Human physiology (Volume 1).

Contributors

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

Publication/Creation
Philadelphia : Lea and Blanchard, 1844.

Persistent URL

https://wellcomecollection.org/works/m2bg2qsx

License and attribution

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

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

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

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

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



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





























































ANIMALS AND VEGETABLES. 19

some of the more elevated individuals of the two kingdoms outlive
a century.

8. Molive forces. — Lastly, observation has satisfactorily proved,
that there are certain forces which affect matter in general, the in-
organic as well as the organized, but that, in addition to these, the
organized possess a peculiar force or forces, which modify them in
the most remarkable manner. Hence, we have general forces,and
special or vital ; the first acting upon all matter, the dead and the
living, and including the forces of eravitation, cohesion, chemical
affinity, &c. ; the latter being exclusive to living beings,

Such are the chief distinctions to be drawn between the two
great divisions of natural bodies, the inorganic and the organized.
By the comparison which has been instituted, the objects of physio-
logy, the phenomena of life, have been indicated. To inquire into
the mode in which a living being is born, nowrished, reproduced,
and dies, is the legitimate object of this science. We have, how-
ever, entered only into a comparison between the inorganic and
the organized, The two divisions constituting this latter class
differ also materially fromeachother. Into thesedifferences we shall
now inguire. .

9, DIFFERENCE BETWEEN ANIMALS AND VEGETABLES.

The distinetions between these divisions of organized bodies are
not so rigidly fixed, or so readily appreciated, as those we have
just considered. There are certain functions possessed by both,
and hence called vegetative, plastic, or organic— nutrition and
reproduction, for example ; but vegetables are endowed with these
only. All organized bodies must have the power of assimilating
foreign matters to their own substance, and of producing a living
being similar to themselves ; otherwise the species, having a limited
duration, would perish. In addition to these common functions,
animals have two others, sensation and voluntary motion, by the
possession of which they are said to be animated. Hence they are
termed animals, and the condition is called animality. Thisdivi-
sion of the functions into @nimal and organic has been adopted,
with more or less modification, by the generality of physiologists.

Between animals and vegetables, that are sitnate high in their
respective classes, no error can possibly be indulged. The charae-
ters are obvious at sight. No one can confound the horse with the
oak, the butterfly with the potato. It is on the lower confines of
the two kingdoms that weare liable to be deceived. Many of the
zoophytes have alternately been considered vegetable and animal ;
and it is not until of modern date that the sponge has beenalmost uni-
versally elevated to that kingdom to which it seems entitled, Nor
is this to be wondered at. In its attachment to the rock, it is as
immoveable as the lichen is to the slate, and almost equally defi-
cient in the usual characteristics of animality. In general, how-
ever, we are able to classify any doubtful substance with accuracy,
and the following are the principal poinis of difference.
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their nutrition from the objects situate around them — irresistibly
and without volition, or the participation of mind —and whilst the
function of reproduction is effected without the union of the sexes;
volition and sensation are hoth necessary for the nutrition of the
former, and for the acts requisite for the reproduction of the species.
Hence, the necessity of two faculties or functions in the animal,
which are wanting in the vegetable, viz., sensibility, or the faculty
of consciousness and feeling ; and motility, or the power of moving
the whole body or any of its parts at the will of the being. Vege-
tables are possessed of spontaneous, but not of veluntary motion.
Of the former we have numerous examples in the direction of the
branches and upper surfaces of the leaves, although repeatedly
disturbed, to the light ; and in the unfolding and closing of flowers,"
at stated periods of the day. This, however, is quite distinct from
the sensibility and motility that characterize the animal. By sen-
sibility man feels his own existence, — becomes acquainted with
the universe, — appreciates the bodies that compose it, and expe-
riences all the desires and inward feelings that solicit him to the
performance of those external actions, which are requisite for his
preservation as an individual, and as a species; and by motility
he executes those external actions which his sensibility may
suggest to him.

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

The spontaneity and perceptivity of plants, as they have been
termed, must also be explained in a different manner from the ele-
vated function of sensibility on which we shall have to dwell.
These properties must be referred to the fact of certain vegetables
being possessed of the faculty of contracting on the application of
a stimulus, independently of sensation or consciousness. If we
touch the leaf of the sensitive plaut, Mimosa pudica, the various
leaflets collapse in rapid succession. In the barberry bush, Berberis
vulgaris, we have another example of the possession of this faculty.
In the flower, the six stamens, spreading moderately, are sheltered
under the concave tips of the petals, till some extraneous body, as
the feet or trunk of an insect in search of honey, touches the inner
part of each filament, near the bottom. The susceptibility of this
part is such, that the filament immediately contracts, and strikes its
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distinctions already pointed out —the possession, by the animal,
of sensibility and locomotility. For example, every part of the
generative act is, in the vegetable, without the perception or voli-
tion of the being : —the union of the sexes, fecundation, and the
birth of the new individual are alike automatic. In the animal,
on the other hand, the approximation of the sexesisalways volun-
tary and effected consciously — the birth of the new individual
being not only perceived, but somewhat aided by volition. Feeun-
dation alone is involuntary and irresistible.

Again, in the vegetable the sexnal organs donot exist at an early
period, and are not developed until reproduction is practicable.
They are capable of acting for once only, and perish after fecun-
dation ; and if the plant be vivacious, they fall off after each repro-
duction, and are annually renewed. Inthe animal, on the contrary,
they exist fromn the earliest period of fietal development, survive
repeated fecuandations, and continue during the life of the individual.

Lastly, the possession of sensibility and locomotility leads to
other characteristics of animated beings. These functions are
incapable of constant, unremitting exertion. S’eep, therefore, be-
comes necessary. The animal is also capable of expression or of
language, in a degree proportionate to the extent of his sensibility,
and of his power over the beings that surround him.

Bat these differences in function are not so diseriminative as
they may at first appear. There are many animals, which are as
irresistibly attached to the soil as the vegetables themselves. Like
the latter, they must, of necessity, be compelled to absorb their
food in the state in which it is presented to them. Sensibility and
lecomotility appear, in the zoophyte, to be no more necessary than
in the vegetable. No nervous, no muscular system is required ;
and, accordingly, none can be traced in them ; whilst many of those
spontaneous motions of the vegetable, which have been described,
have been considered by some to indicate the first rndiments of
sensibility and locomotility : and Linnzus® has regarded the closure
of the flowers towards night as the sleep, and the movements of
vegetables, for the approximation of the sexual organs, as the
marriage of plants.”

II. GENERAL PHYSIOLOGY OF MAN.

Tae observations made on the difference between animals and
vegetables have anticipated many topics, which would require con-

s Amenit. Academ. ; tom. iv.

b See, on the differences between Animals and Vegetables, Tiedemann, Traité Com-
plet de Physiologie de I'Homme, traduit par A. J. L. Jourdan, i. 166, Paris, 1831 ;
Southwood Smith’s Philosophy of Health, Part I. chap. i. Lend. 1835; Virey, Philo-
sophie de I'Histoire Naturelle, &c. p. 253, Paris, 1835; Miiller's Handbuch der Phy-
silogie des Menschen, Coblenz, 1835, 1837, or Baly's translation, Part 1. p. 40,
Lond. 1837 ; Dr. W. B. Carpenter's Principles of General and Comparative Physio-
logy, Introduction, 2d edit. Lond. 1841 ; and his Human Physiology, Lond. 1842 ;
and Henle, Allgemeine Anatomie, u. s, w. Leipz. 1841 ; or Jourdan's French Transla-
tion, p. 3. Paris, 1843,
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sideration under this head. Those general properties, which man
possesses along with other animals, have been referred to in a cur=
sory manner. They will now demand a more special investigation.

l.— MATERIAL COMPOSITION OF MAN.

The detailed study of human organization is the province of the
anatomist, — of its intimate eomposition, that of the chemist. In
explaining the functions executed by the various organs, the phy-
siologist will frequently have oceasion to trench upon both of
these departments. '

The bones, in the aggregate, form the skelefon. The base of this
skeleton is a series of verfebra, with the skull asa capital — itself
regarded as a vertebra by De Blainville. This base is situate on
the median line through the whole trunk, and contains a cavity, in
which are lodged the brain and spinal marrow. On each side of
this, other bones are arranged in pairs, which by some have been
called appendices. Upon the skeleton are placed muscles, for
moving the different parts of the body, and for changing its situa-
tion with regard to the soil. The body is again divided into #runk
and limbs. The {runk, which is the prineipal portion, is composed
of three splanchnic cavities, situate one above the other — the ab-
domen, thoraz, and head. These contain the most important
organs of the body — those that effect the functions of sensibility,
digestion, respiration, circulation, &c. The Aead comprises the

Jace, which contains the organs of four of the senses —those of
sight, hearing, smell, and taste,—and the cranium, which lodges
the brain —the organ of the mental manifestations, and the most
elevated ]il&l.‘t of the nervous system. The thoraz or chest con-
tains the lungs — organs of respiration — and the heart, the great
organ of the circulation. The abdomen contains the principal organs
of digestion, and (if we include in it the pelvis) those of the urinary
secretion and of generation. Of the limbs, the upper, suspended
on each side of the thorax, are instruments of prehension, and are
terminated by the hand, the great organ of touch. The lower are
situate beneath the trunk, and are agents for supporting the body,
and for locomotion.  Fessels, emanating from the heart, are distri-
buted to every part ; conveying to them the blood necessary for their
vitality and nutrition : these are the arferies. Other vessels com-
municate with them, and convey the blood back to the heart — the
veIns ; ":vh_i]st a third set communicate also with the arteries, and
convey into the circulation, by a particular channel, a fluid called
lymph — whence they derive the name of lymphatics. Nerves,
communicating with the great central masses of the nervous sys:
tem, are distributed to every part to complete their vitality ; and
lastly, a membrane or layer, possessed of acute sensibility — the
skin — serves as an outer envelope to the whole body.

It I?as been already remarked, that the animal body consists
essentially of four ultimate elements — oxygen, hydrogen, carb
and azote. This is correct asa gene e R

. general principle ; but organic
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chemistry has shown, that some of the constituents aflord little
or no traces of azote.. It was likewise observed, that two kinds of
elements enter into the composition of the body — the chemical or
inorganic ; and the organic, which are compound, and formed only
under the prineiple of life. -

The chemical or inorganic elements, met with, are — oxygen,
hydrogen, carbon, azote, phosphorus, calcium ; and, in smaller
quantity, sulphur, iron, manganese, caleium, silicium, aluminium,
chlorine ; also, sodinum, magnesium, &e., &e.

1. Oxygen. — This is widely distributed in the solids and fluids,

and a constant supply of it from the atmosphere is indispensable
to animal life. It is almost always found combined with other
bodies, often in the form of earbonic acid — that is, united with
carbon. In a separate state it is met with in the air-bag of fishes,
n which it is found varying in quantity, according to the species,
and the depth at which the fish has been caught.
2. Hydrogen. — This gas occurs universally in the animal
kingdom. It is a constituent of all the fluids, and of many of the
solids ; and is generally in a state of combination with carbon. In
the human intestines it has been found pure, as well as combined
with carbon and sulphur.

3. Carbon. — This substance is met with under various forms,
in both fluids and solids. It is most frequently found under that
of carbonic acid. Carbonic acid has been detected in an uncom-
bined state in urine by Proust, and in the blood by Vogel® It
likewise exists in the intestines of animals; but it is chiefly met
with in animal bodies, in combination with the alkalies or earths ;
and is emitted by all animals in the act of respiration.

4. «1zote.— This gas is likewise widely distributed asa com-
ponent part of animal substances. Indeed, so generally does it
prevail, that it often affords a distinctive mark by which they may
be known from vegetables. It likewise occurs, in an uncombined
state, in the swimming bladder of certain fishes.

5. Phosphorus is an essential constituent of the brain; and is
found united with oxygen — in the state of phosphorie acid — in
many of the solids and fluids. This is the acid, that is combined
with the earthy matter of bones,and with potassa, soda, ammonia,
and magnesia, in other parts. It is supposed to give rise to the
luminousness of certain animals — as of the firefly, the Pyrosoma
Atlanticum, &e. — but nothing precise is known on this subject.

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

7. Sulphur is not met with extensively in the animal solids or
fluids ; nor is it ever found free, but always in combination with
oxygen, united to soda, potassa, or lime. It seems to be an inva-
riable concomitant of albumen, and is found in the intestines, in

a Annals of Philosophy, vii. 56.

VOL. I, — 3
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fluids. It has never been discovered in a free state, but is united,
(without an acid,) to albumen. Most frequently, it is combined
with the muriatic and phosphoric acids ; less so, with the lactic,
carbonie, and sulphuric acids.

15. Potassium. — The oxide, potassa, is found in many animal
fluids, but always united with acids— the sulphurie, chlorohydric,

hosphorie, &c. It is much more common in the vegetable king-
om, and hence one of its names — vegetable alkali.

16. Magnesium.— The oxide, magnesia, exists sparingly in
bones, and in some other parts, but always in combination with
phosphorie acid.

17. JAluminium. — Alumina is sald by Morichini to exist in the
enamel of the teeth. Fourcroy and Vauquelin found it in the bones ;
and John, in white hairs. According to Schlossberger, it exisls in
the flesh of fishes.®

18, Titanium.— Rees affirms, that he detected it in salts ob-
tained from the supra-renal capsules.

19. Jrsenic.— It cannot be considered positively established,
whether arsenic exist in the human body. Raspail and Orfila
affirm that it does, and that they have discovered traces of it in the
bones and musecles. They are of opinion, that it is introduced into
the body in phosphuretted articles of diet, which always contain
small quantities, Its presence has, however, been denied by
others.

" The Orcaxnic ELEMENTS, proxvimate principles or compounds
of organization are the primary combination of two or more of the
elementary substances, in definite proportions. Formerly, four only
were admitted — gelatin, fibrin, albumen, and oil. Of late,
however, organic chemistry has pointed out numerous others,
which are divided into two classes — jfirsf, those that contain
azote, as albumen, gelatin, fibrin, osmazome, mucus, casein, urea,
uric acid, the red colouring principle of the blood, the yellow colour-
ing principle of the bile, &c.; and secondly, those that do not con-
tain azote, as olein, stearin, the fatty matter of the brain and nerves,
the acetic, oxalic, benzoie, and lactic acids, the sugar of milk, sugar
of diabetes, picromel, the colouring principle of the bile, and that
of other solids and liquids.

a, Organic Elements that contain vizole.

1. Protein. — Recent researches have shown, that the chief
proximate prineiples of animal tissues, and those that have been
regarded as highly nutritious among vegetables, have almost iden-
tically the same composition ; and are modifications of a princi-
ple to which Mulder —its discoverer —gave the name Profein.
If animal albumen, fibrin, or casein, be dissolved in a moderately
strong solution of caustic potassa, and the solution be exposed for

a Henle, Allgemeine Anatomie, s 4, Leipz. 1841, or Jourdan's translation, i 2.
Paris, 1843.
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some time to a high temperature, these substances are decom-
posed. The addition of acetic acid to the solution causes, in all
three, the separation of a gelatinous translucent precipitate, which
has exactly the same character and composition, from whichsoever
of the solutions it has been obtained. It may be procured, too,
from globulin of blood and from vegetable albumen.®

The following substances may be regarded as modifications or
combinations of protein. They are composed of it and of a small
quantity of phosphorus, or of sulphur, or both.? : 3

a. v2lbumen. — This is one of the most common organic constitu-
ents, and appears under two forms — liguid and concrefe. In its
purest state, the former is met with in the white of egg — whence
its name ; in the serum of the blood, the lymph of the absorbents,
the serous fluid of the great splanchnic cavities and of the cellular
membrane, and in the synovial secretion. It is colourless and
transparent, without smell or taste, and is coagulated by acids,
aleohol, ether, metallic solutions, infusion of galls, and by a tempe-
rature of 165° Fahrenheit. It is excreted by the kidneys in large
quantities, in the disease, which, owing to its presence in the urine,
has been called Jlbuminuria.

Concrete, coagulated, or solid albumen, is white, tasteless, and
elastic; insoluble in water, alcohol, or oil, but readily soluble in
alkalies.

Albumen 1s always combined with soda. It exists, in abun-
dance — both liquid and couerete — in different parts of the animal
body. Hair, nails, and horn consist of it ; and it is, in some form
or other, the great constituent of many tumours.

b. Fibrin.— This proximate principle exists in the chyle ; enters
into the composition of the blnm;] ; forms the chief part of muscular
flesh, and may be looked upon as one of the most abundant animal
substances. It is obtained by beating the blood, as it issues from a
vein, with a rod. The fibrin attaches itself to each twig in the
form of red filaments, which may be deprived of their colour by
repeated washing with cold water. Fibrin is solid, white, flexible,
slightly elastic, insipid, inodorous, and heavier than water. It is
neither soluble in water, alcohol, nor acids ; it dissolves in liquid
potassa or soda, in the cold, without much change, but, when warm
becomes decomposed. : :

Fibrin constitutes the buffy coat of blood ; it is thrown out from
the bloodvessels, as a secretion, in many cases of inflammation,
becoming subsequently organized, or penetrated by bloodvessels
and nerves.

There is no mode of distinguishing liquid fibrin from liquid albu-
men, except by the spontaneous coagulation of the former. Con-
sequently, according to Henle,* if a liquid does not coagulate of
itself, it does not contain fibrin. The blood of persons in a state
of asphyxia, of animals fatigued to death, or poisoned ; or of per-

* Liebig, Animal Chemistry, G ' po .
» Henle, op. cit. p. 31. istry, Gregory's and Webster f %!;}Lg.t l:ﬂéaﬂamhrldgu, 1842.
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sons, otherwise in health, who die of hemorrhage in consequence
of slight wounds, does not ecoagulate, and therefore is devoid of
albumen. It is erroneous, he considers, to state, that in these
cases the fibrin does not coagulate. The change of albumen to
fibrin has been regarded as the first important step in the process
of assimilation, —fibrin being endowed with much higher vital pro-
perties than albumen. This has been attributed to some influence
exerted upon albuminous fluids by the living surfaces over which
ey pass.®

c. Caseum or Casein or Caseous matter.— This substance
exists in greatest abundance in milk, and is the basis of cheese.
It is found also in the blood, saliva, bile, pancreatic juice ; in pus,
tubercular matter, &c. To obtain it, milk must be left at rest, at the
ordinary temperature, until it is coagulated ; the cream that collects
on the surface must be taken off' ; the clot well washed with water,
drained upon a filter, and dried. The residuum is pure easeum.
It is a white, insipid, inodorous substance, insoluble in water, but
readily soluble in the alkalies, especially in ammonia. It pos-
sesses considerable analogy with albumen. Proust ascribes the
characteristic flavour of cheese to the presence of the caseate of
ammonia.

Until recently, it was believed that vegetable albumen and fibrin
differ from animal albumen and fibrin; but Mulder has shown
that this is not the case ; and casein, which agrees with the others in
composition, has been found by Liebig in the vegetable. Legumin
is vegetable casein.

2. Globulin. — The globulin of Berzelius consists of the enve-
lopes of the blood corpuscles, and of the part of their contents that
remains after the extraction of the hematosin. Lecanu regards glo-
bulin asidentical with albumen ; and.according to Mulder, it belongs
to the combinations of protein. Henle® thinks it probable, that
globulin is in reality only albumen with the membranes of the
blood corpuscles. Berzelius considers the crystalline lens to be
composed of the same substance.

3. Pepsin.— This substance, to which Eberle gave the name,
was discovered by Schwann. It seems to be a modification
of protein, but has not been much examined. It is contained
in the gastric juice, and its physiological properties will be
described under the head of Dreesrron. It greatly resembles
albumen ; coagulates by heat and alcohol, and loses its solvent
virtues. Liebig doubts the existence of pepsin as a distinct com-
pound.  According to him — as explained hereafter — the solvent
power of the gastric juice is owing to the gradual decomposition
of a matter dissolved from the lining membrane of the stomach,
aided by oxygen introduced in the saliva.

4, Gelatin.— This is the chief constituent of the cellular tissue,
skin, tendons, ligaments, and eartilages. The membranes and
bones also contain a large quantity of it. It is obtained by boiling

* Dr. Carpenter, Brit. and For. Med. Rev., Jan. 1843, p. 269, & Op. cit. p. 53.

3* .
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body by friction, corns, and the thick layers of the soles of the
feet, the nails, and horny parts; and it is contained in considerable
quantity in hair, wool, feathers, seales of fishes, &e.

8. Urea. — This proximate principle exists in the urine of the
mammalia when they are in a state of health. In human urine,
it is believed to exist in the form of a lactate ; in the urine of her-
bivorous animals, to be combined with hippuric acid. In human
urine it is less abundant after a meal, and it nearly disappears in
diabetes, and in affections of the liver. It is obtained by evapo-
rating urine to the consistence of syrup. The syrup is then treated
with four parts of aleohol, which are afterwards volatilized by
heating the alcoholic extract. The mass, that remains, is dissolved
in water, or rather in alcohol, and crystallized.

The purest urea that has been obtained assumes the shape of
acicular prisms, similar to those of the muriate of strontian. It is
colourless, devoid of smell, or of action on blue vegetable colours,
transparent, and somewhat hard. Its taste is cool, slightly sharp,
and its specific gravity greater than that of water.

Urea is supposed by Prout to be chiefly derived from the decom-
position of the gelatinous tissues; but, as Dr. Carpenter has re-
marked,® there seems to be no valid reason thus to limit the mode
of its production.

9. Urie or lithic acid. — This acid is found in the urine of man,
birds, serpents, tortoises, crocodiles, lizards, in the excrements of
the silk-worm, and very frequently in urinary caleuli. It is obtained
by dissolving any urinary caleulus which contains it, or the sedi-
ment of human urine, in warm liguid potassa, and precipitating
the uric acid by the chlorohydric. Pure urie acid is white, taste-
less, and inodorous. It is insoluble in aleohol, and is dissolved
very sparingly by cold or hot water, requiring about 10,000 times
its weight of that fluid, at 60° of Fahreuheit, for solution. Accord-
ing to Dr. Prout, this acid is not free, but is commonly combined
with ammonia ; the reddening of litmus paper being not altogether
owing to it, but to the super-phosphate of ammonia, which is like-
wise present in urine.

In the herbivora, this acid is replaced by the hippuric. The
xzanthic acid, found by Marecet in urinary calculi, seems to have
been uric acid.

10. Red colouring principle of the blood. —It has been already
observed that Engelhart and Rose, German chemists, had detected
iron in the red globules of the blood, and had not found it in the
other principles of that fluid. It has been considered probable,
therefore, that it has something to do with the colour. Engelhart’s
experiments have not, however, determined the manner in whlqh
it acts, nor in what state it exists in the blood. The sulphocyanic
acid which is found in the saliva, forms, with the peroxide of iron,
a colour exactly like that of venous blood ; aud it is possible that
the colouring matter may be a sulphocyanate of iron.

To obtain the red colouring matter, hematin or hemalosin,

* Human Physiology, § 673, Lond. 1842,
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evaporating the aleohol, which still contains the red fatty matter
and osmazome, to the consistence of bowillie, and exposing this,
when cold, to the action of alcohol, the osmazome is entirely dis-
solved, whilst the alcohol takes up scarcely any of the red fatty
matler.

3. Jcelic acid. — This acid exists in a very sensible manner in
the sweat, urine, and in milk — even when entirely sweet. It, or
rather lactic acid, is formed in the stomach in indigestion; was
found by the author* and his late friend, Professor Emmet, to be
contained in the gastric secretions in health, and it is one of the con-
stant products of the putrid fermentation of animal or vegetable
substances. It is the most prevalent of the vegetable acids, and
the most easily formed artificially.

4. Ozalic acid.— This acid,— which exists extensively in the
vegetable kingdom, but always united with lime, potassa, soda, or
oxide of iron,— is only found as an animal constituent in certain
urinary calculi, combined with lime.

5. Benzoic acid. — This acid, found in many individuals of the
vegetable kingdom, is likewise met with in the urine of the horse,
cow, camel, rhinoceros; and sometimes in that of man, especially
of children. When benzoic acid is swallowed, hippuric acid is
observed in the urine ; and it was supposed by Dr. A. Ure and
others, that this was owing to the conversion of uric acid into
hippuric ; and as the hippurates are more soluble, it was suggested,
that benzoic acid might be advantageously exhibited in lithuria ;
and in cases of gouty depositions of lithate of soda. It has been
found, however, by Liebig,” and by Professor Booth, and Mr.
Boyé, of Philadelphia, that the administration of benzoic acid
exerts no influence on the amount of uric acid in the urine.

6. Lactic acid. — The acid of milk is met with in blood, gastric
juice, urine, milk, marrow, and also in muscular flesh. Some-
times it is in a free state, but usually united with the alkalies.
However much it may be concentrated, it does not crystallize, but
remains under the form of syrup or extract. When cold it is taste-
less,’but when heated has a sharp acid taste. According to Dr.
Prout, this acid, like urea, results from the decomposition of the
gelatinous parts of the system ; according to Berzelius, however,
it is a general product of the spontaneous decomposition of animal
matters within the body. Liebig? denies, that any lactic acid is
formed in the stomach in health ; and he adds, that the property
possessed by many substances, such as starch, and the varieties of
sugar, by contact with animal substances in a state of decomposi-
tion, of passing into lactic acid, has induced physiologists too hastily
to assume the fact of the production of lactic acid during healthy
digestion.

7. Sugar ¢f milk. — This substanee, which is so called because
it has a saccharine taste, and exists chiefly, if not solely, in milk,

* Elements of Hygiéne, p. 222, ¢ Animal Chemistry, p. 316.
¢ Proceedings of the American Fhilosophical Society at the Centennial Celebration
in Philad. May, 1843, . 4 Op. cit. p. 107,
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bitter, but afterwards sweet. Its smell is nauseous, and its specific
gravity greater than that of water. When digested with the resin
of the bile, a portion of the latier is dissolved, and a solution is
obtained, which has both a bitter and a sweet taste, and yields a
precipitate with the subacetate of lead and the stronger acids.
This is the compound that causes the peculiar taste of the bile.

10. Cholesterin. — This is a constituent prineiple of the blood,
the bile, and the medullary neurine. It is often precipitated from
bile in a crystalline state; and forms of itself concretions, which
have an evidently laminated texture. It has been very frequently
met with in morbid secretions and tissues, in the fluid of dropsies,
in that of cysts and hydatids, and in medullary fungous and
other tumours. At times, it is dissolved ; at others, swims upon
the fluid under the form of brilliant plates, or forms solid masses.
It is obtained from biliary calculi by boiling them in water, and
dissolving them afterwards in boiling aleohol. On cooling, erystals
of cholesterin separate.

11, Colouring principle of the bile— Biliverdin.— Of the na-
ture of this-principle, which exists in the bile of different animals,
we have no definite ideas. It is generally precipitated along with
the fatty matter ; and, by means of ether, which dissolves it, may
be obtained pure.

The colouring principles of other parts of animals are not suffi-
ciently known to admit of classification,

These inorganie and organic elements,with others of less moment,
that have been discovered by modern chemists, variously com-
bined and modified by the vital principle, constitute the different
Earls of the animal fabric. Chemistry, in its present improved con-

ition, enables us to separate them, and to investigate their proper
ties; but all the information we derive from this source relates to
bodies, which have been influenced by the vital principle, but are
no longer so; and in the constant mutations that are occurring in
the system whilst life exists, and under its controlling agency, the
same textures might exhibit very different chemical characteristics,
could our researches be directed te them under those circumstances.
Whenever, therefore, the physiologist has to apply chemical eluci-
dations to operations of the living machine, he must recollect, that
all his analogies are drawn from dead matter — a state so widely
differing from the living as to suggest to him the necessity of a
wise and discriminating caution.

The components of the animal body are invariably found under
two forins — solids and fluids. Both of these are met with in
every animal, the former being derived from the latter; for, from
the blood every part of the body is separated; yet they are
mutually dependent, for every liquid is contained in a solid. The
blood itself circulates in a solid vessel : both, too, possess an analo-
gous composition, are in constant motion, and are incessantly
converted from one into the other. Every animal counsists of a
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the influence of mechanical or chemical stimuli. They are com-
posed, essentially, of fibrin, and their histology will be described
hereafter.

The muscular fibres, which are arranged in the form of mem-
branous expansions or muscular coats, differ from proper muscles
chiefly in the mechanical arrangement of their fibres. But the
physical and chemical characters of both are identical. The fibres,
instead of being collected into fasciculi, are in layers, and, instead
of being parallel, interlace. This tissue does not exist in the
zoophyte.

3. Nervous, pulpy, or medullary fibre or tissue.— This tissue,
which will be referred to hereafter, is much less distributed than the

"preceding. It is of a pulpy consistence, is composed essentially of
albumen united to a fatty matter, and is the organ of sensibility, or
for receiving and transmitting impressions to the mind. Of it, the
brain, cerebellum, medulla spinalis, nerves and their ganglia are
composed.

Professor Chaussier® has added another primary fibre or tissue,—
the albugineous. It is white, satiny, very resisting, of a gelatinous
nature, and constitutes the tendons and tendinous structures. Chaus-
sier is, perhaps, the only anatomist that admits this tissue. Others
properly regard it as a very condensed variety of the cellular. :

These various fibres or tissues, by uniting differently, constitute
the first order of solids; and these, again, by union, gives rise to
compound solids, from which the different organs, bones, glands,
&e., are formed. A bone, for example, is a compound of various
tissues, osseous in its body, medullary in its interior, fibrous ex-
ternally, and eartileginous at its extremities.

Bichat® was the first anatomist who possessed any clear views
regarding the constituent tissues of the animal frame; and whatever
merit may accrue to after anatomists and physiologists, he is en-
titled to the credit of having pointed out the path, and facilitated
the labours of the anatomical analyst.©

In combining to form the different structures, the solids are ar-
ranged in a variety of ways. Of these, the chief are in filaments or
elementary fibres, tissues, organs, apparatuses, and systems. The
Jfilament, we have seen, is the elementary solid. A fibre consists
of anumberof filaments united together. Occasionally, this is called
a lissue:—the term fissue usually, however, means a particu-
lar arrangement of fibres. An organ is a compound of several
tissues. An apparatus is an assemblage of organs, concurring to
the same end : — the digestive apparatus consists of the organs of
mastication, insalivation,and deglutition,of the stomach, duodenum,
pancreas, liver, &e, These organs may be, and are, of very dis-
similar character, both as regards their structure and functions ;

= Table Synoptique des Sclides Organiques.  * Anatomie Gén., Paris, 1801, tom. i

¢ For various arrangements of the tissues, see Lepelletier, Physiologie Médicale ;
tom. i. Paris, 1831-1832 ; Meckel's Handbuch der Anatomie, u. 5. w. Doane’s trans-
lation, vol. i, Philadelphia, 1822; or Grainger’s Elements of General Anatomy,
Lond. 1829,
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he was reduced from two hundred and forty pounds to below
ninety.[?]

The fluids are variously contained ; sometimes in vessels —
as the blood and lymph; at others, in cavities—as the fluids
secreted by the pleura, peritoneum, arachnoid coat of the brain,
&c.; others are in minute areol®e —as the fluid of the cellular
membrane ; whilst others again are intimately combined with the
solids. They differ likewise in density, some existing in the state
of halitus or vapour ; others being very thin and aqueous — as the
fluid of the serous membranes; others of more consistence —as
the secretion of the mucous membranes, the animal oils, &e.

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

The fluids have been differently classed, according to the parti-
cular views that have from time to time prevailed in the schools.
The ancients referred them all to four — blood, bile, phlegm or
pituita, and atrabilis ; and each of these was conceived to abound
i one of the four ages, seasons, climates, or temperaments. The
blood predominated in youth, in the spring, in cold mountainous
regions, and in the sangnine or inflammatory temperament. The
pituita or phlegm had the mastery in old age, in winter, in low
and moist countries, and in the lymphatic temperament. The bile
predominated in mature age, in sumrer, in hot climates, and in the
bilious temperament ; and lastly, the atrahilis was the character-
istic of middle age, of autumn, of equatorial climes, and of the
melancholic temperament. This was their grand humoral system,
which has vanished before a better observation of facts, and more
improved methods of physical and metaphysical investigation.
The atrabilis was a ecreature of the imagination; the pituitous
condition is unintelligible to us; and the doctrine of the influence
of the humours on the ages, temperaments, &c., is irrational.

Subsequently, the humours were classed according to their phy-
sical and chemical properties ; for instance, they were divided into
liquids, vapours, and gases; into acid, alkaline, and neutral ; into
thick and thin ; into aqueous, mucilaginous, gelatinous, and oily ;
into saline, oily, saponaceous, mucous, albuminous, and fibrinous,
&e. In more modern times, endeavours have been made to arrange
them according to their uses in the economy into—1, recrementitial
Sluids, or those intended to be again absorbed ; 2, excrementitial,
or those that have to be expelled from the body ; and 3, those
which participate in both uses, and are hence termed excremento-
recrementitial. Blumenbach® divided them into erude humours,
blood, and secreted humours, a division which has been partly
~adopted by Adelon;® and lastly, by Professor Chaussier, whose
anatomical arrangements and nomenclature have rendered him

* Elements of Physiology, by Elliotson, 4th edit. Lond. 1828,
b Physiologie de I'Homme, 2de édit. i. 124, Paris, 1829,
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great flexibility. The articular ligaments are vemy flexible, and
somewhat more extensible. On the other hand, the fibrous or
ligamentous structures, which are employed to support weights, or
which are antagonists to musenlar action,— such as the ligamen-
tum nuchz or the strong ligament, which passes from the spine
to the head of the quadruped, — are very extensible and elastic.

Another physical property, possessed by animal substances, is a
kind of contractility, accompanied with sudden corrugation and
curling. This effect, which Bichat terms racornissement, is pro-
duced by heat, and by chemical agents, especially by the strong
mineral acids. The property is exhibited by leather when thrown
into the fire. -

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

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

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

Some singular facts have been observed regarding the imbibi-
tion of fluids and gases. On filling membranous expansions, as
the intestine of a chicken, with milk or some dense fluid, and im-
mersing it in water, Dutrochet® observed, that the milk left the
intestine, while the water entered it; and hence he concluded, that
whenever an organized cavity, containing a fluid, is immersed in
another fluid, less dense than that which is in the cavity, there is

a Roget, art, Physiology, in Supplement to Encyclopedia Britannica; and Outlines
of Physiology, with an appendix on Phrenology. First American edition, with notes
by the author of this work, p. 73, Philad. 1839, ; :

b Magendie, Précis Elémentaire de Physiologie, 2de édit. 1825, i. 13,

¢ Mém. pour servir i 'Histoire Anatom, et Physiol. des Animaux et des Végétaux,
Paris, 1837 ; and art. Endosmosis, in Cyclopedia of Anatomy and Physiology, part x.
p- 98, June, 1837,
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All these different properties of animal solids are independent of
the vital properties. They continue for some time after the total
extinction of life in all its functions, and appear to be connected
either with the physical arrangement of molecules, the chemical
composition of the substance in which they reside, or with pecu-
liar properties in the body that is made to act on the tissue, They
do not, indeed, seem to be affected, until the progress of decompo-
sition has become sensible. Hence, many of these agencies have
been termed collectively, by Haller, the vis moriua.

1I. FUNCTIONS OF MAN.

Having described the intimate structure of the tissues, we pass
to the consideration of the functions, the character of each of which
is, — that it fulfils a special and distinet office in the economy, for
which it has an organ or an instrument or an evident apparatus of
organs. Physiologists have not, however, agreed on the number
of distinct offices which are so performed ; and hence the differ-
ence, in the number and classification of the functions, that prevails
amongst them. The oldest division is into the vital, nafural, and
animal; the vital functions including those of such importance as
not to admit of interruption, such as circulation, respiration, and
innervation ; the nafural funetions including those that effect nu-
trition, as digestion, absorption, and secretion; and the animal,
those possessed exclusively by animals, as sensation, locomotion,
and voice. This classification is the basis of that which generally
prevails at the present day.

The character of this work will not admit of a detail of every
classification which has been proposed by the physiologist ; that of
Bichat, however, has occupied so large a space in the public eye,
that it cannot well be passed over. It is the one followed by
Richerand,® and by many modern writers. Bichat includes all
the functions under two heads, according as they work to one or
other of two ends, — functions of nutrition or life of the indivi-
dual, and functions of reproduction or life of the species. Nutri-
tion requires that the being shall establish relations around him to
obtain the materials of which he may stand in need ; and, in ani-
mals, the functions, which establish such relations, are under the
volition and perception of the being. Hence they are divided into
two sorts; those that commence or precede nutrition, consist of
external relations,are dependent upon the will, and executed with
consciousness; and those that are carried on within the body,
spontaneously, and without consciousness. Bichat adopted I;hl_s
basis, and to the first aggregate of functions he applied the term ani-.
mal life, because it comprised those that characterize animality ;
the latter he called erganic life, because the functions comprised
under it are common to every organized body. «Znimal life included
sensation, motion, and expression; organic life, digestion, ab-

s Nouveaux Elémens de Physiologie, 13éme édit. par M. Bérard, ainé, édit. Belge.

42, Bruxelles, 1837 ; or Amer. reprint of Copland’s edit. of De Lys's translation,
New York, 1836.
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detail what has been called the mechanism of the function, or the
mode in which it is effected. In many cases it will happen, that
some external agent is concerned in its production, as light in
vision ; sound in audition ; odeurs in olfaction ; fasfes in gusta-
tion, &c. The properties of these agents will, in all instances, be
detailed in a brief manner, and as far only as is requisite for the
immediate purpose.

The difficulty of observing actions, that are carried on by the
very molecules of which the organs are composed, has given rise
to many hypothetical speculations, some of which are sufficiently
ingenious ; others too fanciful to be indulged, by the retlecting, for
a moment ; and, as might be expected, the number of these fan-
tasies generally bears a direct proportion to the difficulty and
obscurity of the subjeet. It will not be proper to pass over the
most prominent of these, but they will not be dwelt upon ; whilst
the results of direct observation and experiment will be fully de-
tailed ; and where differences prevail amongst observers, such
differences will be attempted to be reconciled, where practicable.

The functions, executed by different organs of the body, can be
deduced by direct observation, although the minute and molecular
action, by which they are accomplished in the very tissue of the
organ, may not admit of detection. We see, for example, blood
proceeding to the liver, and the vessels that convey it ramifying in
the texture of the viscus, and becoming so minute as to escape
vision, even when aided by a powerful microscope. We find,
again, other canals in the organ becoming perceptible, gradually
augmenting in size, and ultimately terminating in a larger duet,
which opens into the small intestine. If we examine each of these
orders of vessels in their most minute appreciable ramifications, we
discover, in the one, always blood, and, in the other, always a very
different finid, — bile. We are hence led to the conclusion, that in
the intimate tissue of the liver, and in some part communicating
directly or indirectly with both these orders of vessels, bile is sepa-
rated from the blood ; in other words, that the liver is the organ
of the biliary secretion. On the other hand, functions exist, which
cannot be so demonstratively referred to an organ. We have every
reason for believing, that the brain is the execlusive organ of the
mental and moral manifestations; but, as few opportunities oeccur
for seeing it in action, and astheoperation is too molecular to admit
of direct observation when we do see it, we are compelled to con-
nect the organ and function by a process of reasoning only; yet
we shall find, that the results, at which we arrive in this manner,
are often by no means the least satisfactory.

The forces that preside over the various functions are either gene-
ral,— that is, physical or chemical ; or special, — that is, organie
or vital. Some of the organs afford us examples of purely physi-
cal instruments. We have, for iustance, in the eye, an eye-glass,
if we may so call it, of admimh]e construction ; in the organsof
voice, an instrament of musie ; in the ear, one of acoustics; the
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ing to others,— passing laterally between the cerebro-spinal axis
and every part of the body ; and, lastly, of a nervous cord, situate
on each side of the spine, from the head to the pelvis, forming
ganglia opposite each vertebral foramen, and called the great sym-
pathetic.

1. Of the Encephalon.— Under this term are included the con-
tents of the cranium, namely, the cerelrum or brain proper ; the
cerebellum or little brain, and the medulla oblongata. These
various parts have been included by some under the name of brain.

When we look at a section of the encephalon, and at the three
organs in their natural position, we find many distinct parts, and
appearances of numerous and separate organs. So various, in-
deed, are the prominences and depressions observable on the dis-
section of the brain, that it is generally esteemed one of the most
difficult subjects of anatomy ; yet, owing to the attention paid to
it in all ages, it is now one of the structures best understood by the
anatomist. This complicated organ affords us a striking illustra-
tion of the truth, that the most accurate anatomical knowledge will
not necessarily teach the function. The elevated actions, which
the encephalon has to execute, have, indeed, attracted a large share
of the attention of the physiologist,— too often, however, without
any satisfactory result; yet it may, we think, be safely asserted,
that we have become better instructed regarding the uses of par-
ticular parts of the brain, within the last few years, than during
the whole of the century preceding.

The encephalon being of extremely delicate organization, and
its funetions easily deranged, it was necessary that it should be se-
curely lodged and protected from injuries.  Accordingly, itis placed
in a round, bony case ; and, by an admirable mechanism, is de-
fended against damage from surrounding bodies. Amongst these
guardian agents or {utamina cerebri must be reckoned ; — the hair
of the head, the skin, museles, pericranium, bones of the skull, the
diploé separating the two tables of which the bones are composed,
and the dura mater.

[t is not an easy matter to assign probable uses to the hair on
various parts of the body. On the head, its function seems more
readily appropriable. It deadens the concussion, which the brain
would experience from the infliction of heavy blows, and prevents
the skin of the scalp from being injured by the attrition of bodies.
In military service,the former of these uses has been taken ad-
vantage of, and an arrangement, somewhat similar to that which
exists naturally on the head, has been adopted with regard to the
helmet. The metallic substance, of which the ancient and modern
helmets are formed, is readily thrown into vibration; which vi-
bration, being communicated to the brain, might, after heavy
blows, derange its functions more even than a wound inflicted by a
sharp instrument. To obviate this, in some measure, the helmet
has been covered with horse-hair; an arrangement which pre-
vailed in the helmet worn by the Roman soldier. There can be no
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the same, indeed, in the same individual ; those of the right hemi-
sphere being disposed differently from those of the left.

The hemispheres, we have seen, are separated above by the falx
cerebri: below, they are united by a white medullary commissure,
the corpus callosum, mésolobe or great commissure,— the great
transverse commissure of Mr. Solly. If we examine the brain at
its base, we find that each hemisphere is divided into three lobes,—
an anferior, which rests on the vault or roof of the orbit, —a
middle or temporal, filling the middle and lateral parts of the base
of the cranium, and separated from the former by a considerable
depression, called the fissure of Sylvius,—and a posterior,
which rests on the tentorium cerebelli. This part of the cerebrum
is divided into two very distinet portions by the medulla oblon-
gata. Anterior to it are the crura cerebri or cerebral peduncles
— by most anatomists considered to be a continnation of the an-
terior fasciculi which form the spinal marrow and medulla oblon-
gata, and proceeding to form the hemispheres of the brain. Be-
tween the anterior extremities of the peduncles are two hemi-
spherical projections, called eminentiz mammillares, which are
possessed by man exclusively, have the shape of a pea, and are
formed of the white nervous tissue externally, of the gray within.
Anterior to these again is the infundibulum, and a little farther
forwards, the chiasma of the optic nerves or the part at which
these nerves come in contact.

Laterally, and at the inferior surface of the anterior lobes, is a
groove or furrow, running from behind to before, and from without
to within, in which the olfactory nerve is lodged. At the extre-
mity of this furrow is a tubercle, which is trifling in man, but in
certain animals is equal to the rest of the brain in bulk. From
this the olfactory nerve has been counceived to arise. It is called
the olfactory tubercle or lobe.

When we examine the interior of the brain, we find a number
of parts to which the anatomist assigns distinct names. Of these,
the following chiefly concern the physiologist. It has been al-
ready remarked, that the corpus callosum forms at once the bond
of union and of separation between the two hemispheres, It is
distinctly perceived, on separating these parts from each other, in
the form of a long and broad white band. Beneath the corpus
callosum is the septum lucidum or median septum, which passes
perpendicularly downwards and separates from each other the
two largest cavities of the brain — the laleral ventricles. It is
formed of two laminz, which leave a cavity between them, called
the fifth ventricle. The forniz or inferior longitudinal com-
snissure of Mr. Solly, whose office is to connect the anterior and
posterior parts of the same hemisphere, as the transverse com-
missures do those of the opposite hemispheres, is placed horizon-
tally below the last. The band of fibres, which runs, in each
hemisphere, above the corpus callosum, on the edge of the longi-
tudinal fissure, is the superior longitudinal commissure of Mr.


















SIR CHARLES BELL'S DIVISION OF NERVES. 63

into eight cervical, twelve dorsal, five lumbar, and five or six
sacral.

The encephalic nerves are irregular in their formation, and, with
the exception of the fifth pair, originate from one root. Each of
the spinal nerves arises from two fasciculi, the one anterior, and
the other posterior ; these are separated from each other by the
ligamentum denticulare ; but they unite beyond this ligament,
and near the inter-vertebral foramina present one of these knots,
known under the name of ganglions or ganglia, in the formation
of which the posterior root is alone concerned.

When the nerves have made their exit from the eranium and
spine, they proceed to the organs to which they have to be distri-
buted, ramifying more and more, until they are ultimately lost
sight of, even when vision is aided by a powerful microscope.®
Of the encephalic nerves, the olfactory, auditory, and acoustic —
which are nerves of special sensibility — pass on to their destina-
tion, without communicating with any other nerve. The spinal
nerves, at their exit from the intervertebral foramina, divide into
two branches, an anterior and a posterior, one being sent to each
aspect of the body. The anterior branches of the four superior
cervical pairs form the eervical plexus, from which all the nerves
of the neck arise ; the four last cervical pairs and the first dorsal
form the brachial plexus, whence proceed the nerves of the upper
extremities ; whilst the branches of the five lumbar nerves and the
five sacral form the lumbar and sciatic plexuses, the former of
which gives rise to the nerves distributed to the parts within the
pelvis, and the second to those of the lower limbs. The anterior
branches, moreover, at a little distance from the exit of the nerve
from the vertebral canal, communicate with an important and
unique portion of the nervous system, the great sympathetic.

Each nerve consists of numerous fasciculi, surrounded by cellular
membrane ; and, according to Reil," of an external envelope, called
neurilemma, which, in the opinion of most anatomists, is nothing
more than a cellular envelope, similar to that which surrounds
the vessels and muscular fibres.

Until of late years, the nerves were universally divided, accord-
ing to their origin, into encephalic and spinal ; but more recently,
anatomical divisions have been proposed, based upon the uses they
appear to fulfil in the economy. For one of the most beautiful
arrangements of this kind we are mainly indebted to Sir Charles
Bell. It has been already seen, that the encephalic nerves are
connected with the encephalon by only one root, whilst the spinal
nerves arise from two ; the one connected with the anterior part
of the spinal marrow, the other with the posterior. If these dif-
ferent roots be experimented on, we meet with results varying

a See interesting articles on the Structure of the Brain and Nerves, containing
ﬂﬂ F-Eﬂ-'u]u of the Observations of Ehrenhcrg. BEITM, . R. Trﬂ\fii’.ﬂ,ﬂ'ﬂﬂr Rcmﬂki Va-
lentin, Emmert, Burdach, and others ; in Brit. and For. Med. Rev. Oct. 1838, p, 394, and
April, 1839, p. 500; likewise, Mr. Faget, Brit. and For. Med. Rev., July, 1842, p. 277.

b De Structura Nervorum, Hal., 1796,






















































CIRCULATION IN THE ENCEPHALON. -

the nervous influence — the white matter as chiefly concerned in its
conduction. Galland Spurzheim conjecture, that the use of the cine-
ritious is, to be the source or nourisher of the white fibres. The facts,
on which they support their view, are, that the nerves appear to be
enlarged when they pass throngh a mass of cineritious matter, and
that masses of this substance are deposited in all parts of the spinal
cord where it sends out nerves; but Tiedemann® has remarked,
that in the feetus the medullary is developed before the cortical
portion, and he conceives the use of the latter to be — to convey
arterial blood, which may be needed by the medullary portion for
the due execution of its functions,

Sir Charles Bell® affirms, that he has found, at different times, all
the internal parts of the brain diseased, without loss of sense, but
that he has never seen disease general on the surface of the hemi-
spheres without derangement or oppression of mind during the
patient’s life; and hence he concludes, that the cineritious matter
of the brain is the seat of the intellect, and the medullary of the
subservient parts. A similar use has been ascribed to the cineri-
tous portion, from pathological observations, by MM. Foville and
]5"it'na]p Grandchamp.® This view would afford considerable sup-
port to the opinions of Gall, Spurzheim, and others, who consider
the organs of the cerebral faculties to be constituted of expansions
of the columns of the spinal marrow and medulla oblongata, and
to terminate by radiating fibres on the periphery of the brain; as
well as of Desmoulins,’ and those who regard the convolutions as
the seat of mind. We have, however, cases on record, which
signally conflict with this view of the subject; cases in which
the cortical substance has been destroyed, and yet the moral and
intellectual manifestations have been little,if at all, injured. Many
years ago the author dissected the brain of an individual of rank in
the British army of India, the anterior lobes of which were in such
a state, that neither medullary nor cortical portion could be dis-
tinguished, both one and the other appearing to be broken down
into a semi-purulent, amorphous fluid; yet the intellectual facul-
ties had been nearly unimpaired, althofgh the morbid process
must have been of considerable duration.

. The encephalon affords us many striking instances of the differ-
ent effects produced by sudden and by gradual interference with
its functions. Whilst a depressed portion of bone or an extravasa-
tion of blood may suddenly give rise to the abolition of the facul-
ties, the gradual compression, produced by a tumour, may scarcely
interfere with any-of its manifestations.

The circulation of blood in the encephalon requires mention.
The arteries are four in number, —two infernal carotids, and
two veriebrals ; to these may be added the spinal arlery or middle

* Anatomie und Bildungsgeschichte des Gehirns, mit Tafeln. Niirnberg, 1816,

b Anatomy and Physiology, 5th American edit. by J. D. Godman, p. 29, New York,

1827. < Sur le Systéme Nerveux, Paris, 1820.
4 Anatomie des Systémes Nerveux des Animaux a Verlébres, p. 599, Paris, 1825.

?‘%






























NERVOUS FLUID, 87

tween the differentparts of the nervous system ; the second regards
the nerves as cords, and the transmission as effected by means of
the vibrations or oscillations of these cords; whilst the third
ascribes it to the operation of electricity,

1. The hypothesis of animal spirits has prevailed most exten-
sively. It was the doctrine of Hippocerates, of Galen, of the Ara-
bians, and of most of the physicians of the last centuries. Des-
cartes,* adopted it energetically, and was the cause of its more ex-
tensive diffusion. Thegreat grounds, assigned for the belief, were,
Jirst, that as the brain receives so much more blood than is neces-
sary for its own nutrition, it must be an organ of secretion ;
secondly, that the nerves seem to be a continuation of the medulla
matter of the brainj and it has already been remarked, that Mal-
pighi considered the cortical part of the brain 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 animal spirits had never been met
with in a tangible shape, ingenuity was largely invoked in sur-
mises regarding their nature ; and, generally, opinions settled down
into the belief, that the fluid was of an ethereal character. For
the various views, that have been held upon the subject, the
reader is referred to Haller,» who was himself an ardent believer in
the existence of the animal spirits, and has wasted much time and
space in an unprofitable inquiry into their nature. The truth is,
that we have not sufficient evidence, direct or indirect, of the ex-
istence of any nervous fluid of the kind described. Allusion has
been already made to the views, in regard to the tubular struc-
ture of the white neurine, admitted by most observers; Berres,
however, affirms, that the forms, in which the nervous substance
presents itself under the ‘magnifying glass, can only be compared
to those of canals and vesicles; but whether they be hollow he
does not attempt to decide. Raspail® has concluded, that the opi-
nion of their being hollow, and coutaining a fluid, is unsupported
by facts, for although headmits, that Bogrose suceeeded in injectin
the nerves with mercury, he thinks, that the passage of the meta
along them was owing to its having forced its way by gravity.
Raspail found the nerve, under the microscope, presenting a homo-
geneous structure, without the slightest trace of solution of conti-
nuity. We have, in trath, no reason for considering the brain the
organ of any ponderable secretion. Yet the term “ animal spirits,”
although their existence is not now believed in, adheres to us in
popular language. We speak of a man who has a great flow of

animal spirits, but without regarding the hypothesis whernce the
expression originated,

4 Tractatus de Homine, § 14. b Elementa Physiologim, x. 8.

¢ Oesterreich. Med. Jahrbiich, vol. ix., and Brit. and Foreign Med. Review, January,
1838, p. 219, 4 Chimie Organique, p. 218, Paris, 1833,

« See, on the tubular arrangement of the Nerves, Brit. and For. Med. Rev., Jan, 1838,
p. 293; Oct. 1839, p. 304 ; and ﬂgr]:l, 1839, E 500 ; Elements of Physiology, by J.

Miiller, translated by W. Baly, M.D., i. 633, Lond. 1838; and Mr. Paget, Brit. and
For. Med. Rev. July, 1842, p. 278,
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and galvanic fluids fly along conducting wires. Yet the great sup-
%ort of the opinion was in the experiments instituted by Dr. Wilson

hilip* and others, from which 1t appeared, that if the nerve pro-
ceeding to a part be destroyed, and the secretion, which ordinarily
takes place in the part, be thus arrested, the secretion may be re-
stored by causing the galvanic fluid to pass from one divided ex-
tremity of the nerve to the other. The experiments, connected
with secretion, will be noticed more at length hereafter. It will
likewise be shown, that in the effect of galvanism upon the mus-
cles, there is the same analogy ; — that the muscles may be made
to contract for a length of time after the death of the animal, even
when a limb has been removed from the body, on the application
of the galvanic stimulus; and comparative anatomy exhibits to
us great development of nervous structure in those electrical ani-
mals, which surprise us by the intensity of the electric shocks they
are capable of communicating,

Physiologists of the present day, generally, we think, accord
with the electrical hypothesis. The late Dr. Young,’so celebrated
for his knowledge in numerous departinents of science, adopted it
prior to the interesting experiments of Dr. Philip; and Mr. Aber-
nethy,® whilst he is strongly opposing the doctrines of materialism,
goes so far as to consider some subtile fluid not merely as the agent
of nervous transmission, but as forming the essence of life itself.
By putting a ligature, however, around a nervous trunk, its
functions, as a conductor of nervous influence, are paralysed,
whilst it is still capable ofconveying electricity ; and Dr. Bostock,!
has observed, that before the electrical hypothesis can be considered
proved, two points must be demonstrated; first, that every func-
tion of the nervous system may be performed by the substitution
of electricity for the action of the nerves; and secondly, that all
the nerves admit of this substitution. Thisis true, as concerns the
belief in the identity of the nervous and electrical luids ; but we
have, even now, evidence sufficient to show their similarity, and
that we are justified in considering the nervous fluid to be electroid
or galvanoid in its nature, emanating from the brain by some ac-
tion unknown to us, and distributed to the different parts of the sys-
tem to supply the expenditure, which must be constantly going on.

Riel,® Senac,’ Prochaska, Scarpa,f and others are of opinion, that
thenervous agency is generated through all the nervous system, and
that every part derives sensation and motion from its own nerves,
We have satisfactorily shown, however,that a communication with
the brain is absolutely necessary in all cases, and that we can im-

* Philosoph. Trans, for 1815, and Lond. Med. Gazette for March 18, p. 929, and
March 25, 1837.

v Med. Literature, p. 93, Lond. 1813,

¢ Physiological Lectures, exhibiting a view of Mr. Hunter's Physiology, &c. Lond.
1817,

4 An Elementary System of Physiology, 3d edit. p. 148, Lond. 1836.

¢ De Structurd Nervoruas, Hal, 1796,

f Traié de la Structure du Ceeur, &ec. Liv, iv. chap. 8, Paris, 1749.

¢ Tabule Neurologic. Ticin. 1794, § 22,
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PHYSIOLOGY OF TOUCH. a9

envelopes the bodies of animals, and is, in them, manifestly intend-
ed as a protection against cold.

There is another class of bodies connected with the skin, and
analogons in nature to the last described, — the naifs. These serve
a useful purpose in touch, and consequently require notice here.
In the system of De Blainville, they constitute a subdivision of the
hairs, which he distingnishes into simple and compound — simple,
when each bulb is separated, and has a distinet hair — compound,
when several pileous bulbs are agglomerated, so that the different
hairs, as they are secreted, arecemented together to form one solid
body of greater or less size, — a nail, scale, horn, &c. In
man, the nail alone exists, the chief and obvious use of which is
to support the pulp of the finger, whilst it is exercising touch.
Animals are provided with horns, beaks, hoofs, nails, spurs, scales,
&c.  All these, like the hair, grow from roots, and are considered
to be analogous in their physical and vital properties. Meckel,
and De Blainville, Bonn, Walther, Lavagna, and others, are, in-
deed, of opinion, that the teeth are of the same class, and that they
belong, originally, to the skin of the mouth.

The nails, when near their origin, are seen, under the microscope,
to consist of primary cells, almost identical with those of the epi-
dermis, which gradually dry into scales ; and the growth of the
nail appears to be effected by the coustant generation of cells at
its root and under surface ; and as successive layers are pushed for-
ward and towards the surface, each cell becomes larger, flatter,
and drier, and more firmly fixed than those around it.*

For physiological purposes the above description is enough. A
few words will be necessary regarding the mucous membranes,
which resemble the skin so much in their properties, as to be, with
propriety, termed dermoid. If we trace the skin into the various
outlets, we find, that a continuous,soft, velvety membrane — the epi-
thelinm — exists through their whole extent ; and, if the channel
have two outlets, as in the case of the alimentary canal, this mem-
brane, at each outlet, commingles with the skin, and appears to
differ but slightly from it. So much, indeed, do they seem to form
part of the same organ, that physiologists have described the ab-
sorption which takes place from the intestinal mucous membrane,
as external. They cannot, however, in the higher order of ani-
mals, be considered completely identical ; nor i1s the samne. mem-
brane alike in its whole extent. They have all been referred to
two great surfaces;— the gastro-pulmonary — comprising the
membranes of the outer surface of the eye, of the ductus ad nasum,
of the nose, of the mouth, and of the respiratory and digestive pas-
sages ; and the genifﬂ-urinari/ — which line the whole of the genital
and urinary apparatuses. In addition to these,a membrane of

* Bruns, Gurlt, &e,, cited by Mr. Paget, Brit. and For. Med. Rev. July, 1342,
p. 266. See, also, Henle, edit. cit. i. 289, Paris, 1843.




































SENSE OF TASTE. 111

ever, made by Mr. Broughton,® sanction the idea, that it may be,
in part, dependent upon their whiskers. These whiskers, which
are found on the upper lip of feline and other animals, are
plentifully supplied witﬁ nerves, which seem to proceed from the
second branch of the fifth pair, and are lost in the substance of the
bristles. In an experiment, which Mr. Broughton made on a kit-
ten, he found that whilst the whiskers were entire, it was capable
of threading its way, blindfold, out of a labyrinth, in which it was
designedly placed ; but that it was totally unable to do so when
the whiskers were cut off. It struck its head repeatedly against
the sides; ran against all the corners; and tumbled over steps
placed in its way, instead of avoiding them as it did prior to the
removal of the whiskers.

From facts lile these Mr. Broughton drew the conclusion, that
certain animals are supplied with whiskers for the purpose of ena-
bling them to steer clear of opposing bodies in the dark.

SENSE OF TASTE OR GUSTATION.

The sense of taste teaches us the quality of bodies called sapidity.
It is more nearly allied to touch in its mechanism than any other
of the senses, as it requires the immediate contact of the body with
the organ of taste; and that organ is, at the same time, capable
of receiving tactile impressions distinct from those of taste. Of this
we have a striking example. If we touch various parts of the
tongue with the point of a needle, we find two distinct perceptions
occasioned. Insome parts we experience the sensations of a pointed
body without savour ;and in others a metallic taste is manifested.
Pathological cases, too, exhibit, that the sense of taste may be lost,
whilst the general sensibility remains,— and conversely. The organ
of gustation is not, therefore, restricted to the production of that
sense, but participates in the sense of touch. Yet so distinet are
those functions, that the touch can, in no wise, supply the place of
its fellow sense, in detecting the sapidity of bodies. This last is the
immediale instruction afforded by gustation.

l. ANATOMY OF THE ORGANS OF TASTE.

The chief organ of taste is the tongue, er rather the mucous
membrane covering the upper surface, and sides of that organ. The
lips, inner surface ofthe cheeks, the palate, and fauces, participate
in the function, especially when particular savours are concerned.
Magendie® includes the esophagus and stomach, but we know not
on what grounds : his subsequent remarks, indeed, controvert the
idea. The lingual branch of the fifth pair is, according to him, in-
contestibly the nerve of taste; and, as this nerve is distributed to
the mouth, we ecan understand, why gustation should be effected
there, but not how it can be accomplished in the msophagus and
stomach. The tongue consists almost entirely of muscles, which
give it great mobility, and enable it to fulfil the various functions
assigned to it; for itis not only an organ of taste, but of mastica-

* London Medical and Physical Journal, for 1823. bt Precis de Physiol. i. 139,
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acria, amaro-acerba, amaro-dulcia, dulci-styptica, dulci-acida,
dulci-acria, and acri-viscida ; and he remarks, that the majority
are antitheses to each other, two and two, as the dulcia and acria ;
the pinguia and styptica ; the viscosa and salsa ; and the aguosa
and sicca. Boerhaave® again divides them into primary and com-
pound; the former including the sour, sweel, bitter, saline, acrid,
alkaline, vinous, spirituous, aromalic, and acerb ; — the latter re-
sulting fromn the union of some of the primary savours. There is,
however, no accordance amongst physiologists regarding those
that should be esteemed primary,and those that are secondary and
compound ; although the division appears to be fairly admissible.
The acerb, forexample —which iscousidered primary by Boerhaave
—is by others, with more propriety, classed among the secondary
or compound, and l]-*e:timrfr}cii1 to consist of a combination of the acrid
and acid.  Still we understand sufficiently well the character of the
acid, acrid, bitler, acerb, sweet, &e.; but when, in common lan-
gnage, we have to depict othersavours, we are frequently compelled
to take some well known substance as the standard of comparison.

According to Adelon,” the only distinetion, which we can make
amongst them, is, - into the agreeable and the disagreeable. Yet of
the uunsatisfactory nature of this classification he himself adduces
numerous and obvious proofs. It can only, of course, be applicable
to one animal species, often even to an individual only ; and often
again only to this individual, when in a given condition. Animals
are known to feed upon substances, which are not only disagree-
able but noxious to otherspecies. The most poisonous plants in
our soil have an insect which devours them greedily and with im-
punity : the southern planter is well aware, that this is the case with
his tobacco, unless the operation of worming be performed in due
season. The old ada%e,thal; “one man’s meat is another man’s poi-
son,” is metaphorically accurate. Each individual has, by organiza-
tion or association, dislikes to particular articles of food, or shades of
difference in his appreciation of tastes, which may be regarded pecu-
liar ; andin certain cases these peculiarities are signal and surprising.

Of the strange differences, in this respeet, that oceur in the same
individual under different circumstances, we have a common and
foreible instance in the pregnant female, who often has the most
ardent desire for substances, which were previously perhaps repug-
nant to her, or at all events not relished. The sense, too, in cer-
tain diseases — especially of a sexual character, or which are con-
nected with the state of the sexual functions — becomes remark-
ably depraved, so that substances, which can in no way be ranked
as eatables, are greedily sought after. A young lady was under
the care of the author, whose greatest bonne bouche was slate
pencils. At other times, we find chalk, brick-dust, ashes, dirt, &e.,
obtaining the preference. Habit, too, has considerable effect in
our decisions regarding the agreeable. The Roman liguamen or

* Prelect. Academ. tom. iv,
 Physiclogie de I'Homme, seconde édit, i 301, Paris, 1829,
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concerned than in the sense of touch, and not so much as in that
of taste. Itis sufficient for the odorous particle — animal, vege-
table, or mineral —to come in.contact with the olfactory nerves,
in order that the odour may be appreciated ; and we may, in vain,
look for chemical action in many of those animal and vegetable
perfumes, — as musk, amber, camphor, vanilla, &ec. — which
astonish us by their intensity and diffusibility. y

The same remarks, that were made on the classification of
savours, are applicable to that of odours. They are not less
numerous and varied ; and each substance, as a general principle,
has its own, by which it is distinguished. Numerous attempts
have been made to group them, but all are unsatisfactory. The
classification proposed by Linn®us* was — into Odores aromatici,
as those of the flowers of the pink, bay leaves, &e.; O. fragrantes,
as those of the lily, jessamine, &ec.; O. ambrosiaci, as those of
amber, musk, &e.; O. alliacei, as those of garlic, assafatida, &e. ;
0. hircini, (like that of the goat,) as those of the Orehis hircina,
Chenopodium vulvaria, &ec.; O, tefri, repulsive or virous, as
those of the greater part of the family solanez ; and lastly, O.
nauseosi, as that of the flowers of the veratrum, &e. A simple
glance at this division will exhibit its glaring imperfections. No
two individoals could, in fact, agree to which of any two of the
cognate classes a particular odour should be referred. None of the
other classifications, which have been proposed, are more satis-
factory. Fourcroy divided them into the extractive or mucous, the
Jugaceous oily, the volatile oily, the aromatic and acid, and the
hydrosulphureous ; —and Lorry into the camphorated, narcotic,
el hereal, volatile acid, and alkaline. The distinction into animal,
vegetable, and mineral, is not more commendable. Musk is the
product of an animal of the ruminant family, but the odour is not
confined to this animal. It is contained in the civet, in the flesh
of the crocodile, and in the musk-rat. Haller asserts that hisown

erspiration smelled of it. It is met with, likewise, in the vegetable

ingdom — in the Erodium moschatum, in the seeds of the Jbel-
moschus, the flowers of the Rosa moschata, and of the Adoza
wmoschatellina, and in some of the varieties of the melon and the
pear ; and, what is perhaps more surprising, in mineral substances ;
—as in certain preparations of gold, and in some earths of which
tea-pots are formed in China and Japan. The odour of garlic,
again, is found not only in that vegetable, but in assafetida ; in
arsenic, when thrown upon hot coals ; and in the Bufo pluvialis,
a species of toad.

In by far the majority of cases, we can only designate an odour
by comparing it with that of some well known substance — hence
the epithets musky, alliaceous, spermatic, &c. Adelon asserts
that the sole classification, which can be adopted, is into the agree-
able and disagreeable. But even the miserably imperfedt division
proposed by Haller® is better than this : he made three elasses —

* Amenitat. Academic. Erlang. 1787, 1790,
" Elementa Physiolog., tom. v, lib. xiv. p. 162, Lavsann, p. 1763,
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there was no communication with the proper portion of the nasal
fossa, even although she was capable of breathing through the
opening. Deschamps, the younger, also relates the case of a man,
who had a fistula of the frontal sinus, through which ether might
be injected without being appreciated, provided all communi-
cation had been previously cut off between the sinus and the
upper part of the nasal fossa; butif this precaution had not been
taken, the sense was more vivid, when the odours passed through
the fistulous opening, than when they reached the organ by the
ordinary channel. Professor Richerand,® again, found that highly
odoriferous injections, thrown through a fistulous opening in the
maxillary sinus or antrum of Highmore, produced no olfactory sen-

sation whatever.
All these facts would seem to lead to the belief, that the upper
art of the nasal fossz, on which the first pair or olfactory nerves
are distributed, is the chief seat of olfaction, and that the inferior
portions of these fosse, as well as the different sinuses communi-
cating with them, are not primarily concerned in the fanction ;
but, doubtless, offer secondary advantages of no little importance.
This conclusion would, however, seem to admit, what 1s not by
any means universally admitted, that the olfactory nerve is the
sole or chief nerve of smell. Especially difficult is it to embrace
this view, and not to believe that the spongy bones and sinuses,
on which the fifth pair are distributed, are agents in perfecting
the sense, when we find them largely developed in animals that
possess unusual delicacy of smell, as the dog and elephant. It
has already been remarked, that the ancients believed the olfac-
tory nerves to be canals for conveying away the pituita or phlegm
from the brain. Diemerbroeck maintained this opinion.* At the
early part of the last century, however, the olfactory was supposed
to be the proper nerve of smell, and this opinion prevailed, with
scarcely a dissentient voice, until within the last few years. In-
spection of the origin and distribution of this nerve seems to indi-
cate it as admirably adapted for a nerve of special sensibility
connected with smell. It is largely developed in animals in pro-
portion to their acuteness ol smell, and is distributed on the very
part of the pituitary membrane to which it is necessary to direct
air, loaded with odorous emanations, in order that they may be
fully appreciated. Magendief.has, however, endeavoured to show
by experiment, that the sense of smell is in no wise, or but little,
dependent upon the olfactory nerves, but upon the branches of
the fifth pair. Prior to the institution of his experiments, he had
observed with astonishment, that after he had removed the cere-
bral hemispheres, with the olfactory nerves of animals, they still
preserved this faculty, He had noticed, too, that the sense had
continued in some lunatics, who had fallen into a state of stupor,

* Elémens de Physiologie, édit. 13¢me par Bérard, p. 202, Bruxelles, 1837.

¥ Apatome Corporis Humani, lib. iii. cap. 8, Ultraject. 167%.
¢ Précis Elémentaire, 2de édit. i, 132.
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and the impressions made upon each are frequently confounded. In
the nutritive function, the smell serves as a kind of advanced guard
or sentinel to the taste, and warns us of the disagreeable or agree-
able nature of the aliment ; but if a substance, that is repugnant
to the smell, be agreeable to the taste, the smell soon loses its aver-
sion, or at least becomes less disagreeably impressed. The smell
is not, however, so useful to man as a sentinel to the taste, as it
is to animals : there are many bodies, — those containing prussic
acid for example, — which are extremely pleasing by the odours
they exhale, and yet are most noxious to the human frame. In
the animal kingdom, this sense is greatly depended upon, and is
rarely a fallacious guide. It enables animals to make the proper
selection of the noxious from the innocent — the alimentary from
that which is devoid of nutriment — the agreeable from the dis-
agreeable ; and this power appears to be instinctive or dependent
upon inappreciable varieties of structure in the olfactory organs.
As an intellectual sense, the smell is not entitled to a higher rank
than the taste. Itsmediate functions are very limited. It enables
the chemist, the mineralogist, and the perfumer, to discriminate
bodies from each other. We can, likewise, form a slight — but only
a slight — idea by it regarding the distance and direction of bodies,
owing to the greater intensity of odours nearan odorous body, than
at a distance from it. Under ordinary eircumstances, the informa-
tion of this kind, which we derive by olfaction, is inconsiderable ;
but inthe blind, and in the savage, who are accustomed to exercise
all their external senses more than the civilized individual, the
sphere of utility and accuracy of this sense is largely augmented.
Of this we shall have to speak presently. We find it, too, surpris-
. ingly developed in some animals ; in which it is considered by the
eloquent Buffon, as an eye that sees objects notonly where they are,
but where they have been, — asan organ of gustation,by which the
animal tastes not only what it can touch and seize, but even what
is remote, and cannot be attained ; and he esteems it a universal
organ of sensation, by whichanimalsare soonestand most frequently
impressed, and by which they act and determine, and recognise
whatever is in accordance with, or in opposition to, their nature.
The hound, amongst quadrupeds, affords us a familiar example of
the extreme delicacy of this sense. For hours after the passage of
game, it is capable of detecting the traces ; and the bloodhound can
be trained to indicate the human footsteps with unerring certainty.
Until of late it was almost universally believed, that many of the
birds of prey possess an astonishingly acute sense of smell.  Hum-
boldt relates, that in Pern, Quito, and in the provinee of Popayan,
when they are desirious of taking the gigantic condor — the FPultur
yphus of Linneus — they kill a cow, or horse, and in a short time,
the odourof the dead animal attracts those birds in numbers, and in
places where they were scarcely known to exist. It is asserted, too,
that vultures went from Asia to the field of battle at Pharsalia, a dis-
tarrce of several hundred miles, attracted thither by the smell of the
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sketch of the anditory apparatns ; —commencing with the exter-
nal ear. The meatus auditorius externus being always open,
sonorous vibrations can readily attain the membrana tympani.
Some of these pass directly to the membrane without experiencing
reflection, and communicate their oscillations to it. The pavilion,
by most physiologists, has been regarded as a kind of ear-trum-
pet, for collecting the aérial undulations, and directing them, after
various reflections, to the bottom of the auditory eanal. In the
horse, and in those animals which have the power of pricking the
ears, or of moving them in various directions, this is doubtless the
case; but in man we cannot expect any great effect of the kind, if
we regard its particular arrangement, and the incapability of mov-
ing it from its fixed direction, which is nearly parallel to the head.
Boerhaave,® indeed, pretended to have proved by caleulation, that
every sonorous ray, which falls upon the pavilion, is ultimately
directed towards the meatus auditorius externus. Simple inspec-
tion of the pavilion will show that this cannot be universally true.
Some part of the anthelix is, in almost every individual, more pro-
minent than the helix ; and it is therefore impossible for the undu-
lations, that fall upon the posterior surface of the former, to be
reflected towards the concha. M. Itard,’ a distinguished physiolo-
gist and aurist of Paris, asserts, that he has never seen the loss of
the pavilion affect the hearing ; and that, as is well known, many
animals, whose sense of hearing is extremely acute, — the mole
and birds, for example, — are devoid of it. Hence he concludes,
that it is perhaps rather injurious than favourable to audition, and
is more inservient to the expression than to the hearing of the ani-
mal. M. Itard’s view is doubtless too exclusive. The pavilion
may have but little ageney as an ear-trumpet, but it must have
some. The concha, being the expanded extremity of the meatus
auditorius, must receive more sonorous vibrations than could be
admitted by the meatus itself. These are reflected towards the
membrana tympani, and reach that expansion in a state of con-
centration — but to no great extent, it is true. In this way, and
perhaps in that suggested by M. Savart,® the pavilion is useful in
audition, That gentleman is of opinion, that the whole of the
external ear, the elasticity of which he considers to be capable of
slight modification by the action of its proper muscles, is an appa-
ratus for repeating sonorous vibrations, and transmiiting or con-
ducting them along its own parietes to the membrane of the tympa-
num. Acecording to this view, the different inegnalities of surface
in the pavilion admit of explanation. When the membrane is
stretched in a direction parallel to a sonorous surface, the oscilla-
tions, impressed upon it, are most marked ; and, accordingly, as
sounds impinge upon the pavilion from various quarters, the in-
equalities of surface always admit of some being disposed in the
¥ Pralect. tom. iv. p. 317.

" T'raité des Maladies de I'Oreille et de I'Audition, i. 131, Paris, 1821,
¢ Annales de Chimie, xxvi. 5; and Journal de Physiologie, iv. 183, and v, 367.
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was produced by the stretching of the membrane, so as to put it in
unison with the sound produced. Independently, however, of the
experiments of Savart, which show, that unison is not necessary
for the production of vibrations, the fact, that we are capable of
distingnishing several sounds at the same time would be sufficient
to negative the supposition. Nor can we easily conceive, that the
membrane could admit of as many distinct vibrations as the ear 1s
capable of accurately appreciating tones, which amount to about
eight octaves. Bichat thought, that the degree of tension of the
membrane corresponded with the intensity of sounds; and that its
effect was to cause the sonorous vibrations to attain the internal
ear, in a degree sufficiently strong to excite the appropriate im-
pression, but not so strong as to cause pain,— the membrane be-
coming more tense for a feeble sound, and relaxed for one too
strong. In support of this view, Bichat cites the case of several
persons, who could not hear ordinary sounds, until the ear had
been impressed by louder, which, according to him, roused the
membrane to tension. Savart, on the other hand, from the fact
that every membrane vibrates with more difficulty, and less exten-
sively, according to its tension, conjectures, that the membrane 1s
relaxed in the case of very feeble or agreeable sounds, and that it
is rendered tense to transmit the too powerful or the disagreeable.
Again, it has been conceived that the tension varies with the
tone of the sound, — being augmented according to some physio-
logists, in the case of acute, according to others, in that of grave,
sounds. Sir Everard Home, it has been remarked, esteems the
membrana tympauni to be muscnlar: and he affirms, that it is chiefly
by means of this muscle, that accurate perceptions of sound are
made by the internal organ; and that by it the membrane can alter
its degree of tension. It has been already observed, that the
muscles, attached to the small bones, are capable of varying this
tension ; that the internal muscle of the malleus or tensor tympani,
for example, by its contraction, renders it more tense. Sir Everard
admits, ¢ that the membrana tympani is relaxed by the muscles of
the malleus, but not for the purpose alleged in the commonly re-
ceived theory. It is stretched in order to bring the radiated muscle
of the membrane itself into a state capable of acting, and of giving
those different degrees of tension to the membrane, which empower
it to correspond with the variety of external tremors: when the
membrane is relaxed, the radiated muscle cannot act with any
effect, and external tremors make less accurate impressions.” The
reader is referred to the remarks already made on the views of Sir
Everard in their anatomical relations. IHis speculations do not,
however, end here. He employs the discovery to account for the
difference between a “ musical ear,”” as it is usually termed, and
one which is incapable of diseriminating, or feeling pleasure from,
the succession of musical tones,— with what success we shall
inquire presently. The truth is, that none of the conjectures,

3 Leet. on Comp. Anat. ii. 265.
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thinks, opposes this doctrine. The function which, with Savart, he
assigns to it— if not accurately, at least ingeniously —is the fol-
lowing. As the membrane of the foramen ovale receives the vi-
brations from the chain of small bones, these vibrations circulate
through the intricate windings of the labyrinth, and are again trans-
mitted to the air in the tympanum by the foramen rotundum. The
different cavities of the labyrinth being filled with an incompres-
sible fluid, no such circulation, he insists, would occur, provided
the parts were entirely osseous. As it is, the membrane of the
foramen rotundum gives way, ¢ and this leads the course of the
undulations of the fluid in the labyrinth in a certain unchangeable
direction.” The explanation of Sir C. Bell is not as convinciug to
us as it seems to be to himself. The membrane of the foramen
rotundum does not appear to be required for the undulation in the
cavities of the labyrinth, which he describes, as the liquor of Cotun-
nius canreadily reflow into the aqueducts of the vestibuleand cochlea.
The principal use of these canals would seem, indeed, to be, to
form diverticula for the liguor, when it receives the aérial impulses.
Sir C. Bell cites the case, often quoted from Riolan, of an indivi-
dual, who was deaf from birth, and who was restored to hearing by
accidentally rupturing the membrana tympani, and breaking the
ossicles with an ear-pick — * disrupit tympanum, fregitque ossi-
eula, et audivit.”” In these and other cases, in which the mem-
brana tympani and ossicles have been destroyed, and the hearing
has still persisted, the vibrations must have been conveyed to the
parietes of the internal ear through the air in the cavity of the
tympanum, and, notwithstanding the charge of “absolute confu-
sion of ideas,”” adduced against such individuals as Scarpa,®
Magendie, Adelon, and others, who believe that the foramen
rotundum receives the undulations of the air, we must confess,
that the idea of the communication of vibrations through that
medium, as well as through the membrane of the foramen ovale,
and the osseous parietes of the labyrinth, appears to us most solid
and satisfactory.

The ossicles or small bones have given occasion to the wildest
speculations. At the present day, they are considered to fulfil
one of two functions ; — either to conduct the vibrations from the
membrana tympani, or to stretch the membranes to which the ex-
tremities of the chain are attached. Both these offices are proba-
bly executed by them, the malleus receiving the vibrations from
the membrana tympani, and conveying them to the incus, — the
incus to the os orbiculare,— the os orbiculare to the stapes, and
the stapes to the membrane of the foramen ovale, by which they
are transmitted to theliquorof Cotunnius. Savart conceives, that the
chain of ossicles is to the ear what the bridge is to the violin. It
has been already observed, that the ossicles are not essential to
hearing, although they may be required to perfect it; and that

* Anat. Disquis. de Auditi et Olfacti., Ticin, 1789 ; and de Stracturi Fenestre
Rotunde Auris, &e.  Mutin. 1772.
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By closing the nose and mouth,, and forcing air from the lungs,
we can feel a sensation of fulness in the ear, produced by the pres-
sure of the air against the internal surface of the membrana tym-
pani; and they, who have the membrane perforated, can send
tobaceo smoke copiously out of the external ear.

‘Besides this necessary function, the Eustachian tube has been
supposed 1o possess another, — that of serving as a second meatus
auditorius, by permitting sonorous vibrations to emer_tllmugh the -
pharyngeal extremity, and, in this way, to attain the internal ear,
A simple experiment, first described by Perolle,* exhibits the fal-
lacy of this notion. If we carry a watch far back into the mouth,
taking care not to touch the teeth, little or no sound will be heard,
but if we draw the watch forward, so as to touch the teeth, the
ticking becomes distinetly audible. If the pharyngeal extremity
acted as a second meatus, the sound ought to be heard better when
the watch is placed nearer to it;; but this is not the case. On the
contrary, it is not until the sonorous body is put in contact with
the teeth, that the sound is appreciated. This is effected by the
vibrations of the watch being conveyed along the bony parietes
until they reach the auditory nerve. Again; if the meatus audito-
rius externus be completely closed, we cannot hear the voice of
one who speaks into the mouth ; and can hear but imperfectly our
own. The fact of our gaping, when desirous of hearing accu-
rately, has partly led to the belief, that the Eustachian tube acts
as a second meatus. It has been properly remarked, however, that
this may be merely an act of expression; and, also, that the
meatus auditorius is rendered more open, when we depress the
lower jaw, than when it is raised, as can be readily perceived by
inserting the little finger into the meatus, when the jaw is in’
either situation.

In addition to these functions, it is probable, that the Eustachian
tube acts as a diverticulum for the air in the cavity of the tympa-
num, when it is agitated by too powerful sounds. The closure of
the Eustachian tube is the cause of that form of deafness, which
is relieved by the injection of air or other fluids into the tube — a
fact, the knowledge of which has been the foundation of much
empiricism. It likewise conveys into the pharynx the mucus that
is secreted by the lining membrane of the tympanum, probably by
means of cilia vibrating on its mucous surface.

Internal Ear. — In the various ways mentioned, the vibrations
of a sonorous body reach the internal ear. The membranes of the
foramen ovale and foramen rotundum resemble the membrana
tympani in their physical characteristics ; and when thrown into
vibrations communicate the impression to the liquor of Cotunnius,
which fills the' cavities of the internal ear. By this medium, the
vibrations are conducted to the auditory nerve, which conveys the
impression to the brain.

The views entertained regarding the sympathetic vibrations of

* Hist, et Mém. de la Société Royale de Médecine, tom. iii.
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the impressions by which we distinguish the direction of sounds,
All these are mere hypotheses; ingenious, it is true, but still hg]?u-
theses ; and, in candour, we must admit, that we have no positive
knowledge of the precise functions of either vestibule, cochlea, or
se:nir:irmﬁar canals. Our acquaintance with them is limited to this;
that they contain the final expansions of the auditory nerve; and
that it is within them, that this nerve receives its impressions from
the oscillations of sonorous bodies.

It has been observed, that these vibrations may reach the nerve
by the bony parietes, and that the ticking of a watch held between
the teeth, is, in this way, heard. A blow upon the head is distinctly
audible ; and Ingrassias® relates the case of a person, who had be-
come deaf in consequence of obstruction of the meatus aunditorius
externus, and yet could hear the sound of a guitar by placing the
handle between his teeth, or by making a communication between
his teeth and the instrument by a metallic or other rod. The physi-
cian has recourse to a plan of this kind for detecting whether a case
of deafness be dependent upon obstructed Eustachian tube; upon
some affection of the meatus auditorius externus; or upon insen-
sibility of the aunditory nerve, or of the part of the brain that effects
the sensation. If the latter be the case, the ticking of a watch,
applied to theteeth, will not be audible, and the case will necessarily
be one of a hopeless character, - If, on the other hand, the sound be
perceived, the attention of the physician may be directed, with well
founded expectation of success, to the physical parts of the organ,
or to those concerned in the transmission of vibrations. Frequently,
it will happen, in such cases, that the Eustachian tube is impervious,
and properly directed efforts may succeed in removing the obstrue-
tion ; or if this be impracticable, temporary, if not permanent, re- "
lief may be obtained by puncturing the membrana tympani, and
allowing the aérial undulations,in this way, to reach the middle and
internal ear.

Lastly ; — as regards the precise nerve of hearing. In this sense
we have the distinetion between the nerve of general, and that of spe-
cial sensibility, more clearly observed. The experiments of Ma-
gendie®have shown, that the portio mollis of the seventh pair is the
nerve of special sensibility ; — that it may be cwd, pricked, or torn,
without exhibiting any general sensibility, and that it is inservient
only to the sense of hearing. The same experiments demonstrate
that this nerve cannot act, unless the fifth pair or nerve of general
sensibility be in a state of integrity. If the latter nerve be divided
within the cranium, the hearing is always enfeebled, and frequently
destroyed. The experiments of Flourens,® to which allusion has
been made, led him to infer that the rupture of the cochlea was of

* De Ossibus, p. 7. See, also, Boerhaave, Prelectiones, iv. 415, and Haller, Element.
Physiol. tom, v, p. 253, Lausann, 1763.
b Précis, &e. 2de édit. i. 114,
¢ Expériences sur le Systéme Nerveux, p. 42, Paris, 1825, or 2de édit., Paris, 1842,
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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 —
that it is instinctive, requires no education, and is exerted as soon
as the parts have attained the necessary degree of development.

Amongst the advantages afforded by the possession of this
sense, which has been properly termed infellectual, are two of
the highest gratifications we enjoy — the appreciation of music,
and the pleasures of conversation. It is to it that we are indi-
rectly indebted for the use of verbal language — the happiest of
all inventions — as it has been properly termed, and to which we
shall have to advert in the course of our inguiry into the animal
functions. _

Metaphysicians and physiologists have differed considerably in
their views regarding the organs more immediately concerned in
the appreciations in question. Many, for exampie, 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,* “ depends 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,

eculiarly complicated, and therefore susceptible of great original

iversity 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 relations to each other, may, to the mere eye,
be so minute, as never to be discovered by dissection.”” Many
physiologists 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 only part adapted to the curious and
admirable powers of the human ear for the enjoyment of melody
and harmony. It is in vain to say,that these capacities are in the
mind and not in the outward organ. It is true, the capacity for
enjoyment or genius for music is in the mind, All we contend
for 1s, that those curious varieties of sound, which econstitute
the source of this enjoyment, are communicated through the ear,
and that the ear has mechanical provisions for every change of

* Lectures on the Philosophy of the Human Mind, Edinb. 1820 ; and Amer. Edit.,
vol. i p. 207, Boston, 1826.
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could be passed into the cavity of the tymmpanum ; but, on this side,
some remains of the circnmference of the membrane could be dis-
covered, with a circular opening in the centre, about a quarter of
an inch it diameter. Yet this gentleman was not only capable of
hearing everything that was said in company, but was nicely
susceptible to musical tones; “ he played well on the flute, and
had frequently borne a part in a concert ; and he sung with much
taste and perfeetly in tune.”’

But, independently of these partial objections, the views, that
assign musical ear and acquired language to the auditory apparatus,
appear liable to others that are insuperable. The man who is totally
devoid of musical ear, hears the sound distinctly, His sense of hear-
ing may be as acute as that of the best musician. It is his apprecia-
tion that is defective. He hears the sound, but is incapable of com-
municating it to others. The organ of appreciation is — in this, as
in every other sense — the brain. The physical part of the organ
may modify the impression, which has to be made upon the nerve
of sense ; the latter is compelled to transmit the impression as it
receives it; and it is not until the brain has acted, that perception
takes place, or that any idea of the physical cause of the impres-
sion is excited in the mind. If, from faulty organization, such idea
be not formed in the case of musical tones, the individual is said not
to possess a musical ear, but the fault lies in his cerebral confor-
mation. We do not observe the slightest relation between musical
talent and delicacy of hearing. The best musicians have not neces-
sarily the most delicate sense; and, for the reasons already assign-
ed, it will be manifest, why the idiot, whose hearing may be acute,
is incapable of singing, as well as of speaking. Again, we do not
see the least ratio in animals between the power and character of
their music, and the condition of their auditory sense. We are
compelled, then, to admit, that the faculties of music and speech are
dependent upon the organization of the brain; that they require
the ear as a secondary instrument; but that their degree of perfec-
tion is by no means in proportion to the delicacy of the sense of hear-
ing. [In these opinions, Gall,* Brounssais,” Adelon,® and other distin-
guished physiologists eoncur. “Speech,” says Broussais, “is heard
and repeated by all men, who are notdeprived of the auditory sense,
because they are all endowed with cerebral organization fit to pro-
cure for them distinet ideas on the subject. Music, when viewed
as a mere noise, is also heard by every one, but it furnishes ideas,
sufficiently elear to be reproduced, to those individuals only, whose
frames are organized in a manner adapted to this kind of sensation.”

Yet, although we must regard the musical faculty to be intel-
lectual, and consequently elevated in the scale, it is hardly neces-
sary to say, that the want of it is no evidence of that mental and

a Sur les Fonctions du Cerveau, v. 96, Paris, 1825.

b Traité de Physiologie, translated by Drs, Bell and La Roche, p. 84, 3d Amer. Edit.
Philad. 1832, ¢ Up. citat. i. 383,
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rapidity, not being responded to by the parts of the organ destined
for this purpose; and, consequently, never reaching the auditory
nerve. Researches, however, by Savart, — one of the most dex-
terous and ingenious experimenters of the day,— seem to show,
that the defective appreciation of acute sounds, in such cases, 18

not owing to their acufeness, but to their feebleness ; that if the

sound can be made sufficiently intense, the ear is capable of hear-

ing a note of upwards of forty thousand simple oscillations in a
second ; and that the cases referred to by Wollaston are, conse-

quently, owing to defective hearing, rather then to insensibility to

very acute sounds.

Another acquired perception of the ear is that of forming a
judgment of the distance of bodies. This we do by attending to
the loudness of the sound; for we instinctively lay it down as a
principle, that a loud sound proceeds from a body that is near us,
and a feeble sound from one more remote. This is the cause
of numerous acoustic errors, in spite of reason and experience.
In the theatres, the deception is often well managed, when the
object is to give the idea of bodies approaching. The sound —
that of martial music, for example — is rendered faint and sub--
dued; and, under such circumstances, appears to proceed from the
remote distance ; and, by adding gradually and skilfully to its
intensity, we are irresistibly led to the belief, that the army is
approaching ; and the allusion is completed by the appearance of
the military band on the stage, allowing its soul-inspiring strains
to vibrate freely in the air. In like manner we are deceived by
the ventriloquist. He is aware of the law that guides us in our
estimation of distance, and, by skilfully modifying the intensity
of his voice, according as he wishes to make the sound appear to
proceed from a near or a distant object, he irresistibly leads us into
an acoustic error.

_Education or experience is required to enable us to appreciate
distances accurately by this sense, as well as to judge of their posi-
tion. Inthe case,detailed by Magendie,* of a boy, who, after having
been entirely deaf until the age of nine, was restored to hearing
by M. Deleau, by means of injections thrown into the cavity of
the tympanum through the pharyngeal extremity of the Eustachian
tube, one of the most remarkable points was his difficulty in ac-
- quiring a knowledge of the position of sonorous bodies. In form-
ing our judgment on this subject we require the use of both ears.
In all other cases an impression made upon one only would per-
haps be sufficient. The common opinion is, that to judge of the
direction of a sound we compare the intensity of the impression on
each ear, and form our deductions accordingly; and that if we
close one ear we are led into errors, which are speedily dissipated
by employing both, Still we are often deceived even under these
last circumstances, and are compelled to call in the aid of sight.

* Journal de Physiologie de Magendie, v. 367,  ® Journal de Phisiologie, v.223.
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phosphorescent bodies; and, by entering the eye directly, or after
various reflections or refractions, impinges on the optic nerve, and
gives the sensation of light. : :

Two main opinions have been entertained regarding the nature
of light ; the one, propounded by Newton — that it consists of ex-
tremely 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
affect the ear. It is not for us to discuss this question of higher
physics. We may merely remark, that difficulties attend both hy-
potheses, According to that of Descartes, it 1S not easy to explain,
why an opaque body should prevent the undulations from reach.-
ing the eye —or the change of direction, which the light expe-
riences in passing from one medium into another ; whilst, accord-
ing to that of Newton, it is difficult to conceive, hpw a luminous
body, as the sun, can shed its immense torrrents 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 ex-
treme delicacy, is insufficient to disturb the equilibrium. To the
hypothesis of Newton it has also been objected, that the particles,
being reflected by thousands of bodies, and in innumerable diree-
tions, would necessarily jostle and interfere greatly with each other.
This objection is not, however, as valid as it appears at first sight.
It will be seen hereafter, that the impression of a luminous object
remains upon the retina for the sixth part of a second. Admitting
ity however, to impress the eye for the 51,th 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 particle ; a distance equal
to that — in a straight line—between New York and Savannah ;
and if we suppose six particles to be suflicient per second, each
will be separated from the other by a space of thirty-three thon-
sand five hundred miles !

Without deciding in favour of either of the great theories, that of
Newtonadmitsof more easy application tooursubjeet,and will,there-
fore, be employed in the various explanations that may be required.

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 tous. In its course,
direct or reflected, its velocity is almost inconceivable. From ob-
servations made on the eclipses of Jupiter’s satellites, by Romer,
Cassini, and other astronomers, it has been calculated, that the
light of the sun is eight minutes and thirteen seconds in its passage
from that luminary to the earth. The distance between the earth












LIGHT. 175

O in the air would not be perceptible to an eye in the water at
F,in the direction O C F ; whilst one at A would be distinctly visi-
ble, —the ray from it proceeding in the direction A C F, but ap-
pearing to come straight to the eye in the direction OCF.

. All transparent bodies, at the same time that they refract light,
reflect a portion of it. This is the cause of the reflections we no-
tice on the glass of our windaws, and of the image perceptible in
the eye. The same substance has always the same refractive
power, whatever may be its shape: — in all cases, the sine of the
angle of refraction holding the same ratio to the sine of the angle
of incidence, whatever may be the incidence. The angle of in-
cidence is the angle formed by the incident ray with a perpen-
dicular raised from the point of immersion ; the angle of refraction
that formed by the refracted portion of the ray with the same
perpendicular, In Fig. 22, A C K is the angle of incidence of the
ray A C; and L CF the angle of refraction. The sines of these
angles respectively are the lines P Q and L F. But although the
media may refract the rays of light equally, the form of the refract-
ing body will materially modify their arrangement. The perpen-
diculars to the surface may approach or recede from each other;
and if this be the case the refracted rays will approach or recede
from each other likewise.

Where the body has plane and parallel surfaces, as in the glass
of our windows, the refraction, experienced by theray on entering
the glass, is corrected by that which oceurs on its emergence ; and
although the light may not pass in one straight line, it proceeds in
parallel lines, separated by a space dependent upon the thickness
of the refracting body and the obliquity of the incident ray. If
the medium be very thin, as in a pane of glass, the rays do not
appear deflected from their original direction. In Fig. 22, the in-
terval between the direct ray and the ray A C F after its emergence
is that between G and H. If the surfaces of the diaphanous body
be plane, but in- :
clined towards Fig. 23.
each other, as in
thecommon prism,
the refraction, ex-
perienced by the
ray on emerging,
instead of correct-
ing that expe-
rienced during its
passage throngh
the body, is added to it; and the rays are deflected from their
course to an extent equal to the sum of the two refractions. The
ray A B, Fig. 23, after impinging upon the side D L of the prism,
at B, instead of continuing its course in the direction B J, is refract-
ed fowards the perpendicular C B F, — the medinm being denser
than air; and on emerging into the rarer medium, instead of con-
tinuing its course in the direction G I, it is refracted in the line
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vous; the vessels and nerves being distributed on an erectile tissue.®
There is, in the views of both anatomists and physiologists, much
discrepancy regarding the structure and functions of this portion
of the eye. Edwargs," of Paris, affirms, that it consists of four
laminze, two of which are extensions of the lamina composing the
choroid; a third belongs to the membrane of the aqueous humour,
and is reflected over its anterior surface; and the fourth is the
proper tissue of the iris. Magendie® asserts, that the most recent
anatomical investigations prove the membrane to be muscular;
and to be composed of two sets of fibres; the outermost radiating,
whose office is to dilate the pupil ; the innermost circular and con-
centric, for the purpose of contracting
it. The arrangement of these fibres Fig. 35.
is presented in Fig. 35 ; which is an :
internal view of the human iris, mag-
nified three diameters; and Fig. 36,
an external view, exhibiting the sur-
face to consist essentially of a plexus
of bloodvessels; both are taken from
the microscopic investigations of Mr.
Bauver, and Sir Everard Home.?
These vessels, and nerves, are ramifi-
cations of the ciliary, —the nerves
arising from the opthalmic ganglion Internal view of the Iris.
and nasal branch of the fifth pair. Berzelius,® too, affirms, that
the iris has all the chemical characters of muscle.

The iris is the coloured part of the eye, seen through the trans-
parent cornea; and, according to the particular colours reflected
from it, the eye is said to be blue,
gray, hazel, &c. In its centre is an Fig. 36.
opening, called the pupil, through
which alone the rays of light can
reach the lens. This opening can be
enlarged or contracted by the contrac-
tion or dilatation of the iris; and in
this respect it is perpetually varying,
according to circumstances. In man,
the pupil is circular, but it differs
greatly in its dimensions and shape
in different animals. On the posterior
surface of the iris, or on the uvea, the
pigmentum nigrum exists, as on the

choroid.  This layer has likewise External view of the Iris.
* Lepelletier, Physiologie Médicale et Philosophique, Paris, 1832, tom. iii. p. 158,
b Bullet. de la Société Philom. ete. 1814, p, 81. < Op, citat. i. 61,

4 Lectures on Comparative Anatomy, Lond. 1814-1828. See, on the Struetare
of the Iris, art. Eye, by Dr. Jacob, in Cyelop. of Anat. and Physiol. for June, 1837 ;
Dr. Bolton, in Dunglison's Medical Intelligencer, Dee, 1, 1838 ; Mackenzie, Practical
T'reatise on the Diseases of the Eye, 3d edit. by T. Wharton Jones, Lond, 1840 ; and
C. R. Hall, Proceedings of the Royal Society, No. 56, Lond. 1843,

¢ View of the Progress of Animal Chemistry, p. 86, Lond, 1813,
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ment in the nerves of the horse, when subjected to appropriate
maceration. More recently, Mr. H. Mayo® has stated, that the optic
nerve consists in man of three tracts; the innermost of which is
wholly a commissure, connecting the two retinz anteriorly, and
the optic ganglia posteriorly. The middle tract decussates, and is
considered by Mr. Mayo to supply the part of the retina which lies
on the inner side of each eyeball, between its anterior border and
the entrance of the optic nerve. The external tract, he affirms,
does not decussate, but passes on to supply the outer portion of
the retina of the same side. Hence the right optic nerve, in Mr.
Mayo’s view, supplies the rightside of each eyeball, and the left the
left. Dr. Wollaston himself was affected with hemiopia; and in his
case, the loss of vision was sometimes on one side, and sometimes
on the other, and he thought, that the phenomena might be ex-
plained by the decussation of the optic nerves ; but Messrs. Solly®
and Mayo have known instances of a like affection involving alter-
nately the centre and cirenmference of the retina, and therefore
not attributable to any such structural arrangement.

These views are opposed, however, by the direct experiments of
Magendie.© Hedivided,in arabbit,the right opticnerve, behind the
point of decussation, or what has been called the chizsma of the
nerves; —the sight of the left eye was destroyed. Oncutting the left
root, thesightof the right eye was equally destroyed ; and ondividing
the bond of union, in another rabbit, by a longitudinal incision,
made between the nerves, vision was entirely abolished in both
eyes ; — a result, which, as he properly remarks, proves not only
the existence of decussation, but, also, that it is total, and not par-
tial as Wollaston had supposed. . Another experiment, which he
instituted, led to a similar result. Fifteen days before examining
a pigeon he destroyed one eye. The nerve of the same side, as
far as the chiasma, was wasted ; and, behind the chiasma, the root
of the opposite side. Rolando and Flourens,? too, found in their
experiments, that when one cerebral hemisphere was removed,
the sight of the opposite eye was lost. We may conclude, then,
in the present state of our knowledge, that there is not simply a
Junction, or what the French call adossement, of the optic nerves;
but that they decussate at the sella turcica.®

The eye proper receives numerous vessels, — the ciliary arteries
and veins — and several nervous ramifications, the greater part of
which proceed from the ophthalmic ganglion of the fifth pair. The
following are the dimensions, &ec., of the organ, on the authority
of Petit, Young, Gordon, and Brewster.

s London Medical Gazette, Nov. 5, 1841,

b The Human Brain, its Configuration, &e., p- 263, Lond. 1836 ; and Carpenter’s
Human Physiology, Amer, Edit. p. 246, Philada. 1843,

¢ Precis, &c, edil. cit. i. 64.

4 Recherches Expérimentales sur le Systéme Nerveux, 2d &dit. Paris, 1842,

¢ See, on this subject, Adelon, Physiologie de ' Homme, i. 402, 2de édit. Paris, 1829,
and Bostock’s Physiology, edit, eit. p, 709,
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as the densities of it and the cornea differ but little : the latter is
slightly more refractive, according to the table, and therefore the
tendency, that exists, will be to render the ray less convergent.
This convergence gives occasion to the entrance of a greater
number of rays through the pupil, and necessarily adds to the
intensity of the light that impinges on the ecrystalline. Pursuing
the ray through the two chambers of the eye, we find it next
impinging on the surface of the crystalline, which possesses a
much higher refractive power than the cornea or aqueous humour;
in the ratio of 1-3584 to 1-336. From this cause, and from the con-
vexity of the anterior surface of the lens, the ray is rendered still
more convergent or approaches still more the axis of the cone. It
1s probable, however, that even here some of the light is reflected
back, and goes towards the formation of the image in the eye, and
the brilliancy of the organ ; other reflected rays perhaps impinge
upon the pigmentum nigrum lining the posterior surface of the
iris, and are absorbed by it. From the crystalline the ray emerges
into a medium possessing less refractive power ; and, therefore, is
deflected from the perpendicular. The shape, however, of the
posterior surface of the lens so modifies the perpendiculars, as to
occasion such a degree of convergence, that the oblique ray meets
the axis at a focus on the retina, (See Figs. 24 and 40.) In this
manner two cones are formed ; the one having its apex at the radiant
point, and its base on the cornea —the odjective cone,— the other
having its apex on the retina, and termed the ocular cone.

These remarks apply chiefly to the cone proceeding in the di-
rection of the axis of the different humours, from a single radiant
point. It is easy to understand, that every portion of the object
A B C, Fig. 40, must be a radiant point, and project so many cones
in an analogous manner, which, by impinging upon the retina,
form a picture of the object upon that expansion, at g b A. It is
important, however, to observe that the rays proceeding from the
upper part of the object fall, after refraction, upon the lower part
of the retina ; and these from the lower part of the object upon
the upper ; so that the picture or representation of the object on
the retina is inverted. How the idea of an erect object is excited
in the mind will be the subject of after inquiry.

When rays, as A g and C 4, fall obliquely on a lens, and pass
through the centre of the lens, they suffer refraction at each of
its surfaces, but as the two refractions are equal and in oppo-
site directions, the rays may be esteemed to pursue their course in
a straight line. The point a, at which these various rays cross, is
called the optic centre of the erystalline. Each of these straight
rays, proceeding from a radiant point, may be assumed as the axis
of all the rays proceeding obliquely from the same point, and the
common foeus must fall on some part of this axis. In this way
the object is represented, in miniature and inverted, on the retina.
As, however, the oblique ray has to pass through the cornea and
aqueous humour, before it impinges on the erystalline, it under-
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goes considerable deflection, and consequently it is not accurate to
represent it as pursuing a straight course through the different
humours, in its way to the retina. The main deflection—as in the
case of the rays D ¢ s, and E ¢ », Fig. 40 — occurs at the entrance
of the rays into the cornea.

That an inverted representation of external objects is formed
within the eye is in accordance with sound theory, and is sup-
ported not only by indirect, but by direct experiment. If a double
convex lens be fitted into an opening made in the window-shutter
of a darkened chamber, luminous cones will proceed from the dif-
ferent objects on the outside of the house, and will converge within;
so that if they be received on a sheet of paper, a beautiful and
distinet image of the object will be apparent. This is the well.
known instrument, the camera obscura (Fig. 42), of which the
organ of sight may be regarded as a modification. Making ab.
straction, indeed, of the cornea, and of the aqueous and vitreous
humours, the representation of the eye in Fig. 40, with the object,
A B C and its image on the retina, is the common camera obscura,
The eye is, therefore, more complicated and more perfect than this
simple instrument; the cornea with the aqueous and vitreous hu-
mours being added for the purpose of concentrating the light on
the retina; the latter, in addition, affording a large space for the
expansion of the retina, and preventing the organ from collapsing.
In the operation for cataract by extraction, which consists in re-
moving the lens through an opening, made in the lower part of the
cornea, the aqueous humour escapes, but is subsequently regene-
rated. If, however, too much pressure be exerted on the ball, to
force the crystalline through the pupil and the opening in the cor-
nea, the vitreous humour is sometimes pressed out, when the eye
collapses and is irretrievably lost.

Fig. 42,

Experiments have also been instituted on this subject, the resnlts
of which are even more satisfactory than the facts just mentioned.
These have been of different kinds. Some experimenters have
formed artificial eyes of glass, to represent the cornea and crystal-
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line, with water in place of the aqueous and vitreous humours.
Anothermode has been to place the eye of an ox or a sheep in a hole
in the shutter of a dark chamber, having previously removed the
posterior part of the sclerotica, so as to permit the images of ob-
jects on the retina to be distinetly seen, Malpighi and Haller em-
ployed a more easy method. They selected the eyes of the rabbit,
pigeon, puppy, &c., the choroid of which is nearly transparent ;
and, directing the cornea towards luminous objects, they saw them
distinctly depicted on the retina. More recently, Magendie® has
repeated these experiments by employing the eyes of albino ani-
mals, as those of the white rabbit, the white pigeon, the white
mouse, &c., which aflord great facilities for accomplishing the ex-
periment, — the sclerotica being thin, and almost transparent ; the
choroid, also, thin, and when the blood, which gives it colour, has
disappeared after the death of the animal, offering no sensible ob-
stacle to the passage of light. In every one of these experiments,
external objects were found to be represented on the natural and
the artificial retina in an inverted position ; the image being clearly
defined, and with all the colours of the original. Yet how minute
must these representations be in the living eye ; and how accurate
the mental appreciation, seeing that each impression from myriads
of luminous points is transmitted by the retina to the encephalon,
and perceived with unerring certainty !

In the prosecution of his experiments —in some of which he was
assisted by M. Biot — Magendie found, as might have been expect-
ed, that any alteration in the relative proportion or situation of the
different humours had a manifest effect upon vision. When a
minute opening was made in the transparent cornea, and a small
quantity of the aqueous humour permitted to escape, the image
had no longer the same distinctness, The same thing occurred
when a little of the vitreous humour was discharged by a small
incision made through the sclerotica. He farther found that the
size of the image on the retina was proportionate to the distance
of the object from the eye. When the whole of the aqueous
humour was evacuated, the image seemed to occupy a greater
space on the retina, and to be less distinet and luminous, and the
removal of the cornea was attended with similar results. When
the erystalline was either depressed or extracted, as in the opera-
tion for cataract, the image was still formed at the bottom of the
eye; but it was badly defined, slightly illuminated, and at least
four times the usual size. Lastly,— when the cornea, aqueons
humour, and erystalline were removed, leaving only the capsule of
the crystalline, and the vitreous humour, an image was no longer
formed upon the retina ; the light from the luminous body reached
it, but it assumed no shape similar to that of the body from which
it emanated.

Most of these results —as Magendie® remarks — accord very
well with the theory of vision. Not so, the distinctness of the

* Précis Elémentaire, i, 70. b Ibid. i. 73.
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perfectly achromatic, and that, in this respect, it exceeds any
instrument of human construetion. The views of Euler are the
most probable; and the effect doubtless is much aided by the iris
or diaphragm, which prevents the rays from falling upon the mar-
gins of the lens, where, by the surfaces meeting at an angle, the
aberration must necessarily be greatest.

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

The choroid is chiefly useful by the black pigment, which lines
and penetrates it. It will be seen, indeed, that some individuals,
on insufficient grounds, have esteemed it the seat of vision. Leaving
this question for the moment, and granting, as we shall endeavour
to establish, that the impression is received upon the expansion of
the optic nerve — the retina, — the use of the choroid would seem
to be, in ordinary circumstances, to afford surface for the ﬁ:igmm-_
tum nigrum, whose function it is to absorb the rays after they
have passed through the retina, and thus to obviate the confusion
that would arise from varied reflections, were the choroid devoid
of such dark covering. In albinos or white animals, in which the
pigment is wanting, this inconvenience is really experienced, so
that they become nyctalopes, or at least see but imperfectly during
the day. In the night, however, or when the light is feeble, their
vision 1s unimpaired ; and hence the albinos of our species have
been called by the Germans and Dutch, Kakerlaken, or
cockroaches. Sir Everard Home® is of opinion, that the pigmen-
tum nigrum of the eye is provided as a defence against strong light,
and that hence it is lightest in those countries least exposed to the
scorching effects of the sun. In confirmation of this, he remarks,
that it is dark in the monkey, and in all animals that look up-
wards, and in all birds exposed to the sun’s rays ; whilst the owl,
that never sees the sun, has no black pigment. It doubtless pos-
sesses the function assigned to it by Sir Everard.

The use of the shining spot on the outside of the optic nerves,
in the eyes of quadrupeds, called the fapetum, has been an inte-
resting theme of speculation, and has given rise to much ingenious,
and to not a little ridiculous, hypothesis amongst naturalists. The
absence of the black pigment necessarily occasions the reflection
of a portion of the rays from the membrana Ruyschiana ; and it
has been presumed, that these reflected rays, in their passage back
through the retina, may cause a double impression, and thus add
to the intensity of vision. Another view has been, that the re-
flected rays inay pass outwards through the retina without ex-
citing any action, to be thrown on the object in order to increase
the distinctness of the image on the retina, by an increase of its
light. Dr. Fleming,® who usually exhibits much philosophical
acumen, and physiologieal accuracy, thinks it not probable, that
both surfaces of the retina are equally adapted for receiving im-

» Lectures on Comparative Anatcmy, iii. 220, Lond. 1823,
b Philosophy of Zoology, i. 192, Edinb, 1822,
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We may conclude, then, that the iris is one of the most import-
ant parts of the visual apparatus ; and that its functions are multi-
gle : —that it is partly the cause of the achromatism of the organ,

y preventing the rays of greatest divergence {rom falling near the
marginal parts of the erystalline ; — that it corrects the aberration
of sphericity ; regulates the quantity of light admitted through the
pupil, and accommodates the eye, to a certain extent, to vision at
different distances.

An enumeration of the multiform sentiments, entertained regard-
ing the functions of the ciliary processes, will show how little we
know, that is precise, on this matter also. They have often been
considered contractile ; some believing them connected with the
motions of the iris, others to vary the distance of the crystalline from
the retina. Jacobson®* makes them dilate the apertures, which he
coneeives to exist in the canal godronné, so as to cause the admis-
sion of a portion of the aqueous humour into the canal, and thus
to change the situation of the crystalline. Others believe, that they
secrete the pigmentum nigrum ; and others—the aqueous humour.
But the processes are wanting in animals, in which the humours,
notwithstanding, exist. There is no opinion, perhaps, more pro-
bable than that of Haller ;» — that they are destined to assist me-
chanically in the constitution of the eye, and have no farther use.

The function of the refina remains to be considered. It is the
part that receives the impression from the luminous rays, which
impression is by the optic nerve conveyed to the brain. This ner-
vous expansion was, at one time, universally believed to be the
most delicately sensible membrane of the animal frame. Of late,
it has been shown by the experiments of Magendie,® that the sen-
sibility of both it and the optie nerve is almost entirely special, and
limited to the appreciation of light; —that the general sensibility
is exclusively possessed by the fifth encephalic pair ; and that the
nerve of special sensibility is incapable of executing its functions,
unless that of general sensibility be in a state of integrity. That dis-
tinguished physiologist found, when a couching needle was passed
into the eye at its posterior part, that the retina might be punctured
and lacerated without the animal exhibiting evidences of pain. The
same result attended his experiments on the optic nerves. These
nerves, both anterior and posterior to their decussation, as well as
the thalami nervorum opticorumn, the superficial layer of the tuber-
cula quadrigemina, and the three pairs of motor nerves of the eye,
gave no signs of general sensibility. On the other hand, the gene-
ral sensibility of the anterior part of the eye — of the conjunctiva —
is well known. Itis such, that the smallest particle of even the
softest substance excites intense irritation. This general sensibility
Magendie” found to be totally annihilated by the division of the fifth
pair of nerves within the cranium; so that hard-pointed bodies and
even liquid ammonia made no painful impression on the conjune-

s Magendie, Précis., edit., cit. i. 78. ® Elemént. Physiol. xvi. 4, 20,
< Op. cit, i. 83, 4 Ibid. i. 494,
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the repetition of the last experiment, a dense cloud arises, instead
of the broad undefined light, and the eye becomes, in a few seconds,
]f)lerfectiy blind, but in the course of three or four seconds after the

nger is removed, the cloud appears to roll away from before the
eye. From this, it seems, that sensations of light may be pro-
duced by mechanical pressure made onthe retina ; in other words,
theretina becomesphosphorescent by pressure. Thesamething,too,
is observed, if a sudden blow be given on the eye, or if we place a
piece of zine under the upper lip, and a piece of copper above the
eye. A flashof light isseen ; 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 Brewster®* observed, that when a gentle pres-
sure was first applied, so as to compress slightly the fine pulpy
substance of the retina, a circular spot of colourless light was pro-
duced, though the eye was in total darkness, and bad not been ex-
posed 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 sen-
sible to the light than any other part, and consequently it appears
more luminous. If the pressure be increased, beyond the point
mentioned above, the cireular spot of light gradually becomes
darker, and, at length, black, and is surrounded with a bright ring
of light. By augmenting the pressure still more, a luminous spot
appears in the middle of the central dark one, and another lumi-
nous spot diametrically opposite, and beneuth the point of pressure.
% Considering the eye,” says Sir David, “as an elastic sphere,
filled with incomprehensible fluids, it is obvious, that a ring of
fluids will rise round the point depressed by the finger, and that
- the eyeball will protrude all round the point of pressure ; and con-
sequently the retina, at the protruded part, will be compressed by
the outward pressure of the contained fluid, while the retina on
each side, — that is, under the point of pressure, and beyond the
protruded part, — will be drawn towards the protruded part or be
dilated. Hence the part under the finger, which was originally
compressed, 1s now dilated, the adjacent parts are compressed,
and the more remote parts, immediately withount this, dilated also.”’
“ Now,” continues Sir David, “ we have observed, that when the
eye is, under these circumstances, exposed to light, there is a
bright luminous circle shading off externally and internally into
total darkness. We are led therefore to the important conclusious,
that when the retina is compressed in total darkness it gives out
light; that when it is compressed, when exposed to light, its s2n-
sibility to light is increased ; and that when it is dilated under ex-

osure to light, it becomes absolutely blind or insensible to all
uminous impressions.”’

Having traced the mode in which the general physiology of

a Leller: on Natural Magic, Amer. Edit, p, 27, New York, 1832,
18
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- It has been found by experiments, instituted by Sir Charles
Bell2 and by Magendie,® that nictation is effected under the in-
fluence chiefly of the portio dura of the seventh pair, or facial
nerve, — oue of the respiratory nerves of Sir Charles Bell’s system
— the respiratory of the face. When this nerve is cut, nictation
is completely arrested ; and when the nerve of the fifth pair, also
distributed to these panrts, is divided, it ceases likewise, but less
thoroughly ; a very vivid light exciting it, but only at considerable
intervals, and imperfectly. We see here something very analogous
to the partition of the nerves of the senses into those possessing
general, and those conveying special sensibility. Like the latter
functionaries, the nerve of the seventh pair appears to be specialiy
concerned in nictation, and not to be capable of executing its office,
unless the fifth pair —the nerve of general sensibility —be in a
state of integrity. The explanation of Dr. Marshall Hall is differ-
ent. It has been before remarked, that if the functions of the
brain be suspended or destroyed, the true spinal system being un-
injured, the orbicularis palpebrarum will still contract so as to close
the eyelids, when the tarsus is touched with any solid body. In
this case, neither sensation nor volition can be concerned. Itisa
reflex action ; the excitor nerves being probably branches of the
fifth pair, and the motor,branches of the seventh pair. Hence, when
the will ceases to act as in sleep, or in apoplexy, the lids close over
the eye to protect it. In the waking state, the levator palpebree
under the influence of the will acts as an antagonist to the orbicu-
laris and keeps the eye open; but there is an almost irresistible
tendency to close the eye; and,as in the case of respiration, the
muscular contraction can only be restrained to a certain degree : it
takes place, whenever the condition of the conjunctiva is such as

~ to occasion an impression to be conveyed along the excitor nerve
which demands a reflex movement to modify it; for example,
when particles of dust collect upon it ; or the surface becomes dry.©

The eyelids, by their approximation, can regulate the quantity
of light that enters the pupil, when it is injuriously powerful;
when feeble, they are widely separated, to allow as much as pos-
sible o penetrate the organ. By their agency, again, the most
diverging rays from an object can be prevented from falling upon
the cornea ; and the vision of the myopic or short-sighted can, in
this way, be assisted, It is a means of which they often avail
themselves. The cilia or eyelashes, it is probable, are of similar
advantage as regards the admission of light into the eye, and have
some part, probably, in preventing extraneous bodies, borne about
in the air, from reaching the sensible conjunctiva.

The muscles of the eyeball have aequired the chief portion of
their interest of late years, and largely through the investigations
of the eminent physiologist — of whose labours we have so fre-

* The Nervous System of the Human Body, Amer. Edit. p. 48, Washington, 1833,

b Précis Elémentaire, 1. 309,
« Carpenter, Human Physiology, p. 154, Lond, 1842,
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- 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
action 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
respiratory nerve ; and, hence, intimately connected with the faecial
nerve of the seventh pair, which, as has already been remarked,
is the great nervous agent in the twinkling of the eyelids. Anato-
mical examination eonfirmed this view ; — the roots of the nerve
being found to arise from the same column as the other respiratory
nerves. The coiucidence of this twinkling, and of the motion of
the eyeball upwards, was, therefore, easily understood.  There is
a difficulty, however, here, which has doubtless already suggested
itself. The fourth pair of nerves is distributed to the superior ob-
lique only ; the lesser oblique receives none of its ramifications.
They cannot, therefore, be identically situate 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 function of
the former, when acting singly, is to carry the eye upwards and
inwards ; and, when the action of its antagonist is abolished, this is
more clearly manifested : Sir Charles found, that the effect of divi-
ding the superior oblique was to cause the eye to roll more forcibly
upwards ; — in other words, it was given up, uncontrolled, to the
action of the antagonist muscle. This difficulty, although it is not
openly stated by Sir Charles, must have impressed him; as, after
having referred to the effect of the division of the superior oblique,
he isconstrained to suggest an influence to the fourth pair, which
would, we think, be anomalous : — that it may on certain occasions
cause a relaration of the muscle to which it goes, and, in such
case, the eyeball must be rolled upwards! In addition to this,
100, 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, thBI'HE'.II‘E, much to learn regarding this subject,
into which so much interest, and, at the same time, so much un-
certainty has been infused.® In some recent experiments on the
fresh subject, with Professor Pancoast, who carefully separated
the different muscles, with the view of discovering their precise
action, it was clearly apparent, that the oblique museles act in the
manner above mentioned ; the superior oblique directing the eye
slightly inwards and downwards; and the inferior, rolling it up-
wards and inwards, when they acted singly; but when the two
were brought into action simultaneously, they appeared to anta-

s Outlines of Human Physiology, 4th edit. p 299, Lond. 1837.

b See, on this subject, Carpenter’s Human Physiology, p. 185, Philad. 1842 ; MM,
Prgvaz, Bonnet, Guérin, &ec., in Archiv. génér. de Méd, Mai, 1841, &e., cited in Brit,
and For. Med. Rev. Oct. 1841, p, 553; and Valentin, Traité de Névrologie, trad. par
Jourdan, p. 290, Paris, 1843.
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and, with the assistance of the fluid secreted by the tunica conjunec-
tiva, aid the movements of the eyelids over the ball of the eye,and
keep the tarsal margins and their appendages in the condition re-
quisite for the due performance of their functions.

The action of the puncta themselves in admitting the tears has
received different explanations. Adelon® regards it as organic and
vital. We ought, however, in all cases, to have recourse to this -
mode of accounting for phenomena as the wltima ratio, and the
‘present appears to us to be a case in which it is singularly unne-
cessary. In many of the results of absorption we are compelled
to suppose,that a vital operation must have been concerned in the
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,
is irresistible ; but no such action ean have ocenrred 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 sitnation. 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 circulation of their juices has been thus accounted
for. [If we twist together several threads of yarn, moisten them,
and put one extremity of the roll into a vessel of water, allowin
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 eapillary,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 hun-
dredth part of an inch, to five inches ; if the two hundredth part
of an inch, to ten inches; and so on. Now, the punctum lachry-
male is,in our view of the subject, the open extremity of a capil-
lary tube, which receives the fluid of the lachrymal gland and
conveysit to the nose, the punctum being properly directed towards
the eyeball by the tensor tarsi muscle of Horner.

Lastly, — the funica conjunctiva is another part of the guardian
apparatus of the eye. It secretes a fluid, which readily mixes with
the tears, and appears to have similar uses. Like the mucous
membranes in general, it absorbs ; and, in this way, a part of the
lachrymal seeretion is removed from its surface. An animal, for
the same reason, ean be readily poisoned by applying hydrocyanie
acid to it.  As the conjunetiva lines the eyelids, and is reflected
over the globe, it supports the friction, when the eveball or evelids
are moved ; but,being highly polished and always moist, the whole
of this is insignificant,

. » Physiologie, 2de ¢dit. p. 421, Paris, 1829,
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on the outer part of the former are on the inner part of the latter,
and cumemeﬁr.

When a cone of light proceeds from a radiant point, as from B,
Fig. 41, the whole of the rays, — whatever may be their relative
obliquity, —are, as we have seen, converged to a focus upon the -
retina at b, yet the point B is seen only in one direction, in that of
the central ray or axis of the cone B 4. If we look over the top of
a card at the point B, till the edge of the card is just about to hide
1t; or if, in other words, we obstruet all the rays that pass through
the pupil, excepting the uppermost ray, the point is still seen in
the same direction as when it was viewed by the whole cone of
rays proceeding from B, If we look, again, beneath the card, in
a similar manner, so as to see the object by the iowest ray of the
cone, the radiant point will be equally seen in the same direction.
Hence, says Sir David Brewster,® it is manifest that the line of
visible direction does not depend on the direction of the ray, but is
always perpendicular to the retina ; and, as the surface of the re-
tina is a portion of a sphere, those perpendiculars must all pass
through one point, “ which may be called the centre of visible di-
rection ; because every point of a visible object will be seen in the
direction of a line drawn from this centre to the visible point.””
The point o, Fig. 41, is, in Sir David’s view, this centre of visible
direetion. 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 cen-
tre of visible direction o, and the same thing, he conceives, will
Elply to every other peneil of rays. Thus, the rays from D and

» Which fall upon the cornea at ¢, will be refracted so as to im-
pinge upon the retina at s and  respectively, and D and R will
be seen in the direction of lines drawn from these points to the
centre of visible direction, 0. This “ law of visible direction,”” laid
down by Sir David Brewster, removes at once, he thinks, every
difficulty 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 necessarily cross each other at the centre
of visible direction, so that those from the lower part of the image
20 to the upper part of the object, and those from the upper part
of the image to the lower part of the object. The views of Sir
David are embraced by Mr. Mayo,” who considers 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 apposite to the point compressed,
as well as by the following experiments of Scheiner, by whom this
law of visual direction was first shown. 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 distinet vision, the ob-
Ject is seen large and imperfectly defined, the outermost cone of

3 Op. citat. p. 246, ® Outlines of Human Physiology, 34 edit. p. 277.
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its different parts. In this manner, Volkmann found, that the lines
of direction cross each other at a point a little behind the crystalline,
and that they will thus fall at such different angles on different points
ofthe retina, that no general law can be deduced respecting them.®

A certain intensity of light is necessary, in order that the retina
may be duly impressed, and this varies in different animals; some
of which, as we have seen, are capable of exercising the function
of visionin the night, and have hence been termed nocturnal. In
man, the degree of light, necessary for distinet vision, varies ac-
cording to the previous state of the organ. A person, passing from
a brilhantly illuminated room into the dark, is, for a time, incapa-
ble of seeing any thing, but this effect differs in individuals ; some
being much more able to see distinctly in the dark than others,
This is owing to the retina, in some, being more sensible than in
others ; and, consequently, requiring a less degree of light to im-
pressit. On the other hand, a very powerful light injures the
retina, and deprives it, for a time, of its funetion; hence the un-
pleasant impression produced by the introduction of lights into a
room, where the company have been previously sitting in com-
parative obscurity ; or by looking at the sun. The effect upon the
retina, thus induced, is called dazzling. 1If the light that falls upon
the eye be extremely feeble, and we look long and intensely upon
any minute object, the retina is fatigued; the sensibility of its
central portion becomes exhausted, or is painfully agitated ; and
the objects will appear and disappear, according as the retina has
recovered or lost its sensibility ; a kind of remission seeming to
take place in the reception of the impressions.

These affections are considered by Sir David Brewster® as the
source of many optical deceptions, which have been aseribed to a
supernatural origin.  “lIn a dark night, where objects are feebly
illuminated, their disappearance and reappearance must seem very
extraordinary to a person whose fear or curiosity calls forth all
his powers of observation. This defect of the eye must have been
often noticed by the sportsman, in attempting to mark, upon the
monotonous heaths, the particular spots where moorgame had
alighted. Availing himself of the slightest difference of tint in the
adjacent heaths, he endeavours to keep his eye steadily upon it
as he advances ; but whenever the contrast of illumination is fee-
ble, he almost always loses sight of his mark, or if the retina does
tale it up a second time, it is only to lose it again.”?

In all the cases, in which the eye has been so long directed to a
minute object, that the retina has become fatigued, on turning the
axis of the eye slightly away from the ohject, the light from it will
fall upon a neighbouring part of the retina, and the object will be
again perceived; and in the mean time the part, previously in ac-
tion, will have recovered from its fatigue. By this fact— of the
retina becoming fatigued by regarding au object for a long time —
we explain many interesting phenomena of vision, If the eye be
directed, for a time, to a white wafer, laid upon a black ground,

* Miiller's Elements of Physiology by Baly ; and Carpenter's Human

Phj’ﬁiﬂ‘!ﬂg}'j
p. 266, Lond, 1842, % Op. citat. p, 250,
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~f snhite light. The aeeidental calonr. in other words, is what the
primitive colour requires to make it white light. The primitive

and accidental eolours are, therefore complements of each other ;
and hence accidental colours have also been called complementary
colours. They have likewise been termed harmonic, because the
primitive and its accidental eolour karmonize with each other in
painting. It has been supposed, that the formation of these ocular
spectra has frequently given rise to a belief in supernatural appear-
ances ; the retina, in eertain diseased states of the nervous system,
being more than usually disposed to retain the impressions, so that
the spectrum will remain visible for a long time after the cause hs
been removed. Such appears to be the views of Drs. Ferriar?
Hibbert,” and Alderson,©— the chief writers, in modern times, on
apparitions. This subject may be the theme of future discussion.
It may be sufficient at present, to remark, that the great seat and
origin of spectral illusions is, in our opinion, the brain, and that
the retina is no farther concerned than it is in dreaming or in the
hallucinations of insanity.

The retina is able to receive visual impressions over its whole
surface, but not with equal distinciness or accuracy. When we
regard an extensive prospect, that part of it alone is seen sharply,
which falls upon the central part of the retina, or in the direction of
the axis of the eye: we always, therefore, in our examination of
minute objects, endeavour to eause the rays from them to impress
this part of the retina ; — the distinetness of the impression diminish-
ing directly as the distance from the central foramen increases.
This central point, called the poinf of distinet vision,is readily dis-
criminated on looking at a printed page. It will be found that
although the whole page is represented on the retina, the letter to
which the axis of the eye is directed is alone sharply and distinetly
seen ; and, accordingly, the axis of the eye is directed in succession
to each letter as we read. In making some experiments on indis-
tinctness of vision, at a distance 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 indistinetly, — if one of these
objects be a strip of white paper, or a pin lying upon a green cloth,
after a short time, the strip of paper or the pin will altogether dis-
appear, 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 image of the pin occupied.
In a short time, the vanished image will reappear, and again
vanish. When the object, seen obliquely, is luminous, 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

» An Essay towards a Theory of Apparitions, Lond, 1813,
b Sketches of the Philosophy of Apparitions, Edinb. 1825,
© An Essay on Apparitions, &c. Lond, 1823. 4 Op. citat. p. 248,
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nature restores it to its former sphericity. The iris is conceived to
be the agent in this process ; the pupillary part of the organ being,
in the opinion of Mr. Travers, a proper sphincter muscle, which,
when it contracts and relaxes, will tend, by the intervention of the
ciliary processes, to effect a change in the figure of the lens, which
will produce a corresponding change in its refractive power.

3. One of the causes to which the faculty of seeing at different
distances has been ascribed is the contraction and dilatation of the
pupil. It has been already observed, that when we look at near
objects, the pupil contracts, so that the most divergent rays do not
penetrate the pupil, and the vision is distinet. Hence, it has been
conceived probable — by De La Hire,® Haller® and others — that
the adjustment of the eye to various distances, within the limits of
distinct vision, may be effected by this mechanism, in the same
manner as it regulates the quantity of light admitted into the inte-
rior of the organ. Certain it is, that if we look ata row of minute
objects, extending from the visual point outwards, the pupil is seen
to dilate gradually as the axis of the eye recedes from the nearest
object.

An experiment made by the author, when a student of medicine,
on his own eye,® has been quoted by Dr. Fleming,®as confirmatory
of this view. The extract of belladonna has the power, when ap-
plied to the eyelids, of dilating the pupil considerably. This was
so applied, and in the space of about twenty minutes the pupil was
so much dilated, that the iris was almost invisible. From the time
that it became preternaturally dilated, objects, presented to thiseye
with the other closed, were seen as through a cloud. The foecus
was found to be at twice the distance of that of the sound organ ;
but, in proportion as the effects of the belladonna went off, and the
pupil approached its natural size, vision became more and more
distinet, and the focus nearer than natural. In the open air, all
objects except those near, were distinctly seen, but, on entering a
room, all was enveloped in mist. There is, indeed, more evidence
in favour of the utility of contraction and dilatation of the pupil in
distinct vision, within certain limits at least, than of either of the
other supposed methods of adjustment; and, accordingly, the
majority of opticians of the present day embrace this view of
the subject ; but without being able to explain satisfactorily the
change in the interior of the eye effected by its movements., < It
seems difficult,”” says Sir David Brewster® — one of the latest wri-
ters on this subject — “ to avoid the conclusion, that the power of
adjustment degends 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 immediate eon-
tact 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 removed

a Mémoir. de I"Acad. des Sciences, de Pariz, tom. ix.

v Element. Physiol. tom. v. lib. 16, 4. * Annals of Philosophy, x, 432.
¢ Philosophy of Zoology, i. 187, Edinb, 1822. < Op. citat. p. 252, '






ADAPTATION OF THE EYE TO DISTANCES. 233

induced Magendie* —and not too hastily, we think — to draw the
conclusion, that although theory may suggest, that there ought to
be such adaptation, as has been presumed and attempted to be
accounted for, observation proves, that this may not be the fact; and,
consequently,all the speculations on the subject, however ingenious
they may be, must fall to the ground. Dr. Fletcher, too, after
alluding to the various hypothesis on the subject, adds, ¢ It appears
absurd to attempt to explain a fact which has no real existence,
sinee it has never been proved that the eyeball has any capability
of adapting itself to different distances, or that any such adaptation
is required.””® We are, indeed, not justified, perhaps, in admitting
more than a slight accommodation from the contraction of the pupil
in viewing near objects, effected in the mode already explained.
If the accommodation existed to any material extent, it is difficult
to understand, why slight cases of short or long-sightedness should
not be rectified. Sir Charles Bell® conceives, “ that the mechanism
of the eye has not so great a power of adapting the eye to various
distances as is generally imagined, and that much of the effect, at-
tributed to mechanical powers, is the consequence of the motion of
the pupil, the effect of light and of attention. An object looked
upon, if not attended to, conveys no sensation to the mind. If one
eye is weaker than the other, the object of the stronger eye alone
is attended to,and the other is entirely neglected : if we look
throngh a glass with one eye, the vision with the other is not at-
tended to.”” ¢ The mind,’” he adds, “ not the eye, harmonizes
with the state of sensation, brightening the objects to which we
attend. In looking on a picture or panerama, we look to the,
figures, and neglect the background ; or we look to the general
landscape, and do not perceive the near objects. It cannot be an
adaptation of the eye, but an accommeodation, and association of the
mind with the state of the impression.”

The view, which we have expressed upon the subject, is strik-
ingly confirmed by the calculations of M. De Simonoff,! a learned
Russian astronomer, who asserts, that from a distance of four
inches to infinity, the changes in the angle of refraction are so
small that the apices of luminous cones, in a properly formed eye,
must always fall within the substance of the retina, and hence no
variation in the shape of the eye, according to the distance of the
object, can be necessary.

Such facts amply justify the interrogatory of Biot¢— whether the
aberration of the focus for different distances may not be compen-
sated, in the eye, by the intimate composition of the refractive
bodies, as the aberration of sphericity probably is? Yet,if this be
the case, how admirable must be the construction of such an instru-
ment! how far surpassing any effort of human ingenuity ! an instru-

* Précis Elémentaire, i. 72.
¥ Rudiments of Physiology, Part, iii. p. 48, Edinburgh, 1837.
¢ Anat. and Physiology, edit. cit. ii. 230.

4 Magendie's Journal de Physiologie, tom. iv, and Précis de Physiol. 1. 73.
¢ Traité de Physiologie Expérimentale, Paris, 1816.
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gent to impinge upon the retina, but fall behind it. This de_sfect,
which is experienced more or less by most people, after middle
age, is palliated by the use of convex glasses, which render the
rays, proceeding from an object, more convergent, and enable the
eye to refract them to a focus farther forward, or on the retina.

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

Both the myopic and the presbyopic conditions exist in a thou-
sand degrees, and hence it is impossible to say, ¢ priori, what is
the precise lens, that will suit any particular individual. This must
be decided by trial. The opticians have their spectacles arbitrarily
numbered to suit different periods of life, but each person should
select for himself such as will enable him to read without effort at
the usual distance. A degree of myopy may be brought on by
long-protracted attention to minute and near objects; as we ob-
serve occasionally in the watchmaker and engraver; and again, a
person, who has been long in the habit of looking out for distant
objects, as the sailor, or the watchman at the signal stations, is ren-
dered less fitted for minute and near inspection. During the domi-
nation of Napoleon, when the conscript laws were so oppressive,
the young men frequently induced a myopic state of the eye, by
the constant use of glasses of considerable concavity ; this defect
being esteemed a sufficient ground of exemption from military
service. !

Another question, which has given rise to much disputation and
experiment is, why, as we have two eyes, and the image of an
object is impressed upon each of them, we do not see such object
double? Smith* and Buffon® consider, that in infancy we do see
it double ; and that it is not until we have learned by experience, —
by the sense of touch for example, — that one object only exists,
that we acquire the power of single vision. After the mind has
thus become instructed of its error, a habit of rectification is attained,
until it is ultimately effected unconscicusly. The objections to this
hypothesis are many and cogent. We are not aware of any in-
stance on record, in which double vision has been observed to
oceur in those, who, having laboured under cataract from birth,
have received their sight by an operation; and we are obviously
precluded from knowing the state of vision in the infant, although
the simultaneous and parallel motions of the eyes, which is mani-
festly instinetive, and not dependent upon habit, would induce us
to presnme, that the images of objects — as soon as the parts have
attained the necessary degree of development — are made to fall
upon corresponding parts of the retina. It may, also, be remarked,

* Optics, Cambridge, 1738, b Mémoir. de ' Académ, des Sciences, 1742,
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in favour of the instinctive nature of this parallel motion of the
eyes, that in the blind, —although we may find much irregularity
in the motions of the eyeball, owing to no necessity existing 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 compelled
to receive the impression as it is conveyed to it ; anfl 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 object, 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 irregu-
larly exeeuted. The voluntary muscles of the eye partake of this
vacillation, and do not move in harmony, so that the impressions
are not made on corresponding points of the retina, and double
vision necessarily results.

Another hypothesis has been, that although a separate impres-
sion is made upon each retina, — in consequence of the union of
the optic nerves, the impressions are amalgamated, and arrive at
the encephalon, so as to produce but one perception. This was
the opinion of Briggs,® and Ackermann, and at one time it was
generally received. Dr. Wollaston® supposed the consentaneous
motion of the eyes to be connected with the partial union of the
optic nerves. The anatomical and physiological facts, relating to
the union and decussation of these nerves have already engaged
us. By a reference to that subject it will be found, that a true de-
cussation takes place between them, yet that each eye has, proba-
bly, 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 amalga-
mation 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
explanation ought to apply to audition, in which we have two
distinet impressions, but only a single perception : — yet no one
conceives that the auditory nerves decussate. The fusion of the
two images into one seems to be entirely a mental operation.®

Another opinion has heen maintained ;—that we do not actually
receive the perception of two impressions at the same time, but that

* Nova Visionis Theoria, Lond. 1685, ® Philos. Transact, for 1824, p. 222.
¢ Carpenter’s Human Physiology, § 338, Lond. 1842,
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vision consists in a rapid alternation of the eyes, according as the
attention is directed to one or other of them by accidental circum-
stances. Such was the opinion of Dutours® A modification of
this view was entertained by Le Cat,* who asserts, that, although
the right eye is not always the most powerful, it is the most fre-
quently employed ; and Gall openly denies, that we use both eyes
at the same time, except in the passive exercise of the function.
In active vision, he asserts, we always employ one eye only, —
sometimes the one and sometimes the other; and thus, as we
receive but one impression, we necessarily see but one object. In
support of this view, he remarks, that, in many animals, the eyes
are situate at the sides of the head, so as not to be capable of being
directed together to the same object. In them, consequently, one
eye can alone be used; and he considers this a presumption that
such is the case in man. He remarks farther, that in many cases
we use one eye by preference, in order that we may see better ;
as in shooting or in taking the direction of objeets in a straight
line, &c. ; and that although, in other cases, both eyes may be open,
we still use but one. In proof of this, he says, if we place a small
object between the eyes and a lighted body, and look at the latter,
the shade does not fall between the eyes, on the root of the nose,
as it ought to do if the body were regarded with both eyes, but on
each eye alternately, according as the one or the other is directed
to it; and, he adds, if, when we squint voluntarily, we see two
objects, it is because one eye sees passively, whilst the other i1s in
activity.*

Amongst the numerous objections to this view of the subject, a
few may be sufficient. Every one must have observed how much
more vividly an object is seen with both eyes than with one only.
The difference indeed according to Jurindis a constant quantity ;
and, in sound eyes of the ordinary degree of power, amounts to
one-thirteenth of the whole effect. But we have experiment to
show that a distinct impression is made upon each eye. If a solar
beam be admitted into a dark chamber, and be made to pass through
two glasses of tolerable thickness, but of different colours, placed
close alongside each other, provided the sight be good, and the
eyes of equal power, the light, which is perceived, will not be of
the colour of either of the glasses, but will be of an intermediate
shade ; and, when this does not happen, it wiil be found that the
eyes are of unequal power. When such is the case, the light will
be of the colour of the glass that is placed before the stronger eye.
These results were obtained in the Cabinet de Physique of the
Facullé de Médecine of Paris, by M. Magendie,® in the presence
of M. Tillaye the younger.

» Mémoir. présentées a I'Academie des Sciences, &ec. t. iii. and iv. ® Op. citat.

¢ Adeclon, Physiologie, 2de edit. i. 457, Paris, 1829,

d Essay appended to Smith's Optics, Cambridge, 1738 ; and Haller, Element.
Physiol. lib. xvi. 4.

e Précis, &e. 1. 86. See, also, Dutours, in Mém. présentées a I'Académ. iii. 514,
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the combination in the mind of two different images. These could
not exist in a person who has never had more than one eye, and
therefore from sight alone he could form no notion of solidity.
He would have to combine with sight the evidence afforded by
touch.

All these facts signally demonstrate, that two impressions are
really made in all cases, — one on each eye ; — ann_:i yet the brain
has perception of but one. If the law of visible direction, which
Sir David Brewster has pointed out (see page 221), be adopted,
the cause of single vision with two eyes must be admitted as a
necessary consequence of it. If we are placed at one end of a
room, and direct the axis of both eyes to a circular aperture in a
window-shutter at the other end, although an image of this aper-
ture may be formed in each eye, yet because the lines of visible
direction from similar points of the one image meet the lines of
visible direction from similar points of the other image, each pair of
similar points will appear as one point, and the aperture seen by one
eye will exactly coincide with the aperture seen by the other eye.
But if, when an object is seen single with both eyes, we press one
eye aside, the image formed by that eye will separate from the
other image, and the object will appear double; or, if the axis of
both eyes be directed to a point either nearer or more remote than
the aperture in the window-shutter, then, in both of these cases,
the aperture will appear double, because the similar lines of wvisi-
ble direction no longer meet at the aperture.® After all, perhaps,
the true condition of single vision is, that the two images of an
object should be formed on portions of the two retinge that are ac-
cnstomed to act in comcert. In cases of convergent strabismus;the
patient does not see double; but immediately after a successful
operation, if the vision of the two eyes be good, he does so ; and
this continues until the parts of the two retinz have become habi-
tuated to act in concert.”

In the course of the preceding remarks, it was stated, that
the eyes are not always of the same power. The difference is, in-
deed, sometimes surprising. M. Adelon® mentions the case of a
person, one of whose eyes required a convex glass, with a focus of
five inches; the other a concave glass, with a focus of four inches.
In these cases, it is important to use one unassisted eye only; as
confusion must necessarily arise from directing both to an object.
This is the cause why we close one eye in looking through a tele-
scope. The instrument has the effect of rendering the focal dis-
tance of the two eyes unequal, and of placing them in the same
situation as if they were, originally, of different powers.

From what has been said it will be understood, that if from any
cause, as from a tumour pressing upon one eyeball, from a morbid
debility of the muscles, or from a want of correspondence in the

s Optics, p. 44, in Library of Useful Knowledge, Natural Philosophy, vol. i. Lond.
1829, and Treatise on Optics, edit. cit.

b Carpenter’s Human Physiology, § 253 and 337, Lond, 1812,

¢ Physiologie, edit, cit. i. 459.
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towards the nose, in order that as few rays as possible may pene-
trate the organ ; and the vision of the sound eye be less liable to
confusion. Sir Everard Home, however, conceives, that it takes
this direction in consequence of the adductor muscle being stronger,
shorter, and its course more in a straight line than that of any of
the other muscles of the eye; and Sir Charles Bell” ingeniously
applies his classification of the muscles of the eye toan explanation
of the same fact. He asserts, that the rec#i muscles of the eyeball
are in activity during attention to the impression on the retina, —
but that when the attention is withdrawn, the straight museles are
relieved, and the eyeball is given up to the influence of the oblique
museles, the state of equilibrium between which exists, when the
eyeball is turned, and the pupil presented upwards and inwards,

Lastly, in persons who are in the habit of taking repeated celes-
tial observations, or in those who make much use of the micro-
scope, the attention is so entirely directed to one eye, that the other
is neglected, and, in time, wanders about, so as to produce squint-
ing at the pleasure of the individual. In these cases, the eyes be-
come of unequal power, so that one only can be employed where
distinet vision is required.

So far our remarks have been directed to double vision, where
both eyes areemployed. We have now to mention a very singu-
lar fact connected with double and multiple vision with one eye
only. If a hair, a needle, or any small object be held before one
eye — the other being closed —and within the point of distinct
vision, so that the bright light of a lamp or from a window shall
fall upon the object, in its passage to the eye, or be reflected from
it, we appear to see’ot one object but many. This fact, when it
was first observed by the author, appeared to him to have entirely
escaped the observation of opticians and physiologists, inasmuch
as it had not been noticed in any of the works recently published
on opties or physiology. On reference, however, to the excellent
«gystem,” of Smith,* on the former subject, he found inthe * Essay
upon Distinet and Indistinct Vision,” by Dr. Jurin, appended to
that work, the whole phenomenon explained, and elucidated at con-
siderable length. The elaborate character of the explanation is
probably the cause, why the fact has not been noticed by subse-
quent writers. The best way of trying the experiment is that
suggested by Jurin. Talke a parallel ruler, and opening it slightly,
hold it directly before the eye, so as to look at a window or lamp
through the aperture. If the ruler be held at the visual point, the
aperture will appear to form one luminous line ; but if it be brought
nearer to the eye, it will appear double, or as two luminous lines,
with a dark line between them; and according as the aperture is
varied — or the distance from the eye — two, three, four, five or
more luminous and dark parallel lines will be perceptible.

a Philos. Transact. 1797, and Lectures on Comparative Anatomy, iii. 238, Lond.
1823,
b Anat. and Physiol. edit. eit, ii. 235, © Optics, edit. citat.
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At first sight, it might seem, that this phenomenon should be
referred to the diffraction or inflection, which the light experiences
in passing by the edges of the small body, — as the hair or needle.
Newton had long ago shown, that, when a beamof lightshinesupona
hair, the hair will cast several distinet shadows upon a screen, and
will, of course, present several images to the eye. Dr, Rittenhouse,*
explains, on the same principle, a very curious optical appearance,
noticed by Mr. Hopkinson, in which, by the inflection of light,
caused by the threads of a silk handkerchief, a multiple image of a
distant lamp was presented. The objections, however, to the ex-
planation by inflection are,—that the image always appears
single, if the object be not within the distance of distinet vision;
and, secondly, the same multiple image is presented, when the
object is seen by reflection, as when we look at a fine line,drawn
upon paper; or at a fine needle held in a bright light. In this
case, a considerable number of parallel images of the needle may
be seen, all equally or nearly equally distinct, and not coloured.

Dr. Jurin considers the phenomena to be caused by fits of easy
refraction and reflection of light. Newton demonstrated, that the
rays of light are not, in all parts of their progress, in the same dis-
position to be transmitted from one transparent medium into
another ; and that sometimes a ray, which is transmitted through
the surface of the second medium, would be reflected back from
that surface, if the ray had a little farther to go before it im-.
pinged upon it. This change of disposition in the rays,—to be
either transmitted by refraction, or to be reflected by the surface
of a transparent medium,— he called their fits of easy refrac-
tion,and fits of easy reflection ; and he showed, that these fits
succeed each other alternately at very small intervals in the pro-
gress of the rays. Newton does not attempt to explain the
origin of these fits, or the cause that produces them ; but it has
been suggested, that a tolerable idea of them may be formed by
supposing, that each particle of light, after its emanation from a
body, revolves round an axis perpendicular to the direction of
its motion, and presents alternately to the line of its motion an
attractive and a repulsive pole, in virtue of which it will be
refracted, if the attractive pole be nearest any refracting surface
on which it falls, and reflected, if the repulsive pole be nearest
the surface.

A less scientific notion of the hypothesis has also been sug-
gested ; by supposing a body with a sharp and a blunt end
passing through space, and successively presenting its sharp and
blunt ends to the line of its motion. When the sharp end
encounters any soft body it penetratesit : but when the blunt end
encouuters the same body, it will be reflected or driven back. In
applying this to the phenomenon in question, Jurin presumes, that
the light, in passing through the humours of the eye, experiences
these fits of easy refraction and easy reflection. This will be

* Amer. Philos. Transact. vol. ii.
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person in the British navy, who purchased a blue uniform coat
and waistcoat, with red breeches to match. Sir David Brewster
refers to a case that fell under his own observation, where the
gentleman saw only the yellow and blue colours of the spectrum.
This defect was experienced by Mr. Dugald Stewart,* who was
unable to perceive any difference between the colour of the scarlet
fruit of the Siberian crab and that of its leaves. Dr. Dalton," the
chemist and philosopher, could not distinguish blue from pink
by daylight; and, in the solar spectrum, the red was scarcely
visible ; the rest of it appearing to consist of two colours, yellow
and blue. Mr. Troughton, the optician, was fully capable of ap-
preciating only blue and yellow ; and when he named colours, the
terms blue and yellow corresponded to the more or less refrangible
rays : — all those that belong to the former, exciting the sensation
of blueness ; and those that belong to the latter, that of yellowness.
Dr. Hays,® who has collected the history of numerous cases of
achromatopsia, — as this defect has been termed, —and has added
the history of one which fell under hisown care,! was led to infer,
from all his researches: 1, that entire inability of distinguishing
colours may co-exist with perfect ability to perceive the forms of
objects ; 2, that the defect may extend to all but one colour, and in
such case the colour recognised is always yellow ; and, 3, that the
defect may extend to all but two colours, and insuch case the colours
recognised are always yellow and blue.

The opinions of philosophers have varied regarding the cause of
this singular defect in eyes otherwise sound, and eapable of per-
forming every other function of vision in the most delicate and
accurate manner. By some, it has been presumed to arise from a
deficiency in the visual organ ; and by such as cousider the ear to
be defective in function in those that are incapable of appreciating
musical tones, this deficiency in the eye is conceived to be of an
analogousnature. “ In the senseof vision,” says Dr. Brown,* there
is a species of defect very analogous to the want of musical ear, —
a defect which consists in the difficulty, or rather the incapacity of
distinguishing some colours from each other — and colours which,
to general observers, seem of a very opposite kind. As the want
of musical ear implies no general defect of mere quickness of hear-
ing, this visual defect, in like manner, is to be found in persons who
are yet capable of distinguishing, with perfect accuracy, the form,
and the greater or less brillianey of the coloured object; and I may

* Elements of the Philosophy of the Human Mind, ch. iii.

b Manchester Memoirs, v. 28,

< Proceedings of the American Philosophical Society for August 21, 1840 and his
edit. of Lawrence on Diseases of the Eye, Philad. 1843, '

¢ Amer. Journal of the Medical Sciences, August, 1840, p. 277. See, also, on this
subject, Seebeck, in Puggendorf’s Annalen., 42; and Miiller's Physiology, by Baly,
p. 1213, Part v. Lond. 1839; also, Victor Szokalski, in Bullet. Méd, Belge, Février,
1840, p. 35, Mars, 1840, p. 64, Avril, 1840, p. 98, and Mai, 1840, p. 129; Elliotson’s

Human Physiology, p. 582, Lond. 1840.
¢ Lectures on the Philosophy of the Human Mind, vol. i., Boston, 1826.
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so far as regards the inverted image formed by them on the retina.
The errors that arise on this point are by no means numerous, and
seldom give rise to much inconvenience, yet, whenever the lumi-
nous cone meets with reflection or refraction, before reaching the
eye, the retina conveys erroneous information to the sensorium,
and we experience an optical illusion.

To ascertain the magnitude, distance, and surface of bodies, we
are obliged to take into consideration several circumstances con-
nected with the appearance of the object,—such as its apparent
size, the intensity of light, shade, and eolour, the convergence of
the axes of the eyes, the size or position of intervening objects, &e.
Porterfield* enumerates six methods, which are employed in ap-
preciating distance — 1. The apparent magnitude of objects;
2. The vivacity of their colours ; 3. The distinction of their smaller
parts; 4. The necessary conformation of the eyes for seeing dis-
tinctly at different distances ; 5. The direction of their axes; and
6. The interposition of objects. Dr. Brown® reduces them to three —
1. The difference of the affections of the optic nerve; 2. The
different affections of the muscles, employed in varying the refract-
ing power of each eye, according to the distance of objects, and in
producing that particular inclination of the axes of the two eyes
which directs them both equally on the particular object ; and
3. The previous knowledge of the distance of other objects, ¢ which
form, with that we are considering, a part of one compound per-

ception.””  Lastly, Dr, Arnott® enumerates four modes by which
this is effected —

1, The space and Fig. 51,
place, occupied

by objects in the

field of view, /'///':F
measuredbywhat o

is termed the vi-

sual angle. 2.

The intensity of

light, shade, and

colour, 3. The

divergence of the rays of light —and 4. The convergence of the
axes of the eyes. This enumeration may be adopted with some
slight modifications, The cireumstances, in our opinion, to be con-
sidered, are : —

1. The visual angle, or that formed by two lines, which shave
the extremities of an object and cross at the centre of the crystal-
line; so that the visual angle, subtended by the object, as a d, Fig.
51, 1s exactly equal to that subtended by its image ¢ % on the re-
tina. It is obvious, from this figure, that if all objects were equi-

* A Treatise on the Eye, ii. 409, Lond. 1759.

* Lectures on the Philosophy of the Human Mind, vol, i. Boston, 1826.
* Elements of Physics, new Awmer. Edit. Philad. 1841,
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distant from the eye,and of the same magnitude, they would subtend
the same angle ; and if not of the same magnitude, the difference
would be accurately indicated by the difference in the visual angle
subtended by them ; thus, the comparative size of the two crosses
a d and b d is represented by that of the images ¢ w and i 0. The
cross ¢ e, however, which is twice the size of & d, subtends the
same visual angle, and is alike represented on the retina by the
image ¢ 0. It is clear, then, that the visual angle does not, under
such circumstances, give us a correct idea of the relative magni-
tudes of bodies, unless we are acquainted with their respective
distances from the eye; and, conversely, we cannot judge accu-
rately of their distances, without being aware of their magnitudes.
A man on horseback, when near us, subtends a certain visnal
angle, but, as he recedes from us, the angle becomes less and less;
yet we always judge accurately of his size, because aware of it by
experience ; but if objects are at a great distance, so as not to admit
of their being compared with nearer objects by simple vision, we
are in a constant state of illusion — irresistibly believing, that they
are much smaller than they really are. This is the case with the
heavenly bodies, The head of a pin held close to the eye will sub-
tend as large a visnal angle as the planet Jupiter, which is one thon-
sand two hundred and eighty-one times bigger than this earth, and
is eighty-six thousand miles in diameter. In like manner, a five-
cent piece, held at some distance from the eye, will shut off the sun,
although its diameter is eight hundred and eighty-eight thousand
miles. The sun and moon, again, by subtending nearly the same
visual angle, appear to us of nearly the same size ; and the illusion
persists in spite of our being aware of the mathematical accuracy,
with which it has been determined, that the former is ninety-six
millions of miles from us, and the latter only two hundred and forty
thousand. The visual angle, again, subtended by an object, differs
greatly according to the position of the object. A sphere has the
same appearance or bulk, when held at a certain distance from the
eye, whatever may be the position in which it is viewed ; and, ac-
cordingly, the visual angle, subtended by it, is always identical. Not
so0, however, with an oval. If held, so that the rays from one of its
ends shall impress the eye, it will occasion a circular image, and
subtend a much smaller angle than if viewed sideways, when the
image will be elliptical, or oval. The same thing must occur with
every object, whose longitudinal and transverse diameters differ, It
is obvious, that if any such object be held in a sloping position te-
wards the eye, it will appear more or less shortened ; precisely in
the same manner as the slope of a mountain or inclined plane would
appear much greater,if placed perpendicularly before theeye. This
appearance is what is called foreshorfening ; and it may be eluci-
dated by the following figure. Suppose a man to be standing on
a level plain, with his eye at ¢ (Fig. 52), looking down on the plain.
The portionof the surface a &, which is nextto him, will be seen with-









APPRECIATION OF DISTANCES. 251

3. Convergence of the axes. — When objects are situate at a
moderate distance from us, we so direct the eyes, that if the axes
were prolonged they would meet at the object. This angle will,
of course, vary inversely as the distance ; so that if the axes be
turned to a nearer object, the angle will be greater; if to one
more distant, less. By this change in the direction of the axes the
mind is capable of judging, to a certain extent, of near distances.
A definite muscular effort is required for each particular case ; and
the difference in the volition necessary to effect it enables the
brain to discriminate, precisely in the same manner as it judges of
the height of a body, by the muscular action required to carry the
axis from one extremity of the object to the other.* We have the
most satisfactory evidence, that such convergence of the axes is
indispensable for judging accurately of distance, in near vision. If
‘we fix a ring to a thread suspended from a beam, or attach it to a
stand, and endeavour, with-one eve closed, to pass a hook, fixed
to the extremity of a rod four or five feet long, into the ring, we
shall find it impracticable unless by accident or by touching the
ring with the rod. The hook will generally be passed on the far
or near side of the ring ; but if we use both eyes, we can readily
succeed. They, however, whose eyes are of unequal power, can-
not succeed with both eyes. Thisis strikingly corroborated by the
difficulty experienced by those who have lost an eye. Magendie®
says it sometimes takes a year, before they can form an accurate
Judgment of the distance of objects placed near the eye. We know,
however, one or two interesting examples, in which the power
was never regained; notwithstanding every endeavour to train
the remaining organ.

It need scarcely be said, that the convergence of the axes is no
guide to us in estimating objects, which are at such a distance, that
the axes are nearly parallel, — as the sun and moon, or any of the
celestial luminaries.

4. The interposition of known objects. — Another mode of
estimating the magunitude or distance of objects is, by a previous
knowledge of the magnitude or distance of interposed or neigh-
bouring objects ; and if no such objects intervene, the judgment we
form is extremely inaccurate. This is the reason, why we are so
deceived in the extent of an unvaried plain or in the distance at
which a ship on the ocean may be from us: it is also another
canse, why the sky appears to us to be nearer at the zenith than
it is at the horizon. The artist avails himself of this means of
Judging of magnitude in his representations of colossal species of the
animal or vegetable kingdom, or of the works of human labour and
ingenuity ; by placing a well known object along side of them as
a standard of comparison, Thus, the representation of an elephant
or a giraffe might convey but imperfect notions to the mind, with-
out that of his keeper being added as a corrective.

It is in consequence of the interposition of numerous objects, that

3 Bir C, Bell, in Philos. Transact. for 1833, b Précis, &, i, 88,
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five feet from the eye — which circle, therefore, at that distance,
and at any time, would just hide either of them. Now, when a
man sees the rising moon apparently filling up the end of a street,
which he knows to be one hundred feet wide, he very naturally
believes, that the moon then subtends a greater angle than usual,
until the reflection oceurs to him, that he is using, as a measure, a
street known, indeed, to be one hundred feet wide, but of which
the part concerned, owing to its distance, occupies in his eye a very
small space. The width of the street near him may occupy sixty
degrees in his field of view, and he might see from between the
houses many broad constellations instead of the moon only; but
the width of the street afar off may not occupy, in the same field of
view, the twentieth part of a degree,and the moon, which always
occupies half a degree, will there appear comparatively large.
The kind of illusion, now spoken of, is yet more remarkable, when
the moon is seen rising near still larger known objects — for in-
stance, beyond a town or a hill which then appears within a lumi-
nous circle,”

Such are the chief methods by which we form our judgment of
the distance and magnitude of bodies ; — 1st, by the visual angle —
2dly, by the intensity of light, shade, and colour — 3dly, by the
convergence of the axes of the eyes— and 4thly, by the nterposi-
tion of known objects.

The eye also enables us to appreciate the mofion of bodies.
This it does by the movement of their images upon the retina; by
the variation in the size of the image ; and by the altered direction
of the light in reaching the eye. If a body be projected with great
force and rapidity, we are incapable of perceiving it; —as in the
case of a shot fired from a gun, especially when near us. But if
it be projected from a distance, as the field of view is very exten-
sive, it is more easy to perceive it. The bombs, sent from an
enemy’s encampment, can be seen far in the air, in the darkness
of night, for some time before they fall ; and afford objects for in-
teresting speculation regarding their probable destination.

To form an accurate estimation of the motion of a body, we must
be ourselves still. When sailing on a river, the objects, that are
stationary on the banks, appear to be moving, whilst the boat,
which is in motion, seems to be at rest. Bodies, that are moving
in a straight line to or from us, scarcely appear to be in motion.
In such cases, the only mode we have of detecting their motion is
by the graduoal increase in their size and illumination, when they
approach us; and the converse, when they are receding from us.
If at a distance, and the visual angle between the extreme points
of observation be very small, the motion of an object will likewise
appear extremely slow ; hence the difference between a carriage
dashing past us in the street, and the same object viewed from a
lofty column. A balloon may be moving along at the rate of nearly
one hundred miles per hour ; yet, except for its gradual diminution
in size and in intensity of light, it may appear to be at'rest; and,
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her hand near it, it was moved quickly to a greater distance, upon
which she immediately said, ¢yon move it ; you take it away.’
She seemed to have the greatest difficulty in finding out the dis-
tance of any object ; for, when an object was held close to her
eye, she would search for it by stretching her hand far beyond its
position, while on other occasions she groped close to her own face
for a thing far remote from her.”’

The particulars of this case have been given at some length,
inasmuch as they are regarded by Dr. Bostock® —and appa-
rently by Dr. Wardrop himself —as strikingly confirmatory of
those of Cheselden, than which we cannot imagine any thing
more dissimilar. It will have been noticed, that, from the very
first after the reception of sight, she formed an imperfect judg-
ment of objects, and even of distances, although she was devoid
of the elements necessary for arriving at an accurate estimate
of the latter —the sight of both eyes. This was, doubtless, the
chief cause of that groping for objects, which is described by
Dr. Wardrop. Of forms, too, she must have had at least an
imperfect notion, for we find, that on the thirteenth day after
the operation, she stepped from the elevated foot-pavement to
the street, “like a person accustomed to the use of her eyes.”’
The case is, we think, greatly in favour of the view, that the sight
does not require much education to judge with tolerable accuracy of
the position, magnitude, distance,snrface, and motion of bodies ; and
that, by a combination of the methods we have already pointed
out, or of some of them, this imperfect knowledge is obtained,
without the aid of any of the other senses; but is of course ac-
quired more easily and accurately with their assistance, especially
with that of touch. What other than visunal impressions could
have communicated to the mind of Miss Biffin — whose case was
referred to under another head — the accurate and minute infor-
mation which she possessed regarding the bodies surrounding her,
at all distances ? Or how does the animal, immediately after
birth, acquire its knowledge of distance ? We observe the young
of some animals immediately after they are extruded from the
uterus, turn round and embrace the maternal teat; whilst others,
as the partridge, follow the mother immediately after they have
burst the shell. The experience required for obtaining an imper-
fect knowledge of distance, shape, &ec., must, therefore, be trifling ;
although an accurate acquaintance may demand numerous, and
careful comparisons. This first degree of knowledge is probably
obtained, by comparing the visual angle with the intensity of light,
shade, and colour — the more accurate appreciation following the
use of the other methods already described. That the conver-
gence of the axes requires education is demonstrated in the case -
of the infant. It has been remarked, that the eyeballs harmonize

* Physiology, 3d edit. p. 703, Lond. 1836. See, also, the case of a gentleman born
blind, and successfully operated upon in the 18th year of his age, by Dr. J. C, Franz,
in Proceedings of the Koyal Society, 1840-41, No. 46,

22"






OPTICAL ILLUSIONS, 259

2
are, when viewed obliquely ; and why the lower end of a pole
immersed in water, should, when seen obliquely, appear to be bent
towards the surface. In shooting fish in the water, or in attempting
to harpoon them, this source of error has to be corrected. Those
birds, too, that live upon the inhabitants of the water, will have to
learn, from experience, to obviate the optical illusion ; or to descend
perpendicularly upon their prey, in which direction, as we have seen,
no refraction takes place. Similar remarks apply to the fish thatleap
out of the streams to cateh objects in the air. The Chatodon rostra-
fus, about six or eight inches long, frequents the sea-shores in the
East Indies: when it observes a fly, sitting on the plants that grow
in shallow water, it swims to the distance of five or six feet, and
then, with surprising dexterity, ejects out of its tubular month a
single drop of water, which never fails to strike the fly into the sea
where it soon becomes its prey.* Hommel —a Dutch governor—
put some of these fish into a tub of water, and then pinned a fly
on a stick within their reach. He daily saw the fish shoot at the
fly,and with such dexterity, that they never failed to hittheir mark.®
Pallas describes the Sizna jaculatriz as securing flies by a similar
contrivance.

If the light, before reaching the eye, passes throngh bodies of a
lenticular shape, it undergoes modifications, which have given
oceasion to the formation of the useful instruments, that have been
devised for modifying the sphere of vision. If the lens be double
convex, the body, seen through it, appears larger than it is, from
the illusion, so often referred to, that we always refer the object in
the direction of the line, that impinges upon the retina. The object,
consequently, appears to be greatly augmented. (See Fig. 28.)
For the same reasons an object seems smaller to the eye at A,
Fig. 25, when viewed through a double concave lens. Again, if
the light, before reaching the cornea, be made to pass through a
diaphanous body, which is itself coloured, and consequently allows
only the rays of its own colour to traverse it, the object is not seen
of its proper colour, but of that of the transparent body.

An impression of light continues to affect the retina for the sixth
part (M. D’Arey says the seventh part) of a second. If, therefore,
a live coal be whirled round a circle, six or seven times in a second,
it will seem to be a eontinuous circle of fire. It is owing to this
circumstance, that meteors seem to form a line of light,—as in the
case of the falling star,— and that the same impression is conveyed
by a sky-rocket in its course through the air. We have an eluei-
dation of this fact in the instrument or toy — called, by Dr. Paris,
the thaumatrope — which consists of a circle, cut out of a card,
and having two silken strings attached to opposite points of its
diameter: by twisting these with the finger and thumb the card

may be twirled round with considerable velocity. On one side of

* Fleming's Philos. of Zoology, i. 195. b Philos. Trans. liv. 89.
¢ Ibid. Ivi. 186 ; also, Mr. Sharon Turner's Sacred History of the World, Amer.
Edit. i. 205, New York, 1832,
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no perception :—that wherever an organized structure, likethe brain,
exists, perception exists ; that where the organization is imperfect,
perception is imperfect; where the organization is sound and
vigorous, perception is clear and vigorous; where it is impaired,
perception is impaired ; and that, when the organization ceases,
perception ceases also. This last view i1s maferialism. It sup-
poses that a certain condition of matter is capable of thinking,
reasoning, and understanding.

The doctrine, —that our intellectual and moral acts are super-
added to organization, during life, and that there is an organ
of the body concerned in their manifestation,—is the one em-
braced by the generality of physiologists, and is most consistent
with reason and analogy; it is but justice, however, to admit
that the views of those, who consider that a certain organization
produces thought, are not deserving of the anathemas which
have been directed against them on the score of irreligion. The
charge would rather apply to those who could doubt the power
of Omnipotence to endow matter with such attributes, Were the
mental and moral phenomena the exclusive produets of the imma-
terial prineiple within us, they would hardly form subjects for
physiological inquiry. That they are allied to organization is in-
ferred for the following reasons. As they constitute so many fune-
tions, were they not provided with an organ or organs, they would
form so many exceptions ; — each of the sensations requiring an
organ for its accomplishment. Again, our inward feeling induces
us to refer them to a particular part of the frame: whilst thought ap-
pears to us to be effected within the head, the chief eflects of the
passions are felt in the region of the heart or stomach. The facul-
ties, moreover, are not the same in every individual. One man is
a poet, another a mathematician; or one is benevolent, another
cruel. If these faculties were the exclusive product of the mind,
and of course not to be aseribed to diversity of organization, we
should have to admit, that each individual has a different imma-
terial principle, and of course, that there must be as many kindsas
there are individuals. Lastly. The faculties vary in the same
individual according to circumstances. They are not the same in
the child as in the adult ; in the adult as in one advanced in life ;
in health as in disease ; in waking as in sleep. During an attack
of fever they become temporarily deranged, and are permanently so
in all the varieties of insanity.* These facts are inexplicable under
the doctrine, that they are the exclusive product of the mind or
immaterial principle. An imwmaterial or spiritual principle ought
to be immutable ; yet we should have to suppose it capable of
alteration ; of growing with the growth of the body, and of be-
coming old with it; of being awake or asleep ; sound or diseased.
All these modifications, we must presume, are impressed by vary-
ing organization — of the brain in particular. We may conclude,
then, that the intellectual and moral faculties are not the exclusive

* Adelon, art. Encephale, Dict. de Médecine, vol, vii, ; and Physiologie de I'Homme,
tom. i, edit. cit.
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regarding the seat of the passions, be unfounded, the mischievous
doctrine deduced from them — that they are irresistible, and can-
not be modified by education — falls to the ground. His notion -
was, that the nutritive organs are the source of irritative irradia-
lions, 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 Brous-
sais,® who, however, conceives, that the passions can be fomented
and increased by attention, until they become predominant. Daily
experience, indeed, shows us the powerful effect produced 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 ; but we
can even modify the internal susceptibility, by well-directed habits
of repression.

Lastly. 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 impressions for the mental manifes-
tations. They consequently rank, amongst the conditions necessary
for such manitestations, not only the brain which elaborates them,
but the parts that convey to it the impressions or materials on
which it has to act ; and they conceive, that a necessary connexion
exists between these two orders of parts. The supporters of these
opinions aseribe the differences, observed in the intellectual and
moral faculties of different individuals, as much to diversity in the
number and character of the impressions, as to differences in the
encephalon itself. They do notall, however, agree as to the source
of the impressions, which they conceive to be the raw material for
the intellectnal and moral manifestations. Condillac® and his school
admit only one kind ; — those proceeding from the external senses;
and which they term exfernal impressions. Cabanis,® on the other
hand, in addition to these, admits others proceeding from every
organ in the body, which he terms énternal impressions, in contra-
distinetion to the first.

The school of Condillac set out with the maxim ascribed to Aris-
totle, “nihil est in inlellectu gquod non prius fueril in sensu ;”
and they adopt, as an elucidation of their doctrine, the ingenious
idea of Condillac — of a statue, devoid of all sensation, which is
made to receive each of the five senses in succession ; and which,
he attempts to show, from the received impressions, can gradually

+ Examen des Doctrines Médicales, ii. 388, and Physiology applied to Pathology,
Drs. Bell and La Roche's translation, p. 136, Philadelphia, 1832,

b Traité des Sensations, tom. 1. 119, : ‘ :

¢ Rapport du Physique et du Moral de 'Homme, 4¢me ¢dit, par G, Pariset, Paris,
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and deaf. Prior to her illness, she had not only learned to speak,
but to repeat her letters, and to spell words of three or four sylla-
bles ; and, for some time after the loss of her sight and hearing,
she was fond of taking a book, aud spelling words and the names
of her aequaintances. She retained her speech pretty well for
about a year, but gradually lost it, and appears to be now con-
demned to perpetunal silence. For three years she could still utter
a few words, one of the last of which was “ moether.”’ At first
she was unconscious of her misfortune, appearing to think, that a
long night had come upon the world; and often said, It will
never be day.”” She would call upon the family to “light the
lamp,”” and was impatient at their seeming neglect, in not even
answering her. At length, in passing a window, she felt the sun
shining warm upon her hand, and pointed with delight to indicate
that the sun shone. From the January after her illness, until the
following August, she would sleep during the day, and be awake
through the night ; and it was not until autumn, by taking great
pains to keep her awake during the day, that she was set right.
At present,she isas regular in this respect as other persons. From
the period of her recovery, she seemed to perceive the return of
Sabbath ; and, on Sunday morning, would get her own clean
clothes, and those of the other children. Ifher mother was reading,
she would find a book, and endeavour to do so likewise, The
intervention of a day of fasting or thanksgiving confused her reck-
oning, and some time elapsed before she got right. During the
first winter after her recovery, she was irritable almost to madness;
would exhibit the most violent passion, and use the most profane
language. The next summer she became calmer ; and her mother
could govern her, to some extent, by shaking her, in sign of dis-
approbation ; and stroking or patting her head, when she con-
ducted herself well. She is now habitually mild, obedient, and
affectionate. During the first summer after her illness, she was
very unwilling to wear clothes, and would pull the:n' off :.fmlentlyr.
At length, her mother took one of her froeks and tried it on her
sister, with a view of altering it for her. Julia had ever been re-
marked for her seuse of justice in regard to property. This seemed
to be awakened, and she took the frock and put it on herself.
After this she was willing to wear clothes, and even cried for new
ones. She has ever since been fond of dress. At nine years of
age, she was taught to sew ; and, since that time, has learned to
knit. She has been a resident for several years in the American
Asvlum at Hartford, where she is supported in part, by the volun-
tary contributions of visiters; and, in part, by her own labours in
sewing and knitting. A language of palpable sigus was early
established, as a means of communication with her friends; and
this has been so improved as to be sufficient for all necessary pur-
poses. Her countenance, as she sits at work, is said to exhibit
the strongest evidence of an active mind, audlalfaalmg heart :
« thoughts and feelings,” says a writer who describes her case,
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in taking articles in common use, such as knives, forks, spoons, keys,
&c,, and pasting labels upon them with their names printed in
raised letters. These she felt very carefully, and speedily found,
that the crooked lines s p o on differed as much from the crooked
lines % e y, as the spoon differed from the key in form. Then
small detached labels, with the same words printed upon them,
were put into her hands, and she soon observed, that they were
similar to the ones pasted on the articles. She showed her per-
ception of this similarity by laying the label £ e 7 upon the key,
and the label s p 6 6 n upon the spoon. 1In this manner she pro-
ceeded to acquire a knowledge of language ; and now she uses
the manual alphabet of the deaf mutes with great facility and
rapidity : she has increased her vocabulary so as to comprehend
the names of all common objects. She can count to high numbers:
ghe can add and substract small numbers. But the most gratify-
Ing acquirement which she has made, and the one which has
given her nhre most delight, is the power of writing a lezible hand,
and expressing her thoughts upon paper. She writes with a pen-
cil in a grooved line, and makes her letters clear and distinct. She
1s very expert with her needle; knits very easily, and can make
twine bags and various fancy articles very prettily ; is very docile ;
has a quick sense of propriety ; dresses herself with great neatness,
and is always correct in her deportment. No definite course of
Instruction can be marked out ; for her inquisitiveness is so great,
that she is very much disconcerted if any question, which oceurred
to her, is deferred until the lesson is over. It is deemed best to
gratify her, if her inquiry has any bearing on the lesson ; and often
she leads her teacher far away from the objects with which he
commenced. With regard to the sense of touch it is very acute,
even for a blind person. Itis shown remarkably in the readiness
with which she distinguishes persons. There are forty inmates
in the female wing, with all of whom, of course, she is acquainted ;
whenever she is walking through the passage-way, she perceives
by the jar of the floor, or the agitation of the air, that some one is
near her, and it is exceedingly difficult to pass her without being
recognised. Her arms are stretched out, and the instant she grasps
a hand, a sleeve, or even-part of the dress, she knows the person
and lets them pass on with some sign of recognition.

The details concerning this interesting being, and her gradual
progress in moral and intellectual culture, can be learned from the
annual reports of the lnstitution which Dr. Howe superintends.*

How strongly do these cases demonstrate the independence of
the organ of intellect : requiring, indeed, the external senses for
its pertect development, but still capable of manifesting itself with-
out the presence of many, and probably of any, of them; and how
inaptly, although humanely, does the law regard such beings ! “A

2 Annual Reports of the T'rustees of the Perkins Institution, and Massachusetts
Asylum lor the E_I:Ed to the Corporation, for the years 1837, 1838, 1839, 1840, &c., &e.
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that we include under the term intellect, the internal impressions
are the materials of what are called instincts ; and, as the organs
of internal life, whence the internal impressions proceed, vary more
than the senses, according to age, sex, temperament, climate, re-
gimen, &c., it is'more easy, he thinks, to find in them organic
modifications, which coincide with those exhibited by the mind
under these various circumstances.

In proof of these opinions, Cabanis adduces, besides others, the
following specious affirmations. First. As the venereal appetite
appears in man and animals synchronously with the development
of the tgst!cles, and is never exhibited when the testicles are re-
moved in infancy, we have reason to believe, that the impressions,
which constitute the materials for this new catenation of ideas,
must proceed from the testicles. Secondly. Numerous facts demon-
strate, that the condition of the uterus has much influence on the
mental and moral manifestations of the female. For example, the

eriod of the development of that organ is the one at which new
eelings arise, and when the whole of those manifestations assume
more activity ; and there is generally a ratio between their activity
gm_d that of the uterus. If the state of the uterus be modified, as
1t 1s at the menstrual period, or during pregnancy, or after delivery,
the mind is so likewise. All these facts ought to induce a belief,
he thinks, that impressions are continually emanating from this
organ, which, by their variety, occasion the diversity in the state
of mental and moral faculties, observed in these different cases.
Thirdly. It is impossible in the Aypochondriac and melancholic con-
stitutions, to mistake the influence exerted upon the mind by the ab-
dominal organs ; according as these organs execute their functions
more or less perfectly, the thinking faculty is more or less languid or
brilliant ; and the affections are more or less vivid and benevolent,
or the contrary ; hence the expressions melancholy® and hypochon-
driasis,” assigned to the state of mind characterizing these consti-
tutions, and which denote that the cause must be referred to the
organs of the abdomen. The origin of the alternations of inactivity
and energy in the intellect, of benevolent and irascible fits of hu-
mour, as well as of insanity, are also referable, he says, to the ab-
dominal viscera. Hence, Cabanis concludes,it is evident that the ab-
dominal organs are to the brain the source of fortuitous and abnor-
mous impressions, which excite it to irregular acts ; and is it not,
he asks, probable, that what takes place in excess, in these morbid
movements, may happen to a less and more appropriate extentin
a state of health ; and that thus impressions may emanate, in a
continnous manner, from every organ of the body, which may be
indispensable to the production of the mental and moral faculties?
Cabanis, therefore, considers that the axiom of Aristotle should be
extended ; and that the statue of Condillac is incomplete, in not
having internal organs for the emanation of the internal impres.
sions, which are the materials of the instincts, In this way he

3 From pshe, © black,” and Fonn, U bile."” b Disease of the hjpﬂchmﬂms.
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undergo their development at the same period. We shall see
hereafter, that Gall offers reason for believing, that the instinet
of propagation has its seat in the cerebellum; and as the most
intimate connexion and dependence must exist between the ence-
phalic and the external apparatus, it would not be surprising, that the
removal of the latter should prevent the development of the former,
and of the instinct of which it is the organ. If, however, the
operation of castration be performed after puberty, the instinet need
not be suppressed, because the necessary development has already
taken place,and the cerebellummay beina eondition for fulfilling the
function. The continuance of the instinet, however, under such
circumstances, Adelon coneeives to be strong evidence against the
existence of such internal impressions ; whilst the influence which
Cabanis has ascribed to the uterus in females, and to the abdominal
organs in the melancholic and hypochondriae, have been esteemed
to belong to that excited by the temperament, or by the different
orgaus of the body on the brain; a subject which has already
fallen under discussion.

On the whole, then, we are perhaps justified in concluding, that
the encephalon alone is the organ of the intellectual and moral
faculties. The interesting topic of the various instinctive opera-
tions of the frame will be considered in another part of this work.
We shall there find, that instinct cannot well be defined, in the
language of Broussais,® to consist in sensations originating in the
internal and external sensitive surfaces, which solicit the cerebral
centre to acts necessary for the exercise of the functions — such
acts being frequently executed without the participation of the
mind, and even in its absence — inasmuch as it is not confined to
beings possessed of braiu, but exists also in the vegetable.

Having now decided upon the organ of the mental and moral
faculties, according to the system adopted in this work, it would
be uecessary to describe its anatomy ; but this has been done
elsewhere,

1. PHYSIOLOGY OF THE INTELLECTUAL AND MORAL FACULTIES.

When the organ of the intellect is exposed by accident, and we
regard it during the reception of a sensation, the exercise of voli-
tion, or during any intellectual or moral operation, the action 1s
found to be too molecular to admit of detection. At times,
during violent mental contention, a redness has been apparent, as
if the blood were forced more violently into the vessels; but no
light has been thrown by such examinations on the wonderful ac-
tion, which constitutes thought. We ought not, however, to be
surprised at this, when we reflect, that the most careful examinatiofi
of a nerve does not convey to us the slightest notion how an
impression is received by it from an external body ; and how such
impression is conveyed to the brain,  All that we witness in these

+ Physiol. appliquée a la Pathologie, ch. vii.; or Drs. Bell and La Roche’s trans-
lation, Philad., 1832,
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are several operations, which differ essentially from each other.
We are conscious of the difference between perceiving an impres-
sion made upon one of the external senses, which constitutes per-
ception, and the recalling of such impression to the mind, — which
is the act of memory; as well as the distinction between feeling
the relations, which connect one thing to another, constituting
Judgment ; and the tendency to act in any direction, which we
call will. 'The consciousness of these various mental acts has in-
duced philosophers to admit the plurality of the intellectual acts,
and to endeavour to reduce them all to certain primary faculties ;
in other words, to faculties which are fundamental or elementary ;
and which, by their combination, give rise to other and more com-
F]ex manifestations. To this analytical method they have been
ed by the fact, that these different acts, which they have esteemed
elementary, exhibit great variety in their degrees of activity; that
one, for example, may be impressed with a character of great
energy — as the memory — whilst another, as the judgment, may
be singularly feeble, —and conversely. Broussais, indeed, con-
ceives, that without the memory we cannot exercise a single act
of judgment ; since it is always necessary, in order to judge, that
we should experience two successive perceptions; that is, that we
should feel them alternately, which we could not do, unless pos-
sessed of the faculty of renewing that, which we felt an instant
before ; or, in other words, unless we possessed memory. Hence
the loss of this faculty, he says, necessarily occasions that of judg-
ment, and reduces man to a state of imbecility. To a certain ex-
tent this is doubtless true. Total privation of memory must be
attended with the results deseribed ; that is, if the individual re-
tains no consciousness of that which has impressed him previously ;
for it is obvious, that in such a case, there can be no comparison.
A man, however, may have an unusual memory for certain things
and not for others; he may astonish us by the extreme accuracy
of his recollection of numbers, places, or persons, and yet he may
be singularly deficient in judging of ordinary matters; —his
memory suggesting only one train of objects for comparison.
In enumerating the facnlties, which, by their union, constitute the
intelleet, we observe the greatest discrepancy amongst metaphysi-
cians ; some admitting will, imagination, understanding, and sensi-
bility ; others sensibility,imagination, memory,andreason ; others
will, intellizence, and memory ; and others,again, imagination, re-
Jection, and memory. The views of Condillac® on this subject have
perhaps excited more attention than those of any other individual.
Professing, as we have seen, that all our ideas are derived from suc-
cessive operations of the senses and the mind, headmits the following
constituent faculties of the intellect : — sensation, attention, compa-
rison, judgment,reflection, imagination, and reason. Semfltiﬂn
he defines — the faculty of the mind, which affords the perception of
any sensitive impression. «#¢{ention, the faculty of sensation,applied
i+ Op. citak
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ﬂ:ﬁrﬂgdf ;Fﬂmﬂ to act. This tendency is at first but slightly
» and 1s only an uneasiness (malaise) : but it soon inereases,
comes restlessness or inquietude ; in other words, a difficulty
experienced by the mind of remaining in the same situation. This
gradually becomes desire, torment, passion, and finally will, ex-
cited to the execution of some act. Some have endeavoured, by
ultimate analysis, to derive all the affective faculties of the mind
{:rl]ltt_n i;.*sr_ue principal faculty — that of seff-love,— the inward feeling,
ich Induces all men to attend to themselves, their own preser-
vation, and welfare._ All the faculties, they assert, are returns of
t";hls lsglf-lwa upon itself; and, as in the case of the intellectnal
acultles, attempts have been made to classify them ; but no two
scarcely agree. Some have divided them info the agrecable and
the d""‘:’""-’-ﬁfﬂgi others into those of love and hatred ; many —
regarding their effects upon society — into the wirtuous. vicious,
and mized ; — the first comprising those that are useful to society,
—as .ﬁ{iﬂf, parental and conjugal love, which form the foundation
of families; goodness, pity, and generosity, which, by inducing men
to assist each other, facilitate the social condition ; and the love of
labour, honour, and justice, which have the same result, by con-
stituting so many social gnarantees. The vicious passions, on the
contrary, are such as injure man individually, and society in gene-
ral, as pride, anger, hatred, and malice. Lastly, the mixed pas-
slons are such as are useful or injurious, according to their use or
abuse ; such as ambition, which may be a landable emnulation, or
an insatiable passion, according to its extent and direction.
Again, the passionshave been divided into the animal or such as
belong to physical man,and the social or such as appertain to man
in society. The first are guides to him for his own preservation as
well as for that of the species. To them belong fear, anger, sad-
ness, hatred, excessive hunger, the venereal desires when vehe-
ment, jealousy, &e. Inthe second are included all the social wants,
when inordinately experienced. These vary according to the state
of civilization of the individual and the community. Ambition,
for instance, it is said, may be regarded, when inordinate, as ex-
cessive love of power: — avarice, as an exaggeration of the
desire for fortune : — hatred, and vengeance, as the natural and
impetuous desire of injuring those that injure us, &e. Stewart’s®
division of the active and moral powers embraces, 1. Instinc-
tive principles, and 2. Rational principles: the former including
appetites, desires, and affections, the latter self~love and the moral
Sfaculty ; all of which Brown® comprises under emotions, imme-
diate, retrospective, or prospective ; — and Zastly, Abercrombie®
refers all the principles, which constitute the moral feelings, to the
following heads: 1. The desires, the affections, and self-love ;
2. The will ; 3. The moral principle, and 4. The moral relation

of man towards the Deily. :
It is obvious that the analysis of the moral faculties has been

s Op. citat. x _ : b Op. citat,
= Philosophy of the Moral Feelings, Amer. Edit. p. 35, New York, 1833.
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Tt has been the general belief, that the brain of the negro is infe-

or to that of the white variety of the species; but some obser-
Vvations of M. Tiedemann led him to the belief, that there is no per-
ceptible difference either in the average weight or average size of
the brain in the two varieties, and that the nerves compared with
the size of the brain are not larger in the former than in the latter.
In the external form of the brain of the negro a very slight differ-
ence only could be traced by him ; but, he affirmed, that there is
absolutely no difference in its external structure, nor does the negro
brain exhibit any greater resemblance to that of the ourang-outang
than the brain of the European, excepting, perhaps, in the more
symmetrical disposition of its convolutions. Tiedemann’s obser.
Vvations were made, however, upon very few subjects ; and his own
facts do not bear out all his deductions. He admits, that the ante-
rior part of the hemisphere was something narrower than is usnally
the case in Europeans, « which,” says Dr. Combe,* « as the ante-
Tior portion is the seat of intellect, is really equivalent to conceding
that the negro is naturally inferior in intellectual capacity to the
European!” M. Tiedemann established the fact, that the average
capacity of the Ethiopian skull is somewhat less than that of the
European, and that a large size is considerably less common among
them than among any other races of mankind.®

Wrisberg and Sémmering® proposed another point of compari-
son — the ratio of the mass of the encephalon to that of the rest of
the nervous system ; and they asserted, that, in proportion as any
animal possesses a larger share of the former; or, in other words,
in proportion as the percipient and intellectual organ exceeds the
other or the organ DP the external senses — the mental sphere may
be expected to be more diversified and developed. But although
man is, in general, pre-eminent in this respect, he is not absolutely
so. It would be still more important to know the ratio, that the
eerebrum or brain proper bears to the cerebellum and medulla
oblongata. The first is essentially the organ of intellect; and the
most striking character of the human brain is the large develop-
ment of the cerebral hemispheres, of which we have no parallel in
the animal kingdom. The last is the encephalic part in which all
the nerves of the senses arise or terminale.

The assertion, that man has the largest cerebrum in proportion
to the cerebellum, is not accurate. The Wenzels? found the ratio,
in man, to be as 6%% or 8 4% to 1; in the horse, 4} to 1; in the
cow, 5573 to 1; in the dog, 6% to 15 in the cat, 4% to 1; in the
mole, 3% to 1; and in the mouse, 62 to 1. Nor is it true thal man |
has the largest cerebrum in proportion to the medulla oblongata
and medulla spinalis ; although to this position there are perhaps
fewer objections than to any of the others. None of them, it is
obvious, are distinctive between man and animals, or assist us in

a Phrenological Journal, No. liv. Dee., 1837. '

b Brit. and For. Med. Rev. for Oct. 1839, p. 379,

¢ Corpor. Haman, Fabric. iv. § 92; and Blumenbach’s Comp. Apat, by Lawrence,
p. 292, Lond. 1807. ¢ De Penitiori Structur. Cerebr. Hominis et Brutorum, 1ab. iv.
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gian is thus found to be characterized by the great expanse of the
upper and outer part of the eranium, which hides the face. In
the Ethiopian, the narrow, slanting forehead allows the face to
appear, whilst the cheeks and jaws are compressed laterally and
elongated in front; and in the Tungoose, the maxillary, malar,
and nasal bones are widely expanded on each side : and the two
last rise to the same horizontal level with the space between the
frontal sinuses — the glabella. Blumenbach’s method, however,
only s;ﬂ'urt_ls us the comparative dimensions of the two bones in
one direction. It does not indicate the depth of the maxillary bone
or of the os frontis, or their comparative areas. The view thus
uhta_ined is therefore partial.

Finding the inapplicability of other methods to the greater part
of the animal creation, — to birds, reptiles, and fishes, for example,
— GII?IE}“ suggested a comparison between the areas of the face
and cranium under the vertical section of the head. The result of
his observations is, — that, in the European, the area of the cra-
nium is four times that of the face, — excluding the lower jaw.
In the Calmuck, the area of the face is one-tenth greater than in
the European ; in the negro, one-fifth, and in the sapajou, one-half.
In the mandril, the two areas are equal ; and, in proportion as we
descend in the seale of animals, the area of the face gains over that
of the cranium ; in the hare, it is one-third greater; in the ruminant
animals double; in the horse, quadruple, &e. ; so that the intelli-
gence of the animal is said to be greater or less, as the preponder-
ance of the area of the face over that of the skull diminishes or
increases.

The truth, according to Sir Charles Bell,! is, that the great dif-
ference between the bones of the cranium and face in the European
and negro is in the size of the jaw bones. In the negro, these
were found to bear a much greater proportion to the head and to
the other bones of the face than those of the European skull; and
the apparent size of the bones of the negro face was discovered to
proceed solely from the size and shape of the jaw bones, whilst the
upper bones of the face,and, indeed, all that had no relation to the
teeth and to mastication, were lessthan those of the European skull.

Other methods, of a similar kind, have been proposed by natu-
ralists, as by Spigel,” Herder,! Mulder,” Walther," Doornik Spix,"

* Legons d'Anatomie Compar., No. viii. art, i. tom. ii. p. 1.

» Anatomy of Expression, 2d edit., Lond. 1824,

¢ Linew Cephalometricm Spigelii, in Spigel. de Human. Corpor. Fabrie. i. 8.

¢ Nackenlinien (Linew nuchales Herderi) in Herder's Ideen zur Philosophie der
Geschichte der Menschheit, Th. iii. s. 186, Tiibing. 1806,

¢ Vorderhauptwinkel (Angulus sincipitalis Mulderi,) in Art. Kopflinien, in Pierer's
Anat. Physiol. Real Waorterh, iv, 524, Leipz. 1821,

 Schiidelwinkel (Angulus Cranioscopicus Waltheri,) in Walther's Kritische Dar-
stellung der Gallschen Anat. Physiol. Untersuch. des Gehirn und Schiidelbaues, =, 108,
Zurich, 1802, .

5 ﬁiju::.erig Natuurkundig Onderzoek aangande den Oorsprongliken Mensch en de
Qorspronglike Stammen van deszelfs Geslacht, Amsterd. 1808.

b Cephalogenesis, Monach. 1815.
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they vary in the fetus andin the adult; are manifestly less numer-
ous and smaller in the idiot, and become effaced in protracted
cases of insanity. He farther remarks, that the morbid conditions
of the encephalon, which occasion mental aberration, are especially
such as act upon the convolutions; and that, whilst apoplectic ex-
travasation into the centre of the organ induces paralysis of sensa-
tion and motion, the least inflammation of the arachnoid membrane
causes delirium. Hence, he deduces the general principle, that the
number and perfection of the intellectual faculties are in proportion
to the extent of the cerebral surfaces.
_ This view of M. Desmoulins, so far as regards the seat of the
mtellectual and moral faculties, accords with one to which attention
must now be directed, and which has given rise to more philoso-
phical inquiry, laborious investigation, and, it must be admitted, to
more idle enthusiasm and intolerant opposition, than any of the
psychological doctrines advanced in modern times : — we allude
to the views of Dr. Gall®* These are, 1st, That the intellectual
and moral faculties are innate. 2dly, That their exercise or mani-
festation is dependent upon organization. 3dly, That the brain is
the organ of all the appetites, feelings and faculties ; and, 4thly,
That the brain is composed of as many particular organs as there
are appetites, feelings, and {aculties, differing essentially from each
other. The importance of Gall’s propositions ; the strictly physio-
logical direction which they have taken, — the only one, as we
have said, which appears likely to aid us in our farther acquaint-
ance with the psychology of man, — require that the physiological
student should have them placed before him as they emanated
from the author. The work of Gall, however, on the functions of
the brain, comprises six octavo volumes, not distinguished for un-
usual method or clearness of exposition. Fortunately, the distin-
guished physiologist, Adelon, to whom we have so [requently
referred, has spared us the necessity of a tedious and dlﬂicult
analysis, by the excellent and impartial view which he has given
in the Dictionnaire de Médecine,® which has been since trans-
ferred to his Physiologie de I’ Homme ; both being abridgments of
the Analyse d’un Cours du Dr. Gall, published by him in 1808.

The foundation of this doctrine is, that the brain is not a single
organ, but is composed of as many nervous systems as there are
primary and original facnlties of the mind. In the view of Gall,
the brain is a group of several organs, each of which is concerned
in the production of a special moral act: and, according as the
brain of an animal contains a greater or less number of these organs,
and of a greater or less degree of development, the animal has, in
its moral sphere,a greater or less number of, or more or less active,
faculties. In like manner, as there are as many sensorial nervous
systems and organs of sense as there are external senses, so there

2 Sur les Fonctions du Cerveau, Paris, 1825,

b Art. Encephale ( Physiologic), Paris, 1823, and art. Facultés de I'Esprit et de 'Ame,
&e., in Dict. de Médecine, viii. 469, Pars, 1823,
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instead of adding to the fatigue experienced by the former, is a
relaxation, This, Gall remarks, would not be the case, if the
brain were a single organ and acted as such, but it is readily expli-
cable under the doctrine of plurality of organs. It is owing to a
fresh cerebral organ having been put in action. 7thly. Insanity
15 frEquantlp' confined to one single train of ideas, as in the variety,
called monomania, which is often caused by the constaney and
tenacity of an original exclusiveidea. Thisis frequently removed
by exeiting another idea opposed to the first, and which distracts
the attention from it. Is it possible, Gall asks, to comprehend
these facts under the hypothesis of the unity of the brain. Sthly,
Idiocy and dementia are often only partial; and it is not easy to
conceive, under the idea of the unity of the brain, how one faculty
remains amidst the abolition of all the others. 9thly, A wound
or a physical injury of the brain will frequently modify but one
faculty, paralysing or augmenting it, and leaving every other
uninjured. 10thly, and lastly, Gall invokes the analogy of other
nervous parts; and, as the great sympathetie, the medulla oblon-
gata, and medulla spinalis are —in his view at least— groups
of special nervous systems, it is probably, he says, the same with
the brain.

Such are the main arguments employed by Gall for proving,
that the brain consists of a plurality of organs, each of which is
concerned in the production of a special intellectual or moral
faculty, and should they not carry convietion, it must be admitted,
that many of them are ingenious and forcible,and all merit attention.

It is a prevalent idea, that this notion of a plurality of organsisa
phantasy, which originated with Gall. Nothingis more erroneouns :
he has adduced the opinions of numerous writers who preceded
him, some of whom have given figures of the craninm, with the seat
of the different organs and faculties marked upon it. To this list
we might add numerous others. Aristotle, in whose works we find
the germs of many discoveries and speculations, thought that the
first or anterior ventricle of the brain was the veutricle of common
sense ; because from it, aceording to him, the nerves of the five
senses branched off. The second ventricle, connected by a minute
apening with the first, he fixed upon as the seat of imagination,
judgment, and reflection ; and the third ventricle, as a storehouse
into which the conceptions of the mind, digested in the second ven-
iricle, were transmitted for retention and acenmulation; in other
words, he regarded it as the seat of memory. Bernard Gordon,ina
work written in 1296, gives nearly the same account of the brain.
It contains, he says, three cells or ventricles. In the anterior partof
the first ventricle lies common sense ; the function of which is to
take engnizanee of the various forms and images, received by the
several senses. 1n the posterior part of the first ventriele he places
phantasia ; and in the anterior part of the second, imaginativa :
in the posterior part of the middle ventricle lies estimative. It
would be a waste of time and space, to adduce the absurd






PHRENOLOGY. 305

checked by education, and as far as possible rooted out; and that
the degree of success or of failure in this respect would be indi-
cated by the shape of the skull. * The peculiar distinctions of
man,” he argued, ¢ will and the understanding, have their seats in
the brain, which is excited by the fleeting desires of the will, and
the ideas of the intellect. Near the various spots where these
irritations produce their effects, this or that part of the brain is
called into a greater or less degree of activity, and forms along
with itself corresponding parts of the skull.” This view, that
exercise of the cerebral organs occasions their development in
bulk, and want of due exercise their decrease, is now maintained
by many phrenologists, but denied by others.

The above examples are sufficient to show, that the attempt to
assign faculties to different parts of the brain, and, consequently,
the belief, that the brain consists of a plurality of organs, had been
long indulged by anatomists and philosophers. The views of
Gall are resuscitations of the old ; but resembling them little more
than in idea. Those of the older philosophers were the merest
phantasies, unsupported by the slightest observation : the specula-
tions of the modern physiologist have certainly been the result of
long and careful investigation, and of deep meditation. Whilst,
therefore, we may justly discard the former, the latter are worthy
of rigid and unprejudiced examination.

Admitting, with Gall, the idea of the plurality of organs in the
brain, the inquiry would next be,— how many special nervous
systems are there in the human brain, and what are the primary
intellectual and moral faculties over which they preside? This
Gall has attempted. To attain this double object, he had two
courses to adopt; either, first of all, to indicate anatomically the
nervous systems that constitute the brain,and then to trace the
faculties of which they are the agents; or,on the contrary, to point
out first the primary faculties, and afierwards to assign to each
an organ or particular seat in the brain. The first course was
impracticable. The cerebral organs are not distinet, isolated in
the brain : and if they were, simple inspection could not indicate
the faculty over which they preside; any more than the appear-
ance of a nerve of sense could indicate the kind of sensation for
which it is destined. It was, only, therefore, by observing the
faculties, that he could arrive at a specification of the cerebral
orgaus. But here, again, a source of diffienlty arose. How many
primary intellectual and moral faculties are there in man? and
what are they ? The classifications of the mental philosophers,
differing, as we have seen they do, so intrinsically and essentially
{from each other, could lead him to no conelusion. He firsi, how-
ever, followed the notions on which they appeared to be in accord-
ance ; and endeavoured to find particular organs for the faculties
of memory, judgment, imagination, &c. But his researches in
this direction were fruitless. He, therefore, took for his gunidance

* Dr. Sewall, Examination of Phrenology, 2d edit., p. 14, Boston, 1839,
26"
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The first nineteen of those according to Gall are common to
man and animals: the remaining eight, man possesses exclusively.
They are, consequently, the attributes of humanity.

Spurzheim,* a fellow-labourer with Gall, whe accompanied him
in his travels, and was associated with him in many of his publica-
tions, has added some other faculties, so as to make the whole num-
ber thirty-five; but they have not been embraced by Gall in his
most recent publication, whence many of these details are taken;
and, indeed, many of the positions of Spurzheim are repudiated by
several of Gall’s followers.® The orgzans admitted by Spurzheim
are given on the opposite page: the numbers corresponding with
those of the accompanying figures,

On the situation of the different cerebral organs, Gall remarks, —
1st. That those which are common to man and animals are seated
in parts of the brain that are common to both:—at the posterior
inferior, and anterior inferior, portions. On the contrary, those,
that are exclusive to man, are sitnate in parts of the brain, which
exist only in him ; — in the anterior superior parts, which form the
forehead. 2dly. The more indispensable a faculty, and the more
important to the animal economy, the nearer is its organ to the
median line and to the base of the brain. 3dly, and lastly. The
organs of the faculties, that aid, or are similar to each other, are
generally situate in proximity. In his exposition of each of these
organs, and of the reasons that induce him to assign it as the seat
of a special faculty, he sets ont by demonstrating the necessity of
the faculty, which he regards to be fundamental and primary, and
to which be assigns a special nervous system or organ in the brain.
2dly. He endeavours to show, that this faculty is really primary.
He considers it to be such, whenever psychological facts show, that
it has its exclusive source in organization; for example, when it is
not common to all animals and sexes; when, in the individual pos-
sessing it, it does not exhibit itself in a ratio with the other faculties
with which he is endowed; when it has ils distinct periods of
development and decrease, and does not, in this respeet, coincide
with the other faculties ; when it can be exerted alone, be diseased
alone, continued sound alone, or be transmitted alone from parent
to child, &c. Lastly, he points out the part of the brain, which he
considers to be its organ, founding his decision on numerous em-
pirical observations of the brains of men and animals, that have
possessed, or been devoid of, the facalty and organ in question ; or
have had them in unequal degrees of development. :

It is impossible, in a work of this kind, to exhibit all the views
of Gall, and the arguments he has adduced in favour of the exist-
ence of his twenty-seven faculties. The selection of one — the in-
stinet of generation — will be sufficient to show how he treats of
the whole. Gall’s instinct of generation is that, which in each ani-
mal species impels the individuals of different sexes towards each

s Phrenoclogy, Amer. Edit., Boston, 1833,
b Elliotson, Human Physiology, p. 384, and 1147, London, 1840.
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when the apoplexy is cerebellous,” or, during sleep, the effect is,
in all these cases, owing to congestion of blood in the brain in

eneral, and in the cerebellum in particular. From these data,

all econeludes, that the cerebellum is the organ of the instinet of
reproduction ; and he remarks, that as this organ presides over one
of the most important faculties, it is situate 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 Gall does not restrict himself tothe physiological applications
of his system. He endeavours, likewise, to explain the giﬁ'erencea,
that exist between him and other philosophers. He altogether
rejects the primary faculties of instinet, intelligence, will, liberty,
reason, perception, memory, judgment, &c. 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 special qualities of matter have been care‘f]utﬂr 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 io express a generality, which leaves
us in as much ignorance as to what thought is, as we should be of a
quadruped or bird, by saying that it is an animal ; and as, to be-
come acquainted with such animals, their qualities must be speci-
fied, so to understand thought, the kind of sensation must be speci-
fied, that constitutes it. J[nstinct, according to him, is a general
expression, denoting every kind of internal impulse; and conse-
quently there must be as many instinets as there are fundamental
faculties. Jnfelligence is likewise a general expression, designating
the faculty of knowledge ; and, as there are many instinets, so
there are many kinds of intelligence. Philosophers, he thinls, have
erroneously ascribed instinct to animals, amr intelligence to man.
All animals have, to a certain extent, intelligence ; and in man
many faculties are instinets. 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

» Sec a case of Arachnitis Cerebelli — in which there was genital excitement — by
the author, in Lond. Med. Rep. for Oct, 1822 ; also, Abercrombie 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 some cases of cerebellous
disease, without genital excitement, see Duplay, in Archives Générales de Médecine,
Nov. 1836 ; also Miiller’s Elements of Physiology, by Baly, 1st edit. p, 833, London,
1838.
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sense. Finally, these affections are simple or compound : simple
when they only bear upon one faculty, as anger, which is a sim-
ple affection of the faculty of self-defence ;— compound, when
several faculties are affected at the same time, as shame, which is
an a_ij'ecl:inn of the primary faculties of the moral sense and of
vanily.

Gall reproaches the moralists with having muitiplied too much
the number of the primary affective faculties : — in his view, the
modifications of a single facully, and the combination of several,
give rise to many sentiments, that are apparently different. For
instance, the primary faculty of vanity begets coquetry, emulation,
and love of glory. That of selfdefence gives rise to femerity.
courage, & 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. Those in whom all the faculties
of humanity predominate ; and in whom, consequently, nr?aniza-
tion renders the development of the mind and the practice of virtne
easy. Secondly. Those in whom the orgauns 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 predomi-
nant. 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 npon the
combination of several; and, as the possible combinations of so
many faculties are almost innumerable, the psychological varieties
of mankind may be ektremely various. Again, as each of the
many organs of the brain may have, in different men, a particular
degree of development and activity, seeing that each of the facul-
ties, 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, inde-
pendently of the differences in their cerebral organization, which

ives rise to their dispositions, never cultivate and exert their
aculties 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 doetrine of Gall,
which we may sum up in the language of the author, in his Revue
Sommaire, appended to his great work.® “I have established,

» Sur les Fonctions da Cervean, vi. 500, Paris, 1825,
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the precise line of demarcation between reason and unsoundne ss
of mind is not easily fixed; and that commonly, in these cases,
attention is paid only to the most general qualities, and if the
patient be seen to take food and medicine when offered to him, to
reply to questions put to him, and have consciousness, the moral
sense 1s esteemed to be free, and in a state of integrity. It must,
however, be admitted, that the explanation of the craniologist on
these topies is feeble and unsatisfactory. It is, of course, gratui-
tously assuming, that observation in such cases has been insuffi-
cient ; and if he find, that the fact in question militates against the
faith he has embraced, he is too apt to deny its authenticity alto-
gether. With all the candour which Gall possessed, this failing
1s too perceptible in his writings.

Again, in many of the cases of severe injury of the brain, which
are on record, but one hemisphere was implicated ; and accord-
ingly, the impunity of the intellectual and moral manifestations has
been aseribed to the cerebrum being a double organ ; so that, al-
though one hemisphere may have been injured, the other,containing
similar organs, may have been capable of carrying on the function;
as one eye can still execute the function of vision, when the other
is diseased or lost. Cases, however, have occurred in which the
faculty has been lost, when only one hemisphere was implicated.
Sueh cases are given by Mr. Combe. One interesting example,
the author heard Mr. Combe relate. A gentleman suddenly forgot
all words but yes and no, and after death a lesion was found in the
left hemisphere of the brain, involving the phrenological organ of
language, The explanation by Mr, Combe of this phenomenon is
plausible but not probable. It appears to me, he observed, ¢ that
the lesion’s being on one side only accounts for his power of
understanding words, while he had not the power of employing
them.”’

Many cases, again, are recorded, in which injury was sustained
by both hemispheres, and in corresponding parts; yet the faculties

ersisted ;* whence Miiller has concluded, that the histories of in-
juries of the head are directly opposed to the existence of special
regions of the brain, destined for particular mental faculties.
Cases of hydrocephalic patients are likewise cited, who have pre-
served their faculties entire. These Gall® explains, by affirming,
that the brain is not dissolved in the fluid of the dropsy ; that itis

s Combe’s Lectures, by Boardman, p. 261, New York.

b See a fatal case of disorganization of the brain, without corresponding derange-
ment of the intellectual and moral acts, by Dr. G. W. Boerstler, of Lancaster, Ohio, in
Dunglison’s American Medical Intelligencer, No, 1, for April 1, 1837. Mr. Combe,
in his work, — Notes on the United States of North America, during a phrens-
lagical visit in 1838-39-40; Phila. 1841 — refers to a case of injury of b-?l.h he-
mispheres, which he thinks, from examining the case, was confined almost entirely to
the organs of Eventuality. The man recovered, and was exhibited to Mr. Combe with
a history of his case by Dra. Knight and Hooker, of New Haven. In the opinion of
the latter, the intellectual faculties were not impaired. — vol. ii, p. 276.

< Op. citat, ii. 263.
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be any index of the development of an organ; it is obviously
impossible by an examination of the skull to form the slightest
judgment on these points. Leuret and Carpenter® are of opinion,
that comparative anatomy and psychology — which have been
so much invoked — when their evidence is fairly weighed, are
very far from supporting the system. Flourens® has recently op-
posed it vigorously on anatomical, physiological, and pyschological
grounds ; and Miiller® thinks Magendie very right in placing cranio-
secopy in the same category with astrology and alchemy. The
anthor would not go so far, but he must candidly admit that year
after year’s observation and reflection render him less and less
disposed to consider that even the fundamental points of the doc-
trine are founded on a just appreciation of the encephalic functions.
It is the mapping of the skull, accompanied by the self-conceit and
quackery of many of the soi-disant phrenologists or craniologists,
which has exeited the ridicule of those, who are opposed to the
doctrine of innate faculties, and to the investigation of points con-
nected with the philosophy of the human mind in any other mode
than that to which they have been accustomed and are adapted.

Were we, indeed, to concede, that the fundamental princi-
ples of craniology are accurate, we might hesitate in adopting
the details; and still more in giving any Weight to it as a practical
science. Gall and Spurzheim would rarely venture to pronounce
on the psychical aptitudes of individuals from an examination
of their skulls; and when they did, they frequently failed.
« When Gall,”” says Dr. Burrows,? ¢ was in England, he went in
company with Dr. H. to visit the studio of the eminent sculptor,
Chantry. Mr. C. being at the moment engaged, they amused
themseives in viewing the various efforts of his skill. Dr. Gall was
requested to say,from the organs exhibited in a certain bust, what
was the predominant propensity or faculty of the individual. He
pronounced the original must be a great poet. His attention was
directed to a second bust. He declared the latter to be that of a
great mathematician, the first was the bust of Troughton, and the
second that of Sir Walter Scott !

This kind of hasty judgment, from manifestly inadequate data, is
the every-day practice ﬁg the itinerant phrenologist, whose oracular
dicta too often diaw down ridicule not only upon the empiric him-
self, but on a system which is worthy of a better fate. Ridicule is,
indeed, the harmless but attractive weapon, which has usually been
wielded against it ; and too often by those, who have been ignorant
both of its principles and detsils. It isnot above twenty years since
one of the most illustrious poets, that Great Britain has produced,
included, in his satire, the stability of the cow-pox, galvanism, and
gas, along with that of the metallic tractors of Perkins —

s siology, p- 226, Lond., 1842,

b ;::?H:TE;FE“:E ﬂuﬁ. 1841, & Févr. & Avril, 18432,

¢ Op. citat. p. B3T. :
4 Commentaries on the Causes, Forms, Symptoms and Treatment of Insanity, Lond.

1828,
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ossible discrepancies. Nay, we have seen the same phrenologist,
urnish one character from the head, and a totally different one
from the east, whilst in ignorance of the original of this latter.
This we have known to happen, not merely in the practice of one
of your shilling-a-head itinerants, but in that of one not unknown
to fame in the annals of the science.”

Such are the views of one, who, unlike the author, expects much
from phrenology, and has done much to give it countenance. Yet
men will still form their judgments in this manner ; and a solitary
coincidence, as in all similar cases, will outweigh a dozen failures.

The views of Gall require numercus and careful experiments,
which it is not easy for every one to institute ; and this is one of
the causes, why the minds of individuals will long remain in doubt
regarding the merits or demerits of the system, From mere meta-
physicians, who have not attended to the organization and func-
tions of the frame, especially of its encephalic portion, it has ever
experienced the greatest hostility ; although their conflicting views
regarding the intellectual and moral faculties was one of the
grounds for the division of the phrenologist. It is now, however,
we believe, generally admitted by the liberal and scientifie, that if
we are to obtain a farther knowledge of the mental condition of
man, it must be by a combination of sound psychological and phy-
siological observation and deduction. It is time, indeed, that such
a union should be effected, and that the undisguised and inveterate
hostility, which exists between certain of the professors of these
interesting departments of anthropology, should be abolisheda
“To fulfil, definitely, the object we had proposed to ourselves,’”
says Broussais,® “we must infer {rom all the facts and rea-
soning comprised in this work, — 1st. That the explanations of

ychologists are romances, which teach us nothing new.
2dly. That they have no means of affording the explanations they
promise. 3dly. That they are the dupes of the words they employ
in disserting on incomprehensible things. 4thly. That the physi-
ologist alone can speak authoritatively on the origin of our ideas
and knowledge ; and 5thly. That men, who are strangers to the
science of animal organization, should confine themselves to the
study of the instinetive and intellectual phenomena, in their rela-
tions with the different social states of existence.”

This is neither the language nor the spirit that should prevail
among the promoters of knowledge,

Lastly. Physiologists have inquired whether there be not some
particular portion of the brain, which holds the rest in subser-
vience ; some part in which the mind exclusively resides ; — for
such was probably the meaning of the researches of the older
physiologists into the seat of the soul. It is certain, that it is
seated in the encephalon, but not in the whole of it; for the organ
may be sliced away, to a certain extent, with impunity. Gall, we
have seen, does not admit any central part of the encephalon,

3 De Plrritation et de la Folie, Paris, 1828: or Amer, Edit. by Dr. T, Cooper,
Columbia, N, C., 1831.
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vessels turned spirally around an axis of gelatinous or fibrinous
substance, into the interior of which the blood rushed at the time
of contraction. He says, that the visible fibres are not cylindrical,
as they had been described by many observers, but of a polyhe-
dral shape ; and that they are generally flattened, or thicker in one
direction than in the other. They are not all of the same diameter,
but differ in different animals, and in different parts of the same
animal : they are smaller, too, in young subjects. The filaments
or ultimate fibres, which can only be seen with the microscope,
have the same shape as the visible fibres; they are, however,
always of the same magnitude. Sir A. Carlisle,* — whose opi-
nions, on many subjects at least, are not entitled to much weight,
— describes, the ultimate fibre as a solid eylinder, the covering of
which is a reticular membrane, and the contained part a pulpy
substance, regularly granulated, and of very little cohesive power
when dead. The extreme branches of the bloodvessels and
nerves, he says, are seen ramifying on the surface of the mem-
brane enclosing the pulp, but cannot be traced into the substance
of the fibre. Mr. Bauer® and MM. Prévost and Dumas,® again,
differ essentially from the observers already mentioned. Mr.
Bauer found, that the muscular fibre was composed of a series of
globules, arranged in straight lines; the size of the globule being
szisth part of an inch in diameter ; and lastly, Raspail? considers
that the intimate structure of the muscular tissue, when it is in its
most simple state, consists of a bundle of eylinders, intimately
agglutinated together, and disposed, in a very loose spiral form,
around the ideal axis of the group. These tubes are filled witha
substance not wholly miscible with water, and may be regarded
as elongated vesicles, united at each end to other vesicles of a
similar character.

When a muscular fibre is seen through an ordinary microscope,
it appears to be composed of longitudinal filaments, each consist-
ing of a string of globules, about ;5th of an inch in diameter.
% But with a better instrument,” says Mr. Mayo,® “such as that
which Mr. Lister possesses, the delusion vanishes, and the parallel
lines, which traverse the fibre, appear perfectly cleanand even, Mr.
Lister politely gave me an opportunity of examining this appear-
ance, which was discovered by himself and Dr. Hodgkin.”

The latest researches of Mr. Bowman® and others are as follows,
When the smallest fibre, that can be seen by the naked eye is ex-
amined by ?ﬁﬁe microscope, it is found to consist of a number of

a Op. citat. b Bir E. Home, Lectures on Comp. Anat. v. 240, Lond, 1828,

A dix to Edwards de 'Influence des Agens Physiques sur lo Vie, Paris, 1824,

4 Chimie Organique, &c. p. 211, Paris, 1833,

* Qutlines of Human Physiology, chap. iii. 3d edit. London, 1833. See, also, Mr.
Skey, Philosophical Trapsactions, for 1837, p. 104 ; and, on the whole subject, Henle,
Allgemeine Anatomie u, s, w. 5, 585, Leipz, 1841,

i Philosophical Transactions for 1840 ; also in T'odd and Bowman's Physiological
Anatomy and Physiology of Man, Part 1, Lond. 1843.
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ed, that each fibre may be composed of from 500 to 800 fibrille.*
Illustration, Fig. 65, of a trans-
verse section of the fibres from the Fig. 66.
pectoral muscle of a teal, and
Fig. 66, of a transverse section of
the ultimate fibres of the biceps,
exhibit well the irregular shape
and size, and the eut extremities of
the fibrils that go to the constitution of
the fibre. The fibrillee do not appear
to be hollow, as has been conceived
gg aumiie:l._h_ Undilar thetmicmscupﬂfiaat}:lh
reexhibitsa close alternation of light ; :
and dark lines crossing it transversely, il "ot L g
which are presumed to be owing to
the arrangement of beaded fibrille, as shown in Fig. 67. The
beaded enlargements of the fibrillee seem to
adhere closely to each other, so that when Fig. 67.
the extremities of a fibre are drawn apart, o
it will not unfrequently happen, that the gm L
disks formed by them will separate. 3T
It has been affirmed, indeed, that the &&=
primitive component segments of the fibrille _ Fragment of Muscular fibre
are the ultimate elements of the fibre ; these :Eunt:irgf;;rlmﬂin:?fulri;! by
segments being connected longitudinally, so ?8§jgation of beaded fbrille.
as to constitute the fibrille, the distinctness
of which is marked, !
even inthecomplete Fig. 68.
fibre by longitudinal
strize ; whilst they
alsoadherelaterally,
so as to form disks,
the partial separa-
tion of which gives
origin to the trans-
verse strie.”

The muscular

ie Iy Portion of Homan Muscular fibre, separating into disks, by
ﬁhl‘ES DfDIgﬂﬂlﬂ l.'ifB cleavage in direction of transverse stri, E{anl Emln.} z
present no trans-

verse strie, and the longitudinal strize are very faint.® Theirsize,loo,
is usually much less than that of the fibres of animal life. Their
precise arrangement, as seen by Mr. Skey, has been given
already _

The views of histologists on the whole of this subject are, how-

s Carpenter, Human Physiology, § 369, Lond. 1842 ; and Mr, Paget, Brit. and For.
Med. Rev. July, 1842, p, 274,

¢ Carpenter, op. cit. § 370

¢ Gerber, Elements of General and Minute Anatomy, by Gulliver, p. 232, Lond.
1842,
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attachment of the tendon to the muscular fibre in the skate.
This arrangement will explain the close union which exists
between the muscle and its tendon, and which has given occasion
to the belief, that the latter is only the former condensed. An
examination of some of the physical and vital properties of the two
will show, that they differ as essentially as any two of the con-
stituents of the body that could be selected. The tendon consists
chiefly of gelatin, and does not exhibit the same irritability ;
whilst the muscle is formed essentially of fibrin, and contracts
under the will, as well as on the application of certain mechanical
and chemical irritants. The differences, in short, that exist
between the two, are such as distinguish the primary fibrous and
cellular tissues; yet the opinion of their identity prevailed in
antiquity, was embraced by Boerhaave and his school, and, as Dr.
Bostock? observes, was so generally admitted, even in the middle
of the last century, that Haller,? and Sabatier® scarcely ventured to
give a decided opposition to it.

Similar remarks are applicable to the notion of Cullen,® that
muscles are only the moving extremities of nerves. The fibres
of the muscle were supposed by him to be continuous with those
of the nerve; to be, indeed, the same substance, but changed in
structure, so that when the nerve is converted into muscle, it loses
the power of communicating feeling, and acquires that of pro-
ducing motion.

Every muscle and every fibre of a muscle is probably supplied
with bloodvessels, lymphatics and nerves. These cannot be traced
into the ultimate filament, but, as this must be possessed of life
and be contractile under the will, it must receive through the
bloodvesselsand nerves the appropriate vital agency. MM, Dumas
and Prévost,, and Mr. Bowman,—as has been said,— affirm,
that the microscope shows, that neither the one nor the other ter-
minates in the muscle. The vessels merely traverse the organs ;
the arteries terminating in corresponding veins; so that the nufri-
tion of muscles is effected merely by the transudation of plas-
tic materials through the parietes of the artery, in the same
manuer as various other parts — teeth, hair, cartilages, for ex-
ample — are probably nourished. A similar distribution they
assign to the nerves. All the branches, they assert, enter the mus-
cle in a direction perpendicular to that of the fibres composing it ;
and their final ramifications, instead of terminating in the muscu-
lar fibres, surround them loopwise, and return to the trunk that
furnished them, or anastomose with some neighbouring trunk.
In their view, each nervous filament, distributed to the muscles,
sets out from the anterior column of the spinal marrow, forming
part of a nervous trunk, turns round one or more muscular fibres,

* An Elementary System of Physiology, p. 84, 3d edit. London, 1836,
b Elem. Physiol. ii. 1, 18. ¢ Traité complet d’Anatomie, i. 242, Paris, 1791.
¢ Institutions of Medicine, § 29, 94. « Magendie’s Journal de Physiologie, tom. iii.
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When muscles are subjected to analysis, they are found to con-
sist of fibrin; osmazome; jelly ; albumen ; phosphates of soda,
ammonia and lime ; carbonate of lime ; chloride of sodium, phos-
phate, and lactate of soda ; and, according to Fourcroy and Vau-
quelin,®* sulphur and potassa are present. The great eonstituents
of the pure muscular tissue are,— fibrin, and probably osmazome;
— the gelatin, which is met with, being ascribable to the cellular
membrane that envelopes the muscular fibres and lacerti. The
membranous structures of young animals contain a much greater
quantity of jelly than those of the adult ; and itis probably on this
account, that the flesh of the former is more gelatinous ; —not be-
cause the muscular fibre contains more gelatin. Thénard assigns
the muscles,on final analysis, the following constituents : —fibrin,
albumen, osmazome, fat, substances capable of passing to the state
of gelatin, acid (lactic), and different salts, They have likewise
been analyzed by Berzelius and Braconnot. It must be borne in
mind, however, as Raspail® has properly remarked, that all these
are the results of the analysis of the muscle, as we meet with it.
The analysis of the muscular fibre has yet to be accomplished. In
this, too, and every analogous case, the analysis only affords us
evidence of the constituents of the dead animal matter; and
some of the products may even have been formed by the new
affinities, resulting from the operations of the analyst. They can
afford but an imperfect judgment of the constitution of the living
substance.

The muscular structure is liable to a singular kind of conversion,
under particular circumstances, to which it may be well to advert.
When, about the latter part of the last century, it was determined,
for purposes of salubrity, to remove the bodies from the churchyard
of Les Innocens at Paris® — which had been the cemetery for a
considerable part of the population of Paris for centuries — the
whole area, occupying about seven thousand square yards, was
found converted into a mass, consisting chiefly of animal matter,
and raising the soil several feet above the natural level. On open-
ing the ground, to remove the predigious collection of dead bodies,
they were found to be strangely altered in their nature and ap-
pearance. What had constituted the soft parts of the body was
converted into an unctuous matter, of a gray colour, and of a pecu-
liar, but not highly offensive, smell. According to their position
in the pits, — for the bodies were deposited in pits or trenches,
about thirty feet deep, each capable of holding from twelve hundred
to fifteen hundred bodies,— and according to the length of time
they had been deposited, this transformation had occurred to a
greater or less extent. It was found to be most complete in those
bodies, which were nearest the centre of the pits, and when they

s Annales de Chimie, Ivi. 43.

b Miiller's Handbuch der Physiologie, Baly’s translation, P, i. p. 369, Lond. 1837 ;
and Dr. T. Thomson, Chemistry of Animal Bodies, p, 273, Edinb. 1843,

« Op. citat, p. 214,
¢ Thouret, Journal de Physique, xxxviii. 255.
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time the commission was taken out, and the bankruptey was ac-
cordingly superseded !*
‘4 3. OF THE BONES.

The bones are the hardest parts of the animal frame ; and, con-
sequently, serve as a base of support and attachment to the soft
parts. They constitute the framework of the body,and determine
its general shape. The principal functions they fulfil are, — to
form defensive cavities for the most important organs of the body
— the encephalon, spinal marrow, &c. — and to act as so many
levers for transmitting the weight of the body to the soil, and for
the different locomotive and partial movements. To them are
attached the different muscles, concerned in those functions. In
man and the higher classes of animals, the bones are, as a general
rule, within the body ; his skeleton is, consequently, said to be
internal. In the crustacea, the testaceous mollusca, and in certain
insects, the skeleton is e‘.'tf'mal the whole of the soft parts being
contained within it. The lobster and crab are familiar instances
of this arrangement.

The stature of the human skeleton is various, and may be taken,
on the average, perhaps, —in those of European descent, — at
about five feet eight or nine inches. We find, however, examples of
considerable variation from this average. A skeleton of an Irish
giant, in the museum of the Royal College of Surgeons of London,
measures eight feet four inches. On the other hand, Bebe, the dwarf
of Stanislaus, king of Poland, was only thirty-three inches high ;
and a Polish nobleman, Borwlaski, measured twenty-eight French
inches. Ie had a sister, whose height was twenty-one inches.®

The bones may be divided into the shor{, broad or flat, and long.
The short bones are met with in parts of the body, which require
to be both solid and moveable :—in the hands and feet, for example,
and in the spine. The flaf or broad bones form the parletes of cavi-
ties, and they aid materially in the movements and attitudes,
by affording an extensive surface for the attachment of muscle.
The long bones are chiefly intended for locomotion, and are met
with only in the extremities. The shape of the body, or shaft,
and of the extremities merits attention. The shaft or middle por-
tion is the smallest in diameter, and is usually cylindrical. The
extremities, on the other hand, are expanded; a circumstance,
which not only adds to the solidity of the articulations, but dimi-
nishes the obliquity of the insertion of the tendons, passing over
them, into the bones. In their interior is a medullary canal or
cavity, which contains the medulla, marrow or pith : — a secre-
tion, whose office will be a theme for after inquiry. One great

» Male's Epitome of Forensic Medicine, in Cowper's Tracts on Medical Jurispru-
dence, Philad. 1819 ; Beck's Medical Jurisprudence, 5th edit. ii. 164 ; also, Devergie,
in Annales d’Hygi¢ne Publique, 1829,

b See Quetelet, Sur "'Homme, &c., Paris, 1835 ; and Prof. Forbes, in Lond. and
Edinb. Philos. Magaz., March, 1837, p. 197,

¢ Lectures on Physiology, Zoology, &c., by W, Lawrence, p. 434, Lond. 1819,
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but it was not uniformly present. Fourcroy and Vauquelin, how-
ever, did not discover any fluoric acid, but they found oxides of iron
and manganese, silica, and albumen. Hatchett detected, also, a
small quantity of sulphate of lime. Schreger® gives the following
as the proportions of the animal and earthy parts of bone:

INFANTS. ADULTS. AGED.

Animal matter - - - 4720 20-18 12-20
Earthy matter - - - 4848 7484 84-10
9568 9502 96:30

The bones are enveloped by a dense fibrous membrane, termed,
in the abstract, periosteum, but assuming different names according
to the part it covers. On the skull, it is called pericranium : and
its extensions over the cartilages of prolongation, are called peri-
chondrium. The chief uses of this expansion are, to support the
vessels in their passage to and from the bone, and to assist in its
formation; for we find, that if the periostenm be removed from a
bone, it becomes dead at the surface previously covered by the mem-
brane,and exfoliates. In the feetus, it adds materially to the strength
of the bone, prior to the completion of essification. In the long
bones, ossification commences at particular points ; one generally
in the shaft, and others at the different.articular and other processes.
These ossified portions are, for some time, separated from each
other by the animal matter, which alone composes the intermediate
portions of the bone; and, without this fibrous envelope, they would
be too feeble perhaps to resist the strains to which they are exposed.
The periostenm, moreover, affords a convenient insertion for the
muscles destined to act upon the bones; and enables them to slide
more readily when in action ; henece friction is avoided.

The cavity of long bones is lined by a membrane — called the
medullary membrane or infernal periosteum — which is supplied
with numerous vessels, adheres to the internal surface of the bone,
and is not only concerned in its nutrition, but also in the secretion
of the marrow, — and likewise of a kind of oily matter, which dif-
fers from marrow 1nerely in being more fluid, and is contained in
the cells formed by the spongy substance, and in the areol® of the
compact substance. This is called the oil of bones.

The marrow is considered to be lodged in membranous cells,
formed by an extension of the internal periosteum ; whilst, accord-
ing to Howship,” the oil of bones is probably deposited in longitu-
dinal canals, which pass through the solid substance of the bone, and
through which its vessels are transmitted.

The nature and fancied uses of the marrow and of the oil of
bones will be considered in another part.

. The bones, periosteum, and marrow are, in the sound state,

* Bee, on the Histology of Bone, Miescher de Ossium Genesi, Structurd et Viti,
Dissert. Anat. Phys. Inaugural. p. 47, Berol. 1836 ; Purkinje and Deutsch, De Peni.
tiori Ossium Structurd, Vratisl. 1834 ; and Dublin Journal of Med. Science, Sept.
1836 ; E. Wilson, Anatomist's Vade Mecom, Amer. Edit. by Dr. Goddard, p. 19,
Philad. 1843; Mr, Paget, Brit. and For. Med. Rev., July, 1842, p. 268 ; and Todd and
Bowman, Fhysiological Anatomy and Physiology of Man, p. 97, Lond, 1843.

b Medico-Chirurg. Transact. vii. 393, :
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amnn%at the insensible parts of the frame. They are certainly not
sensible to ordinary irritants; but, when morbid, they exhibit in-
tense sensibility. This, at least, applies to the bones and perios-
teum ; the sensibility, which has been ascribed to the marrow, in
disease, being probably owing to that of the prolongations of the
membrane, in which it is contained.

The number of the bones in the body is usually estimated at two
hundred and forty, exclusive of the sesamoid bones, which are
always found in pairs at the roots of the thumb and great toe, be-
tween the tendons of the flexor museles and joints,and, occasionally,
at the roots of the fingers and small toes.

The bones are connected by means of articulations, or joints,
which differ materially from each other. To all the varieties,
names are appropriated, which form a difficult task for the memory
of the anatomical student. Technically, every part at which two
bones meet and are connected is called an articulation, whether
any degree of motion be permissible or not. This, indeed, is the
foundation of the division that prevails at the present day,— the
articulations being separable into two classes; the immoveable or
synarthroses ; and the moveable or diarlhroses. The synarthroses
are variously termed, according to their shape. When the articular
surfaces are dovetailed into each other, the joint is called a sufure.
This is the articulation that prevails between the bones of the
skull, Hearmony is when the edges of the bones are even,and merely
touch, as in the bonesof the head in quadrupeds and birds. When
a pit in one bones receives the projecting extremity of another, we
have a case of gomphosis. It i1s exhibited in the union between
the teeth and their sockets. Lastly, schindylesis is when the
lamina of one bone is received into a groove of another; as in the
articulation of the vomer, which separates the nasal fosse from
each other. The moveable articulations comprise two orders: —
the amphiarthroses, in which the two bones are intimately united
by an intermediate substance, of a soft and flexible character, as
in the junction of the vertebree with each other; and the diar-
thrases, properly so called. The last admit of three subdivisions
— the enarthroses, ov ball and socket joints ; the condyloid,
in which, owing to the head being oval, the movements are
ot as easy in all directions as when it is spherical; and the
ginglymoid or ginglymus, in which the motion caun occur in only
one direction as in a hinge. The farther subdivision of the joints
belongs more to anatomy than physiology.

The articular surfaces of the boues never come into immediate
contact. They are tipped with a firm, highly elastic substance,
called eartilage ; which, by its smoothness, enables the bones to
move easily upon each other, and may have some influence in
deadening shocks, and defending the bones, which it covers. The
arrangement of the cartilage varies according to the shape of the
extremity of the bone. I[ it be spherical, the cartilage is thick at
the centre, and gradually diminishes towards the circumference.

29%
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In the cavity the reverse is the case; the cartilage is thin at the
centre, and becomes thicker towards the circumference ; and on a
trochlea or pully, its thickness is nearly every where alike.

Anadmirable provision against displacement of the bones at the
articulations exists in the ligaments. These, by the French anato-
mists, are distinguished into two kinds — the fibrous capsules, and
the lizaments properly so called. The former are a kind of
cylindrical sac, formed of a firm, fibrous membrane ; open at each
extremity, by which they closely embrace the artieular end of the
bones ; and loose, when the joint admits of much motion. In
this way, the articulation is completely enclosed ; they generally
bear the name of capsular ligaments. The ligaments, properly
so called, are bands of the same kind of tissue, which extend
from one bone to another; by their resistance preserving the
bones in siti: ; and by their suppleness admitting of the necessary
motion.

The interior of all these articulations is lubricated by a viseid
fluid, called synovie. This is secreted by a peculiar membrane
of a serous nature; and its use is to diminish friction, and,
at the same time, to favour adhesion. The mode in which it is
secreted, and its chief properties and uses, will be the subject of
future inquiry.

In ceriain of the moveable articulations, fibro-cartilaginous sub-
stances, frequently called {nferarticular cartilages, are found be-
tween the articular surfaces, and not adherent to either of them.
These have been supposed to form a kind of cushion, which, by
yielding to pressure, and returning upon themselves, may thus
protect the joints to which they belong; and, accordingly, it is as-
serted, that they are met with in the joints, which have to sustain
the greatest pressure ; but Magendie® properly remarks, that they
do not exist in the hip-joint, or in the ankle-joint, which have con-
stantly to support the strongest pressure. The use, which he
suggests, 1s more specious ; — that they may favour the extent of
motion, and prevent displacement,

The stability of the joints is likewise aided by the manner in

which the muscles or tendons pass over them. These are con-
tained in an aponeurotic sheatgfta prevent their displacement;
and thus the whole limb becomes well protected, and dislocation
infrequent, even in those joints, as that of the shoulder, which, as
regards their osseous arrangement, ought to be very liable to dis-
placement.
_ It has been suggested by Weber, that the head of the thighbone
1s retained i sifit, not by the power of the muscles or ligaments,
but by the pressure of the surrounding atmosphere ; and Lauer,’
who repeated Weber’s experiments under the directions of Fricke,
of Hamburg, is of opinion, that the pressure of the atmosphere
must be classed amoug the means by which the lower extremity
s kept in apposition with the trunk of the body.

a ?r-i:[:'li Ellémem,aira, 2de édit i. 292, Paris, 1823,
¥ Zeitschrilt fiir die gesammte Medicin, Band ii. Heft 3.
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4, PHYSIOLOGY OF MUSCULAR MOTION.

By voluntary motion, or that which is effected by the muscular
system of animal life, we mean a contraction of the muscles under
the influence of volition or the will. This influence is propagated
along the nerves to the muscles, which are excited by it to con-
traction. The encephalon, spinal marrow, nerves, and muscles
are, therefore, the organs of voluntary contraction.

Volition is one of the functions of the encephalon, and might
have been, with much propriety, included under the physiology of
the intellectual and moral acts; but as it is so intimately concerned
with muscular motion, it was judged advisable to defer its consi-
deration until the present occasion. That it is a product of ence-
phalic action is proved by many facts. If the brain be injured in
any manner ; — by fracture of the skull, for example, or by effu-
sion of blood, producing apoplectic pressure on some part of it ; —
or if it be deprived of its functions by the use of a strong dose of
any narcotic substance ; — or if, again, it be in a state of rest, as
in sleep : — volition is no longer exerted, and voluntary motion is
impracticable. This is the cause why the erect attitude cannot be
maintained during sleep ; and why the head falls forward upon
the chest, when the somnoleney is to such an extent as to deprive
the extensor muscles of the back and head of their stimulus to
activity.* That an emanation from the encephalon is necessary is
likewise proved by the effect of tying, ecutling, compressing, or
stupifying the nerve proceeding to a muscle ; it matters not that
the will may aet; the muscle does not receive the excitation,and
no motion is produced ; a fact which proves, that the nerves are the
channels of communication between the brain and the muscles.
If, again, we destroy the medulla oblongata and medulla spinalis,
we abolish all muscular motion, notwithstanding the brain may
will, and the muscles be in a state of physical integrity ; because
we have destroyed the parts whence the nerves proceed. In like
manner, by suceessively slicing away the medulla spinalis from its
base to the occiput, we paralyse, in succession, every muscle of
the body, which receives its nerves from the spinal marrow.

Experiments of different physiologists have confirmed the view,
that the encephalon is the chief seat of volition. When it has been
sliced away to a certain extent, the animal has been thrown into
a state of stupor, attended with the loss of sensibility, of the power
of locomotion, and especially of spontaneous motion; and in
writing, dancing, speaking, singing, &c., we have indisputable
evidence of its direction by the intellect. It is not so clear, that
the seat of volition is entirely restricted to the encephalon. There
are many actions of the yet living trunk, which appear to show,
that an obscure volition may be exerted, even after the brain has
been separated from the rest of the body ; and acephalous children

» Adelon, art. Encephale (Physiol.) in Dict. de Méd, vii, 516, Paris, 1823 ; and
Physiol. de I’'Homme, ii. 25, 2de édit. Paris, 1829,
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sophism, for which his physiological disquisitions are generally dis-
tinguished. *First ofall,” he observes, ¢ the fact of the progression
and motions of men and quadrupeds, after decapitation, is mani-
festly apoeryphal ; and even if we must admit, that certain ani-
mals still execute some movements after decapitation, are such
movements evidently regular and ordained ? And, supposing them
to be so, may not this have arisen from the conformation of the
parts, or from habits contracted by the organs? This last appears
10 us most probable; for if, from any caunse whatever, the mus-
cles of a part contract, they will cause the part to execute such
motions as the joints, entering into its composition, reguire ; and
which may, therefore, be similar to those that the will produces.”
He farther attempts to deny the facts related of the lower classes
of animals, and asserts, that * they are not evinced in the experi-
ments instituted in our day.” The cases, which are adduced to
prove the defective sensibility of the lower tribes of animated
nature, are, however, incontestable ; — the trunk of the wasp will
attempt to sting after the head is removed; and the experi-
ment, which was made by Dr. Harlan,® in the presence of Capt.
Basil Hall, certainly demonstrates something like design in the
headless trunk,

Our conelusion ought probably to be, from all these cases, —
that wolition is chiefly seated in the encephalon, but that an
obscure volition may, perhaps, originate farther down the cere-
bro-spinal axis. This conclusion, of course, applies only to the
higher classes of animals; for we have seen, that the polypus
is capable of division inte several portions, so as to constitute as
many distinet beings ; and it is probable that the principal seat of
volition may extend mnch lower down in the inferior tribes.

Attempts, and of a successful nature, have been made to dis-
cover, whether the whole brain be concerned in volition, or only a
part. Portions of the brain have been disorganized by disease,
and yet the individual has not been deprived of motion ; at other
times, as in paralysis, the faculty has been impaired ; and again,
considerable guantities of brain have been lost, owing to accidents,
(in one case the author knew unineteen tea-spoonfuls,) with equal
immunity, as regards the function in question. The experiments,
executed on this subject, go still farther to confirm the idea, that
volition is not seated exclusively in the encephalon. Rolando
and Flourens® performed several, with the view of detecting the
seat of the locomotive will; or of that which presides over the
general movements of station and progression ; and they fixed
upon the cerebral lobes. Animals, from which these were
removed, were thrown into a sleepy, lethargic condition ; were
devoid of sensation and spontaneous motion, and moved only
when provoked. On the other hand, Magendie® aflirms, that the
cerebral hemispheres may be cut deeply in different parts of their
upper surface, without any evident alteration in the movements.

» Medical and Physical Researches, Philad. 1835,
b Op. cital. ¢ Précis Elémentaire.
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supply of voluntary nervous influence. This is confirmed by ex-
periment. If a portion of the spinal marrow be divided, so as to
separate it from all communication with the encephalon, the mus-
cles cannot be affected by the will; but they contract on irritating
the part of the spinal marrow, from which the nerves proceed. It
has, henece, been presumed, by some physiologists, that volition is
only the exciting and regulating cause of the nervous influence ;
and that the latter is the immediate agent in produeciug contraction ;
and they affirm, that as, in the sensations, the impression is made
on the nerve, and perception is effected in the brain; so, in mus-
cular motion, volition is the act of the encephalon, and the nervous
influx corresponds to the act of impression.

With regard to the seat of this nervous centre of muscular con-
traction, much diserepancy has arisen amongst recent physiolo-
gists. It manifestly does not occupy the whole encephalon ; as
certain parts of it may be irritated, in the living animal, without
exciting convulsions. Parts, again, may be removed without pre-
venting the remainder from exciting muscular contraction when
irritated.  In the experiments of Flourens, the cerebral lobes were
removed, yet the animals were susceptible of motion, when stimu-
lated ; and, whenever the medulla oblongata was irritated, convul-
sions were produced. Its seat is not, therefore, in the whole ence-
phalon. Roelando refers it to the cerebellum. He asserts that,on
removing the cerebellum of living animals, without implicating
any of the other parts of the encephalon, the animals preserved
their sensibility and consciousness, but were deprived of the power
of motion. This oceurred to a greater extent in proportion to the
severity of the injury inflicted on the cerebellum. If the injury
was slight, the loss of power was slight; and conversely. Im-
pressed with the resemblance between the cerebellum of birds and
the galvanic apparatus of the torpedo; and taking into cousidera-
tion the lamellated structure of the cerebellum, which, according
to him, resembles a voltaic pile ; and the results of his experiments,
which showed, that the movements diminished in proportion to
the injury done to the cerebellum, Rolando drew the inference,
that this part of the encephalon is an electro-motive apparatus, for
the secretion of a fluid analogous to the galvanic. This fluid 1s,
according to him, transmitted along the nerves to the muscles, and
excites them to contraction. The parts of the encephalon, con-
cerned in volition, would, in this view, regulate the quantity In
which the motive fluid is secreted, and govern the motions ; whilst
the medulla oblongata which, when alone irritated, always occa-
sions convulsions, would put the encephalic extremity of the con-
ducting nerves in direct or indirect communication with the loco-
motive apparatus.

This ingenious and simple theory is, however,overthrown by the
fact mentioned by Magendie,* that he is annually in the habit of
exhibiting to his class animals deprived of cerebellum, which are

3 Precis, &e. 1. 340.
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still capable of exeeuting very regular movements. For example,
he has seen the hedgehog and Guinea-pig, deprived not only of
brain but of cerebellum, rub its nose with its paw, when a bottle
of strong acetic acid was held to it ; and he properly remarks, that
a single positive fact of this kind is worth all the negative facts that
could be adduced. He farther observes, that there could be no
doubt of the entire removal of the brain in his experiments. These
experiments of Magendie are equally adverse to the hypothesis of
Flourens, that the cerebellum is the regulator or balancer of the
movements. Some anatomical observations, however, by Mr.
Solly,* would seem to show, that there is a direct communication
between the motor tract of the spinal marrow and the cerebellum.
The corpora pyramidalia have been generally supposed to be
formed by the entire mass of the anterior or motor columns of the
spinal cord, but Mr, Solly shows, that not more than one-half of
the anterior column enters into the composition of these bodies;
and that another portion, which he terms the “ antero-lateral co-
lumn,”” when traced on each side in its progress upwards, is found
to cross the cord below the corpora olivaria, forming, after mutual
decussation, the surface of the corpora restiformia ; and ultimately
being continuous with the cerebellum.

Others, again, have estimated the encephalon to be the sole organ
of volition, and have referred the nervous action, which produces
the * locomotive influx,” as it is termed, exclusively to the spinal
marrow ; and hence,they have termed the spinal marrow, and the
nerves issuing from it, the * nervous system of locomotion.” 1Itis
manifest, however, that the encephalon must participate with the
medulla spinalis in this funetion ; inasmuch as not only does direct
irritation of several parts of the former excite convulsions, but
we see them frequently as a consequence of disease of the ence-
phalon ; yet, as has been remarked, there is some reason for be-
lieving, that, in the upper classes of animals, an obscure volition
may be exercised for a time, even when the encephalon is sepa-
rated from the body. It need scarcely be said, that we are as
ignorant of the character of this influx, as we are of that of the
nervous phenomena in general.

The parts of the encephalon and spinal marrow, concerned in
muscular motion, are very distinet from those that receive the im-
pressions of external bodies. The function of sensibility is com-
prised in the medulla oblongata and in the posterior column of the
spine, whilst the encephalic organs of muscular motion appear to
be the corpora striata, the thalami nervorum opticorum, at their
lower part, the erura cerebri, the pons varolii, the peduncles of the
cerebellum, the lateral parts of the medulla eblongata, and the an-
terior column of the medulla spinalis. This i1s proved by direct
experiment, as will be seen presently; and, in addition to this,
pathology furnishes us with numerous examples of their distinet-
ness. In various cases of hemiplegia or palsy of one side of the

* Transactions of the Royal Society for 1836 ; and Sclly on the Brain, Lond. 1836,
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from right to left, causing the body to rotate; and the fourth from
left to right, occasioning a similar movement of rotation.”” The first
of these impulses he fixes in the cerebellum and medulla oblon-
gata ; the second in the corpora striata ; and the third and fourth
in each of the peduncles of the cerebellum.

1. Forward Impulse.— It has often been observed by those
who have made experiments on the cerebellum, that injuries of
that organ caunse the animals to recoil, manifestly against their
will. Magendie* asserts, that he has frequently seen animals,
wonnded in the cerebellum, make an attempt to advance, but be
immediately compelled to run back ; and he says that he kept a
duck for eight days, the greater part of whose cerebellum he had
removed, which did not move forwards during the whole of that
time, except when placed upon water. Pigeons, into whose cere-
bella he thrust pins, constantly walked, and flew backwards, for
more than a month afterwards. Hence, he concludes, that there
exists, either in the cerebellum or medulla oblongata, a force of
impulsion, which tends to cause animals to go forward. He thinks
it not improbable that this force exists in man; and he states, that
Dr. Laurent, of Versailles, exhibited to him, and to the Jfcadémie
Royale de Médecine, a young girl, who, in the attacks of a nervous
disease, was obliged to recoil so rapidly that she was incapable of -
avoiding bodies or pits behind her; and was, consequently, ex-

osed to serious falls and bruises. This force, he affirms, only exists
in the mammalia and in birds ;—certain fish and reptiles, on which
he experimented, appearing to be unaffected by the entire loss of
the cerebellum.

2. Backward Impulse.— When the corpora striata are removed,
Magendie® found, that the animal darted forward with great ra-
pidity ; and, if stopped, still maintained the attitude of running.
This was particularly remarked in young rabbits; the animal
appearing to be impelled forward by an inward and irresistible
power; and passing over obstacles without noticing them. These
effects were not found to take place, unless the white, radiated

*part of the corpora striata was cut : if the gray matter was alone

© divided, no modification was produced in the movements, If only
one of the corpora was removed, it remained master of its move-
ments, and directed them in different ways; stopping when it
chose ; but, immediately after the abstraction of the other, all regu-
lating power over the motions appeared to cease, and it was irre-
sistibly impelled forwards. In the disease of the horse, called, by
the French, immobilité, the animal is often capable of walking,
trotting, and galloping forward with rapidity ; but he does not
back ; and frequently it is impracticable to arrest his progressive
motion. Magendie® asserts, that he has opened several horses
which died in this condition ; and that he found, in all, a collec-
tion of fluid in the lateral ventricles, which had produced a morbid
change on the surface of the corpora striata, and must have ex-
erted a degree of compression upon them.

s Procis, i, 341, b Op. cit. i. 337, ¢ Ibid. p. 338,
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and then the corresponding side became — not immoveable, for it
was affected by irregular movements; and not insensible, for the
animal moved itslimbs when they were pinched, — but incapable,
of executing the determinations of the will. !

These views are not exactly in accordance with the general
idea, that disease, confined to one hemisphere of the brain, or .
cerebellum, and to one side of the mesial plane in the tuberannu-
lare, constantly affects the oppaosite side, whilst disease, confined
to one of the lateral columns of the medulla oblongata and medulla
spinalis, affects the corresponding side of the muscular system : —
the encephalon having a crossed,—the medulla a direct ef-
fect* The crossing of the fibres at the anterior surface of the
marrow would not, however, account for the loss of sensation in
hemiplegia. Mr. Hilton® has more recently examined carefully the
continuation upwards of the anterior and posterior columns of the
spinal marrow into the medulla oblongata, and found, that the de-
cussation at the upper part of the spinal marrow belonged in
part to the column for motion, and in part to the column for sen-
sation ; and farther, that the decussation is ounly partial with re-
spect to either of these columns.

The result of the examination of morbid cases has induced
some physiologists to proceed still farther in their location of the
encephalic organs of muscular motion; and to attempt an ex-

lanation of paraplegia, or of those cases, in which one half the

ody, under the transverse bisection, is paralysed. MM. Serres,
Foville, and Pinal Grand-Champ assert, that the anterior radiated
portion of the corpora striata presides over the movements of the
lower limbs ; and the optic thalamus over those of the upper; and
that according as the extravasation of blood, in a case of apoplexy,
occurs in one of these parts, or in all, the paralysis is confined to.
the lower or to the upper limbs, or extends to the whole body. In
1768, Saucerotte® presented a prize memoir to the Académie
Royale de Chirurgie, of Paris, in which a similar view was ex-
pressed. He had concluded, from experiments, that affections of
the anterior parts of the encephalon paralysed the lower limbs,
whilst those of the posterior parts paralysed the upper. M. Cho-
part,—in a prize essay, crowned in 1769, and contained in the
same volume with the last — refers to the result of some experi-
ments by M. Petit, of Namur, which appeared to show, that para-
lysis of the opposite half of the body was not induced by injury
of the cerebral hemisphere, unless the corpora striata were cut or
removed. The experiments by Saucerotte were repeated by M.
Foville, and are detailed in a memoir, crowned by the Jeadémie
Royale de Médecine, of Paris, in 1826. They were attended with
like results. In cats and rabbits, he canterized,in some, the ante-

s See Lectures on the Nervous System and its Diseases, by Marshall Hall, M.D.,
&e., Lond. 1836, p. 34, or Amer. Edit. Philad. 1836.

¥ Proceedings of the Royal Society, No. 34, for 1837-8 ; see, also, Solly on the
Brain, p. 145, Lond. 1836 ; and Dr. John Reid, Edinb. Med. and Surg. Journ., Jan.
1841, p. 12,

¢ Prix de I'Académie Royale de Chirurgie, vol. iv,p. 373, Iaris, 1819,
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the arteries are every where connected with the ultimate mus-
cular filaments, twining around them, and crossing them in all
directions. When these vessels are rendered turgid by an influx
of blood, — by passing among the filaments, he conceives they
must bend the latter into a serpentine shape, and thus diminish
their length, and that of the muscle likewise. Sir Gilbert Blane®
again, throws out a conjecture, deduced from those experiments,
in which he found that the actual bulk of a musele is not changed
during contraction, but that it gains in thickness exacily what it
loses in length — that this may be owing to the muscle being
composed of particles of an oblong shape; and that when the
muscle is contracted, the long diameter of the particle is‘removed
from a perpendicular to a transverse direction. But the same
objection applies to this as to other hypotheses on the subjeet;
that it is entirely gratuitous — resting on no anatomical support
whatever, '

There are two views which may be esteemed the most preva-
lent at the present day ; the one, which considers muscular con-
traction to be a kind of combustion ; the other, that it is produced
by electricity. The former, which was originally propounded by
Girtanner,” and zealously embraced by Beddoes, who was more
celebrated for his enthusiasm than for the solidity of his judgment,
has now but few supporters. This hypothesis supposes, that
muscular contraction depends upon the combustion of the com-
bustible elements of the musele, hydrogen, and carbon, by the
oxygen of the arterial blood; the combustion being produced
by the nervous influx, which acts in the manner of an electric
spark ; — at least, such is the view adopted by Richerand,® one
of the most fanciful of physiological speculators. Of eourse, we
have neither direct nor analogical evidence of any such combus-
tion, which, if it existed at all, ought to be sufficient, in a short
space of time, to entirely consume the organs that afford the ele-
ments. The idea is as unfounded as numerous others that have
been entertained, and is worthy only of particular notice, from its
being professed in one of the few works, which we possess on
physiological science,

The second hypothesis refers muscular contractions to electrieity.
Attention has been already directed to the electroid or galvanoid
character of the nervous agency; and we have some striking
examples on record of the analogous effects produced by the physi-
cal and by the vital fluid on the phenomena under consideration.

It has been long known, that when nerves and muscles are ex-
posed in a living animal, and brought into coutaet, contractions
or convulsions occur in the muscles. Galvani! was the first to
point this out. He decapitated a living frog, removed the fore-
paws, and quickly skinned it. The spine was divided, so as to

* Op. citat.

b Journal de Physique, xxxvii. 139. ¢ Elements of Physiology, § 163,
4 Mem. sull’ Electricita Animale, Bologn. 1797,
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they were furnished him by the assayers of the mint. But it was
not even necessary that the rod should be metallic ; he succeeded
with glass or horn. All these metals, however, did not produce
equally vigorous contractions. Iron and zine were far less effec-
tive than the others, but no accurate scale could be formed of
their respective powers.

Much difference is found to exist, when electricity is employed,
according as the nerve is insulated or not; for as the muscular
fibre is a good conductor of electricity, if the nerve be not insu-
lated, the electricity is communicated to both nerve and muscle,
and its effect is consequently diminished. It became, therefore,
interesting to M. Edwards to discover, whether any difference
would be observable, when one metal only was used, according
as the nerve was insulated or not. In the experiments above re-
ferred to, the nerve was insulated by passing a strip of oiled silk
beneath it. A comparison was now instituted between an animal
thus prepared, and another whose nerves instead of being insu-
lated, rested on the subjacent flesh. He made use of small rods,
with which he easily excited contractions, when he drew them
from above to below, along the denuded portion of nerve which
was supported by the oiled silk, but he was unable to excite them,
when he passed the rod along the nerve of the other animal which
was not insulated. His experiments were then made on two
nerves of the same animal, and he found that after having vainly
attempted to prodnce contractions by the contact of a nerve rest-
ing upon muscle, they could still be induced if the oiled silk were
had recourse to, and he was able to command their alternate ap-
pearance and disappearance, by using a non-conductor or a con-
ductor for the support of the nerve. Somewhat surprised at these
results, M. Edwards was stimulated to the investigation, —
whether some degree of contraction might not be excited by
touching the uninsulated nerve, and having remarked, that con-
tractions were most constantly produced in the insulated nerve by
a quick and light touch, he adopted this method on an animal
whose nerve was not insulated, and frequently obtained slight
coutractions. All his experiments on this subject seemed to prove,
that eaferis paribus, the muscular contractions, produced by the
contact of a solid body with a nerve, are much less considerable,
or even wholly wanting, when the nerve, in place of being insu-
lated is in communication with a good conductor, and it would
seem to follow, as a legitimate conclusion, that these contractions
are dependent on electricity ; facts, which it is well to bear in
mind, in all experiments on animals where feeble electrical influ-
ences are employed.®

Galvanic electricity, we shall see hereafter, is one of the great
tests of muscular irritability, and is capable of occasioning con-
tractions for some time after the death of the animal, as well as of

a See Dr. Coldstream, art. Animal Electricity, in Cyclop. Anat.and Physiol. P. ix.
p- 93, Jan. IEETBE :l:d J. Miiller, Elements of Physiology, by Baly, p. 261, Lond, 1838,






CHEMICAL THEORY OF MUSCULAR CONTRACTION. 367

electrical currents, it occurred to Dr. Roget,» that it might be pos-
sible to render the attraction between the successive and parallel
turns of heliacal or spiral wires very sensible, if the wires were
sufficiently flexible and elastic ; and, with the assistance of Dr.
Faraday, his conjecture was put to the test of experiment, in the
laboratory of the Royal Institution of London. A slender harpsi-
chord-wire, bent into a helix, being placed in the voltaic circuit,
instantly shortened itself whenever the electric stream was sent
through it ; but recovered its former dimensions the moment the
current was intermitted. From this experiment it was supposed,
that possibly some analogy might hereafter be found to exist be-
tween this phenomenon and the coutraction of muscular fibres.

The views of Dumas and Prévost have been altogether denied
by M. Raspail,” inasmuch as it is impossible, he says, to distin-
guish, by the best microscope, the ultimate museular fibre from
the small nervons fibrils by which those gentlemen consider them
to be surrounded loopwise. He farther affirms, that the zigzag
form is the necessary result of the method in which they performed
their experments, and is produced by the muscular fibre adhering
to the glass on which it was placed. His own idea, founded on
numerous observations, 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 Ras-
pail’s objection, the circumstanee, that,in this mode of viewing the
subject, the muscle itsell is passive, and the nerve alone active, is
a weighty stumbling-block in the way of the views of both MM.
Dumasand Prévost,and of Dr. Roget. It is proper, too, to remark,
that Person® was unable to detect any galvanie 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, Miiller! 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 molecules excites a contractipn
at the remote end of the muscle, and that electrical, chemical, and
mechanical irritants are, in this respect, similarly situate.

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 experi-
mented on the subject. They merely seem to show, that here, as
in every case, a certain chemical and mechanical constitution is

s Electro-Magnetism, p. 59,in 2d vol. of Nat. Philosophy, Library of Useful Know-
ledge, Lond. 1832,

v Chimie Organique, p. 212, Paris, 1833,

¢ Journal de Physiologie, tom. x. Paris, 1830.

¢ Art. Electricitiit (thierische) in Encyclopid. Warterb. der Medicin Wissench, x.
645, Berlin, 1834,
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heel, from neither of which any blood flowed. A pointed rod,

connected with one end of a galvanic battery, of two hundred and
seventy pairs of four-inch plates, was now placed in contact with
the spinal marrow, whilst the other rod was applied to the seiatic
nerve. Every musele of the body was immediately agitated with
convulsive movements, resembling a violent shuddering from cold.
The left side was most powerfully convulsed at each renewal of
the electric contact. On l'E!Tlﬂ‘i"lll? the second rod from the hip to
the heel, the knee being previously bent, the leg was thrown out
with such violence as nearly to overturn one of the assistants, who
in vain attempted to prevent its extension.

In the next experiment, the left phrenic nerve was exposed at the
outer edge of the sterno-thyroideus muscle. As this nerve is distri-
buted to the diaphragm, and communicates with the heart through
the pneumogastric nerves, it was expected that, by transmitting the
galvanie fluid along it, the respiratory process might be renewed.
Accordingly,a small incision having been made under the cartilage
of the seventh rib, the point of one rod was brought into contact
with the great head of the diaphragm, whilst the point of the other
was applied to the phrenic nerve in the neck. The diaphragm,
which is a main agent in respiration, was instantly contracted, but
with less force than was expected. ¢ Satisfied,”” says Dr. Ure,
“ from ample experience ou the living body. that more powerful
effects can be produced in galvanic excitation, by leaving the ex-
treme communicating rods in close contact with the parts to be
operated on, while the electric chain or circuit is completed, by
running the end of the wires along the top of the plates in the last
trough of either pole, the other wire being steadily immersed in the
last cell of the opposite pole, I had immediate recourse to this
method. The success of it was truly wonderful. Full, nay labo-
rious breathing, instantly commenced. The chest heaved and fell ;
the belly was protruded and again collapsed, with the relaxing and
retiring diaphragm. This ({)rucuss was continned without interrup-
tion, as long as I continued the electric discharges. *In the judg-
ment of many scientific gentlemen who witnessed the scene, this
respiratory experiment was perhaps the most striking ever made

with a philosophical apparatus. Let it also be remembered, that
for full half an hour before this period, the body had been well-
nigh drained of its blood, and the spinal marrow severely lacer-
ated. No pulsation could be perceived, meanwhile, at the heart
or wrist; but it may be supposed, that but for the evacuation of
the blood, — the essential stimulus of that organ, — this phenome-
non might also have occurred.”

In a third experiment, the supra-orbital nerve was laid bare in

three criminals, — two of whom were executed at Philadelphia, and the third at Lan-
cagter, Pennsylvania — showed, indeed, that the effect was even greater when the
nerves were not exposed. It was found, too, to be more marked when the current was
transmitted from the peripheral extremity of a nerve towards its centre. See Bell's

SBelect Medical Library, for Oct. 1839; Amer. Journ, of Med. Sciences, May, lﬂ-lﬂ,
p. 13 ; and Medical Examiner, Jan. 23d and 30th, 1841,
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strength surpass belief; and where both are small, the results are
insignificant. The extensors of the knee and foot occasionally
contract with so much violence as to fracture the patella and the
tendo-achilles, respectively. The force, developed in the calf of
the leg, must be great, when a person stands on tiptoe with a bur-
den on his head or shouiders ; or when he projects his body from
the soil, as in leaping. Rudolphi® asserts, that he has seen a horse,
which fractured its under-jaw by biting a piece of iron.

It has been a question, whether the power of a muscle is greater
or less at different degrees of contraction, the same stimulus being
applied. To determine this, Schwann® invented an apparatus,
which should aceurately measure the length of the muscle, and the
weight, which it would balance by its contraction ; and, from his
experiments, it appeared that a uniform increase of force is attended
with a nearly uniform increase in the length of the muscle. The
explanation of this by Dr. Carpenter is probably just; —viz., that, as
the observations of Mr. Bowman have clearly shown, there must
be a considerable displacement of the constituents of every fibre
during contraction, it is easy to understand, that the greater the
contraction the more diflicult must any farther contraction become.
¢ If, between a magnet and a piece of iron attracted by it, there
were interposed a spongy elastic tissue, the iron would cease to
approach the magnet at a point, at which the attraction of the
magnet would be balanced by the force needed to compress still
farther the intermediate substance.”*

We have a number of feats of surprising strength on record :
several of which are collected by Sir David Brewster.d Of these,
the cases of John Charles Van Eckeberg, who travelled through
Europe under the appellation of Samson, and of Thomas Topham,
are the most authentic and extraordinary. Dr. Desaguliers saw
Tophamn, by the strength of his fingers roll up a very strong and
large pewter dish. He broke seven or eight short and strong
pieces of tobacco-pipe with the force of his middle finger, having
laid them on his first and third finger. Having thrust under his
garter the bowl of a strong tobacco-pipe, his legs being bent, he
broke it to pieces by the tendons of his hams without altering the
flexure of his knee. He broke another such bowl between his
first and second fingers, by pressing his fingers together sideways,
He lifted a table six feet long — which had half a hundred weight
hanging at the end of it — with his teeth, and held it in a hori-
zontal, position for a considerable time, the feet of the table resting
against his kmees. He took an iron kitchen poker, about a yard
long, and three inches in circumference, and, holding it in his
right hand, he struck upon his bare left arm, between the elbow
and wrist, till he bent the poker nearly to a right angle. He took
such another poker, and holding the ends of it in his hands, and

* Grundriss der Physiologie, Berlin, 1821, u. s, w.

b J, Miiller, Phyziology, p. 803.

¢ Carpenter, Human Physiclogy, § 394, Lond. 1842,

¢ Letters on Natural Magic, Amer, Edit. p. 222, New York, 1832,
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warfare, and given to agility the superiority, which strength com-
municated in personal combats, institutions for the development
of the muscular system have been abandoned, until of compara-
tively late years. They afford us striking examples of the value
of muscular exertion, not only in giving energy and pliancy to the
frame, but as a means of preserving health.

The mean effect of the labour of an active man, working to the
greatest possible advantage, and without impediment, is generally
estimated to be sufficient to raise ten pounds, ten feet in a second
for ten hours in a day ; or to raise one hundred pounds, which is
the weight of twelve wine gallons of water, one foot in a second,
or thirty-six thousand feet in a day; or three millions, six hun-
dred thousand pounds, or four hundred and thirty-two thousand
gallons, one foot in a day. Dr. Desaguliers affirms, that the
weakest men, who are in health, and not too fat, lift about one
hundred and twenty-five pounds : and the strongest of ordinary
men four hundred pounds. Topham lifted eight hundred. The
daily work of a horse is estimated to be equal to that of five or
six men. :

In inseects, the force of muscular contraction appearsto be greater
in proportion to their size than it is in any other animals. The
Lucanus cervus or Stag Beetle,has been known to gnaw a hole of
an inch diameter in the side of an iron canister in which it had
been confined,* and many striking examples of a similar kind are
given hereafter under the head of Fryvive.

In the duration of muscular contraction, we notice considerable
difference between that of the voluntary and of the involuntary
museles ; the latter being much more rapid and alternating. The
same remark applies to the voluntary muscles, when excited by
some other stimulus than that of the will. Contraction, excited
by volition, can be maintained for a considerable time : of this we
have examples in bearing a burden, the act of standing, holding
the arm extended from the body, &e. In all these cases, the con-
tractility of the muscles is sooner or later exhausted, fatigue is
experienced, and it becomes necessary to give them rest; the
Eower of contractility, however, is soon resumed, and they can

e again put in action. This law of intermission in muscular
action appears absolute ; — relaxation being followed by contrac-
tion, in every organ, from the commencement of life until its final
cessation. The intermission has, indeed, by many physiologists,
been held to prevail — to a slight extent ouly, it is true — during,
what we are in the habit of considering, continuous, muscular
contraction. In proof of this, they cite the fact, that when we put
the tip of the finger into the meatus aunditorius externus, we hear
a kind of buzzing or humming, which does not oceur when an
inert body is introduced.® There are, however, other actions
going on in the finger, besides this of muscular contraction ; and

a Carpenter, Human Physiology, § 396, Lond. 1842.
b Wollaston, in Philosoph. Transact. for 1810, p. 2,
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a fair computation for the continuance of their migration. Major
Cartwright, on the coast of Labrador, found by repeated observa-
tions, that the flight of the eider duck is at the rate of ninety miles
an hour, yet it has not been esteemed very remarkable for its
swiftness. Sir George Cayley computes the rate of flight, even of
the common crow, at nearly twenty-five miles an hour. Spallan-
zani found that of the swallow about ninety-two miles an hour;
and he conjectures, that the velocity of .the swift is nearly three
times greater. A falcon, belonging to Henry IV. of France,
escaped from Fontainbleau, and was, in twenty-four hours after-
wards, at Malta — a distance computed to be not less than one
thousand three hundred and fifty miles, making a velocity of nearly
fifty-seven miles an hour, supposing the falcon to have been on
the wing the whole time; but, as such birds never fly by night, if
we allow the day to have been at the longest, his flight was per-
haps at the rate of seventy-five miles per hour. It is not probable,
however, as Montagu observes, that it either had so many hours
of light in the twenty-four to perform its journey, or that it was
retaken at the moment of its arrival.® A society of pigeon fanciers
from Antwerp despatched ninety pigeons from Paris, the first of
which returned in four hours and a half, at a rate of nearly fifty
miles an hour. Out of one hundred and ten pigeons, earried from
Brussels to London in the summer of 1830, and let fly from London
on July 19th, at a quarter before nine, a.nm.,0ne reached Antwerp,
one hundred and eighty-six miles distance, at eighteen minutes past
two, or in five and a half hours, being at the rate of nearly thirty-
four miles an hour. In another case, one went from London to
Maestricht, two hundred and sixty miles, in six and a quarter
hours. In January, 1831, two pigeons, carried from Liskeard to
London, were let loose in London. One reached Liskeard, two
hundred and twenty miles distant, in six hours; the other in a
quarter of an hour more.” There is an instance of the migratory
or passenger pigeon — the Columba migratoria of Wilson —
having been shot in Fifeshire, in Scotland. It was the first ever
seen in Great Britain, and had been forced over, it was imagined,
by unusually strong westerly gales.

The velocity of the contraction of the museles of the wings, in
these rapid flights, is incaleulable, The possible veloeity, in any
case, must be greatly dependent upon habit. Nothing can be
more awkward than the first attempts at writing, drawing, play-
ing on musical instraments, or performing any mechanical process
in the arts; and what a contrast is afforded by the astonishing
celerity, which practice never fails to confer, in any one of those
varieties of muscular contraction ! In running, leaping, wrestling,
dancing, or any other motion of the body, one person can execute

* Fleming's Philosophy of Zoology, ii. 42, Edinb. 1822,

b Turner’s History of the World, Amer, Edit. i. 259, New York, 1332,
* New Monthly Magazine for 1836,
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parts of the skeleton we find the three kinds of levers. Each of
the vertebre of the back forms, with the one immediately beneath
it, a lever of the first kind ; the fulerum being seated in the middle
of the under surface of the body of the vertebra. The foot, when
we stand upon the toe, is a lever of the second kind ; the fulerum
being in the part of the toes resting upon the soil, the power in
the musecles inserted into the heel, and the resistance in the ankle
joint, on which the whole weight of the body rests. Of levers of
the third kind we have numerous instances ; of which the deltoid,
to be described presently, is one, In this, as in other cases, the
applicability of the principle, laid down regarding the arms of the
lever, &e., will be seen, and we shall find, that, in the generality of
cases, the power is inserted into the lever so near to the fulerum,
that considerable force must be exerted to raise an inconsiderable
weight ; — that so far, consequently, mechanical disadvantage is
occasioned ; but we shall find, that such disadvantages enter into
the economy of nature, and that they are attended with so many
valuable concomitants, as to compensate richly for the expense of
power. Some of these causes, that tend to diminish the effect of
the forces, we shall first consider, and afterwards attempt to
show the advantages resulting from these and similar arrange-
ments in effecting the wonderful, the complicate, operations of the
muscular system.

In elucidation of this subject let us take, with Haller,* the case of
the deltoid — the large muscle, which constitutes the fleshy mass on
the top of the arm, and whose office it is to raise the whole of the
upper extremity. Let W F, Fig. 87, represent the os humeri, with
a weight W at the elbow, to be raised by the deltoid muscle D.
The fulerum F is necessarily, in this case, in the shoulder joint ;
and the muscle D is inserted much nearer to the fulerum than to
the end of the bone on which the weight rests; the arm of the
power P F, (supposing, for a moment, that it is acting at this part
with every advantage, which we will see presently, it is not,) is,
consequently, much shorter than
that of the resistance WF, which, Fig. 87.
as in all levers of the third kind,
occupies the whole length of the P
lever. In estimating the effect
from this cause alone upon the D \S
power to be exerted by the del- L ;
toid ; we may suppose, that the W 2 AF
arm of the power is to that of
the resistance as 1 to 3; the
deltoid being inserted into the
humerus about one-third down. Now, if we raise a weight of
fifty-five pounds in this way, and add five pounds for the weight
of the limb, (which may be conceived to act entirely at the end
of the bone,) the power, which the deltoid must exert, to produce

s Elementa Physiologi=, xi. 2.
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at the most favourable angle : it is generally much smaller than a
right angle. Reverting to the deltoid, this muscle is inserted into
the humerus at an angle of about ten degrees. Now, a power
acting obliquely upon a lever, is to one acting perpendicularly, as
the sine of inclination, represented by the dotted line F s, Fig. 86,
to the whole sine P P. In the case of the deltoid the proportion
is as 1,736,482 to 10,000,000. Wherefore, if the muscle had to
contract with a force of one hundred and eighty pounds, owing to
the disadvantage of its insertion near the fulerum, it would have,
from the two causes combined, to exert a force equal to 1,058
pounds,

Again, the direction, in which the fibres are inserted into the
tendon, has great influence on the power developed by the muscle.
There are but few straight muscles, in which all the fibres have
the same direction as the tendon. Fig. 90 will exhibit the loss of
power, which the fibres must sustain in proportion to the angle
of insertion. The fibre £ F would, of course, exert the whole
force upon the tendon, whilst the
fibre ¢ 90° wonld, by its contrac- Fig. 90.
tion, merely displace the tendon.
Now, the force exerted is, in such
case, to the effective force, —
that is, to that which acts in
moving the limb, — as the whole
sine ¢ F is to the sines of the an-
gles at which the fibres join the
tendon, represented by the dotted
lines. Borelli and Sturm have
calenlated these proportions as
follows: — At an angle of 30°%
they are as 100 to 87; at 45° as
100 to 70; at 26° as 100 to 89; at 14° as 100 to 97, and at 8° as
100 to 99.

The largest angle, formed by the outer fibres of the deltoid, is
estimated by Haller at 30°: the smallest about 8°. If this disad-
vantage be taken into account, the deltoid will have to contract,
with a force equal to 1,284 pounds, to raise fifty-five pounds at
the elbow. It is farther contended by Borelli, Sturm, and Haller,
that the force of the muscle, as estimated in the preceding calcu-
lations, must be doubled, seeing that it has to exert as much force
in resisting the bone which affords a fixed point at one extremity,
as in elevating the weight at the other. This estimate, if admitted,
wonld elevate the force, which must be exerted by the deltoid in
raising the fifty pounds, to 2,568 pounds. Lastly. Much force
is spent when a muscle passes over many joints. Antagonist
muscles must, likewise, exert an influence of this kind, consuming
a certain portion of the force developed in the contraction of the
muscle. -

On the other hand, there are arrangements which augment the
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wer developed by muscles ; as the thick articular extremities of
Egnes; the patellarand the sesamoid bones in general ; all of which
enlarge the angle, at which the tendon is inserted into the bone or
lever. The projecting processes for muscular attachments, as the
trochanters, the protuberance of the os caleis, the spinous processes
of the vertebrae, &c. augment the arm of the lever, and are thus
inservient to a like valuable purpose. The smoothness of the
articular surfaces of bones, — tipped, as they are, with cartilage,
and the synovia, which lubricates the joints, by diminishing the
friction, also aid the power, as well as the bursm mucoss,
which are interposed wherever there is much pressure or friction.
The trochleze or pulleys act only in directing the force, without
augmenting its amount ; and the same may be said of the bony
canals and tendinous sheaths, by which the tendons of the muscles,
especially those passing to the fingers and toes, are kept in their
proper course, Still, it must be admitted, that,as regards the effort
to be exerted by the muscles, it must, in almost all cases, be much
greater than the resistance it has to overcome. The very fact of
the lever of the third kind being that which prevails in our move-
ments exhibits this. The mere mechanician has conceived this to
be an unwise construction ; and that there is a needless expense of
force for the attainment of a determinate end. In all cases we
find, that the expeuse of power has been but little regarded in the
construction of the frame ; nor is it necessary that it should have
been. It must be recollected, that the contraction of the muscle is
under the influence of volition, and that, within certain limits, the
force, to be employed, is regulated by the influx sent by it into
the muscles. The great object in the formation of the body, ap-
pears to have been — to unite symmetry and convenience, with
the attainment of great velocity and extent of motion, so that whilst
the power is moving through but a small space, the weight or
resistance shall move rapidly through one more extensive. We
have seen that,in these respects, the lever of the third kind is most
fitting. With any other, indeed, less power might be required ;
but there would be less extent of motion and less velocity, whilst
the symmetry and convenience of the body would be destroyed.,
Suppose, for example, that in in Fig. 89, the biceps — instead of
being inserted at E, near the elbow — had passed on to the wrist
or, to simplify the matter, to the extremity of the member: it would
assuredly have acted with more force —the lever having been
changed into one of the second kind — but the hand wonld have
lost that velocity and extent of motion, which are so important to
it; and the course of the muscle would have been so modified as
to convert the convenient and symmetrical member into a cum-
brous, webbed instrument, badly adapted for the multitudinous
purposes to which it has to be applied.

The same effect results, as Sir Charles Bell* has remarked, from

* Animal Mechanics, Library of Useful Knowledge, p. 27, Lond. 1829,
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rately appreciated. It must be borne in mind, however, that the
muscle can actin an inverse direction also.

When the whole of the fibres, composing a broad muscle, are
brought to act on the tendon, as in the case of the deltoid, we find,
by the composition of forces, that the middle line of direction
must be taken for the purpose of estimating their line of action.
A part, however, may actand carry thearm upwards and outwards;
whilst the opposite fibres may move it upwards and inwards.

Where a muscle is reilected, like the superior oblique of the
eye, and the peronei muscles, — the line of motion will be from the
insertion to the point of reflection; precisely as a rope, passing
over a pulley, raises the weight ina line drawn from the weight to
the pulley.

The circular muscles, which have no precise origin or inser-
tion, are inservient to the contraction of the apertures around
which they are placed.

In executing the complex movements of any part of the frame,
a combination of the action of the different muscles, attached to
the part, generally occurs, rendering the process one of a compli-
cated character. This, if no other cause existed, would render it
extremely difficult to calculate the precise degree of force, which
particular muscles, alone or in combination, are capable of exert-
ing. The mathematical physiologists made multifarious attempts
in this direction ; but their conclusions were most discrepant.
When we bear in mind, that the force, capable of being exerted
by any muscle, is dependent upon the proper organization of the
muscle, and likewise upon the degree of energy of the brain, it
will be apparent, that all attempts of this kind must be futile. We
can determine, with nicety, the effect of which the parts are
capable, supposing them inanimate structures. We can calculate
the disadvantages, caused by the insertion of the power near the
fulerum ; by the obliquity of the line of action of the power, &e.;
but we have not the slightest data for estimating the effect, pro-
duced by the nervous influx, — by that mysterious process, which
generates a new force, and infuses it into the museles, in a manner
so unlike that in which the ordinary mechanical powers are ex-
erted. The data, necessary for such a calculation, would be the
precise influx from the brain, — the irritability of the muscle, —
the mechanical influences, dependent on the straight or oblique
direction of the fibres composing the muscle, as regards the ten-
don, — the perpendicular or oblique direction in which the tendon
is attached to tﬂe bone, —the particular variety of lever, — the
length of the arm of the power and that of the resistance,— the
loss sustained from friction, and the diminution of such loss caused
by the cartilages that tip the bones, and by the synovia, &c, —
data, which it is impossible to attain; and hence the solution of
the problem is impracticable.

One great source of the combination of muscular motions is, the
necessity for rendering one of the attachments fixed, in order that
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tagonizing musecles, — the flexors and extensors, for example. In
perfect sleep, when no volition is exercised over the muscles, we
find the body reposing in a state of semiflexion, — which seems
to show, that the flexor muscles have slightly the advantage over
the extensors. Richerand, has assigned the following reasons for
this preponderance. First. The number of flexors is greater than
that of extensors. Secondly. The fibres, composing them, are
more numerous and longer : — take, for example, the sartorius,
gracilis, semi-tendinosus, semi-membranosus, and biceps, which
are the flexors of the leg, and the rectus and triceps cruris, which
are its extensors. Thirdly. Their insertion is nearer the resistance
and farther from the centre of motion, which adds to their force.
Fourthiy. Their insertion into the bones is at a larger angle, and
nearer to the perpendicular; and Fifthly. Their arrangement is
such, that the continuation of the movement of flexion renders
them perpendicular to the bones to be moved. The explanation,
afforded by Richerand, applies, on the whole, to the case he has
selected, but there are many exceptions to it. The extensors of
the thigh, foot, and jaw, are decidedly predominant ; and, accord-
ing to Adelon," experiments, instituted by Regnier with his dyna-
mometer, make the extensors some kilogrammes more powerful
than the flexors. In our various attitudes, the movements of flex-
lon certainly prevail largely ; but as the power of contraction is
regulated by volition, it is unnecessary to inquire, whether there
be any physical predominance in the flexors over the extensors,
as has been attempted by Richerand. We have already seen, that
we can in no way attain a knowledge of the degree of force, which
any one muscle of the body is capable of developing.

5. ATTITUDES.

The attitudes, which man is capable of assuming, are of different
kinds. They may all, however, be reduced to two classes — the
active and the passive ; the former, including those that require a
muscular effort ; and the latter comprising only one variety,— that
in which the body is extended horizontally on the soil, and where
no effort is necessary to maintain its position,

We shall begin with the most ordinary attitude ;— that of stand-
ing on both feet. This requires considerable muscular effort to
preserve equilibrium. The base of sustentation — being the space
comprised between the feet plus that occupied by the feet them-
selves — is small; whilst the centre of gravity is very high. The
body, again, does not consist simply of one bone, but of many ; all
of which have to be kept steady by muscular effort ; and it is ne-
cessary that the vertical line shall fall within the base of susten-
tation, in order that equilibrinm may be preserved.

» Recueil des Mémoires de la Société Médicale de Paris, an. wii. (1799,) and Elé-
mens de Physiologie, 13éme édit. par M. Bérard, ainé ; édit. Belge, p. 253, § clx.,
Bruxelles, 1837,

b Physivlogie de I"'Homme, 2de édit. ii. 117, Paris, 1829 ; and art, Dynamométre,
in Dict. des Sciences Médicales.
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larger; and, in addition, they have a strong ligament — the pos-
terior eervical or ligamentum nuche, (N, Fig. 99,) — which ex-
tends from the spinous processes of the vertebra to the occiput,
and aids in supporting the head.

The vertebral column sapports the head, and transmits the
weight to its lower extremity. The tendency of the column is to
bear forwards : the upper limbs; the neck ; the thorax with its
contents ; the greater part of the contents of the abdomen ; and
the head itself, by reason of its tendency to fall forwards, all either
directly or indirectly exert their weight upon it. Hence the ne-
cessity for its great firmness and solidity, which are readily ap-
preciated, if we examine the mode of junction of the different
vertebree, with the strong, ligamentous bands connecting them ; —
the whole having the form of a pyramid, whose base rests upon
the sacrum, with three curvatures in opposite directions, which
give it more resistance than if it were straight, and enable it to
support very heavy burdens, in addition to the weight of the
organs pressing upon it. The tendency of the spine to fall forward
is resisted by the extensor muscles, which fill the vertebral fosse
or gutters —the sacro-lumbalis, longissimus dorsi, multifidus spinz,
&e., which pass from the sacrum to the lower vertebrae of the
spine, and from the lower to the upper. Each vertebra, in this
action, constitutes a lever of the first kind ; the fulerum of which
is in the intervertebral cartilage ; the power in the ribs, and other
parts that draw the body forwards; and the resistance in the
muscles attached to the spinous and transverse processes,

The vertebral column, regarded as a whole, may be considered
a lever of the third kind; the fulerum of which is in the union
between the last lumbar vertebra and the sacrum, the power in the

arts drawing the spine forwards, and the resistance in the muscles
of the back. Itison the lower part of the lever that the power
acts most foreibly ; and it is there, that the pyramid is thicker, and
that the spinous and transverse processes are larger, and more
horizontal. We can, accordingly, Fig. 100.
comprehend why fatigue should be
experienced in the loins and sacrum,
when we have been, for a long time,
in the erect attitude.

It need scarcely be said, that the
longer and more horizontal the spinous
processes, the greater will be the arm
of the lever; and the less the muscu-
lar force necessary to produce a given
effect.

The weight of the whole of the upper
part of the body is transmitted to the i vat Fiew of a Dorsal Fertetra.
pelvis; which, resting upon the thigh _ 1. Thevody. 6 Spinousprocess. 7.
bonies as UPON PIVOLS, TEPIeSEnS @ Saperior brtieulnr proeen o Tnf.
lever of the first kind, the fulecrum of o articular processes.

voL, I.— 34
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which is in the ilio-femoral articulations; the power and resist-
ance being situate before and behind. The pelvis supports the
weight of a part of the abdominal
viscera ; and the sacrum that of the
vertebral column, which, by reason
of its shape, transmits the weight
equally to the ossa femorum,through
the medium of the ossa ilii. When
the pelvis is, therefore, in equili-
brium on the heads of the thigh
bones, this is owing to many causes.
i1 Theabdominal viscera, pressing upon
Lateral Pieic of @ Lumbar Fertcbra. 4} aptarior part of the pelvis, which
1. The body. 5 Spinous process. 6. L 2

Transverse process. 7. Superior articular i naturally inclined forwards, tends
processes, B, Inferior articular processes to dEpTESS the os 11hi$; whilst the
vertebral column, by its weight, tends to press down the sacrum.
As the weight of the latter is much more considerable than that of
the former, muscles would seem to be required to keep it in equi-
librium, as well as muscles passing from the femur to be inserted
into the os pubis, by the contraction of which the excess of weight
of the vertebral column may be counterbalanced. Such muscles
do exist, but,as Magendie* remarks, they are not the great agents
in producing the equilibrium of the pelvis on the thigh bones ; for
the pelvis, instead of having a tendency to be depressed posteriorly,
would appear to bear forwards, inasmuch as the muscles, that re-
sist the tendency which the spine itself has to
bear forwards, have their fixed point on the
pelvis; and, consequently, exert a considera-
ble effort to draw it upwards. The strong
glutei muscles, which form the nates, and
are inserted into the os femoris, are the great
agents of the equipoise ; and as the hip-joint
is nearer to the pubis than it is to the sacrum,

these muscles act with a greater leverage.
The thigh bones transmit the weight of the
trunk to the tibia ; and here we see the ad-
vantage of the neck of the thigh bone, whieh,
as represented in Fig. 102, B, joins the shaft
of the bone at a considerable angle. The
trochanters D and C are for muscular attach-
ments; and are, of course, advantageous to
the muscles, which are inserted into them.
The cervixfemoris directs the head of the bone,
A, obliguely upwards and inwards, so that,
Upper Portion of Thigh WISt it supports the vertical pressure of the
Bone. pelvis, it resists the separation of the ilia,
: which the pressure of the sacrum, with its su-
perincumbent weight, has a tendency to produce. But another and
important advantage is, that of affording additional strength in

* Précis, &c. edit. cit. i. 296,




ATTITUDES, 399

adventitious circumstances. When we are standing perfectly erect,
the necks of the thigh bones are very oblique, compared with the
line of direction of the body ; but if we are thrown forcibly to one
side, the line of direction of gravitation corresponds more nearly
with that of the neck of the thigh bone, and fracture is rarely pro-
duced in this manner. The most common cause of fracture of
the neck of the thigh bone is,slipping off a curbstone in towns,
or unexpectedly slipping from a slight elevation, with one foot,
upon a trllrm substance beneath ; and the fracture, in such case, is
generally transverse. The advantage of this arrangement of the
neck of the thigh bone has been compared not inaptly to that re-
sulting from the dishing of a wheel ; or the oblique position of the
spokes from the nave outward to the felly, which strengthens the
wheel so essentially, against the strains produced by the wheel
sinking with force into a rut or other hollow.®* The femur trans-
mits the weight of the body to the large bone of the leg —the
tibia ; but, from the mode in which the pelvis presses uponit, its
lower extremity has a tendency to bear forwards. This is pre-
vented by the action of the extensors of the leg— the rectus and
triceps cruris — whose power is augmented by the presence of the
patella, a sesamoid bone, seated behind their tendon. The muscles
of the posterior part of the leg, which are attached to the condyles
of the thigh bone, aid also in preserving the equilibrium.

The tibia is the sole agent for the transmission of the superin-
cumbent weight to the foot. Its upper extremity has, however,
a tendency to bear forwards like the lower part of the os femoris.
This is prevented by the contraction of the gastrocnemii, tibialis
posticus, and the other muscles on the posterior part of the leg.

The foot sustains the whole weight of the body ; and its shape
and structure are well adapted for the purpose. The sole has some
extent, which contributes to the firmness of the erect attitude.
The skin and epidermis are thick ; and beneath the skin is a thick,
adipous stratum, in greater quantity at the parts of the foot which
come in contact with the soil. This fat forms a kind of elastic
cushion, adapted for deadening or diminishing the effect of pres-
sure. The whole of the sole of the foot does not come in contact
with the ground, The weight is transmitted by the heel, the outer
margin, the part corresponding to the anterior extremity of the
metatarsal bones, and the extremities or pulps of the toes. The
tibia transmits the weight to the astragalus; and, from this bone,
it is distributed to the others that compose the foot ; but the heel
conveys the largest share.

When the foot rests upona flat surface, it is entirely passive ; but
when it is upon a slippery soil, the flexors of the toes, especially of
the great toe, are firmly contracted, so as to fix the shoe, as far as
possible, and render the attitude more stable. The use of shoes
interferes largely with theexercise of the toes which, in the savage,
are capable of diversified and considerable action.

s Bee Fig. 80; also, 8ir C, Bell, Animal Mechanics, p. 21, Library of Useful
Knowledge, Lond. 1829.
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tation is largely augmented, — comprising the space between the
knees and toes plus the space occupied by those parts.

The sitting posture admits of variety, and is easily intelligible. In
every variety in which the back is unsupported, the weight of the
body is conveyed to the soil by the pelvis ; and the broader this base
the firmer the attitude. When we sit upon astool without any back,
and with the legs raised from the ground, the whole of the weight
is conveyed by the parts in contact with the seat; but if the feet
touch the ground, the weight of the lower extremities is transmitted
to the soil by the feet, whilst the pelvis transmits that of the
upper part of the body. In both these cases, if the attitude be
long maintained, fatigue is felt in the back, owing to the con-
tinued action of the extensor muscles in keeping the body erect.

Sitting in an ordinary chair differs somewhat, in part of the
body being supported. Fatigue is then felt in the neecl, which
is unsupported, and requires the sustained contraction of the
extensor muscles of the head.

To support all the parts, as far as possible, the long-backed
chairs have been introduced, which sustain the whole body and
head ; and, by being provided with rockers, a position approach-
ing to the easiest of all attitudes can be assumed. To produce
a similar effect in a common chair, the body is often thrown back
until the chair rests on its hinder legs only. When the feet of
the individual are on the ground, this position is stable ; the base
of sustentation being large, and comprised between the legs of
the chair and the feet of the individual, added to the space oceu-
pied by the parts themselves, that are in contact with the soil ;
but as soon as he raises his feet, the equilibrinm is destroyed from
the impracticability of making the vertical line fall within the base
of sustentation, which is now reduced to the space occupied by the
legs of the chair plus the space between them.

In all the varieties of the sitting posture, equilibrinm is facilitated
by the centre of gravity being brought nearer to the ground.

Lastly, The horizontal posture is the only one that requires
no muscular effort. Hence it is the attitude of repose and of the
sick and the feeble. The base of sustentation is here extremely
large ; and the centre of gravity very low. Accordingly, the atti-
tude can be maintained for a long time; the only inconvenience
being, that which results to the skin from prolonged pressure on
those parts that chiefly convey the weight to the bed,—as the
back of the pelvis, the region of the great trochanter, &c.—an’
inconvenience, which attracts the attention of the physician, more
or less, in all protracted and consuming maladies. The reason,
why we prefer soft, elastic beds, is not simply to prevent abrasion
of those parts of the body that are most exposed to pressure, but
to enable a greater portion of the body to transmit the weight ;
and thus to oceasion a more equable partition of the pressure.

There are numerous other attitudes, which may be assumed ;
as, that upon one knee, on the head, astride, &ec.; but they do not

3.4* "
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be partly ascribed to the condensation of the adipous tissue beneath
the foot. During the flexion of the spine, these cartilages are
depressed on the side of the flexure, but they rise on the other ;
and, by their elasticity, they are important agents in the restora-
tion of the body to the erect position. Where they are thickest
the greater extent of motion is permitted, and this is a cause, why
the spine admits of the greatest motion anteriorly. In rotation,
the whole is pressed upon and undergoes elongation in the diree-
tion of its constituent lamine. In old age, the cartilages become
shrivelled ; and this, with the loss of muscular power, is one of
the causes why old people bend forwards.

When we assume different positions with the trunk, the centre
of motion of the vertebre becomes modified. If we bend for-
wards, it is thrown on the anterior part of the body of the verte-
bree,if to one side, on the articulating processes, &e. Each vertebra,
we have seen, is a lever of the first kind; and as the centre of
motion becomes altered the leverage must be so likewise. It is
when the body has been bent forwards, and the object is to re-
store it to the erect position, that the power acts with the greatest
advautage, —the fulcrum being thrown to the anterior part of
the body of the vertebra, and the arm of the power being the dis-
tance between this point and the extremity of the spinous process,
into which the power is inserted.

Each vertebra has but a slight degree of motion; but the sum
of all their motions is considerable ; and is estimated by multiply-
Ing the single motion by the number of vertebrae. The result,
however, can only be regarded as approximate, as the extent of
motion, of which the different vertebree are capable, necessarily
varies. The arrangement of the spinous processes of the verte-
bree — especially of the dorsa! — prevents any considerable flexion
of the body backwards: and when we find the tumbler bending
his body back until his head touches his heels, it is owing to the
arrangement of the spine having been modified, in early life, by
constant efforts of this kind, until there are no longer obstacles to
the movement,

The motions of the vertebrze are frequently united to those of the
pelvis on the thigh bones, so that they seem to be more extensive than
they really are. This is the case, when we make a low bow.

The motions of the spine are inservient to those of the head, and
of the superior and inferior extremities.

The upper limbs are capable of various motions ; some of which
have been already described, and others will be hereafter. They
are useful in the giﬁ'erent attitudes ; and, at times, by transmitting
to the soil a part of the weight of the body, and thus enlarging
the base of sustentation,—as when we employ a stick, rest on the
hands and knees, or support the head on one or both elbows.
They are of great use, likewise, in preserving equilibrinm when
we walk on a very narrow base; serving in part the purpose of
the pole, employed by the dancer on the tight rope.

The lower extremities are, of course, locomotive organs; but
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seribed by the pelvis, and the extension of the limbs when carried
forward, shall be equal; otherwise, the body will be directed to-
wards the side opposite to that of the limb, whose movements are
more extensive. Without the aid of vision, it would be imprac-
ticable for us to make the ares equal ; or, in other words, to walk
straight forward.

Walking backwards differs somewhat from this. The step is
commenced by bending the thigh upon the pelvis, and, at the
same time, the leg upon the thigh. The extension of the thigh on
the pelvis succeeds, and the whole limb is carried backwards, the
leg is afterwards extended upon the thigh, the point of the foot is
brought to the ground, and the remainder of its under surface in
suecession. The other foot is then raised on its point, by which
the corresponding limb is elongated; the pelvis, being pushed
backwards, makes a rotation on the limb which is behind, and is,
by the action of appropriate muscles, carried on a level with, or
behind, the other, to afford a new pivot in its turn.

Walking laterally is different from the two last in no ares being
described. In this ease, one of the thighs is first slightly bent upon
the pelvis, in order to detach the foot from the ground ; the whole
limb is then moved away by the action of the abductors, and is
brought down to the ground. The other limb follows.

If we walk up hill, the fatigue is much augmented ; because the
flexion of the limb, first carried forward, has to be more considera-
ble ; and the limb, that remains behind, has not only to cause the
pelvis to execute the movement of rotation, but it has to raise the
whole weight of the body, in order to transport it upon the limb,
which is in advance. To aid in throwing the weight forward, the
body is bent forward, so that the centre of gravity may be as favour-
ably disposed as possible; and the extensor muscles of the leg
carried forward are powerfully contracted to raise the trunk ; hence,
the feeling of fatigue, which we experience in the knee and anterior

art of the thigh, on ascending a long flight of stairs. Fatigue is
ikewise felt in the calf of the leg, on account of the strong efforts
developed in extending the foot, and projecting the body forwards.

Walking down hill is, also, more fatiguing than on level ground.
In this case, there is a tendency in the body to fall forward ; great
effort is, consequently, required to keep the vertical line within the
base of sustentation ; and, accordingly, the muscles, employed in the
extension of the head and vertebral column, experience fatigue.

In all these kinds of progression, the character of the soil isa
matter of importance. It must be firm enough to afford support to
the limb that presses upon it, otherwise fatigue is experienced, and
progression is slow and laborious. This ocenrs, whenever the soil
is too soft or too smooth ; the former vielding to the foot, and the
latter presenting no inequalities, by which the foot can attach itself.
The soil, too, has some influence, in particular cases, by virtue of
its elasticity. Such,at least, is the opinion of Borelli ;* but Barthez®

a De Motii Animalium, &e. Lugd. Bat. 1710, ;
b Nouveaux Elémens de la Science de 'Homme, Paris, 1806.
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the precaution to retain his breath, whenever a wave broke over
him, until he again emerged,

A case is given in the Rev. Mr. Maude’s Fisit to Niagara,in
1803, which is strikingly corroborative of Mr. Robertson’s view
of this matter. The author was on board a sloop on Lake Cham-
plain, when a boy, named Catlin, who was on deck cutting bread
and cheese with a knife, was knocked overboard by the captain
jibbing the boom. He missed catching hold of the canoe, which
was dragging astern, and an attempt of Mr. Maude’s servant to -
untie or cut the rope, which fastened it, that it might drift to his
assistance, also failed. Catlin was known to be unable to swim.
It was in the night and very dark, and it was with difficulty that
the captain, who considered that there was no hope of saving his
life, was at last prevailed upon to go in the canoe to attempt it.
He succeeded, however, in picking the boy up, and bronght him
on board again in about a quarterof an hour. ¢ Catlin’srelation,”
proceeds Mr. Maude, ¢ almost exceeds probability. He had
heard my exclamation to seize the canoe, which he was on the
point of doing, when it gave a sudden swing and baffled him;
bat, finding he could support his head above water, he dismissed
all fear, expecting that the canoe would come every moment to
his assistance. When he no longer heard our cheers from the sloop,
hope began to fail him, and he was on the point of resigning him-
self to a watery grave, when he heard the captain’s life-restoring
voice. On telling Catlin that we despaired of his safety, as we
understood that he could not swim, he replied ; *nor ecan I. 1
was never before out of my depth; but I am fond of bathing,and
have often seen lads what they call tread the water, that’s
what I did.” The truth of this account was made manifest, by
the boy not only retaining his hat on his head, but its being
perfectly dry ; and what adds to the singularity of this event, the
boy never quitted his grasp of the knife, that he was eating his
bread and cheese with.”

Knight Spencer found, that he was buoyant on the surface of
the sea, when he held stones, weighing six pounds avoirdupois,
in his hands. In the water, however, the stones lost two pounds
five ounces in weight, so that he was really freighted with no
more than three pounds eleven ounces. He himself weighed one
hundred and thirty pounds.® Dr. Franklin,® again, whilst he con-
siders the detached members of the bedy, and particularly the
head, as of greater weight than their bulk of water, acknowledges
the bndy, in the aggregate, to be of less specific gravity, by reason
of the hollowness of the trunk. He thinks, that a body, immersed
in water, would sink up to the eyes, but that if the head were
inelined hacle: so as to be supported by the water, the mouth and
nostrils would remain above, — the body rising one inch at every
inspiration, and sinking one inch at every expiration ; and also,

s Fleming's Philos. of Zoology, vol. i. Edinb, 1822,
b Works, iii. 374, Philad. 1808; and Sparks's Edit. vi. 289, Boston, 1838.
VOL. L — 345
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if persons go alive into the water, then they sink; if dead, then
they swim.”” In confirmation of this strange opinion, two seamen
were examined, one of whom deposed as follows : —¢ In the year
’89 or 90, in Beachy fight, I saw several thrown overboard during
the engagement, but one particularly I took notice of, that was my
friend and killed by my side. [ saw him swim for a considerable
distance from the ship, &e. Likewise in another engagement,
where a man had both his legs shot off and died instantly, they
threw over his legs; though they sunk,I saw his body float ;
likewise I have seen several men, who have died natural deaths
at sea ; they have, when they have been dead, had a considerable
weight of ballast made fast to them and so were thrown over-
board ; because we hold it for a general rule that all men swim
if they be dead before they come into the water, and, on the con-
trary, I have seen men when they have been drowned, that they
have sunk as soon as the breath is out of their bodies,” &c. The
weights, are, however, attached to the dead, when they are thrown
into the sea, not for the purpose of facilitating their descent, but
to prevent them from rising, when putrefaction renders them
buoyant, by the disengagement of air into the splanchnie cavities.
On the same trial, Drs. Coatsworth, Burnet, Nailor, and Wood-
house deposed, that when a person is drowned, water will be taken
into the stomach and lungs, and, as none was found in the case of
Mrs. Stout, they were of opinion, that she came to her death by
other means.

From all that has been said, it would appear, that the great re-
quisite for safety to the inexperienced, who may fall accidentally
into the water,is a firm and sufficient conviction of the fact, that
the living body naturally floats, or that it can be easily made to
do so. This conviction being acquired, no more than a common
share of presence of mind would seem to be necessary to insure,
that the portion of the body, which is the great outlet of the re-
spiratory organs, shall be above the surface.

The movements, adapted to the progression of the body, are to
be acquired in the same manner as a child learns to walk; pro-
ficieney in this, as in every thing else, being the result of practice.

Swimming nearly resembles leaping, except that the effort in it
does not take place from a fixed surface. Both the upper and
lower extremities participitate in it. Whilst the former are
brought to a point anterior to the head, and form a kind of cnut-
water, the lower extremities are drawn up and suddenly extended,
as in leaping. The water, of course, yields to their impulse, but
not as rapidly as it is struck, and hence the body is projected for-
wards. The upper limbs are now separated, and carried cireu-
larly and forcibly round to the sides of the body, by which the
impulse is maintained ; the legs, are in the mean time drawn up ;
and, by a succession of these movements, progression is effected,
the hands and feet being turned outwards to present as large a
resisting surface as possible. The chest is, at the same time,






OTHER VARIETIES OF MUSCULAR ACTION. 413

ward, and the whole power exerted on the obstacle which has to
be moved.

On the other hand, when we drag a weight after us, or attempt
to dislodge a stake from the earth; the feet are equally fixed
firmly on the ground, but the body is in a state of extension, and is
directed as far as practicable backwards, in order that the tendency
to fall, owing to the centre of gravity overhanging the base of
sustentation, may aid the force that has to be developed by the
muscle of the arms, which embrace the substance to be moved, or
are attached to it indirectly. The flexor muscles are then power-
fully contracted, and the whole force is exerted upon the object.
As, in both these cases, there is danger of falling should the body
yield suddenly, the feet are so placed as to obviate this, as far as
possible ; by being separated in the direction in which the force is
exerted.

Squeezing consists in laying hold of the objeet, either between
the arms and body, or by the fingers; and then foreibly contract-
ing the flexer muscles. In all these, and other varieties of strong
muscular contraction, the respiration is interrupted, in order that
the thorax may be rendered fixed, and serve as an immoveable
point of origin for the muscles of the head, shoulders, and arms.
This is effected by taking in a full inspiration; strongly contract-
ing the respiratory muscles; and, at the same time, closing the
glottis to prevent the exit of the air.

Lastly, as organs of prehension, the upper extremities are of ad-
mirable organization ; possessing great mobility ; and, at the same
time, solidity. The joint at the shoulder allows of extensive mo-
tion; and the bones, to which the arm is attached at this joint —
the scapula and clavicle — are themselves moveable. The forearm
is, likewise, susceptible of various movements on the arm, of which
" those of pronation and supination are not the least important; whilst
the hand possesses every requisite for an organ of prehension. It
is composed of numerous bones, and is capable of being applied to
the most irregular surfaces. The great superiority of the human
hand arises, however, from the size and strength of the thumb,
which ean be brought into a state of opposition to the fingers;
and is, therefore, of the highest use in enabling us to seize hold of,
and grasp spherical bodies; to take up any object; to lay firm
hold of whatever we seize, and to execute the various useful, and
ornamental processes of the arts. These processes require the
most aceurate, quick, and combined movements of the muscles.
How quick for example is the motion of the hand in writing, and
in executing the most rapid movements on the piano-forte! How
accurate the muscular contraction, which stops the precise part of
the violin-string to bring out the note or semi-tone in allegro
movements; and what a multitude of combinations must be in-
voked in all these cases !

As an organ of touch, the advantages of the upper extremity have

35*
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3dly. The arytenoid muscle — of which there is only one. It
exlends across from the arytenoid cartilage to the other; and,
by its contraction, brings them towards each other. 4thly. The
thyro-arytenoid muscle, which, according to Magendie,® is the
most important to be known of all the muscles of the larynx, as
its vibrations produce the voecal sound. It forms the lips of the
glottis, and Magendie describes it as constituting, also, “ the infe-
rior, superior, and lateral parietes of the ventricles of the larynx.”
Generally, it is considered to arise from the posterior surface of
the thyroid cartilage, and the ligament connecting it with the
cricoid, and to be inserted into the anterior edge of the base ofthe
arytenoid. By drawing the point of the thyroid back, it must
relax the vocal ligaments. Lastly. The muscles of the epiglottis
—the thyro-epiglottidens,aryteno-epiglottideus superior, arylteno-
epiglottideus inferior (Hilton’s muscle)® and some fibres that may
be looked upon as the wvestiges of the glotlo-epiglotticus, which
exists in many animals. These muscles, — the position of which
is indicated by the name, — by their contraction, modify the situa-
tion ol the epiglottis.

The principal governors of the pitch of the voice, which is almost
wholly regulated by the degree of tension of the vocal ligaments,
are the crico-thyroid and thyro-arytenoid. The respective action
of the different muscles has been given in a tabular forn.©

Govern the Pitch of the Nofes.

5 s Depress the front of the thyroid cartilage on the cricoid and
;’;ﬁl‘;r::frm siretch the vocal ligaments; assisted by the arytenoideus
¥ and erico-arytenoidei postici.
Thyro-arytenoidei § Elevate the front of the thyroid, and draw it towards the
Thyro-hyoidei arytenocid, relaxing the vocal ligaments,

Govern the Aperture of the Glottis.

Crico-arytenoidei postici . - Open the Glottis,
Crico-arytenoidei laterales . . Press together the inner edges of the ary-
Arytenoideus F : 2 tenoid cartilage and close the glottis.

Antagonists. Antagonists.

The intrinsic muscles of the larynx receive their nervous influence
from the eighth pair. (Fig. 108.) Shortly after this nerve has issued
from the craninm it gives off a branch called the superior laryn-
geal, which is distributed to the arytenoid and crico-thyroid mus-
cles ; and, after its entrance into the thorax, it furnishes a second,
which ascends towards the larynx, and is, on that account, called
the recurrent orinferior laryngeal. It is distributed to the crico-

_arytenoidei postici and erico-arytenoidei laterales, and to the
thyro-arytenoid muscles. Noramification of this nerve, according
to Magendie, goes to the arytenoid, or erico-thyroid mmnscles. In
these views, he is supported by Cloquet? and many others. Other

s Précis, &c. 236, and his Mémoire sur I'Epiglotte.

b Wilson's Anatomist’s Vade-mecum, Amer. edit,, p. 483, Philad. 1843.

¢ Ull‘pﬁl‘liﬂl"ﬂ- Human Phjl'li-ﬂlﬂg]‘, & 4083, Lond. 1842,

¢ Traité d'Anatomie Descriptive, ii. 622, Paris, 1816, and Ley, in Appendix to Essay
on Laryngismus Stridulus, p. 451, Lond. 1836,
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results from the friction of the air against the sides of the larynx.
But if we approximate the arytenoid cartilages, so that they touch
at their inner surfaces, a sound will be elicited, bearing some
resemblance to the voice of the animal to which the larynx be-
longs ;* the sound being acute or grave according as the cartilages
are pressed against each other with more or less force ; and varying
in intensity, according to the degree of force with which the air is
sent through the tube. In this experiment, the inferior ligaments
can be seen to vibrate.

Paralysis of the intrinsic muscles of the larynx likewise produces
dumbness; and this can be effected artificially. Mueh discussion
at one time prevailed, regarding the effect of tying or cutting the
nerves distributed to these muscles. The experiments of Haigh-
ton® induced him to think, that the recurrent branches of the par
vagum supply parts, which are essentially necessary to the forma-
tion of the voice; whilst the laryngeal branches seemed to him to
affect only its modulation or tone. Snbsequent experiments have
sufficiently shown, that if both the recurrent nerves and the supe-
rior laryngeal be divided, complete aphonia must result. Magen-
die® found, indeed, that when both recurrents,— which he considers
are distributed to the thyro-arytenoid muscles, — are cut, the voice
is usually lost ; whilst if one only be divided, the voice is but half
destroyed. He noticed, however, that several animals, in which
the recurrents had been eut, were still capable of eliciting acute
sounds, when labouring under violent pain, — sounds, which were
very analogous to those, that could be produced mechanically with
the larynx of the dead animal, by blowing into the trachea and
approximating the arytenoid cartilages; and this he attempts to
explain by the distribution of the nerves to the larynx. The recur-
rents being divided, the thyro-arytenoid muscles are no longer
capable of contracting, and hence aphonia results; but the aryte-
noid musele, which receives its nerves from the superior laryngeal,
still contraets, and, during a strong expiration, brings the arytenoid
cartilages together, so that the chink or cleft of the glottis is suffi-
ciently narrow for the air to cause vibration in the thyro-arytenoid
muscles, although they may not be in a state of contraction. From
these, and other experiments, Bellingerid infers, that the superior
laryngeal nerve is the antagonist of the inferior laryngeal or recur-
rent, — the former producing constriction, the latter dilatation of
the glottis. They, however, who affirm, that the distribution of
the laryngeal nerves is not the same as that described by Magendie
and otliers, assign different functions to the particular nerves. Thus,
Mr. Hilton,® infers from his observations — first, that the superior
laryngeal nerve is a nerve of sensation; because, independently

a Biot, Traité Blémentaire de Physique, i. 162.

b Memoirs of the Medical Society of London, iii. 435. ¢ Precis, &e. i. 243,

4 Ragionamenti, Sperienze, &c. comprovanti I'Antagonismo Nervoso, &e., Torino,
1833 ; noticed in Edinb. Med. and Surg. Journal, p. 172, Jan. 1835.

e Op. cit. p. 518, and Mr. Cock, on the Crico-Thyroideal Nerve, a branch of the
superior laryngeal, ibid, p. 313.
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beak. The air, they conceived, when forced from the lungs, in
passing through the glottis or beak, is broken by the inferior liga-
ments of the larynx; vibrations are, consequently, produced, and
these vibrations give rise to the sound. Fabricius, of Acqua-
pendente,* was one of the first to object to this view of the subject.
He properly remarked, that the trachea cannot be regarded as the
body of the flute, but as a porte-vent to convey the air to the glottis.
He was of opinion, that the glottis corresponds to the beak of the
flute, and that the vocal tube or all that part above the glottis resem-
bles the body of the instrament. Similar opinions, with more or
less modification, have been adopted by Blumenbach,® Simmer-
ing,® Savart, &. About the commencement of the last century,
Dodarte laid before the Zcadémie des Sciences of Paris, three
memoirs on the theory of the voice, in which he considered the
larynx to be a wind instrument of the horn, and not of the flute,
kind ; the inferior ligaments of the glottis being to the larynx what
the lips are to the performer on the horn. In 1741, Ferrein,fin a
communication, also made to the Académie des Seiences, maintain-
ed, that the larynx is a stringed instrument ; — the sound resulting
from the oscillation caused in what he called the cordz vocales or
the inferior ligaments of the larynx by the air in expiration ; and
a modification of this view was professed by Dr. Young.®

At the present day,the majority of physiologists and natural phi-
losophers regard the larynx as a wind instrument, but of the reed
kind ; such as the clarionet, hautboy, &c., and they differ chiefly
from each other, in explaining the various modifications of the tone
and quality of the voice ; for almost all are agreed, that it is produced
by the vibrations of the inferior ligaments of the glottis.®  Piorry,
and Jadelot consider the glottis to be an instrument sui generis,
eminently vital, and which, of itself, executes the movements
necessary for the production of vocal sounds ; but all we know of
the physiology of the production of the voice is — that the expired
air is sent into the larynx by the muscles of expiration, — that the
intrinsic museles of the larynx give to the inferior ligaments suffi-
cient tension to divide the air, and that the air receives the vibra-
tions, whence sound resnlts. The process is, however, very complex.
Before a single word can be uttered, a series of actions must be
executed : these, as stated by Sir C. Bell,! consist in the compres-
sion of the chest, the adjustment of the glottis, the elevation and
depression of the larynx, and the contraction of the pharynx, —
actions which will be readily understoodafter what has been already
said on the mechanism of phonation.

2 De Locutione, &c. in Oper. Lugd. Bat. 1737,

b Physiology by Elliotson, 4th edit. p. 140, Lond. 1828,

¢ Ieones Organorum Gustis et Vocis, Francof. 1808 ; and Corp. Human. Fabrig,
vi. 93. 4 Journal de Physiclogie, v. 367.

¢ Mémoir, de I'Acad. Royale des Sciences, 1700, p. 244 & 1707, p. 409,

1 1bid. for 1741, p. 409, and Haller, Elem. Phys. ix. 3.

¢ Lectures on Natural Philosoph. i 400, and Philos. T'rans. for 1800, p. 141,

b Mr. Willis, in Cambridge Philosophical Transactions, vol. iv,

i Philos. Transact. for 1832, p. 299; and Nervous System, 3d edit. Lond. 1837,
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employed in keeping the cartilages steady, in regulating their
situation, and moving them as occasion requires — upwards and
downwards, backwards and forwards, and in every intermediate
direction, according to the course of the muscular fibres, or in the
diagonal between different fibres, These muscles, independently
of the former, are susceptible, it is caleulated, of upwards of
1073,841,800 different combinations; and, when they co-operate
with the seven pairs of the larynx, of 17592186,044,415; exclu-
sive of the changes that must arise from the different degrees
of force, velocity, &ec., with which they may be brought into action.
But these muscles are not the whole that co-operate with the
larynx, in the production of the voice. The diaphragm, the
abdominal muscles, the intercostals, and all, that directly or indi-
rectly act on the air, or on the parts to which the muscles of the
glottis or os hyoides are attached, — in short, all the muscles that
receive nerves from the respiratory system of Sir Charles Bell, —
contribute their share. The numerical estimate would, conse-
quently, require to be largely augmented. Mr. Bishop computes
the number of muscles brought into action at the same time 1n
the ordinary modulations of the voice to be one hundred.* Such
caleulations are, of course, only approximate, but they show the
inconceivable variety of movement of which the vocal apparatus
is direetly or indirectly susceptible.

The tone of the voice has been a great stumbling-block to the
physiologist and natural philosopher. The mode, in which it 1s
produced, and the parts, more immediately concerned in the func-
tion, have been the object of the various theories or hypotheses,
from time to time enunciated regarding the voice.

Galen, under his theory, that the larynx is a wind instrument
of the flute kind, of which the glottis is the beak and the trachea
the body of the flute, ascribed the variety of tones to two causes
— to variation in the length of the musical instrument and in the
embouchure. In the theory of Dodart, in which the human vocal
instrument was likened to a horn, the inferior ligaments of the
glottis being compared to the lips of the performer, no importance
was attached to variation in the length of the instrument. He
attributed the variety of tones to simple alteration in the embou-
chure or mouth-piece ; in other words, to changes in the size of
the glottis, by the action of its appropriate muscles ; and the rising
and falling of the larynx, he regarded as serving no other purpose
than that of influencing, mechanically, the size of the aperture of
the glottis ; whilst Ferrein, who regarded the larynx as a stringed
instrument, accounted for the variety of tones by the different
degrees of tension and length of the inferior ligaments of the glottis
or of the vocal cords. In the production of acute tones, these cords
were stretched and shortened.  For grave tones, they were relaxed,
and, consequently, longer. He was of opinion, that the length
of the vocal tube had no influence on the tone. In later years,

s The London and Edinburgh Philesoph. Magazine, &ec., for Sept. 1836, p. 209,
36%
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several new views have been propounded on this subject; and
chiefly by Cuvier, Dutrochet, Magendie, Biot, Savart, &c. — men
of the highest eminence in various departments of physical
science.

Cuvier* attributes the variety of tones, in the first place, to the
varied length of the voeal tube, and to differences in the size of
the aperture of the glottis ; and, secondly, to the shape and con-
dition of the external aperture of the tube — that is, of the lips and
nose. The larynx he regards as a wind instrument, in which the
inferior ligaments act, not as cords, but like the reed of a clarionet,
or the lame of an organ pipe. The lungs and their external mus-
cular apparatus constitute the reservoir of air and the bellows;
the trachea conducts the air, and the glottis is the embouchure
with its reed; the mouth and the whole of the space, comprised
between the glottis and the opening of the lips, being the body of
the instrument ; whilst the openings of the nostrils are lateral
holes, which permit the size of the instrument to be varied. The
tones are changed by three causes, of a similar character to those
that modify them in musical instruments; —the length of the
body of the instrument, the variableness of the embouchure, and
of the aperture at the lower extremity of the instrument. The
condition of the external aperture of the vocal tube has, doubtless,
much to do with the character of the tone produced by the glottis ;
but its influence appears to be greatly limited to giving it rotun-
dity, volume, or the contrary, as will be seen hereafter ; although
analogy would seem to show, that the tone may be varied by
more or less closure of the aperture. Many different notes can
be produced in the first joint of a flute, if we modify the size of
the opening at its extremity by passing the thumb more or less
within it. It is doubtful, however, whether in man the altered
size of the external aperture or the elongation or decurtation of
the tube exert as much influence in the production of acute or
grave sounds as Cuvier imagines.

Dutrochet,® again, believes, that the voeal tube has no influence
in the production of tones, and that the larynx is a simple vibra-
ting instrument, uncomplicated with a tube, the vocal sound being
caused by the vibrations into which the vocal cords are thrown
by the impulse of the expired air. In his experiments, he saw
the inferior ligaments vibrate ; and he concludes, that the tone of
the voice depends upon the number of vibrations of these liga-
ments in a given time, and that the number will necessarily vary
considerably, as the dimensions of the ligaments, — that is,
their length and thickness,— and their elasticity, are susceptible
of incessant changes, by the contraction of the thyro-arytenoid
muscle, of which they are essentially composed, — the ligament,
covering the muscle, serving only * to prevent the collisions of the

* Lecons d'Anatomie Comparée, tom. iv. 445,

" Mém. pour servir & I'Histoire Anat. et Physiol. des Vegetaux et des Animaux,
t.ii. Paris, 1837 ; and Adelon, Physiologie de I'Homme, édit. cit. ii. 239,
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muscles atthe time of vibration,’”” —as well as by that of the other
intrinsic muscles of the larynx.

MM. Biot and Magendie* dissent from Dutrochet in some im-
portant points. Like him, they do not consider the human larynx
to constitute a stringed instrument. They regard it as a variety
of reed instrument, but they consider the vocal tube to be of
moment in the production of the voice. The objections they
urge,against the view of its resembling a stringed instrument,
are,— not only the kind of articulation between the arytenoid
and cricoid cartilages, which admits of motion inwards and out-
wards only ; but they ask how the vocal cords can retain the
length they would require for the production of grave tones; and
how these cords could elicit sounds of a volume so considerable as
those of the human voice. They esteem it, consequently, as a
reed instrument — of such nature asto be capable of affording
very grave tones with a pipe of little length ; and such that the
same tube, almost without varying its length, is susceptible,
not only of furnishing a certain series of sounds in harmonic
progression, but all the imaginable sounds and shades of sounds,
in the compass of the musical scale which each voice embraces.

The theory of the reed instrument MM. Biot and Magendie
apply to the human voecal apparatus. The lips of the glottis are
the reed, and the thyro-arytenoid muscles render them fit for
vibrating. In his experiments, made on living dogs, Magendie
saw, that when grave sonnds were produced, the ligaments of the
glottis vibrated in their whole extent, and the expired air issued
through the whole of the glottis. In acute sounds, on the other
hand, they vibrated only at their posterior part,and the air passed
out through the part only that vibrated, the aperture being, con-
sequently, diminished ; and, when the sounds became very acute,
the ligaments vibrated only at their arytenoid extremity, and
scarcely any air issued ; so that tones beyond a certain degree
of acuteness, cannot be produced in consequence of the com-
plete closure of the glottis. The arytenoid muscle, whose chief
use is to close the glottis at its posterior extremity, he conceives
to be the principal agent in the production of acute sounds, and
this idea was confirmed by the sectionof the two laryngeal nerves,
that give motion to this muscle, which was followed by the loss of
the power of producing almost all the acute tones; the voice, at
the same time, acquiring a degree of habitual graveness, which it
did not previously possess. The influence of contraction of the
thyro-arytenoid muscles on the tones, he properly 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 produection 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

s Précis Elé mentaire, &c. i. 248.
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aperture. The trachea or porte-vent has usually been thought to
exert no influence on the nature of the sound produced. It has
been conceived, however, by Grenié and others, that its elongation
or decurtation may occasion some modification.

Thus much for the reed : — MM. Biot and Magendie, however,
include, in their theory of the voice, the action of the vocal tube,
likewise. This tube, being capable of elongation and decurtation,
of being dilated or contracted, and susceptible of assuming an
infinite number of shapes, they think it well adapted for fulfilli
the functions of the body of a reed instrument, — that is, if place
in harmonic relation with the larynx, — and thus of favouring the
production of the numerous tones of which the voice is capable ;
of angmenting the intensity of the vocal sound by assuming a
conical shape with a wide external aperture; of giving rotundity
and sweetness by 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, consequently, 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 separation, the epiglottic gland is
carried forwards, and lodged in the concavity at the posterior sur-
face 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 epiglottis has
a use assigned to it which isnovel. In certain experiments, insti-
tuted by Grenié® for the improvement of reed instruments —
being desirous of increasing the intensity of sound without chang-
ing 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 gnearly as we see the epi-
glottis above the glottis. From this, Magendie® infers, thatthe
epiglottis may assist in giving to man the faculty of increasing or
inflating the vocal sonund, without its mounting; but, as Mr.
Bishop? properly remarks, neither the elevation nor depression of
the epiglottis can affect or regulate the vibrations of the lottis.

Such are the main propositions of the theory of the voice by

* Précis, &ec. i, 262 ; see, also, Sir C. Bell, Philos. T i, for 1 . 1
Eysten]. ad m.ht P 484, Lond. 1837, St L LA el
" Biot, Précis Elémentaire de Physique, p. 399, ¢ Ibid. i. 252,

* London and Edinburgh Philosophical Magazine, p. 205, for Sept. 1836.



YOICE — TONE. 429

Biot, and Magendie. The larynx represents a reed with a double
tongne; the tones of which are acute, in proportion to the decur-
tation of the laminz; and grave in proportion to their length.
They admit, however, that, although the analogy between the
organ of voice and the reed is just, the identity is not complete.
The ordinary reeds are composed of rectangular laminz ; fixed at
one side, but loose on the three others; whilst, in the larynx, the
vibrating laminae, which are likewise nearly rectangular, are fixed
by three sides and free by one only. Moreover, the tones of the
ordinary reed can be made to rise or to descend by varying its
length, whilst in the lamina of the larynx the width varies. Last-
ly, say they, in musical instruments, reeds are never employed,
whose moveable laming can vary in thickness and elasticity every
moment, as is the case with the ligaments of the glottis ; so that,
although we may conceive, that the larynx can produce the voice
and vary its tones, in the manner of a reed instrument, we are
unable to demonstrate the particulars of its mode of action.

All the more modern theories — detailed above, at more or less
length — agree, then, in considering the larynx to be a wind instru-
ment and of the reed kind; they differ, chiefly, in the part which
they assign to the vocal tube in causing the variation of tones.

M. Savari* has propounded a theory of the human voice, in
which he differs from Cuvier, Dutrochet, and Magendie ; — denying
that the mechanism of the voice resembles that of the reed instru-
ment, and returning to the old idea, which referred the vocal organ
to an instrument of the flute kind. The sounds of the human voice
have, he remarks, a peculiar character, which no musical instru-
ment can imitate ; and this must necessarily be the case, as they
are produced by a mechanism founded on principles, which do not
serve as a basis for any of our instruments. He conceives, that the
production of the voice is analogous to that of the sound in the tube
of a flute, and that the small column of air, contained in the larynx
and mouth, by the nature of the elastic parietes which bound them,
as well as by the mode in which it is thrown into vibrations, is
_ susceptible of rendering sounds of a particular nature, and, at the

same time, of a much more grave character than the dimensions
would seem to admit,

In the tube of a flute, the column of air within is the sonorous
body. A sound is first prodnced at the embouchure of the instru-
ment, by the division, which the air experiences when blown into
it; and this sound excites similar sonorous undulations in the
column of air, which fills the tube. The sound, resulting in this
way, is more grave in proportion to the length of the tube; and
in order to vary its tones, the instrument has apertures in its sides,
by means of which the length may be modified.

In assimilating the human voecal apparatus to a flute, the great
difficulty has been to explain how, with so short a tube as the

s Journal de Physiologie, v. 367, Paris, 1825 ; and Annales de Physique et de
Chimie, xxx. 64, and xxxii.
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he conceives, may have a great influence, even on the sound of
lnug pipes. For instance, if we substitute, for the stiff lamina,
which forms the diseau of an organ pipe two feet long and two
inches on the side, a lamina, formed of some elastic substance, as
skin or parchment, and so arranged as to admit of being stretched
at pleasure — by gradually increasing the tension of the membrane,
at the same time that we increase the velocity of the current of
air, the tone may be made to vary a fourth, and even a fifth. In
still shorter tubes, the much greater influence of the velocity of the
current of air being united to that of the tension of the diseau, the
result is still more evident. Thus, the sound of a cubical tube
may easily be lowered an octave, when the parietes of the biseau
are susceptible of different degrees of tension; but when all the
parietes, which compose a short pipe, are of a nature to enter into
vibration along with the air they contain, and when their degree
of tension can be, moreover, varied, they have such an influence
on the number of vibrations, that the sound may be greatly modi-
fied. Short tubes, open at both extremities, and formed of elastic
parietes, are also susceptible of producing a great number of sounds,
even when they are only partly membranous, and the quality of
the sound of membranous tubes is said to be somewhat peculiar ;
partaking of that of the flute, and of the free reed. Again, in order
that a mass of air shall enter into vibration, a sound must be pro-
duced in some part of it. In an organ pipe, for example, a sound
is first excited at the embouchure, and this throws the column of
air, within the instrument, into vibration. Every sound, indeed,
produced at the orifice of a columu of air, throws it into vibration,
provided its dimensions be adapted to the length of the waves
produced directly : — hence the utility of a musical pipe having
parietes susceptible of varying in dimension and in tension, what-
ever may be the character of its embouchure. Lastly.— The funda-
mental note of a tube closed at one end, and whose diameter is
every where the same, is an octave lower than the sound of the
same tube, when open at both extremities. But this is not the
case with tubes that are of nnequal diameter,conical and pyramidal,
&c., when made to vibrate at their narrowest part. The tone”
produced in such case will increase in graveness, according to the
difference between its narrow and expanded portious.

These different physical conditions Savart involees to account
for the different tone of the human voice, — under the theory, that
the vocal organ — composed of the larynx, pharynx, and mouth —
forms a conical tube, in which the air is set in vibration by a move-
ment similar to that which prevails in organ pipes. The trachea
is terminated above by a cleft — the glottis — which is the inferior
aperture of the vocal instrument. This cleft, which is capable of
being rendered more or less narrow, plays the same part as the
lumitre des tuyauz & bouche, or the narrow space in the organ
pipe, at the edge of the biseau or languelte, along which the air
passes. The air clears it, traverses the ventricles of the larynx, or
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the fidelity of their representations. We see the difference between
the natural and imitative voice strongly exemplified in one of the
feathered songsters of our forests, the turdus polyglottis or mock-
ing bird, which is capable of imitating, not only the voices of other
birds, but sounds of other character, which cannot be regarded in
the light of accomplishments.

There is a singular variety of the imitative voice, now employed
only for purposes of amusement — but, of old, perhaps, used in the
Pagan temples, by the priests, to infuse confidence in the oracular
dicta of the gods — which requires some notice ; it is engrastim-
ismn or ventriloguism. Both these terms, by their derivation, indi-
cate the views at one time entertained of its physiology, namely,
that the voice of the ventriloquist is made to resound in the abdo-
men, in some inexplicable manner, so as to give rise to the peculi-
arity it exhibits, This singular view seems to have been once
embraced by M. Riclhierand.* ¢ At first,”” says he, “ I had con-
jectured, that a great part of the air expelled by expiration did not
pass out by the mouth and nostrils, but was swallowed and carried
into the stomach ; and, being reflected in some part of the diges-
tive canal, gave rise to a real echo ; but, having afterwards more
attentively observed this curious phenomenon on Mr. Fitzjames,
who exhibits it in its greatest perfection, I was soon convinced, that
the name of ventriloquism is by no means applicable.”” M. Riche-
rand was probably the last remnant of the ancient vague hypothe-
sis, and his views soon underwent a conversion.

Another, equally unfounded notion, at one time entertained,
was, that the ventriloquist possesses a double or triple larynx. It
is now universally admitted, that the voice is produced at the ordi-
nary place, and that it is modified in its intensity and quality by
actions of the larynx and of the vocal tube,so as to give rise to the
deceptions we experience. It is known, that our appreciation of
the distance and nature of a sonorous body is formed from the
intensity and quality of the sound proceeding from it. We instine-
tively believe, that a lond sound proceeds from a near object, and
a feeble sound from one more remote ; accordingly, if the intensity
and quality of the sound, from a known body, be such as to im-
press us with the idea, that it is more remote than it really is, we
ineur an acoustic illusion. The ventriloquist 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

s Elémens de Physiologie, édit. 13éme, par M. Bérard ainé, edit. Belge, cxeiv.
p. 300, Bruxelles, 1837, ' .

b Elements of the Physiology of the Human Mind, 3d edit., Lond. 1808 ; Amer.
Edit, Brattleborough (Vermont), 1813,
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of articulation, but that it shares the function with the various parts
that compose the vocal tube. In reality, of the twenty-four articu-
late sounds, which our common alphabet comprises, there are but
few in which the tongue takes a distinct lead, as the /, 4, ¢, r, &ec.,
though it is auxiliary to several others; but the guttural or pala-
tine, g, &, &, ¢; the nasal, as m, and n; the labial, as b,p, f, v;
and most of the dental, together will all the vowels, are but little
indebted to its assistance, :

From these, and other concurrent facts, Dr. Good®* conecludes,
that ventriloquism appears to be an imitative art, founded on a
close attention to the almost infinite variety of tones, articulations,
and inflexions, which the glottis is capable of producing in its own
region alone, when long and dexterously praclised upon; and ina
skilful modification of these vocal sounds, thus limited to the
glottis, into mimic speech, passed for the most part, and whenever
necessary, through the eavity of the nostrils, instead of through the
mouth. It is possible, he adds, though no opportunity has hither-
to occurred of proving the fact by dissection, that those who learn
this art with facility, and carry it to perfection, possess some pecu-
liarity in the structure of the glottis, and particularly in respect to
its muscles or cartilages. Magendie,® and Rullier,* however,
affirm, that the quiescence of the lips, observed in the practised
ventriloquist when enunciating, is more apparent than real ; and
that if he be capable of pronouncing without moving his lips, it is
because he is careful to make use of words in which there are no
labial consonants, or which do not absolutely require the movement
of the lips in their formation. Rullier, indeed, denies positively,
that the ventriloquist can speak without opening his mouth and
moving his lips; but he affirms, that he uses his jaws, mouth and
lips, as little as possible in articulation ; and he aseribes the common
belief in their perfect quiescence to the habit, acquired by the ven-
triloquist, of restraining their movements, united to the care he
takes in concealing them ; and of giving to his face an impassive
expression, or one very foreign to the verbal expression to which
he is giving utterance.

On the whole, the explanation of Dr. Good appears most satis-
factory : — the larynx or glottis affording to some individuals a
facility in acquiring the art, which others do not possess, in the
same manner as it makes some capable of singing, whilst others
are ever incapacitated. It is probable, however, that there may be
a greater degree of obscure action about the parts composing the
vocal tube, than Dr. Good is disposed to admit ; and that this may
be materially concerned in giving the voice its peculiar quality and
intensity ; and eliciting some of the sounds which might not be so
easily produced by the action of the glottis alone. Sir David
Brewster! observes, that when the ventriloquist utters sounds from

4 Op. citat. ii. 259. b Précis, &c. i, 265.
¢ Art. Engastrimysme, in Dict. de Médecine, tom, viii. Paris, 1823.
4 Letters on Natural Magie, p. 169, Amer. Edit.,, New York, 1832,
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dog, then living in that city, which could utter distinctly the word
“ William,” the name of the young man to whom it was much
attached.® There is no doubt, however, that in numerous animals,
speech would be impracticable, owing to defective organization,
even were they gifted with adequate intellect.

It is difficult — perhaps impossible — to say, how man came to
select certain sounds as the types of certain intellectual acts ; nor
1s it a matter which strictly concerns the physiologist. We may
remark, however, that whilst some contend,that speech is a science
which was determined upon, and inculeated, at an early period
of the world, by one or more superior persons, acling in concert,
and indueing those around them to adopt their articulate and
arbitrary sounds; others affirm, that it has grown progressively
out of the natural language, as the increasing knowledge and in-
creasing wints of mankind have demanded a more extensive voca-
bulary.” The first view is that of Pythagoras and Plato ; but it
was opposed by Lucretius and the Epicureans, on the ground, that
it must have been impossible for any one person or synod of per-
sons toinvent the most diffienlt and abstruse of all human sciences,
with the paucity of ideas, and of the means of communicating
them which they must have possessed; and that even allowing
they could have invented such a science, it must still have
been utterly impossible for them to teach it to the barbarians
around them.

The opinions of those philosophers, who confine themselves to
the phenomena of nature,and hold themselves uncontrolled by other
authority, accord with those of the Epicureans.

In the origin of language, it is probable, that words were
suggested to mankind by the sounds, which were heard around
them : — by the cries of quadrupeds ; — the notes of the birds of
the forest ; — the noises emitted by the insect tribe ; — the audible
indications from the elements, &c. These, being various, probably
first of all suggested discriminative names,deduced from the sounds
heard. It is this imitation of the noise, made by objects, that con-
stitutes the figure of speech, called onomutopeia, — the “ vox
repercussanafura,”’ or “echo of nature,”” as Wachter*hasdefined it.
Daily experience shows us, that this source of words is strictly phy-
siological, Children always designate a sonorous object by an
- imitation of the sounds given off by it; and the greater number of
sonorous bodies have had names, radically similar, given to them in
langnages differing most from each other. We say the serpents
“ fizss,”’ the bees “ hum,”’ thestorm* blusters,” the wind “whistles,”
the hogs “ grunt,” the hen © cackles,’” the man “ snores,” &c., words
used, originally, not perhaps in these very shapes, but varying ac-
cording to the varying idiom of the language, to imitate the sounds

s Bharon Turner's Sacred History of the World, p. 280, Amer. Edit. New York,

1832.

v Harris’s Hermes, Book iii. p. 314 ; Beattie’s Theory of Language, p. 246, Lond,
1803 ; Good's Book of Nature, ii. 283, Lond. 1826,

¢ Glossarium Germanicum, Lips. 1737.
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ments of the vocal tube ; and, on this account, are not acquired so
early by children. The term consonant is derived from one of its
uses, — that of binding together the vowels, and being sounded
with them. By most, and according to Mr. Walker,® by the best
grammarians, w and y are consonants when they begin a word ;
and vowels when they end one. Dr. Lowth,” however,a man
of learning and judgment, who certainly would not suffer in
a comparison with any of his opponents, regards them, as we
do, to be always vowels. Physiologically it is not easy to
look upon them in any other light. Yet Mr. Walker exclaims, —
“how so accurate a grammarian as Dr. Lowth could pronounce
so definitely on the nature of y, and insist on its being always a
vowel, can only be acecounted for by considering the small attention
which is generally paid to this part of grammar.”> No stronger
argument, however, could be used against the useless expenditure
of time on this subject, than the conclusion to which Mr. Walker
himself has arrived ; and for which he ean find no stronger reasons,
than that “if w and y have every property of a vowel, and unot one
of a consonant ; why, when they begin a word, do they not admit
of the euphonic article an before them ?*?

The consonants are usually divided into mufes, semi-vowels, and
liguids. Mutes are such as emit no sound without a vowel ; &, p,
¢y d, &y, and ¢ and g hard,  Semi-vowels are such as emit a sound,
without the concurrence of a vowel, as fi v, s, z, , g soft or j.
Liguids are such as flow into, or unite easily with, the mutes, as
I, m, n,r. These letters issue without much obstacle ; and hence
perhaps their name. |

In tracing the mode in which the different consonants are arti-
culated, we find, that certain of them are produced by an analo-
gous action of the voeal tube ; so that the physiology of one will
suffice for the other also. For instance, the following nearly cor-

respond : —
- I ¢ 8 k ch
& & & 8 ey By 8 2
b ¥ d z g i

B and P are produced when the lips, previously closed, are snd-
denly opened. B differs from P in the absence, in the latter, of an
accompanying vocal sound. F and V are formed by pressing the
upper incisor teeth upon the lower lip. They are, consequently,
not well enunciated by the aged, who have lost their teeth. F
differs from V only in the absence of an accompanving vocal sound.
T and D are formed by pressing the tip of the tongue against the
gums behind the upper incisor teeth : D is accompanied by a voeal
sound ; T not. Sand Z are produced by bringing the point of the
tongue nearly in contact with the upper teeth, and forcing the air
against the edges of the teeth with violence. 8 differs from Z in
the absence of the vocal sound. K and G are formed by pressing
the middle of the tongue against the roof of the month, near the
+ Preface to his Dictionary. ® Introduction to English Grammar, p. 3.
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Mr. Lhuyd,® * whether by chance or affectation, are so very easy
and so common in all langnages, that in etymological observations,
they need not, indeed, be much regarded ; the consonants being
the sinews of words, and their alterations therefore the most per-
ceptible. The changes of consonants also into others of the same
class, (especially labials, palatals,and linguals,) are such obvious
mistakes, that there is no nation where the common people in one
part or other of their country, do not fall into some of them.” A
few examples will show to what extent this permutation oceurs
between letters of the same class in different langnages. In this
view, we may regard the labials and dento-labials as belonging
to the same class.

P into B. — Greek, ®ae ; Latin, phlebs. Latin, (and Greek,) episcopus ; English,
bishop ; Anglo-Baxon, biscop ; German, bischof

P into F and V. — Latin, pater ; German, vater ; Dutch, vader ; Ehgliﬂh,_ﬁlﬂfer.

T, intoe 8.— German, besser; English, better. German, wasser; English,
water,

D into Th. — German, d as; Dutch, dat ; English, that.

T into Z. — German, zun g; Dutch, tang ; English, tongue, German,zweig;
English, twig. 1

ml;rinm R. — Spanish, Gil Plas ; Portuguese, Gil Bras. Latin, arbor ; Spanish,
[ .

C or K into G.— Latin, hemicranium ; French, migraine. Latin, cibarium ;
French, gibier. Latin,acer; Italian, agro. Latin, alacer ; Italian, allegro. Greek,
everes 5 Lating eygnus,

The most harmonious languages are such as have but few con-
sonants in their words, compared with the vowels ; hence the mu-
sical superiority of the Greekand Italian, over the English, German,
&c. * Among certain northern nations,”” says M. Richerand,” «all
articulated 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 consonants rather than vowels, because as the pro-
nunciation does not require 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 dis-
cussion.

In regard to the consonants, it has been presumed, that some
common imitative principle must have existed with all nations, so
as to cause them to conform in adopting such as produce a certain
sound to convey the same effect to the ear. Dr. John Wallis,®
turned his attention to this matter, chiefly as regards 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 con-
veyed by it. For instance, he remarks that : —

2 Archmologia Dritannica, Oxford, 1707.

b Elémens de Physiologie, edit. cit. p. 298.

¢ Grammatica Lingus Anglicans, &e,, edit. 6, Lond. 1765
38*
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for “ to write,” is from the Latin, seribere ; and, anciently, a kind of
style was used for tracing the letters in wax ; which instrument, by
a like analogy, was called, by the Greeks, sxxpgs::. M. de Brosses®
accounts for these, by supposing, that the tecth, being the most
immoveable of the organic apparatus of the voice, the firmest of,
what he calls, the dental letters T has been mechanically employed
to denote stability ; and that, to denote hollowness, the K or C has
been adopted, — which are produced in the throat, the most hollow
of the vocal organs. The letter S serves, he conceives, merely as
an augmentative ; as the sound can, by its addition, be made con-
tinnous. It is itself, however, a letter expressive of softness, when
combined, as we have seen, with certain other consonants; or
when employed alone at the commencement of a word.

In the same manner, the letters / are used to designate the mo-
tion of fluids more especially, — as in the Greek, i, flame ; ¢ne4,
a velll ; eaedw, a burning river in the infernal regions : — in the
Latin, flamma, flame ; fluo, 1 flow ; flatus, wind ; fuctus, wave,

_&ec.:—in the German, fléssen, to float; fldten, to play on the
flute; fluss, a river; flug, flight, &c.; and in the French and
English words of the same meaning. Lastly, the idea of rough-
ness and asperity is conveyed by the letter, r, as in the words
rude, rough, rock, romp, &c. How different, for example, in
smoothness are the two following lines, in which the S predomi-
nates; from those that succeed them, where the R frequently and
perhaps designedly, occurs:

% Softly sweet in Lydian measures,
Soon he soothed his soul to pleasures ;™

And —

“ Now strike the golden lyre again,
A louder yet, and yet a londer strain ;
Break his bands of sleep asunder ;

And rouse him like a rattling peal of thunder.”
Dryden's © Alexander's Feast,"

The remarks that have been made, suggested by those of Wallis
and of M. de Brosses, must not, however, be received too abso-
lutely. In the condition in which we find languages at the present
day, it would be impossible that they should hold good universally ;
but they will tend to show, that the physiology of the voice is
intimately connected with this part of philology; and that the
sounds emitted by the agency of particular parts of the vocal tube,
may have led to the first employment of those sounds, according.
to the precise idea it may have been desired to convey ; — gutturals,
for example, for sounds conveying the notion of hollowness : —
resisting dentals, that of obstacles, &. The words mamea and
papa are composed of a vowel and econsonant, which are the easiest
of enunciation, and which the child, consequently, pronounces and
unites earlier than any other. Hence they have become the in-
fantile appellations for mother and jfather with many nations.
President de Brosses' affirms —and he has adduced numerous
examples to prove his position — that in all ages, and in every

s Op. citat. i. 261, b Op. cit. i. 244.
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idea communicated by the words collectively. Of this, we have a
good example, in the lines before cited, in which the repetition of
the letter R, in the phonetic words, adds considerable force to the
idea intended to be conveyed by the passage —
“ Break his bands of sleep asunder ;
And rouse him like a rattling peal of thunder,”
and in Byron’s « Darkness,”

“ Parests were set on fire — but hour by hour
They fell and faded — and the crackling trunks
Ezxtinguish’d with a crash — and all was black.”

6. SINGING.

The singing voice differs from the other sounds produced by the
glottis, in consisting of appreciable sounds, the intervals of which
can be distinguished by the ear, and which admit of unison.
Under the sense of hearing we endeavoured to show, that the
musical ear is an intellectual faculty ; and that the ear is only the
instrument for attaining a knowledge of sounds, which are subse-
quently reproduced by the larynx, under the guidance of the intel-
lect. In this respect, therefore, there is a striking resemblance
between the faculty of music and that of spoken language.

Like the spoken langnage, singing admits of considerable differ-
ence, as regards intensity, timbre, &c. Voices are sometimes
divided into the grave and the acufe; the difference between them
amounting to about an octave. The former is the voice of the
adult male; butitis capable of producing acute sounds, by assum-
ing the falsello, which Savart® conceives to be produced in the
ventricles of the larynx ; Bennati in the pharynx., The mode,
however, in which the falsetto voice is produced is by no means
determined. It has given rise to great diversity of views.® The
acute voice is that of the grown female, of children, and of eunuchs.
According to Pouillet,® the gravest sound of the voice of a man
makes 190 vibrations per second ; the most acute 678 per second ;
whilst the female voice makes 572 vibrations for the gravest, and
1606 for the most acute. By adding all the tones of an acute to
those of a grave voice, they are found to embrace nearly three
octaves; but, according to Magendie, it does not appear, that such
a compass of voice, in pure and agreeable tones, has ever existed
in the same individual.* On the other hand, Biot calculated three
octaves and a half to be the extreme range ; but this, Mr. Bishop®
says, he knows from experience to be too low an estimate. Sowmne
singers can descend sixteen tones below the medium ; others can
rise sixteen above it. The former are called fenor bass ; the lat-
ter soprano ; but hitherto no example has occurred of a person,
who could run through the thirty-notes.

The musician establishes certain distinctions in the voice ; such

a Magendie's Journal de Physiclogie, tom. v. Paris, 1825,

v Miiller, Physiology, B. iv. ; and Carpenter, Human Physiology, § 411, Lond, 1842,
¢ Elémens de Physiologie E«périmentale, tom, iii. 130, Paris, 1832,

4 Précis Elémentaire, i. 262,

¢ The London and Edinburgh Philosophical Magazine, for October, 1836, p. 272.
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only drawn into action in combination with the other muscles of
the face in expressing passion, or in some convulsive excitement
of the organ. In laughing and crying, the outer and more power-
ful muscle is in action, gathering up the skin about the eye, and
forcing back the eyeball itself. In drunkenness, the power of
volition over this muscle is diminished ; and there is an attempt to
raise the upper eyelid by a forcible elevation of the eyebrow.

The muscles of the nostrils are; 1st, the levator labii superioris
al@zque nasi, which, as its name imports, raises the upper lip and
nostril ; 2dly, the compressor nasi, a set of fibres which compress
the nostril ; and 3dly, the depressor ale nasi, which lies under the
orbicularis oris, and whose function is indicated by its name. The
three muscles serve to expand and contract the opening or canal
of the nostril ; moving in consent with the muscles of respiration ;
and thus the inflation of the nostrils indicates general excitement,
and animal activity.

The muscles of the lips are; 1st, the levafor labii proprius,
which raises the upper lip ; 2dly, the levator anguli oris, which
raises the angle of the mouth; and 3dly, the zygomatic muscle,
which is inserted into the angle of the mouth. Sometimes an addi-
tional muscle of the name exists : — zygomaticus minor. These
last muscles raise the upper lip and the angle of the mouth, so as
to expose the canine teeth, If they be in action countrary to the
orbicularis oris, there is a painful and bitter expression ; but if they
be influenced along with the orbicularis oris, and orbicularis pal-
pebrarum, — if the former of these muscles be relaxed,and the
latter contracted, — there is a fulness of the upper part of the face,
and a cheerful, smiling expression of countenance. The orbicu-
laris oris closes the mouth; and, when allowed to act fully,
purses the lips. The nasalis labii superioris draws down the
septum of the nose. The triangularis oris or depressor labiorum,
indicates, by its name, its function. The gquadratus menti is a
depressor of the lower lip. The levalores menti, by their action,
draw up the chin, and project the lower lip ; and the buceinator
is chiefly for turning the alimentary bolus in the mouth; and, in
broad laughter, retracts the lips. The orbicularis muscle is affected
in the various emotions of the mind ; trembling and relaxing in
both grief and joy : it relaxes pleasantly in smiling.

The union of these various muscles at the angle of the mouth
produces the fleshy prominence, noticed in those who have thin
faces; and who are, at the same time, muscular., When the cheeks
are fat and full, the action of these muscles produces the dimpled
cheek. The angle of the mouth is full of expression, according as
the orbicularis, or the superior or inferior muscles inserted into it,
have the preponderance.

Lastly, the femporal is a strong muscle, which raises the lower
jaw. It is assisted by the masseter, a deep-seated muscle, which
lies on the outside of the lower jaw, arises {from the jugum, and is
inserted into the angle of the jaw.
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face were alone rendered impracticable, the disease was found to
have implicated only the respiratory or facial nerve. The views of
Sir Charles Bell, regarding the connexion, alleged by him to subsist,
between the seventh pair and the associated movements of respira-
tion, have, however, been contradicted by the experiments of Mr.
Mayo,» and his inferences regarding the fifth pair—as being jointly
a nerve of sensation and voluntary motion — have been considered
to require qualification. By dividing the portio dura of the seventh
pair in the ass, and on both sides instead of one, as done by Sir
Charles Bell, Mr. Mayo found, that the nerve presides over simple
voluntary motion only ; and by a similar division of the second
and third branches of the fifth, at their points of convergence, he
showed, that the lips were deprived of sensation, not of motion.
% No doubt, I believe,’”” says Mr. Mayo, “ is now entertained, that
the inference which I drew from these experiments is correct ; —
namely, that the portio dura of the seventh pair is a simple volun-
tary nerve, and that the facial branches of the fifth are exclusively
sentient nerves.”” In the prosecution of his inquiries, Mr. Mayo
observed, that the masseter muscle, the temporal, the pterygoids,
and the circumflexus palati receive no branches from any nerve
except the fifth, and yet that they receive twigs from the ganglio-
nic portion of the nerve; and theuce he concludes, that alinost all
the branches of the large or ganglionic portion of the fifth pair are
nerves of sensation, whilst those of the small fasciculus or ganglion-
less portion are nerves of motion. This smaller portion of the fifth
pair issnes from the peduncles of the brain, constitutes a gangliform
plexus with the inferior maxillary only, presents the common as-
pect of most nerves of the body,and is distributed to the chief
muscles concerned in the process of mastication. Hence it was
termed by Bellingeri," nervus masticatorius, and by Sir Charles
Bell, long afierwards, the motor or manducatory portion of the
Jifth nerve. To this smaller fascieulus of the fifth, twigs from the
ganglionie portion of the nerve are distributed. The ganglionic
portion, and the portio dura of the seventh, Mr. Mayo conceives
to be voluntary nerves to parts, which receive sentient nerves from
the larger or ganglionic portion of the fifth.®* The facial nerve,
however, after it has passed through the parotid gland, becomes
sens:l:-’r]r also, owing to its having received a twig from the fifth
pair.

Pathology affords us numerous examples of injury done to the
facial nerve. In some of these cases, the nerve itself may be in a
morbid condition in some portion of its course ; in others, the part
of the encephalon, whence the nerve originates, inay be the seat of
the lesion. The prognosis will, of course, vary according to the

= Qutlines of Human Physiology, 4th edit. p. 254, Lond. 1837,

b Dissert. Innugur. Turin. 1823 ; and Edinb. Med. and Surg. Journ, .I1.]|3'1 1834.

¢ See Panizza's Experiments upon the Seventh or Facial Nerve, in Lon. Med. (Gaz,
Sept. 26, 1885, and Miiller, Elements of Physiology, by Baly, p. 666, Lond. 1838 ;
also, Valentin, Traité de Névrologie, traduit par Jourdan, pp. 388, 417, Paris, 1843,

¢ Carpenter's Human Physiology, § 124, Lond. 1842,
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seat, but as a general
rale, paralysis of the
facial nerve is not of
greatmoment. With-
in the last few years,
the author has seen
several cases of par-
tial paralysis of this
kind ; some of which
have wholly disap-
Peared; but in others
it appears to be per-
manent. In a case,
which presented itself
not long ago, in the
Baltimore Infirmary,
the mischief was pro-
bably seated near the
origin of the nerve, as
it resulted from serious
injury to the head. A
carriage horse, belong-
ing to a friend, by
, exerling considerable
Paralysis of the Facial Nerve. — (Dr. Marshall Hall.) power, forced its head
through an aperture in
the partition of its stall, and was unable to withdraw it, in conse-
quence of the under jaw catching the sides of the aperture. Dur-
ing the eflorts to extract it, so much pressure was made upon the
portioduraof one side, that the animal lost all power of expression in
the corresponding side of the head ; the soft paris about the mouth
dropped, and the ear no longer associated with that of the oppo-
site side in expression : yet the movements of mastication and
deglutition were scarcely aflected. This state of paralysis con-
tinued for a few days, and gradually disappeared. The marginal
figure, (Fig. 113,) represents a case of paralysis of this nerve,
produced by the pressure of a tumour beneath the ear : the orbi-
cularis palpebrarum was paralysed so that the patient was unable
to close his eyelids.

Independently of the various muscular actions, which modify
the expression of the human countenance, there are certain other
indications which mark the different mental emotions. The skin,
for example, varies in colour, becoming pale or suffused, and fre-
quently alternating rapidly between these two conditions. These
changes are more especially witnessed on the forehead, cheeks and
lips; and arise from an augmented or diminished flow of blood
into the capillaries of the part, under the influence of the existing
emotion, Under such circumstances, the eye may participate in
the suffusion. The skin may also vary in its degree of moisture
or of heat; it may be dry,or bathed in perspiration; and the per-
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blood from the head is somewhat impeded. The muscles of the
cheeks are in action. Those that depress the angles of the mouth
are powerfully contracted, and the orbicularis oris is not relaxed,
but drawn open by the predominant action of its opponents.

A convulsive action in the muscles about -the eyves attends; the
eyebrow is drawn down; the eyes are compressed by the eyelids;
the cheek is raised ; the nostril drawn out, and the mouth stretched *
laterally. In weeping, also, unless the convulsive action of the
muscles be very strong, the expression of grief affects that part of
the eyebrows which is next the nose. It is turned up with a
peevish expression, which corresponds with the depression of the
corners of the mouth. This depression of the angle of the mouth
gives an air of despondency and languor to the countenance, when
accompanied by general relaxation of the musecles. When the
corrugalor co-operates, there is mingled in the expression some-
thing of meuntal energy, moroseness, or pain, If the frontal muscle
unites its action, an acute turn upwards is given to the inner part
of the eyebrow, very different from the effect of the general action
of the frontal muscle, and characteristic of anguish, debilitating
pain, or of discontent, according to the prevailing cast of the rest of
the countenance. The depression, however, of the angle of the
mouth, that indicates languor and despondency, must be slight;
as the depressor anguli oris cannot act forcibly, without the action
of the superbus being induced, — a muscle, which quickly pro-
duces a revolution in the expression, and males the under lip pout
contemptuously.

The expression at the angles of the mouth demands the careful
study of the painter ; the most opposite characters being communi-
cated to the countenance by their elevation or depression. When
Peter of Cortona was engaged on a picture of the iron age for the
royal Palace of Pitti, Ferdinand II., who often visited him, and wit-
nessed the progress of the piece, was particularly struck with the
exact representation of a child in the act of erying. “ Has your
majesty,’”” said the painter, “ a mind to see how easy it is to make
this very child laugh?’”” The king assented: and the artist, by
merely elevating the corner of the lips and inner extremity of the
eyebrows, made the child, which at first seemed breaking its heart
with weeping, seem equally in danger of bursting its sides with
immoderate laughter. After which, with the same ease, he re-
stored the figure to its proper expression of sorrow.* It is at the
angle of the mouth and the inner extremity of the eyebrow, that
the expression which is peculiarly human, is situate. These are
the most moveable partsof the face. On them the muscles are con-
centrated, and it is upon their changes that expression is acknow-
ledged chiefly to depend. All the parts, however, of an impas-
sioned countenance have an accordance with each other. When
the angles of the mouth are depressed in grief, the eyebrows are
not elevated at the outer angles as in laughter. When a smile

3 (Good’s Book of Nature, iil. 326, Lond, 1826,
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the upper eyelids, and the nostrils are agitated. Agony of mind is
here added to the bodily suffering, which is particularly indicated
by the change in the eyebrow and forehead.

In rage, the features are unsteady : the eyeballs are largely seen,
roll, and are inflamed. The forehead is alternately knit and raised
in furrows, by the motion of the eyebrows; and the nostrils are
inflated to the utmost; the lips are swelled,and, being drawn, open
the corners of the mouth, The action of the muscles is strongly
marked. The whole countenance is sometimes pale, and sometimes
inflated,dark and almost livid; the words are passed forcibly through
the fixed teeth, and the hair is on end.

Fear has different degrees. Mere bodily fear resembles the mean
anticipation of pain. The eyeball is largely uncovered; the eyes
are slaring, and the eyebrows elevated to the utmost stretch. To
these are added a spasmodic affection of the diaphragm and muscles
of the chest, which atfects the breathing, and produces a gasping
in the throat, with an inflation of the nostril, convulsive opening of
the mouth and dropping of the jaw ; —the lips nearly concealing
the teeth, yet allowing the tongue to be seen,and the space between
the nostril and lip being full. There isa hollowness and convul-
sive motion of the cheeks, and a trembling of the lips and muscle
on the sides of the neck. The lungs are kept distended ; and the
breathing is short and rapid. The surface is pale from the reces-
sion of the blood ; and the hair is lifted up by the creeping of the
skin. In fear, where the apprehended danger is more remote, but
is approaching, the person trembles and looks pale ; a cold sweat is
on the face ; the scream of fear is heard ; the eyes start forward ; the
lips are drawn wide ; the hands are clenched, and the expression
becomes more strictly animal, and indicative of such fear as is com-
mon to brutes.

In terror, or that kind of fear, in which the mind participates
more, there is a more varying depression in the features, and an
action of those muscles, which are peculiar to man, and seem to
indicate his superior intelligence and mental feeling. The eye is
bewildered, the inner extremity of the eyebrows turned up, and
strongly knit by the action of the corrugator and orbicular muscles ;
and distracting thoughts, anxiety and alarm are strongly indicated
by this expression, which does not belong to animals. The cheek
is slightly elevated, and all the muscles, that concentrate about the
mouth, are in action.

In admiration, the forehead is expanded and unrnffled ; the eye-
brow gently raised ; the eyelid lifted so as to expose the coloured
circle of the eye, whilst the lower part of the face is relaxed into a
gentle smile. The mouth is open; the jaw is a little fallen; and,
by the relaxation of the lower lip, we just perceive the edge of the
lower teeth and the tongue.

In joy, the eyebrow is raised moderately, but without any angu-
larity ; the forehead is smooth ; the eye full, lively and sparkling ;
the nostril moderately inflated, and a smile is on the lips.
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has not met with sufficient attention. In diseases of infaney, in par-
ticular, the appearance of the countenance will often materially aid
us in discriminating the seat of the affection. There is a marked
difference between the facial expression of one labouring under vio-
lent pain in the head, and of one suffering from excruciating pain
in the abdomen, even in the adult. Less degrees of pain are, of
course, disregarded, and it is only in severe cases, that physiognomy
can be inservient to diagnosis; but, in the infant, which readily
gives expression to any pain or uneasiness, the countenance is an
excellent medium of discrimination, and will frequently indicate, at
the first glance, the seat of the derangement. The character, too,
of the countenance, in serious disease, as to anxiety, convulsion,
&e., is often a subject of watchful interest with the physician,
Mute expression is not, however, restricted to the face, although,
as we have remarked,in civilized man, whose nakedness is covered,
we are shut out {from the observation of many of the acts of this
nature. During emotion, the skin, uu\reriuﬁ the body, may parti-
cipate with that of the face, in its changes from pale to red ; and it
may be warm or cold, dry or bathed in perspiration, or, during
particular depressing passions, may creep and exhibit the rough
character of the cufis anserina or goose skin. Under particular
emotions, the erectile tissues of the organs of generation, and of
the nipple in the female, experience turgescence. All these changes
are more or less concealed from view. We are, therefore, more
familiar with the sight of those phenomena of expression, which
affect the whole body, as regards its different attitudes and modes
of progression. How tremulous and vacillating is the attitude of
one labouring under fear; and how different the port of the meek
and lowly from that of the proud and haughty! In walking, we
observe a similar difference ; and can frequently surmise the cha-
racter of the passion, whether exhilarating or depressing, under
which a person, at a distance, may be labouring, from the parti-
cularity of his progression.*

Again, on the communication of sudden tidings of joy, we feel
a desire to leap up,and to give way to the most wildand irregular
motions; whilst the shrinking within ourselves, as it were, and the
;invﬂlumary shudder, sufficiently mark the reception of a tale of

OrTOr.

_ Properly speaking, the subject of cranioscopy belongs to the fune-
tion of expression, but it has already been considered under an-
other head.

Many of the partial movements constitute an important part of
the language of expression, especially with the savage, and with
those unfortunates, who are shut out from the advantages of spoken
language. In almost all nations, the motions of the head on the

a “ You may sometimes trace
A feeling in each footstep, as disclosed
By Sallust, in his Cataline, who, chased
By all the demons of all passions, showed
Their work even by the way in which he trode,” — Byron'a % Don Juan.”
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of the ordinary expression of the maternal countenance may be
attended with similar results. It is difficult, indeed, to compre-
hend how the child should be eapable of diseriminating between
the smile and the frown, when first presented to it. That organs
may be associated, in the expression of any encephalic act, is in-
telligible; but that an act of judgment can be executed naturally
or instinctively, appears inexplicable. Sir Charles Bells who
maintains the doctrine of the instinctive character of the expression
of human passions, rejects the notion of instinctive expression in
the face of the quadruped, contending that, even in the passion of
rage, which is the most strongly marked of all, the changes, that
occur in the features, are merely motions accessary (o the great
object of opposition, resistance, and defence. * In carnivorous
animals,”” he remarks, “ the eyeball is terrible, and the retraction
of the flesh of the lips indicates the most savage fury. But the
first is merely the excited attention of the animal, and the other'a
preparatory exposure of the canine teeth.’’ It appearsto bea
sufficient answer to this view, that no such expression is ever
witnessed in other cases of exeited attention, or in the simple ex-
posure of the canine teeth, when the animal is devouring its food : -
unless, indeed, the repast be effected, during the prevalence of the
passion.

On a former occasion, it was remarked, that the encephalon is
exclusively concerned in the production of the different passions,
and that the parts to which they are usually referred, attract our
attention to them principally, in consequence of the sensation,
which accompanies them being there chiefly experienced. The
same may be said of the different gestures, that accompany the
varions emotions. They are dependent upon the influence ex-
erted by the function of sensibility on the other functions. Gall,*
in his system, has feebly attempted to show, that each gesture has
a reference to the encephalic situation of the organ coneerned in
the production of the emotion of which it is a concomitant. The
idea was suggested to him, he asserts, by the fact, which he had
observed a thousand times, that in fractures of the skull, the hand,
(very naturally we should think,) was carried mechanically to the
seat of the fracture. [Ie farther remarks, that the organs of the
memory of words and of meditation are seated in the forehead ;
and that the hand is earried thither, whenever we are engaged in
deep study ; — that the organ of religious instinet correspouds to
the verlex, and hence, in the act of prayer, all the gestures are
directed towards that part of the body. Like every professed
systematist, Gall is here pushing his principles ad absurdum.
They are, indeed,controverted by facts. The hand is usually car-
ried, not to the part of the encephalon, in which any passion is
effected, but to the part of the body in which its more prominent
effects are perceptible, as to the region of the stomach or heart;

s Anat. of Expression, edit. cit.
b Syr les Fonetions du Cerveau, v. 436, Paris, 1823,
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rendered clearly visible. With the aid of a powerful microscope,
an appearance of undulation is perceptible, and small bodies
floating in the water may be seen, near the border of the mem-
brane, to be driven along in a determinate direction. With a still
higher magnifying power, the cilia themselves may sometimes be
recognised, although seldom very distinetly, owing to the great
rapidity of the motion. The influence of the motion on the fluids
and small bodies in contact with the membrane may also be well
exhibited by strewing a fine powder on the surface. As the motion
of the cilia has a uniform direction, it gives rise to currents over
the surfaces of the mucous membrane.

An easy mode of observing the phenomenon is to scrape with a
_knife a few scales of epithelium from the back of the throat of
a living frog. If these be moistened with water or serum, they
will continue to exhibit the motion of the adherent cilia for a
very cousiderable time, if the epithelinm be kept only moistened.
On one oceasion, Messrs. Todd and Bowman observed a piece of
epithelium, prepared in this manner, exhibit motion for seventeen
hours ; and they thought it would probably have done so for a
longer time had not the moisture around it evaporated. In the
turtle, after death by decapitation, Messrs. Purkinje and Valentin
found it lasted in the mouth nine days; in the trachea and lung,
thirteen days; and in the esophagus, nineteen days.®

The organs of ciliary motion, according to Purkinje and Va-
lentin, are delicate transparent filaments, varying in length,
from ;51,710 157¢ of an inch, and are generally thicker at the base
than at the free extremity. The motion continues after death as
long as the tissues retain their contraetility, and often much longer.
Miiller® thus sums up the present state of our knowledge in regard
to this phenomenon : That the ciliary motion of the mucous mem-
branes is due to the action of some unknown contractile tissue,
which lies either in the substance of the cilia or at their base, —
that this tissue resembles in contractility the muscular and other
contractile tissues of animals ; — that its properties so far agree
with those of the muscular tissues — at all events with that of the
involuntary muscles of the heart, and with the vibratory lamine
of the lower crustacea, — that the motions, which it produces, con-
tinue without ceasing with an equable rhythm ; — that its proper-
ties agree also with those of the muscular tissue of the heart in its
motions, continuing long after the separation of the part {rom the
rest of the animal body ; — that this tissue differs essentially, how-
ever, from muscle, in the circumstance of its motions not being
arrested by the local application of narcoties; and lastly, that the
ciliary motion presents itself under conditions where it is not pro-
bable that a complicated organization exists,— namely, in the un-
developed embryos of polypiferous animals.

% Physiological Anatomy and Physiology of Man, by Messrs. Todd and Bowman,
p- 62, lLond. 1843, :
v Elements of Physiology, by Baly, P. iv. p. 866, Lond, 1838.
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These, in the aggregate, form a muscalar 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 conse-
quently closed.

The human organs of mastication hold an intermediate place be-
tween those of the carnivorous and herbivorous animal. In the
carnivorous 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 practieable ; or,at least, that can
be eflected toany extent. Thisis de-
pendent upon organization. The Fig. 119.
condyle is hroader fromside to side,
which prevents motion in that di-
rection ; the glenoid cavity is very
deep, so that the head of the jaw-
bone cannot pass out from it ; and
it is, moreover, fixed in its place by
two eminences before and behind.
The muscular apparatus is also so
arranged 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 impressions in the regions of
the temporal and masseter mus-
cles indicate the large size of these
muscles in the purely carnivorous
animal ; whilst the pterygoid mus-
cles are extremely small. The
teeth, too, are characteristic ; the
molares being comparatively small,
atthe sametime that they are much :
more pointed.  On the other hand, BRilLof the, Shee:
the cuspidati are remarkably large; and the incisors, in general,
acuminated. ‘The herbivorous animal has an arrangement the re-
verse of this, The condyle or head of the lower jaw is rounded ; and
can, therefore, be moved in all directions ; and as easily horizontally
asup and down. The glenoid cavity is shallow, and yields th_e 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, m:.-h-:llty 1ennugh for the

jaws to exert considerable pressure with impunity ; and laxity
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enough that the lower jaw may execute hurizuntal_mﬂ?ﬂmﬂllw-
The action of the levator muscles is the most extensive ; but the
lateral or grinding motion is practicable to the necessary extent;
and the muscles of both kinds have a medium degree of develop-
ment. The teeth, likewise, partake of the characteristics of those
of the carnivorous and herbivorous animals ; twelve — the canine
teeth and lesser molares — corresponding to those of the carnivo-
rous; and twenty —the incisors and larger molares — to those of
the herbivorous. A ‘

The tongue must be regarded as an organ of mastication. It
rests horizontally on the floor of the mouth; is free above, an-
teriorly, and, to a certain extent, beneath and at th:e sides. Be-
hind, it is nnited to the epiglottis by three folds of the mucous
membrane of the mouth; and is supported at its base by the os
hyoides, with which it participates in its movements. The tongue,
as the organ of taste and articulation, has already been deseribed
(P 112). We have only, therefore, to describe the os hyoides and
its attachment to that bone. The hyoid bone has, as its name im-
ports, the shape of the Greek letter », (upsilon,) the convex part
being before. (Fig. 104.) It is situate between the tongue and the
larynx : and is divided into body or central purt; and into
brauches, one extremity of which is united to the body by an in-
termediate cartilage, that admits of slight motion ; whilst the atl}er
is free, and is called the greater cornu. Above the point, at which
the branch is articulated with the body, isan apophysis or process,
called the lesser cornu. The os hyoides is united to the neighbour-
inﬂ parts by fibrous organs, and by muscles. The former are ;—
above, the stylo-hyoid ligament, which extends from the lesser
cornu of the bone to the styloid process of the temporal bone ;
below, a fibrous membrane, called the thyro-hyoid, passing be-
tween the body of the bone and the thyroid cartilage ; and two
ligaments, extending from the greater cornu of the hyoid bone to
the thyroid cartilage, called the thyro-hyoid. Of the muscles;
some are above the hyoid bone, and raise it ; — viz., the genio- and
mylo-hyoideus, already referred to: the stylo-hyoid, and some
fibres of the middle constrictor of the pharynz. Others are below,
and depress it. They are the sterno-thyro-hyeideus, amo-hyoideus
and sterno-thyroideus. The base of the tongue is attached to the
body of the bone by a ligamentons tissue, and by the fibres of the
hyoglossus muscle.,

Among the collateral organs of mastication are those that secrete
the saliva, and the various fluids, which are poured out into the
mouth, — constituting together what has been termed the appara-
tus of insalivation. These fluids proceed from different sources.
The mucous membrane of the mouth, like other mucous mem-
branes, exhales a serous or albuminous fluid, besides a mucous
fluid secreted by the numerous follicles contained in its substance.
Three glands likewise exist, on each side, destined to secrete the
saliva, which is poured into the mouth by distinet excretory ducts.
They are the parotid, submazillary,and sublingual. The first js
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situate between the ear and the jaw ; and its excretory duct opens
into the mouth opposite the second small molaris of the upper jaw.
By pressing upon this part of the cheek, the saliva can be madeto
issue in perceptibly increased quantity into the mouth. The sub-
maxillary gland is situate beneath the base of the jaw; and its
excretory duct opens into the mouth at the side of the frenum lin-
guz. The sublingual gland is situate under the tongue, and its
excretory ducts open at the sides of that organ. These glands are
constantly pouring saliva into the mouth ; and it has been presumed,
that the fluids secreted by them may differ from each other in
physical and chemical characters. Such, at least, has been the
view of some as regards the sublingual, the texture of which more
nearly resembles that of the compound follicles than of the glands 1
but the circumstance has not been proved by any direct experiment.
The saliva, as met with, is a compound of every secretion poured
into the mouth ; and it is such fluid which has alone been sub-
jected to analysis. The secretion of the saliva, and its various
properties belong, however, to another division of the nutritive
functions.

The two apertures of the mouth are the /abial and pharyngeal.
The former, as its name imports, is formed by the lips, which
consist externally of a layer of skin, are lined internally by a
muecous membrane; and, in their substance, conlain numerous
muscles, already described under the head of Gestures. These
muscles may be separated into constrictors and dilators; the
orbicularis oris being the ounly one of the first class, and the
antagonist to the others, which are eight in number, on each
side —the levator labii superioris alwgue nasi, the levator labii
superioris proprius, the levalor anguli oris, the zyzomaticus
major, the zygomaticus minor, the buccinator, the triangularis,
and the guadratus menti. (Fig. 111.) To the two last muscles
are added some fibres of the plalysma myoides.

The pharyngeal opening is smaller than the labial, and of a
quadrilateral shape. It is bounded above by the wvelum palati
or pendulous vetl of the palate; below, by the base of the
tongue ; and laterally, by two muscles, which form the pillars
of the fauces, The pendulous veil is a musculo-membranous
extension, constituting a kind of valve, attached to the posterior
margin of the bony palate, by wgch all communication between
the mouth and pharynx, or between the pharynx and nose, can
be prevented. To produce the first of these effects, it becomes
vertical ; to produce the latter, horizontal. At its inferior and free
margin, it has a nipple-like shape, and bears the name of wwula,
It is com posed of two mucous membranes and of muscles. One
of the membranes, — that forming its anterior surface —is a pro-
longation of the membrane lining the mouth, and eontains numer-
ous follicles ; the other, forming its posterior surface, is an exten-
sion of the mucous membrane lining the nose, and is redder, and
less provided with follicles than the other. The muscles that eon-
stitute the body of the velum palati are — the circumflexus palati









It is capable of holding, in the adult male, when moderately dis-
tended, about three pints. The left half of the organ has always
much greater dimensions than the right. The former has been
called the splenic portion, because it rests upon the spleen ; the
latter the pyloric portion, because it corresponds to the pylorus.
The inferior border of the stemeach, which is convex, is termed
the great curvature or arch ; the superior border, the lesser cur-
vature or arch. The two orifices are the esophageal, cardiac or
upper orifice, formed by the termination of the cesophagus ; and
the dntestinal, pyloric or inferior orifice, which communicates
with the small intestine.

The three coats, which constitute the parietes of the stomach, are
arranged in a manver the most favourable for permitting variation
in the size of the organ. The outermost or perifoneal coat consists
of two laminge, which adhere but slightly to the organ, and extend
beyond it, where they form the epiploons or omenta, the extent of
which is in an inverse ratio to the degree of distension of the sto-
mach. The omentum majus or gastro-colic epiploon is the part
that hangs down from the stomach in Fig, 122,

The mucous or lining membrane is of a whitish, marbled, red ap-

~ . %:uaara.nce, having a num-

ser of irregular folds, situ-

ale especially along the
inferior and superior mar-
gins of the organ. These
folds are evident, also, at
their splenic extremity ;
and are more numerous
and marked, the more
the stomach is contract-
ed. They are radiated to-
wardsthe cardiac—Ilongi-
tudinal towards the py-
laric, grifice. This mem-
brane, like every other
of the kind, exhales an
albuminous fluid {rom a

Fig. 123.

Fertical and Longitudinagl Section of Stomack and Duodentim,

made in gieeh direction as to include the tice orifices of Stomuch,

1. (Esophagus: upon its internal surface the plicated sr-
rangement of cuticular epithelium is shown. Cardiac
ari of the stomach, around which the fringed border of
cuticular epithelium is seen. 3. Great endof stomach. 4. s
lesser or pyloric end. 5. Lesser curve. 6. Greater curve,
. ilatation at lesser end of stomach which received (rom
Willis the nume of antrum of pylorss.  This may be regand-
ed as the rudimment of a second stomach. 8 Rugm of the
stomach formed by mueous membrane : their longitudinal di-
rectionigshown, 9. Pylorus. 10, OWlique portion of duodenum,
11. Descending portion. 12 Pancreatic duct, and duetus eom-
muniecholedochus elose to their termination. 13. Papilla upon
which ducts open.  14. Transverse portion of duodenum. 15,
Commencement of jejunum. In interior of duodenum and
Iejunum, the valvale conniventes are seen. — | Filzon.)

multitude of delicate villi,
which are as perceptible
in the stomach as in any
part of the digestive tube.
It contains, likewise,
many follicles, which are
especially abundant in
the pyloric portion. (Fig.
124.) Several, also, ex-
ist in the vicinity of the

cardiac orifice, but in the

rest of the membrane they are few in number.
The pylorus, or the part at which the stomach terminates in the
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small intestine, is marked, externally, by a mani-
fest narrowness, as at 9, Fig. 123. Internally,
the mucous membrane forms a circular fold,
which has been called the valve of the pylorus,
between the two lamine of which, a dense,
fibrous tissue exists. This has been called, by
some anthors, the pyloric musele.

The muscular coat, which is situate without
the mucous coat, — as inthe parts of the digestive

- tube already deseribed, — consists of several la-
minz of fibres, less distinet than those of the ceso-
phagus ; or rather more irregularly distributed.
The most common opinion is, that there are
three laminze : — an external, longitudinal series;
a middle, transverse stratum; and an inner stra-
tum with the fibres running longitudinally. Both
circular and longitudinal fibres are separated
from each other, especially in the splenic portion ;
the separation augmenting or diminishing with
the varying size of the stomach.

The bloodvessels and nerves of the stomach
are more numerous than those of any other organ
of the body. The arteries are disposed along
the curvatures. On the lesser curvature are, —
the coronaria ventriculi, and the pyloric branch B
of the hepatic artery ; on the great curvature, the it v ur s raiarss
right gastro-epiploic, which is a branch of the he- A Magniticd about three
patic ; and the left gastro-epiploic, — a branch of g e B A few of the
the splenic. The splenic artery, too, furnishes e andidistantety wil
numerous branches to the left cul-de-sac diamerers.
behind.  These are called vasa brevia or gasiro-splenic. The
nerves of the stomach are of two kinds. Some proceed from
the great sympathetic, from the cceliac plexus, and accompany
the arteries through all their ramifications, Others are furnish-
ed by the pneumogastric or eighth pair; the two nerves of
which surround the cardiac orifice like a ring. The number of
the nerves, and the variety of sources whence they are derived,
explain the great sympathetic influence exerted upon the stomach
by affections of other parts of the system. Itsympathizes, indeed,
with every protracted morbid change in the individual organs;
and hence it was termed, by Hunter, the centre of sympathies.

Like the teeth, the human stomach holds a medium place be-
tween that of the earnivorous and herbivorous animal. As the
former makes use of aliment, which is more readily assimilated to
its own nature, and more nutritious, it is not necessary, that it
should take food in such large quantity as the latter, or that it
shonld remain so long in the stomach. On this account, the organ
is generally of much smaller size. On the other hand, the herbi-
vora, subsisting solely upon grass, which contains but a small
quantity of nutritious matter, and that not easy of assimilation, it
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cous or secreting membrane. There is, in the interior arrange-
ment of the stomachs of the ruminant animal, a singular provision,
by which the food can be either received into the first and second
stomachs or be carried on into the third, if its character be such
as to be fitted at first for the action of the omasum.

From the -
sophagus, in Fig. 127.
Fig. 126,a gut-
ter passes into
the second and
third stomachs.
The third leads
into the fourth
by a narrow
opening, and
the fourth ter-
minates in
the duodenum,
which has a
pylorus at
its origin,
When the ani-
mal eats solid
food, this s, af-
ter slight mas-
tication, pass-
ed into the
paunch, and
from thence, by
small portions
into the second
stomach. When §
this hasbecome
mixed  with
fluid, and kept
for some time
at amoderately
high tempera- _ i
ture, a morsel Gastric Apparatus of the Turkey.
is thrown back o :
with velocity from the stomach into the mouth, where it is * rumi-
nated,” and then swallowed and passed on into the third sto-
mach, — the groove or gutter being so contracted as to form a
channel for its passage through the two first. In the third and
fourth stomachs, more especially in the latter, true digestion takes
place. When the food is of such a character as not to require
rumination, it can be sent on directly into the third stomach, by
the arrangement just described. 4

In the bird tribes, we see an admirable adaptation of the strue-

41%
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without this is a muscular coat; and, externally, a serous coat,
formed by a prolongation of the peritonenm. The mucous mem-
brane is soft and velvety, and is the seat of a similar secretion to
that of other membranes of the same class. The muscular coat is
composed of the two planes of fibres, so united that they cannot be
separated, — the innermost consisting of circular, and the outermost
of longitudinal fibres, the arrangement of which differs in the small
and large intestines., The serous or peritoneal coat receives the
ntestine between two of its lamina, which, in their passage to it,
form the mesentery. The serous coat only comes in direct contact
with the intestine at the sidesand forepart. Behind, or on the mesen-
terie side, is a vacant space, by which the vessels and nerves reach
the intestine. These form their first network between the scrous and
muscular coats ; their second, between the muscular and mucous.
Between the upper four-fifths of the intestinal eanal, and the
lower fifth, there is a well-marked distinetion ; not only as regards
structure and magnitude, but function. This has given occasion
to a division of the canal into the small intfestine and_the large ;
and these, again, have been subdivided in the various modes,
which will successively fall under consideration. As the small
intestine fills so large a portion of the whole intestinal canal, its
couvolutions occupy considerable space in the abdominal cavity, —
in the middle, the umbilical, and the hypogastric regions, —and
terminate — in the right iliac region —in the large intestine (see
Fig. 129). Its calibre differs in different parts; but it may be re-
garded on the average as about one inch. It is usually divided,
arbitrarily, into three parts; — the duodenum, jejunum, and ileum.
The duodenum is so called, in consequence of its length having
been estimated at about twelve fingers’ breadth. It is larger than
the rest of the small intestine ; and has hence received, also, the
name of the second stomach, and of ventriculus succenturiatus.
It is more firmly fixed to the body than the other intestines ; and
does not, like them, float loosely in the abdomen. In its course,
until its termination in the jejunum, it describes a kind of [ialic ¢,
the concavity of which looks to the left. From this shape it has
been separated into three portions ; — the first situate horizontally
beneath the liver: the second descending vertically in front of the
right kidney ; and the third in the transverse mesocolon. Its mu-
cous membrane* presents a number of circular folds, very near each
other, which have been called valvulz conniventes. (Fig. 123.) By
some anatomists, however, this name is not given to the irregular
ruge of the mucous coat; but to the folds of the lining membrane
of the jejunum. The valvula are not simple ruge, passively formed
by the contraction of the muscular coat. They are dependent upon
the original formation of the mucous membrane; and are not

* Sece, on the mode of exhibiting the epidermis, and on th» follicles.of the mueous
coat of the stomach and intestines, Dr. Horner, General Anat. and Histology, 6th edit.
ii. 54, Philad. 1843 ; Dr. R. B. Todd, Lond. Med. Gaz., Dec. 13, 1839 ; and Dr. Sprott
Boyd, Edinb, Med. and Surg, Journ. vol. xlvi. ; also, Wagner, Elements of Physiolozy,
by Willis, § 134, Lond. 18432,
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third, which we have described as included in the transverse me-
socolon,

The other two portions of the small intestine are of consider-
able length ; the jejunum commencing at the duodenum, and the
tlewm terminating, in the right iliac fossa, in the first of the great
ntestines— the cmcum. They oceupy the middle and almost
the whole of the abdomen, being surrounded by the great intes-
tive. E F F F G H I, Fig. 129. The jejunum is so called, from
being generally found empty ; and the ileum; from its numerous
windings, The line of demareation, however, between the
duodenum and jejunum, as well as between the latter and the
ileum, is not fixed : it is an arbitrary division. The jejunum has, in-
ternally, the greatest number of valvule conniventes and villi.
The ileum is the lowest portion. It is of a paler colour, and has
fewer valvule conniventes. The jejunum is situate at the upper
part of the nmbilical region; the ileum at the lower part of it,
extending as far asthe hypogastric and iliac regions. The mucous
membrane of the jejunum and ileum resembles, in essential
respects, that of the duodenum ; the valvula conniventes are, how-
ever, more numerous in the jejunum than in the duodenum ; and,
in the course of the ileum, they gradunally disappear, and are
replaced by simple longitudinal ruge. The villi, too, which are
chiefly destined for chylous absorption, abound in the jejunum,
but gradunally disappear in the ileun. ‘The mucous membrane of
both is largely supplied with follicles, called the glands of Peyer,
Brunner, and Lieberkiihn, some, if not all, of which are probably
concerned in seereting the succus entericus or succus infestinalis,
— a mucous fluid, to which Haller attached unnecessary import-
ance in digestion. Lelut* estimates the number of these glands,
in the small intestine, at 40,000. Dr. Horner considers the follicles,
in every instance, to be formed of meshes of veins, the arteries en-
tering only inconsiderably into their composition ; and about in the
same proportion as they do in other erectile tissues.® The glands,
as they are termed, of the small intestine have long been known
under the name of the follicles of Lieberkiihn. These become

ecially evident when the mucous membrane is inflamed, being
then filled with an opaque whitish secretion, which is absent
in the healthy state.® The true glands of
Brunner are chiefly in the duodenum. They ¢  Fig. 132.
are situate in the submucous tissue, where
they form a continuous layer of white bodies
surrounding the intestine. They are not
larger than a hemp-seed : each counsisting of
numerous minute lobules, the ducts of which  [S5¥E S Sl
open into a common excretory duct. They -r" "’ﬁ'- i '
are complex structures, differing from the g Felielts of Licherkihn
other glands and follicles of the intestines. secretionin fever.—(foeim.)

a Gazetle Médicale, Juin, 1832, b Op. citat. ii. 54,
= Boehm, cited in Brit. and For, Med. Rev., vol. 1; and Carpenter, Human Physi-
ology, § 705, Lond. 1842,
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which has been called the valve of Tulpius, valve of Bavhin,ileo-
cxcal valve, &e. Fig. 135 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 ilenm
and colon —henece called ileo-colic ; the other to the ileum and
c@cum, and termed, ileo-cecal. From the disposition of these lips
a valve results, so constituted, that the lips, which form it, separate
when the f@cal matters press from the small to the large intes-
tine ; whilst they approximate, eross, and completely prevent all
retrogression, when the faces tend to pass{rom the great intestine
to the small. At the extremities of this valve are small tendons,
which give it strength, and have been termed frena or retina-
evla of the valve of Bauhin.

Although thisvalvulararrangement preventstheready returnof the
excrementitious
matter into the Fig. 135.
small intestine,
we have many
opportunities,in
pathology, for
discovering that
it is not effectnal
in all cases.
In stricture of
the large intes-
tine, stercorace-
ous vomiting is
a frequent con-
comitant, and
there have been

istances of sub- e L e

ata l Commencement of the Large Intestines.— Falee of Tilpivse.
_sta.nces, thrown AC. Bmull intestine. B. Large intestine. . Appendix vermifurmis
into the rectum, caei.

having been evacuated by the mouth.

At the posterior and left side of the cacum, a small process de-
taches itself, called, from its resemblance to a worm, appendiz ver-
miformis ; and, {from itsconnection with the czecum, appendiz caci.
It is convoluted, variable in its length, and attached, by its sides, to
the cmcum. Its free extremity is impervious ; the otheropens into
the back part of the cezcum. This appendage to the ceecum has all
the characters of an intestine. Various hypotheses have been in-
dulged regarding its uses. Some have conceived it to be a reser-
voir for the feces, but its diminutive size, in the human subject,
precludes this idea ; others have thought, that it secretes a ferment,
necessary lo fecal formation ; and others, again, a mucus for pre-
venting the induration, which might result from }lle detention of
the feces in the cecum. The opinion — that it is a mere veslige
of the useful and double czeca, which exists in certain animals —

voL. I. — 42
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Lastly, in the great intestine, especially in the colon, are numerous
processes of the peritoneum containing fat, and hence called appen-
diculz epiploica, or appendicule pinguedinosz. These are seen
in greatest abundance in the right and left lnmbar portions of the
colon.

The recfum terminates the intestinal canal, and extends from
the termination of the colon to the anus. It commences about the
fifth lumbar vertebra, and deseends vertically into the pelvis, fol-
lowing the concavities of the sacrum and cocey x; and,consequently,
is not straight, as its name would import. At its upper part, there
are a few appendicule epiploice; and a small duplicature of
the mesentery, called mesorecfum, 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,
ealled “ ecolumns,” which have been considered as the effect of the
contraction of the circular fibres of the muscular coat. At the
lower ends of the wrinkles between the columns are small pouches,
from two to four lines in depth, the orifices of which point up-
wards. They are occasionally the seat of disease, and when
enlarged give rise to painful itching. The nature of this affection
was first pointed out by Dr. Physick, and the remedy consists in
slitting them open.* The longitudinal fibres of the muscular 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 ceso-
phagus. At the anus, an arrangement of the muscular coat pre-
vails, which has been pointed out by Professor Horner,® The
longitudinal fibres, having reached the lower margin of the internal
sphineter, turn under this margin between it and the external
sphincter, and then ascend upwards for an inch or two in contact
with the mucous coat, into which they are finally inserted by
fasciculi, which form the base of the columns of the rectum : many
of the fibres, however, terminate also between the fasciculi of the
circular fibres. The circular fibres are more and more marked, as
they approach the outlet, and, by circumseribing the margin of the
anus, they form the sphincter ani muscle. Immediately within
the anus is the widest portion of the rectum; and, in this part,
accumulations of indurated fweces sometimes take place in old
people to a surprising extent, owing to torpor of the muscular
powers, concerned in the expulsion of the feces. The mucous
coat of the reetum is thick and red, and abounds in follicles.

Lastly, there are a few muscles, which are concerned in the act
of expelling the feces. These require a short reference. 1. The
sphincter ani or coccygeo-anal, which keeps the anus constantly
closed, except during defecation. 2. The levator ani or subpubio-

» Horner, General Anatomy and Histology, Gth edit. vol. 2, Philad. 1843 ; Dr.
Reynell Coates, in Cycloped. of Pract. Med. and Surg. art. Anus, Philad. 1835 ; and
Wilson's Anatomist's Vade Mecum, Amer, Edit. by Dr. Goddard, p. 510, Philad.
1843, b Op. cit. p. 39.
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lateral portions, on the outside of these lines, form the iliac regions,
behind which again, are the

lumbar regions, or the loins. Fig. 136.

In these, the colon and kidneys

are chiefly situate. The Aypo- '

gastric is, likewise,divided into
three regions,—the pubic in
the middle, in which the blad-
der is situate ; and an inguinal
on each side,

The muscles, that constitute
the abdominal parietes, are, first
of all, above, the diaphragm,
which isthe boundary between
the thorax and abdomen ; con-
vex towards the chest, and con-
siderably concave towards the
abdominal cavity. Below, if
we add the pelvie cavity, —
which, as it contains the rectum,
and muscles, concerned in the
evacuation of the fmces, it may
be proper to do,— the cavity
is bounded by the perinenm,
formed chiefly of the levatores
ani and coccygei muscles. Be-
hind, laterally, and anteriorly,
from the lumbar vertebra round
to the mmbilicus, the parietes
consist of planes of museles, and ;
aponeuroses in superposition, g iantions. of the Srifprense
and united at the median line, reansverss soion. D, Trantverss dusdenum.
b]i' a Eﬂ“d, apaueumtie band, Pancreas. L Small intestines. HB. Rectum. B.

i 2 Urinary Madder. 1. Anterior layer of peritoneum,
extending from the cartilago-en- lining under surface of disphragm. 2. Posterior
. . ayer. & twao lavers passing Lo posterior bor-
Slfﬂ!'mls of the sternum to the der of liver, and forming the -EEIE’DJ]EI]" lignment.,

-4 : 4. Lesser omentum: the too layers passing from
Pubeﬂ, ﬂﬂ-uﬁd [h& ﬁﬂﬂﬂ ﬂg&ﬂ' under surface of liver to lesger guruep:r ;;:::E'mth.

The abdominal muscles, Pro- 5. The two layers meeting at greater curve, then
. asging downwarils and :amrm%pnn themselves,
]JEl‘lf so called, are,—reckoning ?ormlng (6) greater omentum, 7. Transverse meso-

-y - colon. 8. Posterior layer traced upwards in front
th& PIEHES frnm WIthln to Wl{h' of I, the transverse duzdenum, nndpl'-‘. the paneréas,

J— ' ] = to become continuons with the posterior layver {2
Ol.ll, thE gl‘EEﬂE!‘ obizque JAES 4. Foramen of Winslow @ the dotted line, Imumlihg

ele, the lesser obligue, and the ihis foramen inferiorly, marks the course of hepa:
transversalis, Which are situate {5 =2 evarl L e e o
chiefly at the sides of the abdo- sl Wi sl i ety b
men ; — and the rectus and P~ traced upwards upon internal surface of abdominal
ramidalis, which occupy the l’#:'&“éﬁ&‘:ﬂ.‘!.‘.’ié’f’fih‘ };:.'}h hishte AT

anterior part. The greater ob-

ligue, obliguus externus, or costo-abdominalis ;—the lesser ob-
ligue, obliquus internus or ilio-abdominalis, and the transversalis,
transversus abdominis or lumbo-abdominalis, support and com-

4%* .
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has been looked upon by some as inservient, in some manner, to
the same function. As, however, the function of these organs will

be considered in another place, we defer their anatomy for the
present.

2. OF THE FOOD OF MAN.

The articles, inservient to the nourishment of man, have usually
been considered to belong entirely to the animal and the vegetable
kingdoms; but there seems to be no sufficient reason for excluding
those articles of the mineral kingdom that are necessary for the due
constitution of the different parts of the body. Generally, the term
Jood or aliment, is applied to substances, which, when received
into the digestive organs, are capable of being converted into chyle;
but, from this class again, the products of the mineral kingdom
cannot, with entire propriety, be excluded.

Animals are often characterized by the kind of food on which
they subsist. The carnivorous feed on flesh ; the piscivorous on
fish ; the insectivorous on insects ; the phytivorous on vegetables;
the granivorous on seeds; the frugivorous on fruits ; the grami-
nivorous and herbivorous on the grasses ; and the omnivorous on
the products of both the animal and vegetable kingdoms. In anti-
quity, we find whole tribes designated according to the aliment they
chiefly used. Thus, there were the /Athiopian and Asiatic ichthyo-
phagi or fish eaters; the Aylophagi, who fed on the young
shoots of certain trees; the elephantophagi, and strulhiophagi, the
elephant and ostrich-eaters, &e., &c.

We have already shown, that the digestive apparatus of man is
intermediate between that of the carnivorous and the herbivorous
animal ; that it partakes of both, and that man may, consequently,
be regarded omanivorous ; that is,capable of subsisting on both the
products of the animal and vegetable kingdoms ; —an important
capability, seeing, that he is destined to live in aretic regions, in
which vegetable food is not to be met with, as well as in the torrid
zone, which is more favourable for vegetable, than for animal, life,

The nature of the country must, to a great extent, regulate the
food of its inhabitants, for although commerce can furnish us with
articles of luxury, and with many, which are looked upon as
necessaries, no nation is entirely indebted to it for its supplies;
besides, numerous extensive tribes of the human family are denied
the advantages of commerce, and compelled to subsist on their
own resources. This is the great cause, why the Esquimaux, the
Samoiedes, &c., live wholly on animal food 3 and why the cocoa-
nut, the plaintain, the banana, the sago, the yam, the cassava, the
maize and the millet, form the chief articles of diet with the natives
of torrid regions.

In certain countries, the scanty supply of the useful and edible
animals has given occasion to certain prohibitory dietetic rules and
regulations, which have been made to form a part of the religious
creed, and, of course, are most scrupulously observed. Thus, in

¥
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that prevailed in ancient periods, has continued, almost unmodi-
fied, until the present time. Agatharchides® describes the rude
tribes, who lived on the coast of the Red Sea, and subsisted on fish,
under the name iehthyophagi. Along both banks of the Asta-
boras, which flows on one side of Mero&, dwelt another nation,
who lived on the roots of reeds growing in the neighbouring
swamps. These roots they cut to pieces with stones, formed them
into a tenacious mass, and dried them in the sun. Close to them
were the Aylophagi, who lived on the fruits of trees, on vege-
tables growing in the valleys, &e. To the west of these were the
hunting nations, who fed on wild beasts, which they killed with
the arrow. There were, also, other tribes, who lived on the flesh
of the elephant and the ostrich, — the elephantophagi and siru-
thiophagi. DBesides these, he mentions another and less populous
tribe, who fed on locusts, which came in swarms from the southern
and unknown districts. The mode of life, with the tribes described
by Agatharchides, does not seem to have varied for the last two
thousand years. Although cultivated nations are situate around
them, they have made no progress themselves. Hylophagi are
still to be met with. The Dobenahs, the most powerful tribe
amongst the Shangallas, still live on the elephant; and, farther to
the west, dwells a tribe, who subsist, in the summer, on the locust
and, at other seasons, on the crocodile, hippopotamus, and fish.”
In the infaney of society, mankind were probably almost wholly
earnivorous; as the tribes least advanced in civilization still are
at the present day., Fora time, man, in most situations, may have
confined himself to the vegetable banquet prepared for him by his
bounteous Maker ; but,as population increased, the means of sub-
sistence would be too scattered for him, and it would become ne-
cessary to crowd together a number of nutritious vegetables into a
small space, and to cultivate the earth, so as to multiply its pro-
duce ; but this would imply the existence of settled habits and in-
stitutions which could only arise after society had made some
progress. Probably, much before this period, it would have been
discovered, that eertain of the beasts of the forest, and of the birds
of the air, and some of the insect tribes, could minister to the wants
of man, and form agreeable and nutritious articles of diet; and
thus would arise their adoption as food. On the coasts of the
ocean, animal food was perhaps employed from the period of the
first settlement ; as well as on the banks of the large streams which
are so common in Asia,— the ecradle of mankind. The fish, left
upon the land after the periodical inundations of the rivers, or
thrown on the sea-coast, ministered to their necessities, without
the slightest effort on their part; and, hence, they had bnt little
incentive to mental or corporeal exertion. This is the cause of the
abject condition of the ichthyophagous tribes of old ; and of their
comparatively low state of civilization at the presentday.© Again,
2 De Rubro Mare, in Hudson's Geograph. Minor. i, 37.

b Bruce's Travels, 3d edit. v. 83.
¢ The author, in Amer. Med. Intelligencer, i. 99, Philad. 1838.



502 DIGESTION,

the savages, in various parts of the globe, live by the chase or the
fishery ; and must, consequently, be regarded as essentially car-
nivorous. It would not, however, be justifiable, to regard barba-
rism as the natural state of man ; nor is it clear what the different
writers on this point of anthropology have meant by the term. The
Authorof Nature has invested man with certain prerogatives,one of
which is, the capability of rendering the organized kipg-:'luna: sub-
servient to his wishes and necessities; and, by the invention of
the culinary art, of converting various organized bodies into whole-
some and agreeable articles of diet, which thus become as natural
to him as the restriction to one species of aliment is to the animal,

It has been remarked, that the exclusive or predominant use of
animal or of vegetable food has a manifest effect upon the physical
and moral powers. Buflon affirms, that if man were obliged to
abstain from flesh in our climates, he could not exist, or propagate
his kind.  Others, again, have depicted a state of ideal innocence,
in the infaney of society, when man lived, as they conceive, en-
tirely on vegetables ;

“ His food the fruits ; his drink the erystal well

unsolicitous for the future, in consequence of the abundant sub-’
sistence spread before him; independent, and always at peace
with his fellows, and with the other animals; but he gradually
sacrificed his liberty to the bonds of society ; and cruelty, with an
insatiable appetite for flesh and blood, were the first fruits of a

raved nature. Either immediately or remotely, all the physi-
cal and moral evil, by which mankind are aflicted, arose ffom
these carnivorous practices* In poiut of fact, however, we find, .
that the countries, in which mankind are accustomed to be omni-
vorous, or to unite animal with vegetable food, are those, that are
most distinguished for both mental and corporeal endowments.
The tribes, which feed altogether on animal food, — as the Lap-
landers, the Samoiedes, the Esquimaux, &ec., —are far inferior, in
both these respects, to the European, or Europeo-American ; and
the same may be said, although not to the like extent, of the vari-
ous tribes in whose diet animal food predominates,—as the Indian
inhabitants of our own continent. A similar remark is applica-
ble to those, who live almost exclusively on vegetables, as the
Hindugs, millions of whom are kept in subjection by a few Euro-
peans.

Auem}-ts have frequently been made to refer the nutrient pro-
perties of all articles of diet to a particular principle of a constant
character, and which, alone, of all the elements, is entirely capa-
ble of assimilation. Haller conceived this to be jelly ; — Cullen,®

* “The principal patrons of this twaddle, in modern times — to say nothing of
Pythagoras and the ancients — have been Gassendi, Rousseau, Wallis, Lamb, and
Newton ; the last of whom, in the plenitude of his infatuation, asserts that real Ten
have never yet been seen, nor ever will be, till they shall be content to subsist entirely
on herbs and fruits and distilled water.” — Fletcher’s Rudiments of Physiology, Part
i, a. p. .“”! Edinb. 1836, b Lawrence’s Lectures, edit. cit, P 216.

¢ Institutions of Medicine, Part i, Physiology, § 211,.Edinb. 1785,
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of the animal substances which do not contain azote. The re-
sults were identical. -

Although the character of the excrements passed by the different
animals, indicated that the substances were well digested, Ma-
gendie was desirous of establishing this in a positive manner.
Accordingly, after having fed animals for several days on oil, gum,
or sugar, he opened them, and found that each of these substances
was reduced into a particular kind of chyme in the stomach; and
that they afforded an abundant supply of chyle; — that from the
oil being of a wmanifest milky appearance, and that from gum or
sugar transparent, opaline, and more aqueous than the chyle from
oil ; facts which proved, that if the various substances did not nou-
rish the animals, the circumstance could not be attributed to their
not having been digested. These results, Magendie thought, ren-
der it likely, that the azote, found in different parts of the animal
economy, is originally obtained from the food taken in. This is,
however, doubtful. We have no proof, that the aunimals died
simply from privation of azote. It is, indeed, probable, that the
azote had little or no agency in the matter ; for there seems to be
no reason why it should not have been obtained from the air in
respiration, as well as from that contained between the particles
of the sugar, where this substance was administered. It must be
recollected, moreover, that the subjects of these experiments were
dogs ; — animals which, in their natural state, are carnivorous, and,
in a domestic state, omnivorous ; and that they were restricted to
a diet entirely foreign to their nature, and to which they had not
been exclusively accustomed. Ought we, under such circumstances,
to be surprised, that they should sicken and fall off ?

Between the period of the publication of the first and the second
edition of his Précis Elémentaire de Physiologie, Magendie found
that his deductions were not, perhaps, as absolute or demonstrative
as he had at first imagined ; and additional experiments induced
him to conclude, — as Dr. Bostock® has since done, without being
aware, apparently, of Magendie’s observation, — *“that variety
and multiplicity of articles of food constitute an important hygienic
rule.”” # This,”’ Magendie® adds, * is indicated to us by our in-
stinet, as well as by the changes that wait upon the seasons, as
regards the nature and kind of alimentary substances,” The ad-
ditional facts, detailed by Magendie, are the following : — A dog,
fed at discretion on pure wheaten bread, and drinking common
water, does not live beyond fifty days; whilst another, fed exclu-
sively on military bread, — pain de munition,— seems, in no re-
spect, to suffer. Rabbits or Guinea-pigs, fed on a single substance,
as on wheat, oats, barley, cabbage, carrots, &c., commonly die,
with every mark of inanition, in a fortnight ; and, at times, much
earlier. When these same substances are given together, or in

* Physiology, 3d edit. p. 561, Lond. 1836.

b (p. cital. ii. 494; see, also, Wagner, Elemeuts of Physiology, by R, Willis,
§ 223, Lund. 1842,
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cording to Prout,® it is separable into two portions, analogous to
gelatin and albumen. 1t is very generally met with, though only
in small proportion, in the vegetable kingdom ; — in all the fari-
naceous seeds, in the leaves of the eabbage, cress, &e.; in certain
fruirs, flowers, and roots, and in the green fecula of vegetables in
general ; but it is especially abundant in wheat, and imparts to
wheat flower the property of fermenting and making bread. Of
the nutritious properties of gluten, distinet from other principles,
we know nothing precise : the superior nutritious powers of wheat
flour over those of all other farinaceous substances sufficiently at-
test, that, in combination with starch, it is highly nutritive. Dr.
Prout® arranges alimeuntary principles in four great divisions — the
aqueous, saccharine, oleaginous, and albuminous. 'This has been
taken as the basis for a classification by Dr. Pereira,* who admits
twelve divisions:—the agueous, mucilaginous or gummy, sac-
charine, amylaceous, ligneous, pectinaceous, acidulous, alcoholic,
oily or fully, proteinuceous, gelalinous, and saline. By the combi-
nation of these alimentary principles and simple aliments, our
ordinary articles of food or compound aliments are formed.

Water forms the basis of all drinks; but it frequently contains
in addition other substances. These has been classed as follows: —
L. Water, of different kinds. 2. Fegetable and animal juices
and infusions, as lemon-juice, orange-juice, whey, tea, coffee, &e.
3. Fermented liguors, as wines, beer, cider, perry, &c.; and 4.
Jlleoholic liguors, as brandy, alcohol, kirsch-wasser, rum, gin,
whiskey, arrack, &e., &c. Dwn Pereira? has recently proposed the
following more complete classification : — 1. Mucilaginous, fari-
naceous or succharine drinks. 2. vlromatic or astringen! drinks.
3. JAeidulous drinks. 4. Animal broths, or drinks containing gela-
tin and osmazome. 5. Emulsive or milky drinks; and 6. Alco-
holic and other infozicating drinks. Water — as has been seen —
is considered by him amoungst the alimentary principles.

An inquiry into the different properties of these various liquids
does not belong to the physiologist. We may remark, however,
that the arguments, regarding the nafural, have been extended to
this variety of aliments ; and it has been contended, that water is
the most natural drink ; and that all others, which are the products
of art, ought to be avoided. The remarks, we have already made
on this subject, will be sufficient. Water was, doubtless, at one
period, the only beverage of man, as nakedness and the use of raw
aliment,and the most profound ignorance of the universe was his
original condition; but no one will be presumptuous enough to
declare, that he ought to coutinue naked, abjure cookery, and be
plunged into his primitive darkness, on the plea that all these

* Chemistry, Meteorology, and the Function of Digestion, (Bridgew atise,)
Amer. Edit, p. 558, Philﬁymai. SRtion, (s dusyaiar,Toe

b Un the Nature and 1'reatment of Stomach and Urinary Diseases, Lond. 1840,

© A Treatise gn Food and Diet, Amer. Edit. by Dr. C.'A. Lee, p. 88, New York
1843, ¢ Op. cit. p. 189, :
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changes are so many artificial sophistications.* Water is, unques-
tionably, sufficient for all his wants; but the moderate use of fer-
mented liquors, even if habitual, except in particular constitutions, 1s
devoid, we think, of every noxious result. They are grateful; and
many of them are even directly nutritions, from the undecomposed
sugar and mucilage which they contain. Beer has been termed,
for this reason, not inaptly,  liquid bread.”® With regard to dis-
tilled spirits, no evil would result from their total rejection from
the table. Although they may, by their action on the digestive
organs, be the indirect means of nutrition, they themselves contain
no alimentary property. They are received into the vessels of the
stomach by imbibition ; and always produce, when taken to any
amount, undue stimulation. This may be productive of little
or no mischief, provided they be only used oceasionally; but,
if taken habitually, serious visceral disorder may sooner or later
ensue.

Lastly. There are certain substances called condiments,employed
in diet, not simply because they are nutritive, — for many of them
possess no such properties, — but because, when taken with food
capable of nourishing the frame, they promote its digestion, correct
some injurious property it possesses, or add to its sapidity. Dr.
Paris has divided these into the saline, the spicy or aromatic, and
the oily. It may be remarked, however, that certain articles are
called, at times, aliments, at others, condiments, according as they
constitute the basis or the accessory to any dish; —such are
cream, butter, mushrooms, olives, &c. The advantage of condi-
ments to animal digestion is strongly exemplified by many cases.
The bitter principle, which exists in grasses and other plants, ap-
pears to be essential to the digestion of the herbivora ; —acting as
a natural stimulant; and it has been found that cattle do not
thrive upon grasses, which are destitute of it. Of the value of
salt to the digestive function of his cattle, the agriculturist has
amplie experience ; and the salt licks of our country demonstrate
how grateful this natural stimulant is to the beasts of the forest.
Charcoal, administered with fat, — as it is done, in rural economy
for fattening poultry, in many parts of England,— strikingly ex-
hibits the advantage of administering a condiment : the charcoal isa
substanee which of itself eontains no nourishment, but it can put
the digestive function in a condition for separating more nutritious
matter from the food taken in, than it could otherwise accomplish.
A similar effect is produced by the plan, — adopted for the same
purpose in some parts of Great Britain,—of giving walnuts,coarse-
ly braised, with the shell, and cramming the animal with this diet,
This is asserted, by many rural economists, to be the most effectual
plan for fattening poultry speedily; the coarse shell, in passing
along the mucous membrane of the chylopoietic organ, stimulates

s+ See an article by the author in the American Quarterly Review, ii. 422, Philad.
1827 ; and Fletcher, op. citat. p. 121.
» Kitchener’s Invalid’s Oracle, Amer. Edit. p, 136, New York, 1831,
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those observations, which were made on the internal sensations in
general. [In its slightest condition, it is merely an appatile, (cpéss
Germ. Esslust;) but if this be not heeded, the painful sensa-
tion of hunger (Fames, aps,) supervenes, which becomes more
and more acute and lacerating unless food be taken. If this be
the case, however, the uneasiness gradually abates ; and if addi-
tional food be taken, a feeling of satiety is produced.

The sensation usually occurs, in the healthy state, after the sto-
mach has been for some time empty, having finished the digestion
of the substances taken in at the previous meal. Habit has a great
effect in regulating this recurrence ; the appetite always appearing
about the time at which the stomach has been accustomed to receive
food. This artificial desire may be checked by varions causes; —
by the exciting or depressing passions, by the sight of a disgusting
object, or anything that induces intense mental emotion ; or it may
be appeased by filling the stomach with substances that contain no
nutritious properties. As, however,the feeling of true hunger arises
from the wants of the system, the natural and instinctive sensation
soon appears, and caunot be long postponed by any of these means.
Hence, it has been proposed to make a distinction between the
appelite and hunger ; applying the former term to the artificial, the
latter to the natural, desire.  In these respects, there is certainly a
wide distinction between them, as well as in the capriciousness,
which oceasionally characterizes the former, and gives rise to the
most singular and fantastic preferences, ;

The sensation of hunger varies in intensity according to different
circumstances, It is more powerful in the child and the youth than
it is in the adult, who has attained his full height. In the period
of second childhood, it is urgent, probably owing to the diminished

ower of assimilation requiring that more aliment should be received
into the stomach. In the stale of discase, the sensation is gene-
rally suppressed, and its place is often supplied by loathing or dis-
gust for food : at times, again, its intensity makes it a true disease,
as in bulimia, and in pica ; in the latter of which, the appetite is, at
times, irresistibly directed to substances, which the person never
before relished, or which are not edible,— as chalk, earth, slate
pencil, &e.  The appetite is also modified by the degree of exercise
or inactivity, to which the individual has been subjected : — regu-
lar exercise, and the exhilarating passions; a cold and dry atmo-
sphere, &e., augmenting it, whilst it is blunted by opposite circum-
stances. Long continued exertion, with a scanty supply of nou-
rishment, if’ not continued so long as to injure the tone of the sto-
mach, produces, occasionally, in adults, a voracious appetite and
rapid digestion, Mr. Hunter has guoted, in illustration of this
point, the following extract from Admiral Byron’s narrative. After
describing the privations he had suffered, when shipwrecked on the
coast of South America, the admiral incidentally refers to their
effect upon his appetite. # The governor,” he says, *ordered a
table to be spread for us with cold ham and fowls, which only we
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vessels of the omentum more turgid. Is it not true, he adds, that
the vessels of the stomach are more flexuous when the organ is
empty : being connected with the serous coat, as well as the nerves,
they are unaffected by changes of size in the organ ; besides, the
retraction of the stomach conld never be great enough to compress
the nerves. He denies, moreover, that the liver and spleen are
more free, and the omentum larger, whilst the stomach is empty,
as the abdominal parietes contract in the same proportion as the
stomach. Magendie,* however, contests this last assertion of Bi-
chat. He affirms, on the faith of positive experiments, that the
pressure, sustained by the abdominal viscera, is in a ratio with the
distension of the stomach. If the stomach be full, the finger, in-
troduced into the cavity of the abdomen through an ineision in its
parietes, will be strongly pressed upon, and the viscera will be
forced towards the opening; whilst, if it be empty, the pressure is
inconsiderable, as well as the tendency of the viscera to escape
through the opening. During the state of vacuity of the organ, he
remarked, that the different reservoirs in the cavity of the abdo-
men, — as the bladder and gall-bladder, — were more easily filled
by their proper fluids. With regard to the quantity of blood cir-
culating throngh the stomach in the empty and full state, — he is
disposed to believe, that it receives less in the former condition ;
but, instead of its differing in this respect from the other abdo-
minal viscera, he thinks, that such is the case with every organ in
the abdomen.

The general effects, said to be produced by hunger, in contra-
distinction to the local, are ; — debility and diminished action of
every organ : the circulation and respiration slacken ; the heat of
the body sinks; the secretions diminish, and all the functions are
exerted with more difficulty, if we except absorption, which, it is
affirmed, and with much probability, is augmented. If the absti-
nence be so long protracted as to’ cause death, the debility of the
functions becomes real, and not sympathetic. Respiration and
circulation languish; all the animal functions totter; whilst ab-
sorption continues, and the blood is supplied by the decomposition
of the different organs; — the fat, the various liquid matters, the
tissues and the organs themselves being successively subjected to
its action. It is obvious, however, that, with the constant drain
perpetnally taking place, this state of affairs cannot long exist ; the
blood becomes diminished in quantity, and insufficient in every
respect to vivify the organs; the functions of the brain are per-
verted, and, in many instances, we are told, the most furious deli-
rium closes the scene; whilst, at others, the miserable sufferer
sinks passively into the sleep of death. Occasionally, again, so
dreadfully painful are the sensations caused by protracted priva-
tion of food, that the most violent antipathies and the dearest af-
fections are overcome ; and numerous instances have occurred in
which the sufferer has attacked his own species, his friends, his

* Précis, &c. edit. cit. ii. 26. v Don Juan, canto ii. 58,
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children, and even the substance of his own body. The hurnb]_e

icture of the shipwreck, by Byron,* is not a mere romance. Itis

ut the actual fact, expanded somewhat by the imagination of the

oet.
» Dr. James Currie® has related the case of a person, who died of
inanition from stricture of the esophagus, the particulars of which
may exemplify the phenomena, presented by some of those who
perish from abstinence. The records of such cases are rare. From
the 17th of October to the 6th of December, the patient was sup-
ported, without the aid of the stomach, by means of broth clysters,
and was immersed in a bath of milk and water. At one period
he had a parched month : a blister discharged only a thin, coagu-
lable lymph ; and the urine was scanty, extremely high-coloured,
and intolerably pungent. The heat of the body was natural and
nearly uniform from first to last ; and the pulse was perfectly na-
tural until the last days. Hissleep was sound and refreshing ; his
spirits even ; and his intellect unimpaired, until the Iiast four days
of existence, when the clysters were no longer retained. Vision
was deranged on the first of December, and delirium followed on
the succeeding day ; yet the eye was unusnally sensible, and the
sense of touch remarkably acute. The surface and extremities
were at times of a burning heat ; at others,clammy and cold, On
the fourth, the pulse became feeble and irregular, and the respira-
tion laborious ; and, in ninety-six hours after all means of nutri-
tion as well as all medicine had been abandoned, he ceased to
breathe. He was never much troubled by hunger. Thirst was,
at first, troublesome, but it was relieved by the tepid bath. — This
was one of the cases in which the patient sinks tranquilly to death,
In others, the distressing accompaniments, above described, are
met with ; and the death is that of the furious maniac. The period
at which death may occur from protracted abstinence is dependent
on many circumstances, As a ‘general rule it may be assumed,
that the young and robust will expire sooner than the older ; and
this will have to be the guidance in questions of survivorship, that
may arise when several individuals have perished together from
this cause. The picture, drawn by Dante, of the sufferings and
death of Count Ugolino della Gherardescha, who saw his sons
successively expire before him from hunger, is in this respect true
to nature.®

The sensation of hunger resembles every other internal sensa-

* Don Juan, canto il. 58.
v Medical Reports, &e. Amer. Edit. Philad. 1808.
¢« Now when our fourth sad morning was renew’d,
Gaddo fell at my feet, outstretch’d and cold,
Crying : — ¢ Wilt thou not, father ! give me food ?*
There did he die ; and as thine eyes behold
Me now, so saw [ three fall, one by one,
On the fifth day and sixth: whence in that hold,
I, now grown blind, over each lifeless son
Stretch'd forth mine arms,  Three days I call'd their names,
Then Fast achieved what Grief not yet had done.”
: ] Iﬂffrﬂﬂ," canto nm'
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tion in the mode in which it is accomplished. There must be im-
pression, conduction, and perception. That the brain is the organ
of the last part of the process is proved by all the arguments used
in the case of the internal sensations in general. Without its inter-
vention, in this, as in every other case, no sensation can be accom-
plished. The stomach is the organ in which the impression 1s
effected ; and by means of the nerves this impression is conveyed
to the encephalon. The eighth pair or pneumogastric nerves have
generally been regarded as the agents of this transmission j and it
has been affirmed by Baglivi, Valsalva, Haller, Dumas, Legallois,
Chaussier, and others, that if these nerves be divided in the neck,
although the stomach may be, in other respects, favourably cir-
cumstanced for the development of the impression of hunger, and
the brain ready for its reception, there is no sensation. MDM. Leuret
and Lassaigne,® Dr. John Reid,” and Nasse,® however, deny that
such effeet follows the division of these nerves; and the former
gentlemen affirm, that horses have eaten as usnal,and apparently
with the same appetite, after they had removed several inches
of the pneumogastric nerves; and that they even continued
to eat after the stomach was filled. To these experiments we
shall have occasion to refer hereafter. They by no means exhibit,
that this internal sensation differs from others; and that the three
actions are not equally necessary for its accomplishment.

A difficulty, which the physiologist has always felt, rezards the
precise nature of the action of impression. Its seat is clearly in
the stomach. This was incontestably shownin a case of fistulous
opening into the stomach, which fell under the care of Dr. Beau-
mont, and to which we shall have frequent occasion to refer.
When the subject of this case was made to fast until his appetite
was urgent, it was immediately assuaged by feeding him through
the aperture. To the stomach, indeed, all our feelings refer the sen-
sation. Itisdependent npon some modification occurring in the very
tissue of the viseus; and in the nerves, which, as has been shown,
are the sole agents inall the phenomena of sensibility. These
nerves are spread over the stomach, so that the precise seat of the
impression cannot be as accurately defined as in the case of the
organs of external sense. Moreover, the nerves of the stomach
proceed from two essentially different sources, — from the eighth
pair, and from the greatsympathetic. The question consequently
arises : — on which of these is the impression made ? The experi-
ment of cutting the eighth pair in the neck would appear to decide
in favour of the former.

As to the proximate or efficient cause of hunger, we cannot ex-
pect to arrive at any satisfactory conclusion. Itis a sensation ; and,
like all sensations, necessarily inscrutable. Theories, however, as
onall obscure topies, have been numerous, and these have generally

* Recherches Physiologiques et Chimiques pour servir i 'Histoire de la Digestion,

Paris, 1825, b Edinb, Med. and Surg, Journal, April, 1839,
¢ Untersuchungen zur Physiologie und Pathologie, Bonn, 1835-6,
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been of a mechanieal or a chemical nature. Some have aitribu}ad
it to the mechanical friction of the parietes of the stomach against
each other, in consequence of the contraction of the organ ; in which
state, they affirm, the mucous coat is rugous, and its papilla: and
follicles prominent. It is manifest, however, from the structure of
the organ, that no such friction can possibly take place. Yet this
view was embraced by Haller.* Dr. Fletcher® ascribes it toa
kind of permanent though partial contraction of the muscular fibres
of thestomach ;— notthat alternate general contractionand relaxa-
tion, which produces a sensible motion of this organ, nor that perma-
nent general contraction, which would serve to diminish its cavity,
but that kind of permanent contraction, which takes place in certain
fibres alone, and perhaps through a part of their length only, and by

which these fibres are, as it were, drawn away from the others, or,
in other words, a minor degree of cramp.” Others, again, have

accounted for the sensation by the action of the gastric juice, which

is supposed to have a tendency to corrode the internal membrane.
In proof of this, they refer to a case, mentioned by Hunter, in which
the mucous membrane, in a man who died of fasting, was fnupd
corroded. The gastric juice is, however, incapable of eroding liv-
ing animal matter ; and the numerous cases which have occurred,

since that of Hunter, have sufficiently shown, that the corrosion
and perforation, which we meet with on dissection, are to be re-

ferred to an action after death, and are,consequently, totally uncon-

nected with the sensation felt during life. We have, indeed, no

reason for believing that the gastric juice can ever attain a state of
acridity, and act upon the surface by which it is secreted. It
has been remarked, that it is a law of the animal economy, that
no secretion acts upon the part over which it is destined to pass,

provided such part be in a healthy condition. Yet Stmmering®
ascribes the pain, from long-continued fasting, to the action of the

gastric juice ; and Dr. Wilson Philip? is manifestly induced to be-
lieve, that the influence of the gastric juice on the stomach is, in
some mode or other, productive of the sensation : his remarks, how-
ever tend simply to show, — what we have so many opportunities
of observing, — that the sensation can be postponed by exciting
vomiting, or by inducing, for the time, a morbid condition of the
stomach. The unanswerable objection, however, to all these views
is the fact — repeatedly proved by Dr. Beaumont,® and which the
author had an opportunity of observing — that, in the fasting state
there is little, if any, gastric juice in the cavity of the stomach, Dr.
Beaumont thinks, that the sensation of hunger is produced by dis-
tension of the vessels, which secrete the gastrie solvent ; but such
distension, if it exist — which is by no means proved — mustitself

* Element. Physiol. xix. 2.

* Rudiments of Physiology, part iii. by Dr. Lewins, p. 73, Edinb. 1837,

¢ De Corp, Human, Fabrie. tom. vi. Traject. ad Meenum, 1794—1801,

¢ Experimental Inquiry into the Laws of the Vital Functions, 2d edit. Lond. 1818,
_® Experiments and Observations on the Gastric Juice, and the Physiology of Diges.
tion, p. 57, Plattsburg, 1833.
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be consecutive on the nervous condition that engenders the sensa- -
tion ; the efficient cause of such condition has still to be explaived.
Bichat, again, attributed it to the lassitude or fatigue of the sto-
mach, occasioned by the contraction of its museular coat, when
proionged beyond a certain time. In answer to this, it may be
remarked, that, if any thing impede the nutrition of the body,
hanger still continues, although the stomach may be distended.
This happens in cases of scirrhous pylorus, where the nutritive
mass cannot pass into the small intestine, to be subjected to the
action of the chyliferous vessels, and the losses of the body cannot,
therefore, be repaired ; — facts which would seem to show, that
hunger is a sensation, excited in the stomach by sympathy with
the wants of the constitution ; and that it is immediately produced
by some alteration in the condition of the nerves of the organ,
which is inappreciable tous. 1t appears, from the experiments of
Magendie,* that when the cerebrum and great part of the cere-
hellam were removed in ducks, the instinct of seeking food was
lost in every instauce,and the instinet of deglutition in many : food,
however, introduced into the stomach, was found to be digested.

b. Prehension of Food.

The arms and the mouth have been described as the organs of
prehension. It is scarcely necessary to say, that the hands seize
the food and convey it to the mouth under ordinary circum-
stances ; but there are cases in which the mouth is the sole or chief
organ of prehension. Most animals are compelled to use the
mouth only. When the food is conveyed to the mouth by the
hands, it must open to receive it. The mode in which this is
effected has given rise to much controversy ; and, strange to say,
ismot yet considered determined. Whilst some physiologists have
asserted, that the lower jaw alone acts in opening the mouth mode
rately ; others have affirmed, that both the jaws separate a little;
the lower, however, moving five or six limes as much as the upper.
That the latter is the correct view can be proved by positive expe-
riment. If, when the mouth isclosed, we place the flat side of the
blade of a knife against the teeth of both jaws; and, holding the
knife immoveably, separate the jaws; we find, that both jaws
move on the blade ; but the lower to a much greater extent than
the upper. Now, as the upper jaw is fixed immoveably to the
head, the whole head must, of necessity, participaie in this move-
ment ; and the question arises, what are the agents that produce it ?
Some attribute it to a slight action of the extensor muscles of the
head ; and they affirm, that whilst the depressors of the lower jaw
carry it downwards, the extensors of the head draw the head
slightly backwards, and thus raise the upper jaw.

Magendie® and Adelon® assert, that when the mouth is opened
moderately, the upper jaw does not participate ; but, that if the
motion be “forced” or extensive, the upper jaw participates

s Precis, &, ii. 168, ¥ QOp. citat. ii. 43. ¢ Op. citat. ii. 408,
VOL. 1. — 44
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the substance, as in the case of the apple, the assistance of the
muscles of the hand is invoked ; whilst the muscles on the poste-
rior part of the neck, which are inserted into the head, draw it
backwards; and, by these combined efforts, the substance 1s forei-
bly divided.

e. Oral or buccal digestion.

The changes, effected upon the food in the mouth, are important
preliminaries to the function, which has to be executed in the
stomach and duodenum. As soon as the food enters the cavity, it
is subjected to the action of the organ of taste ; and its sapid quali-
ties are duly appreciated. By its stay there, it also acquires nearly
the temperature of the cavity. 'This is, however, a change of little
moment, unless the food is so hot, that it would injure the stomach,
if passed rapidly into it. Under such eircumstances, it is tossed
about the mouth, until it has parted with its ealoric to various por-
tions of the parietes of the eavity ; and then, if in a fit state for the
aetion of deglutition, it is transmitted along the esophagus ; but
the most important parts of oral digestion are the movements of
mastieation and insalivation; by which the solid food is commi-
nuted, and imbued with the secretions that are poured into the
interior of the mouth, and which we have shown to be of a very
compound character.

[Tnder the seuse of taste, the influence of the agreeable or dis-
agreeable character of the food upon the digestive function was ex-
patiated upon. It is unnecessary, therefore, to do more than allude
to the subjeet here. We find them mutually influeneing each other:
whilst a luseions aliment excites us to prolonged mastication, and
the salivary glands to angmented secretion, the masticatory and
salivary orgauns, by dividing and moistening the food, permit the
organs of gustation to enjoy the savour in successive applications.

When the food is received into the mouth, if it be sufficiently
soft, it is commonly swallowed immediately ; nnless the flavour is
delicious, when it is detained for some time. If solid, and, espe-
cially,if of any size or density, it is divided into separate portions,
or is chewed,— the action constituting mastication. If the con-
sistence of the substance be moderate, the tongue, by being pressed
strongly against the bony palate, is sufficient to effect 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 re-
quired. 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 acting, the
tongue and the cheeks are incessantly moving, so as to convey
the food between the teeth, and insure its comminution. Mas-
tication is chiefly effected by the molares. There is advantage
in using them, independently of their form, in consequence of the
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it has to nourish. Such are the opinions of Professor S. Jackson
and of M. Voison.® Theformerasserts, that he has aseertained Fm
tively, that the saliva exerts a very energetic operation on the food,
separating, by its solvent properties, some of its constituent princi-
ples, and performing a species of digestion. MM. Tiedemann and
Gmelin, too, are of opinion, that the water, and the carbonate, and
acetate of potassa and soda, and the chlorides of potassinm and so-
dium, of the saliva eontribute to soften and disselve the food ; whilst
the azoted materials — thesalivary and albuminous matters — coms-
municate to it a first degree of animalization. It is more probable,
however, that the great use of mastication and insalivation is to give
the food the necessary consistence, in order that the stemach and
small intestine may exert their action upon it in the most faveurable
manner; and that, eonsequently, the changes effected upon the ali-
ment in the mouth, are chiefly of a mechanical character. Inthecase
of many substances—as sugar, salt, &c.—a true solution takes place
in the saliva j and this probably happens to sapid bodies in general ;
the particles being separated by imbibing the fluid. Krimer,* of
Leipzig, held in his mouth a piece of ham, weighing a drachm,
for three hours. At the expiration of this time, the ham was
white on its surface, and had inecreased in weight twelve grains.
Krimer, it may be remarked, believes, that the tears assist in diges-
tion, and that they flow constantly by the posterior nares into the
stomach. It would seem, too, that an important action of the
saliva is the conversion of starch into sugar. From one drachm
of starch, Dr. Wright? obtained in twelve hours, at a temperature
of 98°, by admixture with saliva, thirty-one grains of sugar. This
probably takes place by the action of some azoted or nitrogenized
secretion, like pepsin in stomachal digestion.®

Both mastication and insalivation are of great moment, in order
that digestion shall be accomplished in perfection ; and, accord-
ingly, we find, that they who swallow the feod without due mas-
tication, or waste the saliva by constant and profuse spitting, are
more liable to attacks of dyspepsia, or imperfect digestion. It is
proper, however, to add, that Dr, Budge,f in extirpating the sali-
vary glands in animals, did not find that they sustained the smallest
apparent injury ; whenece he conjectures, thateertain glands can act
as succedanea to others, and that in the removal of the salivary
glands the pancreas perhaps supplies the fluid usually secreted by
the other,

The degree of resistance,and the sapidity of the food, apprise us
when mastication and insalivation have been sufficiently exerted.
When such is the case, it is subjected to the next of the digestive
processes. Some physiologists have affirmed, that the uvula is the

* Principles of Medicine, p. 354, Philad. 1832,
¥ Nouvel Apergu sur la Physiologie du Foie, &e. Paris, 1833,
¢ Versuch einer Physiologie des Blutes, Leipz 1820.
4 Lond. Lancet, 1841-2, ¢ Mr, Ancell, Lond. Lancet, Dec. 17, 1842, p. 421.
la:;ladi;;n:sche Zeitung, Mai 4, 1842 ; and British and Foreign Med. Rev, July,
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more curious and wonderful than the action of that classof organs
of which the pylorus affords a remarkable example. If a portion
of undigested food present itself at this door of the stomach, it is
not only not permitted to pass, but the door is closed against 1t
with additional firmness : or, in other words, the muscular fibres
of the pylorus, instead of relaxing, contract with more than ordi-
nary force. In certain cases, where the digestion is morbidly slow,
or where very indigestible food has been taken, the mass is carried
to the pylorus before it has been duly acted upon by the gastric
juice : then, instead of inducing the pylorus to relax, in order to
allow of its transmission to the duodenum, it causes it to contract
with so much violence as to produce pain, while the food, thus re-
tained in the stomach longer than natural, disorders the organ:
and if the digestion cannot ultimately be performed, that disorder
goes on inereasing until vomiting is excited, by which means the
load that oppressed it is expelled. The pylorus is a guardian placed
between the first and the second stomach, in order to prevent any
substance {rom passing from the former until it is ina condition to be
acted upon by the latter : and so faithfully does thisguardian perform
its office, that it will often,as we have seen, force the stomach to re-
ject the offending matter by vomiting rather than allow it to pass
in an unfit state : whereas, when chyme, duly prepared, presents
itself, it readily opens a passage for it into the dnodenum.”” This
view of the functions of the pylorus has antiquity in its favour.
It is, indeed, as old as the name, which was given to it, in conse-
quence of its being believed to be a faithful porter or janitor,
(wunmpss, @ porter 2*’) but it is doubtless largely hypothetical. We
constantly see substances traverse the whole extent of the intestinal
canal, without having experienced the slightest modification in the
stomach ; yet the pylorus allows them free passage. Buttons, half-
pence, &ec., have made their way through, without difficulty ; as
well as the tubes and globes, employed in the experiments of gpal-
lanzani, Stevens, and others. There are certain parts of fruits,
which are never digested, vet the janitor is always accommodating,
Castor oil is capable of being wholly converted into chyle; and
would be so, if it could be retained in the stomach ; yet there is no
agent, which arrests its onward progress. Still, from these, and
other cirenmstances, Broussais* has inferred, that there is an in-
ternal gastric sense, which exerts an elective agency ; detaining,
as a general rule, substances that are nutritive, but suffering others
to pass.

The presence of food in the stomach, after a meal, soon excites
the organ to action, although no change in the food is perceptible
for some time. The mucous membrane becomes more florid, in
consequence of the larger afflux of blood; and the different secre-
tions appear to take place in greater abundance; become mixed
with the food, and exert an active and important part in the

s Traité de Physiol. appliquée a la Pathologie ; translated by Drs, Bell and La
Roche, p. 314, Philad. 1832,
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the elements of the food upon each other, during their stay in the
stomach ; — the action being excited by some of the food which
had already undergone digestion, or by a leaven, secreted for the
purpose by the stomach itself. In favour of this view, it was at-
tempted to show, that air is constantly generated in the stomach,
and that an acid is always produced as the result of fermentation ;
the formation of chyme being assigned, by the greater number of
physiologists, to the vinous and acetous fermentations. The ob-
jections to the doctrine of fermentation are ; that digestion ought
to be totally independent of the stomach, except as regards tempe-
rature ; and that the food ought to be converted into chyme, ex-
actly in the same manner, —if it were reduced to the same con-
sistence, and placed in the same temperature, — out of the body;
which is not found to be the case. Bones are speedily reduced to
chyme in the stomach of the dog,although they would remain un-
changed for weeks, in the same temperature, out of the body. The
facts of the voracious fishes before mentioned likewise prove the
insufficiency of this hypothesis ; according to which, digestion ought
to be accomplished as effectually in the eesophagus as in the sto-
mach. Yet it is found, in these cases, that, whilst the portion in the
stomach is digested, the other may be unaltered, or it may be
putrid. The truth is ; — in healthy digestion, fermentation, in the
ordinary acceptation of the term,does not occur ; and, whenever the
elements of the food react upon each other, it is an evidence of im-
perfect digestion ; hence, fermentation is one of the most common
signs of dyspepsia. .

5. Chemical solution.— The theory of chemical solution, as pro-
posed by Spallanzani, has met with more favour from physivlo-
gists than any of the others that have been mentioned, and may,
we think, be regarded as completely established. According
to him, chymification is owing to the solvent action of a fluid,
secreted by the stomach, which accumulates in that viscus between
meals and during hunger,® and acts as a true menstruum on the
substances exposed to it. This fluid, — to which he gave the name
gastric juice, — he affirmed to be peculiar in each animal, accord-
ing to its kind of alimentation, —a fact confirmed by the experi-
ments of Voisin,— corresponding, as regards its energy, with the
rest of the digestive apparatus, and differing in its source in the
series of animals; proceeding, in some, from the follicles of the
eesophagus; in others fromi those of the stomach itself; but
always identical in the same animal ; generally transparent, slightly
yellow, of a saline taste, bitter, slightly volatile, and stronger in
animals with a membranous than in those with a muscular sto-
mach, and than in ruminant animals.

To obtain the juice, Spallanzani opened animals, after they had

1 Experiences sur la Digestion, par Senebier, Génev, 1783,
b It has been already stated, that the experiments of Dr. Beaumont have satisfac-
torily proved that no such accumulation takes place during hunger. .
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in the blood, a portion of it being ¢ requisite to preserve the weak
alkaline condition essential to the fluidity of the blood ;”” but the
larger part being directed to the liver to unite with the bile. This
is plansible, but,it need scarcely be added, not the less p]rpgthallcal.
Drs. Purkinje and Pappenheim® are of a similar opinion in regard
to the souree of the chlorohydric acid. From their galvanic experi-
ments they think it follows, that the juices mixed with the food in
the natural way, the saliva, the mucus,and the portions of chloride
of sodium present therein, and still more the gastric mucous mem-
brane itself, develope as much as is required; and that if the ner-
vous action in the stomach be either identical with, or analogous
to, galvanism, it wonld be sufficient to account for the secretion of
the quantity of chlorohydrie acid requisite for digestion, without the
assumption of a special organ of secretion,

Liebig® denies, that in health lactic acid is formed in the sto-
mach. In certain diseases, he states, lactic acid and mucilage are
formed from the starch, sugar of the food ; and the property pos-
sessed by these substances of passing by contact with animal sub-
stances, in a state of decomposition, into lactic acid, has induced
rhysiulugists, without farther inquiry, he affirms, to assume that
actic acid is produced during digestion. Neither Prout nor Bra-
connot, however, could detect it in the gastric juice; and, more-
ever, it is not formed in artificial digestion.

The diversity of the results obtained by chemical analysis; the
difficulty of comprehending how the same fluid can digest sub-
stances of such opposite character ; and the uncertainty we are in,
regarding the organs concerned in its production, have led some
physiologists to doubt the existence of any such gaséric juice or
solvent, as that described by Spallanzani. Montegre,® for example,
in the year 1812, presented to the French Institute a series of ex-
periments, from which he concluded, that the gastric juice of Spal-
lanzani is nothing more than saliva, either in a pure state or
changed by the chymifying action of the stomach and become
acid. As Montégre was able to vomit at pleasure, he obtained
the gastric junice, as it had been done by previous experimenters,
in this manner, whilst fasting. He found it frothy, slightly viseid,
and turbid ; depositing, when at rest, some mucous flakes, and
commonly acid; so much so, indeed, as to irritate the throat,
and to render the teeth rough. He was desirous of proving,
whether this fluid were in any manner inservient to chymifica-
tion. For this purpose, he began by rejecting as much as pos-
sible by vomiting ; and, afierwards, swallowed magnesia to neu-
tralize what remained of it. On eating after this, the food did
not appear less chymified ; nor was it less acid; whence he con-
cluded, that, instead of this fluid being the agent of chymification,

* Miiller's Archiv. fiir Anatomie u, . w. Heft. 1, 1838, noticed in Brit. and For,
Med. Kev. Oct. 1838, p. 529.

v Animal Chemistry, Gregory’s and Webster's edit,, p- 107, Cambridge, 1842.
¢ Expér. sur la Digestion, p. 20, Paris, 1524, 7
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ferent classes. The lining of the fourth stomach of the calf is in
common use, in a dried state, for the purpose mentioned above;
and it has been proved, that every part of the membrane possesses
the same property. Hunter found, by experiment, that the mucus
of the fourth cavity of a slink calf, made into a solution with a
small quantity of water, had the power of coagulating milk ; but
that found in the three first cavities possessed no such power,
This mucus, even after it had been kept several days, and was
beginning to be putrid, retained the property. The duodenum and
jejunum, with their contents, likewise coagulated milk; but the
process was so slow as to give rise to the suggestion, that it might
have occurred independently of the intestines employed for the
purpose. He found, that the inner membrane of the fourth cavity
in the calf, when old enough to be killed for veal, had the same
property. Portions of the euticular part, of the massy glandular
part, and of the portion near the pylorus of the boar’s stomach,
being prepared as rennet, it was found, that no part had the effect
of preducing coagulation but that near the pylorus, in which part
the gastric glands of the animal are especially conspicuous. The
crop and gizzard of a cock were salted, dried, and afierwards
steeped in water. The solution, thus obtained, was added to milk;
the portion of the crop coagulated it in two hours, that of the giz-
zard in half an hour. The contents of a shark’s stomach and
duodenum coagulated milk immediately. Pieces of the stomach
were washed clean, and steeped for sixteen hours in water. The
solution coagulated milk immediately. Pieces of the duodenum
produced the same effect.  When the milk was heated to 969 the
coagulation took place in half an hour; when it was cold, in an
hour and a quarter. The stomachs of the salmon and thornback,
made into rennet, coagulated milk in four or five hours. But these
experiments of Mr. Hunter do not inform us of the particular se-
cretions, that are productive of the effect. They would, indeed,
rather seem to show, that it is a general property of the whole
internal membrane. To discover the exact seat of the secretion,
and especially whether it be not in the gastric glands, Sir Everard
Home® selected those of the turkey ; which, from 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 dis-
sected 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 weight,
of these glands were added to two ounces of new milk; and similar
. experiments were made with rennet ; with the lining of the cardiac
cavily 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 eflected by the rennet. Next to this,
and simultaneously, came the gastrie glands, and the fresh stomach

+ Lectures on Comparative Anatomy, i. 299, Lond, 1814, and iii. 134, Lond. 1823,
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of the calf; and lastly, the cardiac membrane of the turkey. From
thiese experiments, Sir Everard concluded, that the c{:uuwar of coagu-
lation is in the secretion of the gastric glands; and that this power
is communicated to other parts, by their becoming more or
impregnated with it. ; :

The marginal figure, copied from an engraving of ﬂ_’ue micro-
scopic observations of Mr. Bauer, exhibits the gastric glands,
situate in the human esophagus, magnified fifteen times. These
glands are in the lining
of the lower part of the
@sophagus; and have g
the appearance of in- |
fundibular cells, whose §
depth does not exceed '
the thickness of the !
membrane. Thisstrue-
ture, althongh differ- &
ent 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 orduodenum. WYY 200 LD R N
Italsoresemblesthem,  gasiric Glands of the (Esophagus magnified fifteen times,
in the secretion which
it produces coagulating milk, whilst none of the inspissated juices,
met with in these cavities, according to Sir Everard, affect milk in
the same way. From these facts, he thinks, there can be vo longer
any doubt entertained, that the gastric glands have the same situa-
tion respecting the cavity of the stomach as in birds. Yet M. Mon-
tégre®* denies that the gastrictf'uir:e has any coagulating power!

In some experiments, undertaken by M. J. F. Simon,* with a
view to determine, whether the stomach of the child possessed the
same properties of coagulating milk as the stomach of the ecalf, he
found that cow’s milk was not coagulated by it, but that, when a
quantity of the colostrum of the mother of a child, which died
when five days old, was obtained, and a piece of calf’s stomach
was introduced into it, the milkk was coagulated.

Another property, manifestly possessed by the secretion in gques-
tion, is that of preventing putrefaction, or of obviating it, in sub-
stances, exposed to its action. Montégre and Thackrah® deny it
this property also, but there can be no doubt of its existence,
Spallanzani, Fordyce, and others, have ascertained, that, in those
aniinals which frequently take their food in a half putrid state, the
first operation of the stomach is to disinfect, or remove the feetor

a Experiences sur la Digestion, Paris, 1824

v Miiller's Archiv. Heft i. 1839, and Brit. and For, Med. Rev. Oct. 1839, p. 549.
¢ Lectures on Digestion and Dict, p. 14, Lond. 1824,
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tablished, that solution of the stomach may take place after death,
without there being the slightest reason for supposing, that any
thing noxious had been swallowed.

The experiments of Drs. Wilson Philip* and Carswell® are sig-
nally corroborative of this physiological action of the gastric juice.
On opening the abdomen of rabbits, which had been killed imme-
diately after having eaten, and were allowed to lie undisturbed for
some time before examination, the former found the great end of
the stomach soft, eaten through, and sometimes altogether con-
snmed ; the chyme being covered only by the peritoneal coat, or
lying guite bare for the space of an inch and a half in diameter ;
and, in this last case, a part of the contiguous intestines was also
destroyed ; whilst the cabbage, which the animal had just taken,
lay, in the centre of the stomach, unchanged, if we except the al-
teration that had taken place, in the external parts of the mass it
had formed, in consequence of imbibing gastric fluid from the half-
digested food in contact with it. Why the perforation takes place,
without the food being digested, is thus explained by Dr. Philip.
Soon after death,the motions of the stomach, which are constantly
carrying on towards the pylorus the most digested food, cease.
The food, which lies next to the surface of the stomach, thus be-
comes fully saturated with gastric fluid, neutralizes no more, and
no new food being presented to it, it necessarily acts on the sto-
mach itself, now deprived of life, and equally subject to its action
with other dead animal matter. It is extremely remarkable, how-
ever, that the gastric fluid of the rabbit, which, in its natural state,
refuses animal food, should so completely digest its own stomach,
as not to leave a trace of the parts acted upon. Dr. Philip remarks,
that he has never seen the stomach eaten through execept in the
large end ; but, in other parts, the external membrane has been in-
jured, Mr. A, Burus,® however, affirms, that in several instances,
he found the forepart of the stomach perforated, about an inch from
the pylorus, and midway between the smaller and larger cur-
vatures.

Frowm all these facts, then, we are justified in concluding, that
the food in the stomach is subjected to the action of a secretion,
which alters its properties, and is the principal agent in converting
it into chyme.

But many physiologists, whilst they admit, that the change effected
in the stomach is of a chemical character, contend, that the nature
of the action is unlike what takes place in any other chemical pro-
cess, and that it is, therefore, necessarily erganic and vital, and
appertaining to vifal chemisiry. Such are the sentiments of For-

s Treatise on Indigestion, Lond. 1821,

b Ibid. and Edinb. Med. and Surg. Journal, Oct. 1830 ; and art. Perforation of the
Hollow Viscera, in Cyclopadia of Practical Medicine, P. xvi. p. 272, Lond. 1833. See,
also, Dr. Bowditch, in Append. to Amer. Edit. of Louis on Typhus, Boston, 1836 ; and
Alfred 8, Taylor,on Perforations of the Stomach, from Poisoning and Disease, in Guy’s
Hospital Reports, Aug. 1839, p. 8. 7

¢ Edinb. Med. and Surg. Journal, vi. 132,
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mingled. In the subject of his experiments, he invariably found,
that the old and the new food, if in the same state of comminution,
were readily and speedily united in the stomach. \
The conversion of the food into chyme, it has been conceived,
commences in the splenic portion, is continued in the body of the
viscus, and is completed in the pyloric portion. On this point,
the observations of Dr. Philip differ somewhat from those l:‘.ﬁf
Magendie,, the former appearing to think, that chymification is
chiefly accomplished in the splenic portion and middle of the sto-
mach ; whilst the latter affirms, that it is mainly.in the pyloric
portion that chyme is formed ; the alimentary mass appearing to
pass into it by little and little, and during its stay there,to undergo
the transformation. He further affirms, that he has frequently
seen chymous matter at the surface of the alimentary mass filling -
the splenic half; but that, commonly, it preserves its properties in
this part of the stomach. The precise steps of this change into
chyme cannot be indicated. Someof the results, at different stages
of the process, have been observed on animals ; and pathological
cases have occasionally oceurred, which enabled the physiologist
to witness what was going on in the interior of the stomach; but
with perbaps one exeception, those opportunities have not been
much improved. Burrows" relates a case of fistulons opening -
into the stomach. The subject of the case was not seen by him
until twenty-seven years after the injury, at which time the man
was, to all appearance, healthy. But he was drunken, and dis-
sipated, and the following vear he died. Such a case is related
by Schenk ;* and Louis® refers to similar cases that occurred to
Foubert and Covillard. Helm, of Vienna* published a caseof the
kind, to which reference has already been made; and an interest-
ing case occurred at the Hospital La Charifé of Paris, which sheds
some little light on the subject.! The aperture, which was more
than an inch and a half long and an inch broad, exposed the in-
terior of the organ. At the admission of the female into the Hos-
pital, she ate three times as much as ordinary persons. Three or
four hours after a meal, an irresistible feeling compelled her to
remove the dressings from the fistulous opening, so as to allow
the escape of the food which the stomach eould no longer con-
tain, when the contents came out quickly, accompanied by more
or less air. They possessed a faint smell but had neither acid nor
alkaline properties; the grayish paste, of which they consisted,
when diluted with distilled water, not affecting the vegetable
blues. The digestion was far from complete; yet, frequently
the odour of wine was destroyed ; and bread was reduced to a
soft, viscid, thick substance, resembling fibrin recently precipitated

A Précis, &e. edit. cit. ii. 88.
¥ Transactions of the Royal Irish Academy, vol. iv,
¢ Observ. Medic. Rar. Novarum, &e. lib. iii. Francof. 1609,
4 Mémoir. de I'Académie Royale de Chirurgie, vol. iv. p. 213, Paris, 1819,
¢ Rudolphi, Grundriss der Physiologie, Berlin, 1821,
f Richerand's Elémens de Physiologie, edit. cit. p. 72.
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lysis have been given already (p. 554). These gases might origi-
nate in various ways. They might, for example, procged from
the stomach with the echyme. There is this objection,however, to
that view ; that the air in the stomach contains oxygen and very
little hydrogen ; whilst a considerable quantity of the latter gas
is almost always found in the small intestine, and never any oxy-
gen.  Again, they might be secreted by the mucous membrane of
the intestine. So far as we know, however, carbonic acid and
azote are alone exhaled from the tissues. We would still have
to account for the existence of the hydrogen. Lastly, they might
arise from the reaction of the elements of the chyme upon each
other, and this is the most probable origin. Magendie* has fre-
quently seen bubbles of gas escaping from the chymous mass,
sittate between the mouth of the ductus communis choledochus
and the ilenm : but never from that of the ilenm, from the upper
part of the duodenum, or stomach ; and he affirms, that Chevreul
found, in prosecuting some experiments that, when the mass, ob-
tained from the small intestine, was suffered to ferment, for some
time, in a stove,at the temperature of the body, precisely the
same gases were obtained as those met with in the small in-
testine.

When the food has attained the lower part of the ileum, the pro-
cess of chylification has been accomplished, and the “residuary
matter is transmitted into the large intestine, by the same peristal-
tic action, which has been so often described. The movement,
however, recurs very irregularly and at long intervals. On the
living animal it can rarely be perceived ; but it may be noticed on
one recently killed. It appears to have no coincidence with that
of the pylorus.

g. Jction of the Large Intestine.

The large intestine acts as a reservoir and excretory canal for
the fieces. The residue of the alimentary matter is sent on, through
the valve of Bauhin, by the peristaltie action of the ileum. This
valve, we have seen, is so situate at the point of union between
the ileum and e@cum, as to permit a free passage from the for-
mer to the latter, but to prevent its return.  The chymous mass is,
also, as yet sufficiently soft to pass readily ; and the quantity of
mucus, poured out from the lining membrane, facilitates its course.
When it has reached the large intestine, it first accumulates in the
cecum ; which being cellular or pouched, like the colon, necessa-
rily detains it for some time. In proportion, however, as the cazcum
becomes filled, the same peristaltic action is established as that
which occurs in the small intestine, and the matter is sent out into
the colon, the cells of which are successively filled : first, those of
the ascending, and then those of the transverse and descending co-
Jon, as far as the annulus or commencement of the rectum. The
whole of its progress through the large intestine is very slowly

» Précis, &e. ii. 117.
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accomplished. Independently of the pouched arrangement, which
retards it, a partof the colon ascends, so that the fwecal matter must
proceed contrary to its gravity. It becomes, moreover, more and
more inspissated in its progress towards the outlet; and the peri-
staltic action recurs at greater intervals than at the upper portions
of the tube. The importance of such a reservoir as the large in-
testine is obvious. Without it we should be subjected to the incon-
venience of evacuating the feeces incessantly.

Before the excrementitions matter reaches the large intestine, it
has not the fetid odour peculiar to human faeces; but it aequires
this after having remained in it for a short time. The brownish-
yellow colour becomes deeper ; but its consistence, smell, and co-
lour, vary considerably, according to the character of the alimen-
tary matter ; the mode and degree in which chymification and
chylification have been accomplished ; the habit of the individual,
&ec., &c. The fecal matter, as we find it, consists of the excremen-
titious part of the food, as well as of the juices of the upper part of
the canal, which have been subjected to the digestive process; of
the secretions, poured out from the lower part of the intestine,and
also, of those substances, which have escaped the digestive actions
of the stomach and small intestine, and are often perceptible in the
evacuations. The peculiarfecal impregnation is probably depend-
ent upon a secretion from appropriate follicles, situate towards the
extremity of the small, and in the large intestine ; and we can thus
understand, if we take into consideration the digestion of the differ-
ent secretions, why fmeal evacuations may exist, when the indivi-
dual hasnoteaten for some time,or has taken but little nourishment.

Some physiologists have believed that chylification takes place
even in the large intestines, and that chylous absorption is more or
less effected there. Virider* asserted, that the czecum is a second
stomach, in which a last effort is made to separate from the food
the digestible and soluble portions it still contains. In herbivorous
animals, according to him, an acid solvent is secreted init. MDM.
Tiedemann and Gmelin seem to admit the fact; and they like-
wise think, that the fluid, secreted by the inner membrane of this
intestine, assists in the assimilation of the food by means of the
albumen it contains, and that the fmcal matter is formed in this in-
testine, From various experiments instituted by Professor Schultz,®
of Berlin, he infers, that the food in the cazeum becomes not only a
second time sour, but that the acid chyme is there neutralized by
the access of bile in the same way as in the duodenum. The use
of the valvula ceeci he considers to be — to prevent the bile from con-
stantly passing into the caecum before it has undergone the proper
acidifying process. The fact of the separation of chyle in the
cacum and colon is proved by the experiments of Voisin® which

* Tractatus Novus de Primi Coctione, &c. Genev, 1691,

* Lond, Med. and Surg. Journ. Oct. 31, 1835 ; and Amer. Journal of the Medical
Bciences, p. 203, Nov. 1836,

¢ Nouvel Apergu sur la Physiologie du Foie, &e. Paris, 1833,
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proved to exist in healthy urine ; — water, free phosphoric acid,
phosphate of lime, phosphate of magnesia, flnoric acid, uric acid,
benzoic acid, lactic acid, urea, gelatin, albumen, lactate of ammo-
nia, sulphate of potassa, sulphate ol soda, fluate of lime, chloride
of sodiam, phosphate of soda, phosphate of ammonia, sulphur, and
silex ; — yet we have no proof, that these substances are obtained
from any other source than the food ; and some of them are, with
difficulty, obtained any where. Every one of them is necessary
for the constitution of the urine; and many must be formed by a
chemical union of their elements under the vital agency. Some
are met with in the animal body exclusively.

Berzelius* found, in 100 parts of human faeces : — water, 73-3 ;
unaltered residue of animal and vegetable substances, 7-0 ; bile,
09 ; albumen, 0'9 ; peculiar extractive matter, 2-7; substance,
formed of altered bile, resin, animal matter, &e. 14 ; and salts, 1-2.
Seventeen parts of these salts contained, carbonate of soda, 5 ; chlo-
ride of sodium, 4 ; sulphate of soda, 2 ; ammoniaco-magnesian phos-
phate, 2; phosphate of lime, 4. The excrements have likewise
been examined by Leuret and Lassaigue, and others ; but none of
the analyses have shed much light on the physiology of digestion.
In the large intestine, gases are also met with, along with the
fezces. These were examined by Magendie® and Chevreul,
in the three criminals already referred to (page 554). Their
results accord with those of Jurine, obtained long ago, as regards
the nature of the gases; but they do not correspond with what
he says relating to the carbonic acid; the quantity of which,
according lo him, goes on decreasing {rom the stomach to the rec-
tnm. The analvses of Magendie and Chevreul show, that the
proportion increases instead of decreasing. Coucerning the origin
of these gases, the remarks made on those of the small intestine
are equally applicable here.

When the fmeal matter has accumulated to the necessary extent
in the rectum, its expnlsion follows; and to this funetion the term
defecation has been appropriated. The freces collect gradually in
the large intestine, without any consciousness on the part of the in-
dividual. Sooner or later, the desire or waunt to evacnate them
arises. This is usuaily classed among the internal sensations or
desives. It is, however, properly, of a mixed character. That it
is not always, in a ratio with the quantity of feeces is shown by
the faet, that occasionally the intestine will be ﬁlleq without the
want arising ; and, if the feces be unusually thin or irritating, the
desire is developed, when an extremely small quantity of matter
is present, — as in cases of tenesmus. The period, at which the
desire returns, is variable, according to the quantity and_ ch‘all'amer
of the food employed, as well as to the habit of the individual,
Whilst the generality of persons evacuate the bowels at least once
in the day, — and this usually at a period regulated I?y custom, —
others will pass a week or two without any alvine discharge, and

s Traité de Chimie, trad. par Jourdan et Esslinger, tom. vii.
v Précis, &e. il 126, ¢ Mémoir, do la Soc, Royale de Méd. x. 72.
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the vertebral column. In this way, considerable force is exerted
upon the contents of the colon and rectum; the resistance of the
sphincter, — already diminished by the direct exertion of volition,
—1s surmounted ; it yields and the freces are extrnded. The leva-
tor ani and ischio-coceygeus, aided by the transversus perinei
muscles, support the anus during the propulsory efforts, and restore
1t to its place, after these efforts have ceased. Whilst the straining
i1s effected by thediaphragm and abdominal museles, the longitudinal
muscular fibres of the rectum contraet, so as to shorten the intes-
tines, and, consequently, the space over which the fieces have to
pass.  On the other hand, the circular fibres contract from above
to below, so as to propel the excrement downwards, and to cause
the mucous membrane to extrude, and form a ring or bourrelet,
like that which occurs at the cardiac orifice of the stomach, when
the food is passing from the wsophagus into that organ. If this
extrusion occur to a great extent it constitutes the disease called
prolapsus ani.
~ Of late years, Dr. O’Beirne* has directed his attention to the sub-
ject of defecation ; and, guided by the following facts and argu-
ments;—that great irritation would be produced in the sphincter ani,
and in the bladder, if the fieces descended readily into the rectum;—
that the difficulty experienced in throwing up an injection is incon-
sistent with the idea of the rectum being open, and proves that it is
firmly contracted and closed ; — that when the surgeon has ocea-
sion to pass his finger up the rectum, he rarely encounters either
solid or fluid fwmces ; — that the two sphineter museles of the anus
are considerably wealkened in certain diseases, and divided in cer-
tain operations, yet it rarely happens, that the power of retaining
the fmces is destroyed ; —that on passing a stomach tube to the
height of half an inch up the rectum, in a number of healthy per-
sons, it was found, that nothing escaped, and that it could be moved
about freely in a space, which, on introducing the finger, was ascer-
tained to be the pouch of the rectum ; but that from the highest
part of the pouch to the upper extremity of the gut — generally a
distance of from six or seven to eight inches — the tube could not
be passed upwards without meeting with considerable resistance,
and using a degree of force to mechanically dilate the intestine,
which was plainly felt to be contracted so as to leave no cavity for
this extent ; — that when the instrument reached, in this way, the
highest point of the rectum, the resistance to its passage upward
was felt to be sensibly increased, until, at length, by using a pro-
portionate degree of pressure, it passed rapidly forward —as if
through a ring — inte a space in which its extremity could be
moved with great freedom, and as instantly a rush of flatus, of
fluid feces, or of both, took place through the tube ; —and that in
every instance, where the tube presented the least appearance of
faces after being removed, this appearance was confined to that

s New Views of the Process of Defecation, &c., Dublin, 1833 ; reprinted in this
country, Washington, 1834,
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from the constant drain of the fluid portions of the blood, and is
Instinctive or essentially allied to organization. The sensation dif-
fers in different individuals, and is rarely alike in the same person.
Usually, it consists of a feeling of dryness, constriction and heat in
the back part of the mouth, pharynx, @sophagus, and occasionally
in the stomach ; and, if prolonged, redness and tamefaction of the
parts supervene, with a clammy condition of the mucous and folli-
cular —and diminution and viscidity of the salivary — secretions.
These phenomena are described as being accompanied by restless-
ness, general heat, injected eyes, disturbed mind, acceleration of
l;hedf:;irculelniun, and short breathing, the mouth being frequently
and largely open, so as to admit the air to come in contact with
the irritated p[;?-ﬁ, and thus to afford momentary relief,

Thirst is a very common symptom of febrile and inflammatory
d'ts:;as;, in which fluid is desired in consequenee of the local relief
it affords, — especially when cold, — to the parched and heated
membrane of tl"]:e alimﬁerntary canal. Itisalso &eveluped by circum-
stances exterior to us; as in summer, when the body sustains con-
siderable loss of fluid, as well as in those diseases — as dropsy,
dabetes, &e. — which produce the same effect. There are many
other circumstances, however, that excite it ; — as long speaking
or singing ; certain kinds of diet — the saline and spiey, for ex-
ample — and especially the habit, acquired by some, of drinking
frequently. Whilst such individuals may need several gallons a
day to satisly their wants ; — others, who have, by resistance, ac-
quired the habit of using very little liguid, will be enjoying good
health and not experiencing the slightest inconvenience from its
privation ; so completely are we, as regards the character and
quantity of our aliment, the creatures of habit. This privation, it
is obvious, cannot be absolute or pushed beyond a certain extent.
There must always be fluid enough taken to administer to the
necessities of the system,

As in the pmdugtsion of every internal sensation, three acts are
required for accomplishing that of thirst ; — impression, condue-
tion, and perception. The last, as in every similar case, is effected
by the brain, and the second by the nerves passing between the
part impressed and that organ. The act of impression — its seat
and eause — will alone arrest our attention; we shall find, that
we are still less instructed on these points, than on the physiology
of hunger. Even with regard to the seat of the impression, we
are in a state of uncertainty. 1t appears to be chiefly in the back

art of the mouth and fauces; but wheth_fer primarily t!flerﬂrﬁl‘
produced by sympathy with the condition of the stomach, is by no
meauns clear. The latter opinion, however, appears the more pro-
bable. In a remarkable case, published by Dr. Gairduer of Edin-
burgh, it was found impracticable to allay the thirst, by merely
supplying the mouth, tongue, and fauags with ﬁmd. A man had
cut through the @sophagus. An 1ns?.t:ahle tlndrst arose ; several
pailfuls of water were swallowed daily, and discharged through
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The changes, which liquids undergo in the stomach, are of dif-
ferent kinds. All acquire the temperature of that viscus, and be-
come mixed with the secretions from its internal surface, as well
as from that of the supra-diaphragmatic portion of the digestive
tube. Some, however, undergo the operation of chymification ;
others not. To the latter class belong, — water, weak aleoholic
drinks, the vegetable acids, &e. Water experiences the admixture
already mentioned ; becowmes turbid, and gradually disappears,
without undergoing any transformation. Part passes into the
small intestine ; the other is directly absorbed. When any strong
alcoholic liquor is taken, the effect is different. Its stimulation
causes the stomach to contract, and augments the secretion from
the mucous membrane ; whilst, at the same time, it coagulates all
the albuminous and mucous portions ; mixes with the watery part
of the mucous and salivary fluids, and rapidly diasppears by absorp-
tion ; hence, the speedy supervention of inebriety, or death, after
a large quantity of alcohol has been taken into the stomach. The
substances, that have been coagulated by the action of the aleohol,
are afterwards digested like solid food. We can thus understand
the good effects of a small quantity of aleohol, taken after a sub-
stance difficult of digestion,—a custom which has existed from
high antiquity, and has physiology in its favour. It is, in such
cases, — to use the language of the eccentric Kitchener,* — a good
“peristaltic persuader.”

Of the liguids, which are capable of being converted into chyme
or chyle, some are so altogether ; others in part only. 0Oil remains
longer in the stomach than any other liquid, experiences little
change there, but is probably altogether converted into chyle.
Milk, as is well known, coagulates in the stomach soon after it is
swallowed, after which the clot is digested, and the whey absorbed.
Yet the existence of coagula in the stomach is constantly regarded
by the unprofessional as a pathological condition! Where the
liguid, aqueous or spirituous, holds in suspension the immediate
principles of animals or vegetables, as gelatin, albumen, osmazome,
sugar, gum, fecula, colouring matter, &e., a separation occurs in
the stomach between the water or aleohol and the substances com-
bined with them. The latter remain in the stomach and undergo
chymification ; whilst the aqueous or spirituous portions are ab-
sorbed. The salts, united with these fluids, are taken up along
with them. In soup, for example, the water and the salts are ab-
sorbed ; and the gelatin, albumen, fat and osmazome are digested.
Red wine, according to Magendie,® first becomes turbid by ad-
mixture with the juices, formed in, or carried into, the stomach :
the albumen of these fluids speedily undergoes coagulation, and
becomes floceulent; and, subsequently, its colouring matter —
entangled, perhaps, with the mucus and albumen — is deposited

s Directions for Invigorating and Prolonging Life: or the Invalid’s Oracle, &ec.
Amer. Edit. from the 6th London, by T. 8. Barrett, New York, 1831,
v Précis, &e. ii. 143.
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sais." He manifestly, however, mixes up the phenomena of re-
gurgitation with those of vomiting ; which, we have endeavoured
to show, are distinet, !

On the whole, we are perhaps justified in concluding, that the
ancient doctrine, regarding vomiting, is full of error, and ought to
be discarded ; — that the stomach is of all the organs concerned,
the one whose action is the least energetic and necessary, — that
the pressure, exerted on the parietes of the stomach by the dia-
phragm and abdominal muscles, is the most powerful canse,—and
that the more or less complete paralysis of the diaphragm or the
destruction of the abdominal muscles renders vomiting much more
feeble and slow in manifesting itself, The order of the phenomena
seems to be as follows. The brain is affected directly or indirectly
by the cause exciting vomiting ; by the brain, the diaphragm and
abdominal museles are thrown into appropriate contraction, and
press upon the stomach ; this organ probably contracts from the
pylorus towards the cardia ; and, by the combination of efforts, the
contents are propelled into the esophagus, and out of the mouth,
These efforts are repeated several times in succession, and then
cease, — at times to reappear. Whilst the rejected matters pass
through the pharynx and mouth, the glottis closes; the velum
palati rises and becomes horizontal, as in deglutition ; but owing
to the convulsive action of the parts, these apertures are less acen-
rately closed, and more or less of the vomited matter passes into
the larynx or nasal fossaz.  On account of the suspension of respi-
ration impeding the return of blood from the upper parts of the
body, and partly owing to the force with which the blood is pro-
pelled by the arteries, the face is flushed or livid, the perspiration
flows in abundance, and the secretion of tears is largely angmented.

CHAPTER II.
ABSORPTION.

Ix the consideration of the preceding functions, we have seen
the alimentary matter subjected to various actions and alterations;
and, at length, in the small intestine, possessed of the necessary
physical constitution for the chyle to be separated from it. Into
the mode in which this separation, — which we shall ﬁl.n:_l i1s not
simply a secerning action, but one of elaboration and of a vital cha-
racter, — is effected, we have now to inquire. It belongs to the
function of absorption, and its object is to convey ‘he. nutritive
fluid, formed from the food, into the current of Ithe clrm:llaqun.
Absorption is not, however, confined to the formation of this fluid.
Liguids can pass into the blood directly through the coats of the
containing vessel, without ha_wng been subjected to any elabora-
tion ; and the different couslituents of the organs are constantly
suhjE:ﬂtEt] to the absorbing action of vessels, by which their decom-
2 Traité de Physiclogie, &c., Drs. Bell and La Roche's translation, p. 343, Phila. 1832,
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however, that he makes this observation, with great hesitation and
distrust.n \

All these are mere speculations, too often entirely gratuitous;
m'-}dr notwithstanding the assertion of Dr. Carpenter,b that “ it is cer-
tain they never open by free orifices on the surface of the intes-
tine, as was formerly imagined,” it must be admitted, that we
know nothing definite regarding the extreme radicles of the chyli-
ferous vessels. The view, however, that they do mnot possess
fgee orifices appears to be most probable. The marginal illustra-
tion from Krause exhibits the appearance pre-
sented by the incipient chyliferous vessels in Fig. 141,
the villi of the jejunum of a young man, who
had been hanged soon after 1aking a full meal
of farinaceous food. The chyliferous vessel
issuing from each villus appeared to arise by
several small branches, in some of which free
extremities could be traced, whilst others anas-
tomosed with each other. When they be-
come perceptible to the eye, they are observed
as in Fig. 139, communicating frequently with
each other; and forming a minute network,
first between the muscular and mucous mem-  An intestinal vitlus with
branes, and afterwards between the muscular H_'E,f’"ﬂ”ﬁ,‘.ﬁﬂ:’;fj"‘ BER e
and peritoneal, until they terminate in larger
trunks, a, @, @, . When they attain the point at which the peri-
toneal coat quits the intestine, they leave it also; and ereep for
an inch or two in the substance of the mesentery ; and then enter
a first row of mesenteric glands. From these they issue, of a
greater size and in less number; proceed still farther along the
mesentery, and reach a second row, into which they likewise
enter. From these, again, they issue, larger and less numerous,
anastomosing with each other ; and proceeding towards the lum-
bar portion of the spine, where they terminate in a common re-
servoir, — the reservoir of Pecquet, the receptaculum or cisterna
chyli, Fig. 140 and 142) — which is the commencement of the tho-
racic duect. This reservoir is situate about the third lumbarvertebra ;
behind the right pillar of the diaphragm, and the right renal ves-
sels. The nhylifgruns vessels generally follow the course of the
arteries; but sometimes proceed in the spaces between them,
They exist in the lower part of the duodenum, through the whole
of the jejunum,and in the upper part of the ileum. M. Voi-
sin® affirms, that all, or at least the major part, of these ves-
sels pass throngh the substance of the lLiver, before they empty
their contents into the thoracic duet, After proceeding a certain

a See, also, on this subject, Le Systéme Lymphatique, par M. G. Breschet, Paris,
1836 3 nlml Mr. Lane, art. Lymphatic and Lacteal System, Cyclop. Anat. and Fhysiol,

£ i il, 1841, : .
P bxllf-_ll“':lt: Physiology, § 458, Lond. 1842 ; see, also, Mandl. Manuel d"Anatomie

' . 216, Paris, 1843, ; g
EE?EII::H;[ Apercu sur la Phjninlagiu du Foie, &c. Paris, 1833,
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The impracticability of detecting the mouths or extremities of the
chyliferous radicles has been the source of different hypotheses ;
and, according as the view of open mouths or of the spongy gela-
tinous tissue has been embraced, the chyle has been supposed to
enter immediately into the vessels, or to be received throngh the
medinm of this tissue ; or, again, to pass through the parietes of
the vessels by imbibition. Let it be borne in mind, however, that
not only the action of absorption, but the vessels themselves, are
seen only by the “ mind’s eye ;’ and that the chyle does not seem
to exist any where but in the chyliferous vessels. In the small
intestine, we see a chymous mass, possessing all the properties we
have described, but containing nothing resembling true chyle ;
whilst, in the smallest lacteal, which we can detect, it always pos-
sesses the same essential properties. Between this imperceptible
portion of the vessel, then, and its commencement — including the
latter, —the elaboration must have been effected. Leuret and
Lassaigne,* indeed, affirm, that they have detected chyle in the
chymous mass within the intestine, by the aid of the microscope.
They state that globules appeared in it similar to those that are
contained in the chyle, and that their dissemination amongst so
many foreign matters alone prevents their union in perceptible
fibrils. These globules they regard as true chyle, — for the reason,
that they observed similar globules in the artificial digestions they
attempted ; and, on the other hand, never detected them in the
digestive secretions. In their view, consequently, chyliferous ab-
sorption would be confined to the separation of the chyle, ready
formed in the intestine, from the excrementitious matters united
with it. Some caution is, however, necessary regarding the re-
corded results of minute microscopic researches, which have fre-
quently presented a considerable difference to the observer, owing
to glasses of different magnifying powers having been employed.
We certainly must have stronger evidence than the above to set
aside the overwhelming testimony in favour of an action of selec-
tion and elaboration by the absorbents of all organized bodies —
vegetable as well as animal. The nutriment of the vegetable may
exist in the soil and the air around it; but it is subjected to a vital
agency the moment it is laid hold of,and is decomposed to be again
united, so as to form the sap. How else can we understand the
conversion of animal matters in the soil into the substance of the
vegetable? A like action is doubtless exerted by the chylifer-
ous radicles ;* and hence all the modes of explaining this part of
the function, under the supposition of their being passive, me-
chanical tubes, are inadequate. Boerhaave® afﬁrmerd, that I.t?e
peristaltic motion of the intestines has a n:anmderah!ﬂ influence in
forcing the chyle into the mouths of the vessels; whilst Dr. Young?

» Recherches Physiologiques et Chimiques, pour servir i I'Histoire de la Digestion,

i ¥ IEE5F a4k A
P-"E[;;'.F;:-;'nld. Lehrbuch der Physiologie des Menschen, Ziirich, 1836-7 ; und Brit.

d For. Med. Review, Oct. 1839, p. 4?'!.-'1.
e Prelect. Academ. in prop. Instit. Rei Med. § 103,
4 Medical Literature, p. 42, Lond. 1813.
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periment by Lauth.s He killed a dog, towards the termination
of digestion ; and immediately opened its abdomen, when he found
the intestines marbled, and the chyliferous vessels filled with chyle.
Under the stimulation of the air, these vessels began to contract,
and, in a few minutes, were no longer perceptible. The result he
found to be the same, whenever the dissection was made within
twenty-four hours after death ; but, at the end of this time, the
irritability of the chyliferous vessels was extinet; and they re-
‘mained distended with chyle, notwithstanding the admission of
air. These experiments lead to a deduction which seems, in the
absence of less direct proof, scarcely doubtful ; — that the chyli-
ferous vessels possess a contractile action, by the aid of which the
chyle is propelled along the vessels. In addition to these pmpel-
ling causes, the pulsation of the arteries in the neighbourhood of
the chyliferous vessels; and the pressure of the abdominal mus-
cles in respiration have been iuvoked. The former has probably
less effeet than the latter. It is not, indeed, easy to see how the
former can be possessed of any. Of the agency of the latter we
have experimental evidence. If the thoracic duct be exposed in
the neck of a living animal, and the course of the chyle be observed,
it will be found accelerated at the time of inspiration, when the de-
pressed diaphragm forces down the viscera ; or when the abdomen
of the animal is compressed by the hands. We shall find, too,
hereafter, that the mode in which the thoracic duct opens into the
subelavian exerts considerable effect on the progress of the chyle
in its vessels.

We have reason to believe that the course of the chyle is slow.
It has been already stated, that in an experiment on a dog, which
had eaten animal food at discretion, Magendie® found half an
ounce of chyle discharged from an opening in the thoracic duct in
five minutes. Still, as he judiciously remarks, the velocity will be
partly dependent upon the quantity of chyle formed. If much
enters the thoraeic duct, it will probably proceed faster than under
opposite circumstances.

In the commencement of the thoracic duet the chyle becomes
mixed with lymph. Under the head of lymphatic absorption we
shall show how they proceed together into the subclavian, and the
effect produced by the circumstances under which the thoracic duct
opens into that venous trunk. :

It has been a subject of inquiry, whether the chyle varies mate-
rially in different parts of its course, and what is the precise modi-
fication, impressed upon it by the action of the mesenteric glands.
The experiments of Reuss, Emmert,® and others, seem to show,
that when taken from the intestinal side of the mesenteric glands,
it isof a yellnwish-white colour, dﬂE!'.ir pot become red on being
exposed to the air, and coagulates bul imperfectly, depositing only
a small, yellowish pellicle, It is said, indeed, that chylel, drawn

s+ Eassai sur les Vaisseaux Lymphat. Strasb. 13?4: b Précis, &e. ii, 183,
e Reil's Archiv. viii. 5. 2 ; and Annales de Chimie, Ixxx. 8L
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was again withdrawn and serupulously examined ; when the veins
were found still empty, whilst the chyliferous vessels were full of
a white fluid.  Hunter subsequently repeated the experiment with
odorous and coloured substances, but withont ever being able to
detect them in the mesenteric veins. 1t may be remarked, also,
that Musgrave,® Lister,® Blumenbach,® Seiler and Ficinus assert,?
that they have detected substances which had been thrownu into the
intestines of animals in the chyle of the thoracic duet. The expe-
riments of Hunter, however, are those, on which the supporters of
this view of the question principally rely.

Those physiologists, who believe in absorption of liquids by the
mesenteric veins, adduce similar arguments and much more nu-
merous experiments. They affirm, that the mesenteric veins, like
the chyliferous vessels, have free orifices in the cavity of the intes-
tine, aud form constituent portions of the villi; whilst some of them
conceive even this arrangement to be unnecessary, and that the
fluids can veadily pass through the coats of the vessels; — that if
the chyliferous system be manifestly an absorbent apparatus, the
same may be said of the venous system ; — that if the chyle have
appeared to be more fluid after much drink has been taken, Boer-
haave affirms, that he has seen the blood of the mesenteric veins
more fluid under like circumstances; and, lastly, against the ex-
periments of Hunter, numerous others have been cited, clearly
showing, that liquids, injected into the intestine, have been found
in the mesenteric veins, whilst they could not be detected in the
chyliferous vessels,

To the first experiment of Hunter it has been objected ; — that
the art of performing physiological experiments was, in his time,
imperfect; and that, in order to deduce any useful inferences from
it, we ought to know, whether the animal was fasting at the time
it was opened, or whether digestion was going on; that the state
of the lymphaties ought to have been examined at the commence-
ment of the experiment, to see whether they were full of chyle, or
empty ; as well as the milk, to notice whether any changes had
supervened, during its stay in the intestine : lastly, that the reasons
should bave been assigned for the belief that the lacteals were
filled with milk at the end of the experiment, and not with chyle.
The experiment, moreover, has been repeated several times by
Flandrin, and by Magendie,s — both of them dexterous experi-
menters, — vet, in no case, was the milk found in the chyliferous
vessels. This first experiment of Hunter cannot, therefore, be
looked upon as satisfactory. Some illusion must have occurred, —
some source of fallacy, — or, otherwise, a repetition of the experi-
ment should have been attended with like results. We shall find,
hereafter, that in another experiment, by that distinguished indi-
vidual, a source of illusion existed, of which he was unaware,

s Philosoph. Transact. for 1701, p. 996, b Philosoph. Transact. 1701, p. 819.

¢ Instit. Physiol. § 422, 4 Journal Complement, xviii, 327,

s Pricis, &c., edit. citat. i 201.
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separated entirely from the rest of the small intestine. A por-
tion of small intestine, an,inch and a half long, thus remained
attached to the body by a mesenteric artery and vein only. These
two vessels were separated from each other by a distance of four
fingers’ breadth ; and the cellular coat was removed to obviate
the objection, that lymphaties might still exist in it. Two ounces
of a decoction of nux vomica were now injected into this portion
of intestine, and a ligature was applied to prevent the exit of the
injected liquid. The intestine, surrounded by fine linen, was
replaced in the abdomen; and, in six minutes, the effects of the
poison were manifested with their ordinary intensity ; so that every
thing occurred as if the intestine had been in its natural condition.
Ségalas* performed a similar experiment, leaving the intestine,
however, communicating with the rest of the body by chyliferous
vessels only. On injecting a solution of half a drachm of the aleo-
holic extract of nux vomica into the intestine ; the poisoning, which,
in the experiment of Magendie, took effect in six minutes, had not
occurred at the expiration of half an hour; but when one of the
veins was untied and the circulation re-established, it supervened
immediately. Westrumb® mixed rhubarb, turpentine, indigo, prus-
siate of potassa and acetate of lead in the food of rabbits, sheep
and dogs. They were detected in the veins of the intestines and
in the urine, but not in the chyle. The same facts were observed
by Mayer,® when rhubarb, saffron, and prussiate of potassa were
introduced into the stomach. MM. Tiedemann and Gmelin like-
wise observed the absorption of different colouring and odorous
substances from the intestinal eanal to be effected, exclusively, by
the veins, Indigo, madder, rhubarb, cochineal, litmus, alkanet,
camboge, and verdigris : musk, camphor, aleohol, spirit of turpen-
tine, Dippel’s animal oil, asafeetida and garlic, the salts of lead,
mereury, iron, and baryta, were found in the venous blood, but
never in the chyle. The prussiate of potassa and sulphate of
potassa were the only substances, which, in their experiments, en-
tered the chyliferous vessels.

Such are the chief facts and considerations,on which the believers
in the ehyliferous absorption and in the venous absorption of drinks
rest their respective opinions. The strength, we think, is mani-
festly with the latter. Let it be borne in E‘ltll.']d, that no sufficient
experiments have been recently made, which encourage the 1dea,
that any thing is contained in the chyliferous vessels except chyle;
and that nearly all are in favour of absorption b}r the mesenteric
veins. An exception to this, as regards the chyliferous and I}rm-
phatic vessels, seems to exist in the case of certain salts. The
prussiate and the sulphate of potassa — we have said — were de-
tected in the thoracic duct by MM. Tiedemann and Gmelin ; the

a ie" al de Physiologie, tom. ii.; and Frécis,lkc. i, 208,
b EE;E':::;::E qume ad {'iﬂ sic dictas Lotii clandestinas referuntur. Gotting,
1819, J ; ey
Fi i nggvnrmﬁg‘l.!ll der Venen, u. 8 W, II'I._HB!:I{EI & Archiv. B.l]mL iii. §
.,1,::, U[jh:rvti‘:;i;:;::nf:, in art. Binsaugung, of Encycl. Warterb. x. 290, Berlin, 1834.
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LYMPHOSIS. 627

been used, for the formation of chyle; and hzmatosis,for that of the
blood. In describing the organs, concerned in this function, the
striking similarity — we might almost say — identity, in structure
_and arrangement between them and the chyliferous organs will
have been apparent. A part, indeed, of the vascular apparatus is
common to both ; and they manifestly constitute one and the same
system. This would be sufficient to induce us to assign them
similar functions; and it would require powerful and positive
testimony to establish an opposite view, Atone period, the lymph
was considered to be simply the watery portion of the blood ; and
the |3,rr_nphalic vessels were regarded as the mere continuation of
the u]t1m_at& arterial ramifications. It was affirmed, that the blood,
on reaching the final arterial branches, separated into two parts ;
the red and thicker portion returning to the heart by the veins ;
and the white, serous portion passing by the lymphatics. The
reasons for this belief were, the great resemblance between the
lymph and serum of the blood; and the facility with which an
Injection passes, in the dead body, from the arterial, into the lym-
phatic capillary vessels. Magendie has revived the ancient doc-
trine ; and, of consequence, no longer considers the lymphatics to
form part of the absorbent system ; but to belong to the circulatory
apparatus, and to serve, as we shall see, the office of waste pipes,
in case of emergency. Without canvassing this subject now, we
may assume it for granted, that the lymph, which circulates in the
lymphatic vessels, is identical in its nature, or as little subject to
alteration as the chyle; and that, consequently, whatever may be
the materials, that constitute it, an action of elaboration and selec-
tion must be exerted in its formation.

It has been conceived that many of the tissues of the body, the
serous membranes, for example, do not receive red blood ; and that
they must consequently be nourished by white blood. The lympha-
tics, in such case, have been considered to be to the white arteries
what the veins are to the red. Thisat least has been presumed to be
one of their offices,* but it will be seen, hereafter, that all the tis-
sues supplied with vessels probably receive red blood ; and hence
it is unnecessary to suppose, that the lymphaties execute any venous
function. : _

Assuming, for the present, that the lymph is wholly obtained
from materials already deposited in the body; the next inquiry
is ; — into the mode in which their separation and simultaneous
absorption are effected. Ou this topic, we have no additional argu-
ments to employ to those adduced regarding the function of the
chyliferous radicles. In every respect, they are identically situate ;
and to their history we refer for an exposition of how little we

f this part of lymphosis. )
kn’?‘ggﬂgaugeslif the progression of the lymph in the vessels are the

, Principles of Medicine, 389, Philad. 1832 ; Dr. Graves, Lect. on
b el ngnl Dr. Stokes, Lectures on the Theory and Practice of
Med, Libr. Edit. p. 313, Philad. 1837.
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VENOUS, 635

ing matter, and especially from the cellular tissue and the minute
vessels, which ramified upon it,and placed it upon a card, in order
that there might be no point of contact between it and the sur-
rounding parts, He then let fall upon its surface and opposite the
middle of the card a thick, watery solution of nux vomica, — a
substance, which exerts a powerful action upon dogs. He took
care that no particle of the poison touched any thing but the vein
and cord, and that the course of the blood, within the vessel, was
free. Before the end of three minutes, the effects which he ex-
pected, appeared, — at first feebly, but afterwards with so much
aclivity, that he had to prevent fatal results by inflating the lungs.
The experiment was repeated on an older animal with the same
effects ; except that, as might be expected, they were longer in
exhibiting themselves, owing to the greater thickness of the parie-
tes of the veins,

Satisfied, as regarded the veins, he now directed his attention to
the arteries ; and withlike results. They were, however, slower in
appearing than in the case of the veins, owing to the tissue of the
arteries being less spongy than that of the veins. It required more
than a quarter of an hour for imbibition to be accomplished, In
one of the rabbits, which died under the experiment, they had an
ﬂEPm'l“niljr of discovering, that the absorption could not have been
efiected by any small veins, that had escaped dissection. One of
the carotids — the subject vessel of the experiment — was taken
from the body ; and the small quantity of blood, adherent to its
nner surface, was found by Magendie, and his friends who as-.
sisted at the experiment, to possess the extreme bitterness which
characterizes the nux vomica. These experiments were sufficient
to prove the fact of imbibition by the large vessels, both in the dead
and in the living state. His attention was now directed to the
small vessels, which seemed, & priori, favourable to the same ac-
tion, from their delicacy of organization. He took the heart of a
dog, which had died the day before, and injected, into one of the
coronary arteries, water at the temperature of 86° of Fah. The
water readily returned by the coronary vein into the right auricle,
whence it was allowed to flow into a vessel. Half an ounce of
water, slightly acidulated, was now placed in the pericardinm.
At first, the injected fluid did not exhibit any signs of acidity; but,
in five or six minutes, the evidences of it were unequivocal. From
these facts, Magendie* draws the too exclusive deduction, that
“all bloodvessels, arterial and venous, dead or living, large or
small, possessa physical property, capable of perfectly accounting
for the principal phenomena of absorption.”” Weshall endeavour
to show, that it explains only certain varieties of absorption, —
those in which the vessel receives the fluid unmodified — but that
it is unable to acconut for absorptions, in which an action of selec-
tion and elaboration is necessary. Mayer® injécted prussiate of

» Précis, &e. ii. 283. e 2 v
5 f{r::;:l’s Archiv. B. iii., and Windischmann in Eneyclop. ‘Wharterh. u. 5. w. B. 1.
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sorption of milk by the lacteals ; and some sources of fallacy have
been pointed out. The blue colour, which the lymphatics seemed
to him to possess, and which was ascribed to the absorption of in-
digo, was noticed in the experiments of Messrs. Harlan, Lawrence,
and Coates ;* but they discovered that this was an optical illusion.
What they saw was the faint blue, which transparent substances
assume, when placed over dark cavities. Mr. Mayo® has also
affirmed that the chyliferous lymphatics always assume a bluish
tint a short time after death, even when the animal has not taken
indigo. The cases of purulent matter, &c., found in the lympha-
tics, may be accounted for by the morbid action having produced
disorganization of the vessel, so that the fluid could enter the lym-
phaties directly ; and, if once within, its progression can be readily
understood.

Magendie* asserts, that Dupuytren and himself performed more
than one hundred and fifty experiments, in which they submitted
to the absorbent action of serous membranes a number of different
fluids, and never found any of them within the lymphatic vessels.
The substances, thus introduced into the serous cavities, produced
their effects more promptly, in proportion to the rapidity with
which they are capable of being absorbed. Opium exerted its
narcotic influence, wine produced intoxication, &c., and Magendie
found, from numerous experiments, that the ligature of the tho-
racic duct in no respect diminished the promptitude with which
these effects appeared. The partisans of lymphatic absorption,
however, affirm that even if these substances are met with in the
veins, it by no means follows that absorption has been effected by
that order of vessels; for, as we have seen, the lymphatics, they
assert, have frequent communications with the veins ; and, conse-
quently, they may still absorb and convey their products into the
venous system. In reply to this, it may be urged, that all the
vessels — arterial, venous, and lymphatic — appear to have com-
muniecation with each other ; but that there is no reason to believe,
that the distinct offices, performed by thewm, are, under ordinary
circumstances, interfered with; and, again, where would be the
necessity for these intermediate lymphatic vessels, secing that im-
bibition is so readily effected by the veins? The axiom —quod

Jieri polest per pauca, non debet fieri per multa —is here strik-
ingly appropriate. The lymphatics, too,as we have endeavoured
to show, exert an action of selection and elaboration on the sub-
stances exposed to their agency ; bat, in the case of venous ab-
sorption, we have not the slightest evidence that any such selection
exists, — odorous and coloured substances retaining, within the
vessel, the properties they had '_nrlti_mut. _Laslly, }?heye would be
the use of the distinet, lymphatic circulation opening into the _:hn..
racic duet, sceing that the absorbed matters might enter the various
venous trunks directly through these supposititious, communicating
’ i searches, p. 459, Philad. 1835.
: g::ll?:e: ﬂ'hﬁf;(::nnghyiiulagf?ﬂd edit., Lond, 1833, < Op. cit, ii. 211.
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