relations exist, that if one of these be long and painfully af-
fected, the stomach sooner or later sympathizes, and nausea, or
vomiting, or both are induced. In many instances, indeed, the
cause is much more remote than this; the sight of a dis%usﬂng ob-
ject, an offensive smell, or a nauseous taste will as certainly produce
the sensation as any of the more direct agents.

To this class of causes belongs the nausea, produced by riding in
a carriage with the back to the Eursﬂs, by swinging, and particularly
by sailing on the ocean. How the motion, whicgobviausly excites
the nausea in these cases, acts, has been the subject of many specu-
lations, especially as regards sea-sickness. Darwin* refers it to an
association with sgme affection of the organs of vision, which, in the
first instance, produces vertigo; and Bourru, in his French trans-
lation of the work of Gilchrist,—* On the utility of sea voyages in
the cure of different diseases,”—ascribes it to irritation of the optic
nerves, caused by the impossibility of fixing the eyes on objects soon
after embarking. The objection to these views is, that the sickness
ought to be prevented by simply covering the eyes, and that the
blind ought to be exempt from it, which is not the case. Wollastont
attempted to explain it, by some change in the distribution of the
blood; the descending motion of the vessel causing an accumulation
of blood in the brain, as it causes the mercury to rise in the tube of
a barometer. But this explanation is too physical. The mercury,
in an unyielding tube, is readily influenced by the motions of the
vessel; but the blood in the living animal is situate far otherwise.
It is under the influence of a vital force, which interferes greatly
with the action of causes, that are purely physical. Were it other-
wise we should be liable to alarming accidents, whenever the body
1s exposed to the slightest concussion.

* Zoonomia, i. § 23. 4 Philos. Transact. for 1810,












VOMITING. 550
as nausea took place, an incision was made into the abdomen, and
the stomach drawn out of the cavity. Although the retching conti-
nued, the viscus remained immovable, and the efforts were vain.
If, on the other hand, the anterior and posterior surfaces of the sto-
mach were pressed upon by the hands, vomiting occurred, even
when no emetic tartar was administered ; the pressure provoking
the contraction of the diaphragm and ahdaminaf muscles, and thus
exhibiting the close sympathetic connexion, which exists between
those acts. A s]i§ht pull at the cesophagus was attended with
a similar result. In another dog, the abdomen was opened; the
vessels of the stomach tied, and the viscus extirpated. A solution
of two grains of tartar emetic in an ounce and a half of water was
then injected into the veins of the animal; when nausea and fruitless
efforts to vomit supervened. The injection was repeated six times:
and always with the same results. In another dog, the stomach was
extirpated; and a hog’s bladder fitted to the cesophagus in its stead,
containing a pint of water, which distended but did not fill it. The
whole was then put into the abdomen; the parietes of which were
closed by suture. A solution of emetic tartar was now injected into
the jugular vein of the animal: nausea—and, afterwards, vomiting—
supervened, and the fluid was forced from the bladder. On another
dog, the phrenic nerves were divided ; by which three-fourths of the
diaphragm were paralyzed; the dorsal pairs being the only nerves
of motion remaining untouched. 'When emetic tartar was injected
into the veins of this animal, but slight vomiting occurred; and this
ceased, when the abdomen was opened and the stomach forcibly
pressed upon. In another dog, the abdominal muscles were de-
tached from the sides and linea alba; the only part of the parietes
remaining bging the peritoneum. A solution of emetic tartar was
now injected into the veins: nausea and vomiting supervened; and,
through the peritoneum, the stomach was observed to remain im-
movable; whilst the diaphragm pressed down the viscera so strongly
against the peritoneum, that it gave way, and the linea alba alone
resisted. In a final experiment, Magendie combined the two last.
He cut the phrenic nerves to paralyze the diaphragm ; and removed
the abdominal muscles. Vomiting was no longer excited.

From these different results, he decided, that vomiting takes
place independently of the stomach; and on the other hand, that it
cannot occur without the diaphragm and abdominal muscles; and
he concluded, that the stomach is almost passive in the act; that
the diaphragm and abdominal muscles, especially the first, are the
principal agents; that air is constantly swallowed at the time of
vomiting, to give the stomach the bulk which is necessary, in order
that it may be compressed by those muscles; and lastly, that the
diaphragm and abdominal muscles are largely concerned in vomit-
ing, as is indicated by their evident and powerful contractions
during the act, and by the fatigue which is felt in them afterwards.
Magendie likewise refers, in corroboration of his view, to the cases
of scirrhous pylorus, in which there is constant vomiting, although
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