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PREFACE.

A knowledge of human Anatomy and Physiology is not
confined to the medical profession, nor to professed scholars.
It has become a part of general educationand is always attain-
able in our advanced schools, both public and private. Tho
study becomes professional when it is pursued to minute details,
but the general structure of the body, the uses of the several
parts, the conditionsupon which theirhealthy action depends,and
the circumstances by which such action may be interfered with,
should be understood by all. The physical well-being of our-
selves and of those with whom we stand connected, depends
in a great measure upon our acquaintance with these laws of
our organization.

It is the design of the following work, to present these prin-
ciples in a form adapted to class instruction.

The first object has been a suitable arrangement. Such an
analysis of the objects and wants of the system, is given as
leads to an obvious classification of the organs of the body.
This enables the learner to see at once what subjects are to be
investigated, and in what order they naturally present them-
selves, and to know when his work is done. Until the facts of
a science are thus arranged, upon some principle of relation,
they do not constitute a science, and can serve no purpose either
of practical application, or of furnishing enjoyment, or mental
discipline.

The Physiology and Hygiene of the several classes of organs
are so obviously associated with their structure, that it was
thought better to introduce them in immediate connection with
the anatomical descriptions. The repetition which would be
almost necessary if they were treated in separate sections is thus
avoided.

Many subjects of collateral interest have been presented in
the form of notes. This has been done, in order that the con-
secutiveness of arrangement in the text, might not be inter-
fered with.

The second object has been compression. It is one of the
serious difficulties met with by teachers, that their text books
are not too comprehensive, but" too large. In most of the
branches of study, they shoaid be of Buch size that they can
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be completed in a single term. And in addition to this, time
enough should be allowed for thorough review. A subject that
is worth studying is worth reviewing. The principles should
not only be understood, but they should be repeated so many
times that they cannot be forgotten. Every scholar should be-
come so familiar with the subjects of his study as to be able to
take up any of the parts, and give a ready and intelligible ac-
count of it.

Whenever conclusions rest upon reasoning which is complex
and difficult, special effort has been made to render the expres
sion of the reasoning as clear, and little involved, as possible.
But to simplify and popularize it in any other way has not been
attempted, nor would such a course, be likely to secure for it
additional favor. Hence technical terms, have not been dis-
carded. In entering upon a new subject of study, the learner
will necessarily meet with new terms, and it is best to employ
those which express the ideas that are peculiar to the study
with the greatest precision, and the least circumlocution.
Science has a language in some respects peculiar to itself, and
so has the counting-room and the farm. Each claims its own
language, its technical terms, because the ideas to be expressed,
are peculiar, and require such terms.

A glossary of technical terms has been combined with the
index, and as a matter of convenience to pupils, the pronuncia-
tion has also been marked.

The several subjects are fully illustrated by figures, but, in
order to invest the study with some additional interest, a set of
Anatomical Plates has been prepared.

The author has endeavored to bring the important principles
of extended treatises on these subjects into a sufficiently narrow
compass, to divest them somewhat of the professional cast which
they there assume, and put them into a form in which they will
be intelligible to pupils, and to give them an arrangement that
will show their connection with each other, as parts of a single
branch of science. In attempting to do this he has been guided
by his experience as a teacher, for many years. He now offers
the work to the public in the hope that it will meet the approval
of those to whom the instruction ofyouth s committed.

New York, Jan. 1, 1853.



ANATOMY, PHYSIOLOGY, AND HYGIENE.

INTRODUCTION.

1. It is the object of Anatomy to describe the human body,
the structure, form and position of its several organs. It is the
jbject of Physiology to describe the uses and relations of these
rrgans. It is the object of Hygiene to develop the principles
apon which the healthy action of these organs depends. The
three may be kept distinct as departments of professional study;
but, as branches of general education, they are more conve-
niently studied together.

2. In order to arrive at a convenient classification of these
organs, it is necessary to consider the object for which the body
is furnished. We, that is, our minds, can exert no direct con*
trol 1 over the material objects around us. We do, more or

1This statement can scarcely need illustration. We cannot, for in-
stance, by a mere exertion of the will, cause a book which lies before
us to change its place. Such change can be made only by the appli-
cation of physical force. Perhaps we might have been so constituted
that we could have controlled directly other matter, as we do our
bodies ; but such power has not been given us, and those who pretend
to possess it either deceive, in reference to the effect itself, or the effect
is produced by the application of ordinary physical force, exerted in
such a way as to elude our observation. The most successful efforts
of jugglery are of this last kind. The skill consists mainly in the

1What is theobjectof Anatomy 1 OfPhysiology? Of Hygiene? 3 Whyis a physical
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less, control these objects ; but it is by the body as an inter-
mediate agent. How the mind is brought into relation with
this portion of matter, the body, so that it acts in obedience to
our wills, is unexplained and inexplicable. All that we can
say of it is, that it has pleased our Creator thus to constitute
us; and all the knowledge which we have of the external
world comes to us by this connexion of mind and body.

3. Bearing in mind, then, that the body is furnished us as
the means by which we may become acquainted with, and
operate upon, external objects, we may inquire what kind of
organization will secure this end.

In the first place, there must be a suitable mechanicat, struc-
ture. It must be sufficiently firm to support the weight, and
transmit the power, which the purposes of life require; and
this firmness is secured by the framework of bones which the
body contains. This framework must not be a rigid structure,
but capable of various motions. The joints are provided, to
render these motions possible; and the muscles are the system
of connexions by which the several parts of the frame are
acted upon in the performance of these functions.

As a system of mechanism, the body is no more capable of
moving itself than any other piece of machinery is. In the
second place, then, the mind, regarded as the repository of
voluntary power, must have the means of applying its power.
The nervous system, consisting of the brain, the spinal marrow,

power which performers acquire of moving the hands with wonderful
accuracy, and yet with a rapidity so great that the eye cannot follow
them. Thus, changes take place before the observer for which he can
assign no cause; but they are effected by the hand of the performer
with a motion which is invisible only because of its rapidity.

systemnecessary 7 3. What are the three systems of organs by which thebody is
fitted to perform its functions 7 Of whit classes of organs does the mechanical
system consist 7 Why must there be a nervous system 7 Of what classes
of organs does it consist 7 Whyis a third system of organs necessary 7 What
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the nerves, and the organs of the external senses are the means
of applying this power to the mechanical system, as well as the
means by which the mind acquires a knowledge of the proper-
ties of matter.

It would seem that when these two systems are formed, and
so long as they remain perfect, no others are necessary to effect
the purposes for which the body is designed. But a long pro-
cess of growth is necessary to perfect the body; and, like all
material structures, it is liable to become injured, and is subject
to ultimate decay. It therefore becomes necessary that there
should be a third system of organs, which we may call the
repairing system, designed to secure the growth which is requir-
ed in the earlier periods of life, and to furnish the repairs
which are required at every period.

4. Our investigation of this subject will, therefore, be
limited to an examination of these three systems, of which the
body is mainly composed: namely, the Mechanical System,
the Nervous System, and the Bepairing Svstem.
object! are effected by therepairing system? 4. T» what will ourstudyof this
subject be limited 1





PART I.

THE MECHANICAL SYSTEM.

MIS 8Y&TEM CONSISTS OF THE BONES, JOINTS, AND MUSCLE!

CHAPTER I.—OF THE BONES.

Section I.—General Considerations on theBones.

5. The principal object of the bones is to constitute the
framework of the body. Its firmness, height, and general form
depend upon them. They, however, serve other important
purposes, particularly that of protection to some of the more
delicate organs. Thus, the cranium is designed to render the
brain secure from external injury, and the ribs are employed to
form and protect the cavity in which the heart and lungs are
lodged.

6. It is interesting to trace the process by which the bones are
aeveloped. There is a period very early in our existence, but
after the body has acquired its general form, when the skeleton
contains no bone, but consists entirely of cartilage (gristle).
These pieces of cartilage, which constitute the first draft of the
osseous structure, are traversed by minute blood-vessels, and
particles of bone, conveyed by the blood, are deposited at

Section I.—5. What is the principal object of the bones ? What other purposes
do they serve? 6. Of what is the first skeleton composed ? State the process by
which tl.is is changed to one of bone. How long time is required to moke this
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points called centres of ossification, near the middle of each
piece of cartilage, the corresponding cartilaginous particles
being at the same time taken up by the circulating fluid, and
carried away.

Thus, by a very slow process, the original skeleton is taken
down, and one of bone is built up.s Though ossification com-
mences sometime before birth, it is not completed tillabout
the twentieth year of life. In certain parts the change is
delayed much longer. Thus, the lowest portion of the breast
bone is generally cartilaginous till extreme old age, and the
cartilages which connect the ribs with the breast bone, in
healthy persons, never become ossified.3

7. At the most vigorous period of life, when the bones
have attained their full development, they contain about three-
fifths of their weight of earthy matter, of which phosphate of
lime is the principal part, and the remaining two-fifths is animal
matter, mostly in the form of gelatine.4 But their composition

2When children have but little exercise, breathe impure air, or are
confined to food containing but little nourishment, the process of ossi-
fication is often arrested; and as thebody, which continues to increase
in size, becomes too heavy to be supported by the cartilages, they
yield, and permanent deformity results.

3 When a bone has been broken, it does not unite by a sudden depo-
sition of bone. There is a partial cure effected by a rapid deposition
of cartilage between the broken surfaces, by which they are tempora-
rily, though not very firmly, united. The complete ossification of this
cartilage may require several months.

* These two parts may easily be exhibited separately. When a bone
is thrown into the fire, the animal matter which is distributed through
it becomes charred (converted into charcoal) by the heat, and it be-
comes The animal matter, however, soon burns out, and a
white brittle substance, the mineral matter of the bone, is left. The

change 7 7. What is the composition of the bones 7 How does their composition
differ from this in early life? Whyis a flexible stateof the bones better adapted
to theconditions of earl} life 7 What changein the composition of thebones takes
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vanes with a person's age. Early in life, the animal matter
predominates, and the bones are tough and flexible, though
possessing less of firmness. This is the reason why there are
so few permanent injuries from the accidents of childhood and
youth. In advanced life, the earthy matter predominates, and
the bones become brittle, and, when broken, less disposed to
unite firmly.

8. Theform of the bones is so various, that it can scarcely
be employed in the classification of them. Yet it is conveni-
ent to speak of long bones, as those of the leg; of flat bones,
of which the cranium mostly consists; and of square bones,
such as are found in the wrist and ancle.

9. The structure of the bones is by no means as simple as it
at firstappears. When bone begins to be formed, the osseous
particles are so deposited as to form fine, stiff threads of bone,
and hence the long bones are al-
ways fibrous, and, for the same rea-
son, the flat bones have aradiated
structure. (Fig. 1.)

The outside of the body of the
long bones is very dense and com-
pact ; but, at a very little distance,
the structure becomes porous, and
the pores increase in size as they
are situated further from the sur-
face. Finally, the centre is hollow.

Fig. 1.

Exhibiting the radiation of the
flat bones.

bones would, probably, become equallybrittle during life if, by any
vital process they were as fully deprived of animal matter.

If a bone be placed in dilute muriatic acid, the acid will, in a few
days, combine with and dissolve the earthy part of the bone, and
leave the animal part, which will have the exact form and size of the
bone,but will be flexible like India rubber.

place in old age ? 8. What classification of the bones is made depending upon
their forms? 9. Howare the fibrousand radiated structures produced? Where
is thestructure most compact? What is the structure of the central portion
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Fig. 2.

Section of the thigh
bone, aa Theex-
tremities, show-
ing the spongy
texture, bb The
exteriorof the bo-
dy, of very dense
bone, c The hoi-
low of the bone,
filled with mar-
row.

The hollows of the bones are filled with mar-
row, and the cavities of the porous portions are
also filled with a fatty substance resembling
marrow. By this arrangement, nearly as great
strength is secured as would be if the whole
were a mass of compact bone, while the weight
is not more than half that of solid bone.

The extremities of the long bones, also, have
the porous structures, and are much larger than
the middle portions, inorder to give strength to
the joints by presenting large articular surfaces.

The substance of the bones is everywhere
(except in the teeth) traversed by blood-vessels,
absorbents and nerves, so that these solid parts
are still livingparts, and are continually undergo-
ing the processes of removal and renewal, like
the other parts of tiie body. 6 It is by means of
these traversing organs that the bones are able
to unite when they have been fractured, or to
be repaired when they have been injured by
disease.

10. The blood always contains, in solution,
a small amount of osseousmatter, and both the

formation and growth of bones take place by the deposition of
It follows, that children should not, before the bones have acquired

their strength, be subjected to the severer kinds of labor, such as re
quire great firmness of frame. They should not be required to lift
great weights, nor carry heavy burdens; nor should they be confined
for a long time, to any one position. The restlessness of chil
dren is natural, and is designed to prevent the distortions of body
which would be likely to result from a child's maintaining habitually
the same position, when the bones are so yielding as to allow of their

of the bones ?• Of the extremities7 Why are the extremities of the bones
enlargedt With what are the cavities of the bones filled, and for what pur*
pose 7 Whatotherorgansare found penetrating thebones, and for whatpurpose 1
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these particles ofbone. The bones increase in diameter by the
deposition of layers of bone upon the outside, similar to the sue-

readily taking any form which a constrained position would tend to
give.

Children at school often rest the elbows upon the table, and allow
the head and chest to fall forward ; they thus become round-should-
ered. Others acquire the habit of lounging, or of resting one elbow
in such a way as to give a lateral curvature to the spine. The feeling
of lassitude and weariness, which rapid growth is likely to induce,
may encourage these and other objectionable positions which are liable
to result in permanent deformity. The upright erect position may be
recommended as preferable, so far as it can be practised; and yet this
effort should not be carried too far, for, in the first place, to carry
the head and shoulders too far back is as unnatural and as much a
deformity as the opposite error; and, secondly, the most natural erect
position will become injurious if persisted in to weariness. A large
amount of exercise, and the frequent changes ofposition thus secured,
are the best safeguards against all the deformities which are likely to
be contracted in childhood.

8 It will hereafter be shown that, by the processes of life, the soft
parts are constantly undergoing removal and renewal. Portions of
every muscle, for instance, are every moment undergoing chemical
change, losing their vitality, and requiring removal from the system.
At the same time, there is a renewal, by the deposition of new muscu-
lar fibre, from the blood. These changes are essential to the continu-
ance of life. It was discovered accidentally that the same changes
take place in the bones. A dyer threw to some domestic animals mad-
der from which most of the coloring matter had been extracted.
Some of the coloring matter, however, remained, and upon killing the
animals which had fedupon it, the bones were found to be tinged with
it. Hence, there must have been a deposition of the coloring matter
in the substance of the bone. By varying the experiment, feeding
with madder, and then,for some timebefore killing, withholding it, the
bones were found of the ordinary color; thus proving that the color-
ing matter which was at first deposited had been absorbed and
removed.

10. How is the osseous matter for the growth of the hones supplied7 How do
theyincrease in diameter7 Whycan theynot increase in lengthin the same wayt
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Fig. 3.

Bone ofthearm.
liBodyonhe

extremities
(epiphyses). a
a Layers of
which the bo-
scs are'' con-

(

cessive rings of growth in a tree8 ; but their in-
crease in length is by a different process. The
ends of a bone are somuch larger than the middle,
and so different in shape, that the bone would be
deformedifits elongation took place by deposition
upon the ends. There is therefore a special
provision for growth in this direction. A long
bone has, at least, three centres of ossification:
one for the formation of each extremity, and
one for the formation of the body of the bone.
So long as the bones are capable of elongating,
the extremities of the bone are always separated
from the body of it by sections of cartilage, as at
a a, fig. 3, and the bone increases in length by
the deposition of bone at the ends of the body,
thus pushing the extremities farther from each
other. As soon as the body has fully acquired
its growth, this section of cartilage becomes ossi-
fied.7

11. A dense, tough membrane, called the> /periosteum, (bone envelope,) surrounds the bones,
except at their extremities. It serves to pro-.....tect the bone, to supply it with its nerves and
blood-vessels, and is the means by which the liga-
ments, tendons and muscles are attached.8

The bones are divided into four classes : those
of the head, those of the trunk, and those of the upper and
of the lower extremities.

8The experiment in the preceding note was varied by feeding an
animal that was growing rapidly with madder, for a few days, and
then withholding it. The bone which was formed while the blood wa#
charged with the coloring substance, would be more highly tinged

How do they increasein length ? How long d: the body and extremities of «•bone continue unsolidified7 11. What is the periosteum 7 What purposes doe*H
serve7 Into what four classes are thebones divided ?
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Section II.—Bones of the Huid.

The bones of the head include those of the cranium and
those of the face.

I. Bones of the cranium.
12. The bones of the cranium are composed of external and

internal plates, and an intervening porous portion, answering to
the hollow and the porous structure in the long bones, called
the diploS. The external plate has the toughness and hardness
of ordinary bone ; the internal, called the vitreous plate, is
much harder. The bones of the cranium are eight in number.

13. The frontal bone (1, fig. 6; 1, L. fig. 7) occupies the

than the bone previously formed would become by deposition of color-
ing matter into the interstices. The bones of the animal were found
upon examination, to consist of concentric lamina) of more highly and
less highly colored bone, showing that the bone was formed by succes-
sive depositions upon the outside.

7 If too much or too severe labor be required of an individual while
these cartilages remain, and the body is forming, nature attempts to
secure the system against injury by a more rapid ossification of them
than would otherwise take place. Thus they may become bone before
the body has acquired its full development. But it is impossible that
any further growth of body should take place, and a dwarfed stature
is the result. There are, however, other causes of such a stature. It
may result from too little exercisein early life, or from disease, or it
may be hereditary.

8 This membrane, though ordinarily possessing but little sensibility,
is sometimes subject to inflammation, when it becomes intensely pain-
ful. The feloa and fever sore are diseases originating in this mem-
brane. Disease seldom attacks the bones directly; but it may be
communicated to them either from the periosteum, or from the invest-
ing cartilage where this membrane is wanting, as in the joints.

Section II.—What do the bones of the head include? Name thebones of the
©lanium. 12. Of what three parts do the cranialbones consist? Describe each
p»Tt. 13. What is the situaion of the frontal bone 1 How are the frontal sinuses
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Fig. 4.
The Skeleton consists of 201

bones. In this enumeration
the teeth, the hyoid bone, and
the bones of the ear are not
included. Certain bones in
the sutures of the head, and
in some of the joints, which,
though generally present, are
not regarded as essential parts
of the framework, are also
omitted.

names and classification
Of the bones.

Bones
of
the
Cranium
8.1. The frontal bone, . . 1

2. Theparietal bones, . 2
3. Theoccipitalbone, . 1
4. The temporal bones,. 2

Thesphenoid bone, . 1
The ethmoidbone, . 1

Bones
of
the

Face
14.

6. The nasalbones, . . 2
The lachrymalbones, 2

6. The uppermaxillary
bones 2

*. The malarbones, . . 2
The palatine bonei, . 2
The lower spongy

bones 2
The vomer, .... 1

8. The lower maxillary
bone, 1
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Fig. 6.

9. The vertebra, . 24
10. The sternum, . 3

11. Theribs, ... 24
12. The ossa inno-

minate, ... 2
13. Thesacrum, . 1

14. The coccyx, . 1 Bones
of
the
Trunk
55

15. The scapula, . 2
16. The clavicle, . 2
17. Thehumerus, . 2
.8. Theulna, . . 2
19. The radius, ?
20. The carpal

bones, ... 16
21. The metacarpal

bones, ... 10
22. Thephalanges, 28 Bones

of
the
Upper

Extremities
64.

Bones
of
the

Lower
Extremities
60.

23. The femur, . . 2
24. The tibia, . . 2
25. The fibula, . 2
26. The patella,. . 2
27. The tarsalbones, 14
28. The metatarsal

bones, ... 10
29. The phalanges 28
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region of the forehead, and extends from the top of the nead
forward to the eyes and nose, and laterally about half way to
the ears. On the forehead, the two plates of the bone are con
siderably separated from each other, leaving the cavities above
the eyes called the frontal sinuses. The external plate termin-
ates at the ridge upon which the eyebrows are situated, whilo
the internal plate turns backward, forming the upper part of the
orbit of the eye. This is the orbital plate of the frontal bone,
and becomes the floor upon which the front lobe of the brain
rests.

Fig. 6.
[The Author is indebted for thii illustration,and forFig. 91, toDr. T. S. Lambert.?

Bones of the Cranium, separated. 1 The Frontal bone. 2 The Parietal Bone. 3
Occipitalbone. 4 The Temporalbone. 5 The Nasalbone. 6 The Malarbone

14. The parietal bones (2, fig. 6) are two square, smooth

formed ? Of what does the orbitalplat 3 consist, andhow is it situated 7 14. De-
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bones, situated directly back of the frontal bone, united together
at the top of the head, and forming the highest and the lateral
portions of the cranium.

15. The occipital bone (fig. 8 ; also 3, fig. 6) forms, as the
name indicates, the back part of the cranium, as well as the
floor on which the posterior part of the brain rests. In the base
of the bone is a large aperture, the magnum foramen, through
which the spinal marrow is connected with the brain. On the
under margin of this foramen are two prominences, called con-
dyles (button-shaped elevations,) which contribute to form the
joint between the head and spine. There is a small aperture
in the occipital bone, above each condyle, called the condyloid
foramen, which transmits one of the cranial nerves.

16. The temporal bones (4, fig. 6) are two irregularly
shaped bones reaching downwards from the parietal so far as
to contain the cavity of the ear, then inwards to within an inch
of each other. Above the ear they are very thin. The por-
tion which forms part of the base of the cranium, and within
which the principal parts of the organ of hearing are situated,
is called the petrous (stone-like) portion, and is very thick and
hard.

They have three well marked processes : the mastoidprocess
(l,fig. 9,) situated just back of the ear; the styloid process
(2,) a long, slender projection, near the mastoid, reaching down
the side of the neck ; and the zygomatic process (3), which
rises forward of the ear, passes over the temporal muscle (4),
and connects with another process of the same name from the
cheek-bone. Between the styloid and mastoid processes is a
small opening in the bone (9), called the stylo-mastoid foramen,
and the large fissure between the temporal and occipital bones is
the posterior foramen lacerum.
scribe the parietalbones. Why are they called parietal? 15. What is the mean
ingof occipital 1 How is the occipital bone situated ? What foramina (plural of
foramen) are found in it? Describe theirsituation and use. Where and forwhat
purpose are the condyles 1 16. Describe the temporalbone. Its processes. Its
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17. The sphenoid bone. (Fig. 10.)This is a bone of a very
irregular shape,andhas, withsome degree ofpropriety, been com-
pared to a bat with its wings extended. The body (1) is situ-
ated in the centre of the base of the cranium. Large processes
(2,2), called the great wings, extend up so far as to articulate
(at 3, 3) with the frontal bone. There are two pterygoid processes
(4, 4) on each side, reaching downward from the body of the
bone, and situated directly back of the throat. They support the
the pharynx, and give attachment to several muscles of the neck.
The superior foramen lacerum is a long slit situated in front of
the body of this bone, and behind the orbit of the eye. We
also find in this bone the optic, the round, and the oval
foramina.

Fig. 7. Fig. 8.

The Cranium as seen from above. 1,1TheCoronal Suture. 2 The Sagit-
tal Suture. 3, 3 TheLambdoidal Su-
ture.

The Occipitalbone. 1 The vertical portion,
forming the back part of the Cranium.2, 2 The horizontal portion, on which the
back part of the brain rests. 3 The Mag.numForamen. 4 The ridge on the inner,sideof the bone, to which the Falx Cere-
belli is attached. 5, 5 The ridge towhich
Tentoriumis attached.

18. The ethmoid(sieve-like) bone has a nearly cubical form,
foramina, 17. Describe the sphenoidbone. What foramina does it contain 1 IS
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and is situated between the orbits of the eyes, directly in front
of the body of the sphenoid bone. The upper plate is riddled
with holes, which give passage to the branches of the olfactory
nerves, and the lower portion is cellular, reaches down into the
nose, and is an importantpart of the organ of smell.

19. The cranium, consisting of the eight bones which have
now been described, has an ovoid form, flattened at the sides,
and with the larger extremity backward. (Fig. 7.) In the
base there are on each side three depressions, called the ante-
rior, middle, and posterior fossa.

20. The head of an adult person seemsto consist of but one
bone. In early life, however, the eight bones are not only dis-
tinct, but they are separated by a considerable width of carti-
lage (as seen, though with some exaggeration, in fig. 6.) The
portion of cartilage which covers the soft spot on the top of
the child's head, remains unossified for several years. This
intervening cartilage, like that which separates the body and
epiphyses of the long bones, is designed to provide for the
growth of the cranium, as the enclosed brain requires increase
of size. When the growth of the brain is completed, the rag-
ged edges of the contiguous bones nearly touch, and the pro-
jecting fibres interlock (as represented in fig. 7.) in such a way
as to make an immovable and very firm joint, called a suture.
Yet the bones do not then come into actual contact; there is
still an interposed layer of cartilage till after the meridian of
life, when the cartilage begins to ossify, and the several bones
of the cranium are at length consolidated into one. The coro-
nal suture (1,1) separates the parietal bones from the frontal
bone ; the lambdoidalsuture (3,3) separates the parietal bones
from the occipital bone. The sagittal suture (2) separates the
parietal bones. The squamous sutures separate each temporal
bone from the adjacent parietal bone.9

Describe the ethmoid bone. 19. Whatis the formof the cranium 7 Describe the
base. 20. What is a suture7 Why aronot the bones joined firmly together in
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21. Various parts of the system are designed, more or less
directly, to protect the brain; hut the cranium has this as its
special object. The brain is a soft yielding mass, and would be

1 TheMastoid Process. 2 The Styloid Process. 3 The Zygomatic Process. 4.
The Temporal Muscle, passing under the Zygomatic Process, and inserted into
theCoronoid Process, 5, of the lowermaxillarybone, 6. 7 The Condyloid Pro-
cess of the lower maxillary. 8 TheEar. 9 The Stylo-mastoid Foramen.

8 There are several other sutures in the cranium, but they are not
easily described without a skeleton.

The coronal suture is so named «' from being near the part upon
which the victor's crown (corona) was placed, in the games of the
ancientsthe lambdoidal, from its resemblance in form to the Greek
letter lambda; the " sagittal, from its directionbackwards, straight
as a dart" (sagitta, an arrow); the squamous (squama, a scale),
from the scale-like overlapping of the temporal upon the parietal
bene.

earlylife 1 When do the sutures become obliterated? Name the principal sutures
and give theirposition. 21. Name the four ways in which thecranium protects
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easily broken down and destroyed if it were not well protected.
The substance of which the cranium consists, furnishes, by its
hardness, a better protection than any other tissue would. The
back of the head is most exposed to injury, either from acci-
dent or from malicious design, and, accordingly, the cranium
has here the greatest thickness, while the sides of the head,
which, in consequence of the position of the arms and shoulders,
could scarcely receive any injury, are so thin as to be almost
transparent. The arched form of the head enables it to resist
the effect of blows more successfully than any other form.
Pressure upon the top of the head would cause it to yield first
at the sides, and this is prevented by the temporal bones, com-
ing up outside of the parietal, forming the squamous suture.

TheSphenoid bone. 1 Thebody. 2, 3 Thewings. 4, 4 The Pterygoid Processes
5, 5 The superiorForamen Lacerum.

But violent jarsand concussions are more likely to be perma-
nently injurious than wounding the brain, or evenremoving por-
tions of it. The cranium is well fitted to furnish protection in
this respect also. It is covered with hair, with the general in-
tegument of the body, with muscles over a portion of its sur-
face, and with the periosteum, through all of which the violence
the brain against wounds. In what otherway may the brainbe injured ? How
are concussions absorbed before reaching the bone 7 How in passing through the
bone 7 How is their continuancearound thehead prevented 7 How many bcnea
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of concussions must extend before the outer plate of the cra-
nium is reached. Then, between the external and internal
plates, is interposed an elastic cushion, the diploe, by which
concussions upon the outer plate will be partially absorbed
before reaching the inner plate. Vibrations communicated to
any one bone are prevented from continuing around the head
by the cartilages interposed at the sutures.10

II. Bones of theface.
The face is composed of fourteen bones, two of which are

Bingle, the other twelve are in pairs.

Avertical sectionof the bonesof the face alittle forward of the ears. 1, 1 Lower
spongy bones. 2, 2 The middle spongy bones. 3, 3 Superior spongybones. 4
Antrum Maxillare.

22. The nasal bones (5, fig. 6.) form the upper part of the
nose, and articulate with the frontal and upper maxillary
bones.

23. The lachrymal bones (8, fig. 6.) are situated in the
10 The cranium presents a fine instance of the adaptation of the sys-

tem to the circumstances in which it is placed at the different periods
of life.

In early infancy, the cartilages are so wide and flexible that the
form of the head may be considerably changed without injury, a fact
upon which, at certain crises, the continuance of life often depends.
compose the face? 22. Describe thenasal bone. 23. Thelachrymal bone 7 Why
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orbits of the eyes, near the internal angle. They contain
grooves for the passage of the lachrymal ducts, from which the
bones receive their name.

24. The upper maxillary bones (7, fig. 6.) form a large part
of the mouth and face. They enclose the large space on each
side between the orbit of the eye and the roof of the mouth
(4,4, fig. 11),called the antrum maxtllare. These bones have
several processes. The nasal process passes up along the side
of the nose to the frontal bone ; the orbital process forms the
base of the orbit of the eye ; the malar process articulates with
the malar bone ; the palatine process forms the fore part of the

Children are constantly receiving falls, blows and thumps, in conse-
quence of the incautiousness and recklessness natural to that period
of life, which would be unsafe at a later period, but which seldom
injure the brain, because the cranium is yet in so yielding a state as
to absorb the motions which they impart. But while nature has thus
interposed to protect the child, in a great measure, from the evils
which his inconsiderateness would otherwise bring upon him, there is
still a certain amount of care required on his part. The various
plays, such as ball, goal, &c., which combine amusement and exercise,
are therefore greatly preferable to tricks, sumersets, wrestling, &c.

In manhood, the cranium remains inpart cartilaginous, not somuch
so as to unfit one for the vigorous activities of life, and yet so far so
as to interpose something of security against accidents. This security
is much less, however, than it was in childhood; because a greater
degree of carefulness and forethought has rendered such security less
necessary.

In advanced life, the cartilages all become ossified; but at this
period of life, also, severer labors are laid aside, and cautiousness of
character begins to predominate, so that the brain needs fewer safe-
guards.

This is probably a reason why aged persons are often so averse to
noise, to the prattle of children, &c. It may be peevishness, second
childhood. It may, often probably does, arise from those physical
changes in the structure of the cranium, by which the brain isaffect-
ed sensibly, perhaps painfully, by the vibrations of theair.

Uit io named 1 34. Describe the upper maxillary bone. Where a the antrum
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roof of the mouth; the alveolar process is the projection in
which the teeth are imbedded.

25. The malar bones x6, fig. 6) are the large square bones
which form the prominences of the cheeks ; they also form part
of the orbit of the eye.

26. The palatine bones form the back part of the roof of
the mouth. Processes extend up from these bones into the
nose, and form part of the organ of smelling.

27. The lower spongy bones (1, 1,fig. 11)consist each of a
very thin plate, which lies rolled up, and is attached to the side
of the antrum maxillare.

The Lower Jaw. d TheCondyloid Process, e TheCoronoid Process,

28. The vomer is the thin flat bone that divides the nostrils
from each other.

29. The 'ewer maxillary bone (9, fig. 6) forms the lower
jaw. It has ta<ve processes : the alveolar process, in which the
teeth are set; the coronoid process, which is the sharp point at
the extremity of the bone (e, fig. 12) for the insertion of the

maxillare situated 7 Name and describe the five processes of thisbone. 35. The
malar bone. 36. Thepalatine bone. 37. The lower spongy bone. 38. The vomer.
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temporal muscle ; and the condyloid process (d), by which the
lower jawarticulates with the temporal bone.

30. There is one other bone, the os
hyoides (fig. 13,) which, though not one
of the bones of the face, may be described
with them. The front part of this bone,
(a), called the body, is at the root of the
tongue. The two processes (J), called
its cornua, reach back on the sides of the
tubes which communicate with the stom-
ach and lungs. This bone is the centre
of all the motions of the throat and tongue.

Fig. 13.

The Hyoid bone, a Th«
body, b TheCornua.

Section III.—Bones of the Trunk

They are the bones of the spine, of the thorax, and of the
pelvis.

I. Bones ofthe spine.
31. The spine (fig. 14) is a nearly vertical column, con-

sisting of the sacrum (4, 5,) as its base, upon which are piled
twenty-four bones, called vertebrae, and below which is the
small terminal bone, (5, 6,) called the coccyx. The seven
highest vertebrae (from 1 to 2) are in the neck, and are
hence called cervical vertebrae; twelve are in the back, (from
2 to 3), and are called dorsal vertebrae; and the remaining
five, (from 3 to 4,) are in the loins, and are called lumbar
vertebrae.
29. The lower maxillary bone. Deaeribe its processes. 30. What other bone is
described 7 How is it situated, and whatis its use ?

Section HI.—How are the bones of the trunk divided 7 31. Describe theSpine.
Into what three classes are the vertebras divided and how is each class situated 7
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The
Spinal
Column.
1,
2
Cervical
vertebrss.
2,
3

Dorsal
ver-

tebra.
3,
4

Lumbar
vertebrae.
4,
5
The
Sacrum.
6,
6
Tha

Coccyx;
there

areoften
several
coccygeal

bones.
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32. A vertebra (tig. 15) is composed of a body and seven
processes. The body (a) is the front part of the vertebra, of
cylindrical form, and of spongy texture, having its upper and
lower bases nearly flat, and composed of more solid bone. The
processes are situated on the back part of the body of the ver-
tebra. There are four oblique processes, (b b }) (sometimes
called articulating processes,) one above and one below, on each
side. The transverse processes, (d d,) one on each side, pro-
ject laterally from between the oblique processes. The spinous
process (e) projects from the middle of the bone backward.

Fig. 15.

a Thebody ofa Vertebra, e The spinous
process, d d Thetransverseprocesses.
b b Theoblique processes. / Thespinal
canal.

Fig. 16

1 The body of a cervical verte.
bra. 2 The canal. 3, 3 The ob-
lique processes. 4 The spinous
processwithits cleft extremity.

33. The vertebrae, in different parts of the spinal column,
present great differences of form. The bodies of the cervi-
cal vertebrae (fig. 16) are small, and so articulated as to allow
great freedom of motion. The atlas (fig. 17) is the first cer-
vical vertebra. There are two faces (b b) on the upper side,
32. Of whatis a vertebra composed? Describe the body of a vertebra. Where
are theprocesses situated ? How many kinds are there? Give the position of the
tblique ; thetransverse ; the spinous. 33. What is the peculiarityof the cervical
portion of thespine7 Describe the atlas; the axis. What is the peculiarity of »ne
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adapted to the condyles of the occipital bone of the cranium ;
these constitute the joint which allows the vertical, nodding
motion of the head. The processes, with the exception of the
transverse, are scarcely developed. It has, properly, no body;

Fig. 18.Fig. 17.

The Atlas, bb Thedepressions for
receiving the condyles of the oc-
cipital bone, c c The transverse
processes. Between/ and /is a
strong ligament by which the
dentatns is prevented frompress-
ingupon the spinal cord.

TheAxis, a The dentatns, apro-
longationof the body upwards
through thehole g, in the Atlas,
4g. 17.

but, in its place, there is a hole (g)—or, rather, an enlarge-
ment of the spinal canal, and separated from it by a strong lig-
ament—for the reception of a process from the next vertebra
below.

The second vertebra of the neck is called the axis. The
body of this vertebra is prolonged upward into a tooth-like
projection, (a, fig. 18,) called the dentatus, which is fitted
to the corresponding opening (g) in the atlas, and becomes
the pivot on which the horizontal motions of the head are per-
formed.

The dorsal vertebrae (fig. 19) are larger than the cervical,
and the oblique processes are so arranged as to allow ofbut
little motion in this part of the spine. The spinous processes
also, which are very long, project downward upon the next ver-
dorsalportion 7 What of the lumbarvertebra What is the arrangement of the
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tebrae, so as to bind them together, and limit their motions ;o a
very small amount.

Fig 19. Fig. 20.

A*Dorsal Vertebra. 2 The
body. 7, 7 The notches to form
the intervertebral foramina. 3
The spinous process, very longand very much inclined.

A Lumbar Vertebra, a Thebody, h The
spinous process, c c The articulating (ob-
lique) processes, d d The intervertebral
notches.

The lumbar vertebrae (fig. 20) are the largest in the spine.
The upper oblique processes (c) form two pillars, between
which are fitted so deeply the lower oblique processes from the
next vertebra above, that dislocation is impossible without vio-
lence sufficient to break the processes. In this part, the spine,
which has to support most of the weight of the body, is not
assisted by any other part of the skeleton, and veryfree motion
being required, every possible means is resorted to, to increase
its strength, by increasing the size of the vertebrae, by binding
them together with ligaments, by interlocking their oblique
processes, and by attaching muscles, which act as stay-ropes, to
the projecting spinous and transverse processes. Still, this is
the least protected part of the spine, and most frequently suf-
fers injury.

34. The faces of the adjacent vertebrae do not come into

obliqueprocesses of thelumbar vertebral ? Why is.any special protectionnecessary
in thispart of the spine? In what does thisprotection consist? What part of the
spine is most liable to injury 34. By whatare thevertebres separated 1 35. How
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actual contact, but are separated by the intervention of an elas-
tic substance (2, fig. 21) resembling cartilage.

35. The notches in the vertebrae, as seen at 7, fig 19, form,
when the vertebrae are placed together, the openings, as seen
at 1, fig. 21, called the intervertebral foramina, through which
the spinal nerves pass out from the spinal cord.

36. The processes are so arranged that a tube (f, fig. 15)
passes through each vertebra, and as the bones are placed one
Upon another, these tubes become continuous through the spinal
column, and form the spinal canal, (c d, fig. 14,) in which the
spinal cord is lodged.

37. The spine serves several distinct purposes. In the first
place, it is the framework, the axis of support of the trunk. 11

Fig. 21. Fig. 22.

Fig. 21 TwoVertebra, 3 3. 2 The intervertebral substance between them. 1 The
intervertebral foramen. Fig. 22. Two vertebra,with the formof the interven.
ing cartilage produced by bending the spine. •
11 It should not, however, he considered that the support which the

head and trunk require is derived wholly from the firmness of the
spine. The spine follows the back side of the trunk, and on the front
side there is a succession cf muscles from the neck to the pelvis. As
the spine wouldprevent an undue bending of the trunk forward, so

are the intervertebral foramina formed ? What is theiruse 1 86. How is the spi
nal canal formed? What is its object ? 37. What is the first purpose which th»
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For this purpose, great firmness is required, the general provi-
sions for which have been referred to in describing the lumbar
vertebrae.

In the second place, it must be so constructed as to allow
greatfreedom of motion. The provision for bending the body
backward, forward, and to either side, consists in the elasticity
of the intervertebral cartilages. Each cartilage is firmly at-
tached to the faces of the vertebrae between which it is placed,
so that motion (excepting in the upper two joints) is not per-
formed by the surfaces sliding upon each other, but by the com-
pression of the cartilage on the side (2, fig. 22) towards which
the flexion is made, and the slight thickening (1) of the same
cartilage on the opposite side. The number of the joints is so
great that the necessary flexibility is secured, while only a
slight motion at any one joint is required. When the body is
turned horizontally, without changing the position of the pelvis,
the motion is performed by a slight twisting of the cartilages ;
but this kind of motion is very limited.12

these muscles will not so far yield as to allow of an undue bending of
the trunk backward.

Moreover, as the whole space within the wallsof the chest and abdo-
men is always filled, the trunk is, to a considerable extent, self-sup-
porting ; upon the same principle that a bag filled with grain will
stand erect, and support heavy weights in addition, though neither the
grain alone, nor the cloth alone, would retain such a position.

12 There is an obvious tendency of the cartilages to resume their
natural form when they have been pressed out of it; but they do not
do it at once. A person's height is diminished during the day by
continuous pressure upon the cartilages. It is recovered, however,
during the night. But if they be thus pressed habitually, they do not
readily react; and there is danger that they will at length cease to
react at all. A constrained positicn thus habitually assumed is liable

rertebral column serves ? Whatis the second ? How are the motions of flexion
performed ? Howis horizontalmotion oerformed? What is the third object of
the spinal column ? Whatare the liamiitiesto be provided against ? What it
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In the third place, it must be so constructed as to furnish a
passage for the spinal cord, which shall secure it against in-
jury both from without and from the motions of the spine. So
large a proportion of the spine consists of bone, that the walls
of the canal will resist any compression to which it is ever
iable. The flexibility of the spine, and the toughness of the

Fig. 23.

Distorted Spine produc-
eu by habitual elevation
of one shoulder.

Fig. 24.

1, 1 Twovertebras. 3, 3 Thecorres
ponding spinous processes. 2 Theintervertebralcartilage.

to produce a permanently distorted spine Persons engaged in any
employment which requires the spine to he thus bent, should assume,

the erect or opposite position as frequently as possible.
Persons often raise one Bhoulder (generally the right shoulder)

habitually higher than the other. The active employments of life
often require it. Children, at school, if the tables are too high, will
sit with the side at the table, and one arm elevated upon it. This
position may be rendered necessary by the employment chosen; but
more frequently it becomes unnecessarily fixed as a habit, through
inattention. A permanent inequality of the shoulders is thus pro-
duced, the spinebecomes bent (fig. 23) to adapt it to this position of
the shoulders, and a corresponding change in the position of the inter-
nal organs, often leading to disease, will follow. Special attention is
directed to this deformity, because it is contracted by a large propor-
tion of persons who have reached mature life. And ycung persons,
by careful attention will be able to correct the tendency toit.
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cartilages, render it much more secure against fracture than it
would be if it consisted of solid bone. The only danger, then,
to which the spinal cord could be exposed, must arise
from the bending of the spine. The security here consists in
that part of the canal which is formed of cartilage (2, fig. 24)
being larger than that formed by the bodies of the vertebraB
(1, 1). Compression of the cartilages may cause them to
bulge out beyond their natural position ; but it will not be to
such a degree as to make those portions of the canal smaller
than the portions which are formed of bone.

In the fourth place, the spinal column affords considerable
protection to the brain against the concussions which it would
receive, if the head were connected with the lower extremities
by an axis of solid bone. The jar occasioned by walking, and
by many active employments, as well as the more violent con-
cussions occasioned by accidents, bv running, jumping, leaping
from great heights, &c, are, to a considerable extent, absorbed
by the compression of the intervening cartilages. But another
and very important security against injury from these sources,
is the curvatures of the spine. By recurring to fig. 14, it will
be seen that there is a forward curve in the loins, and one in
the neck, and these being the most flexible parts of the spine,
easily allow an increased bending for a moment, whenever
any of these concussions occur. Such bending would not take
place in a straight column, and whatever force is necessary to
produce it, would, without those curvatures, be so much addi-
tional concussion upon the brain.

II. Bones of the thorax, (fig. 25.)
They are the sternum and the ribs.
38. The sternum (fig. 26) is the flat bone situated on the

front side of the thorax. It is about eight inches in length,
thesecurity againstcompression of the spinal cord? Whatagainst frapture of
thespinal column? What against injury to the spinal cord, by the flexion of
thespinal oolumn? What is the fourth objectof the spinal column ? What does
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and consists of three pieces, of which the lower one is cartila-
ginous, except in very old age. Its object is to provide for the

Fig. 25.

The Thorax, bb The Spine, e The Sternum.

Fig. 26.

The Sternum. From e tog
is the middle portion of
bone. Theapparent sepa-
ration at d and edonot in-dicate separatebones.

joining of the ribs, and to protect the cavity of the thorax from
compression.

39. The ribs (fig. 27) are the twenty-four slender bones
which protect the sides of the thorax. They extend from the
spine around the body toward the sternum, and are lengthened
out by cartilage to their sternal articulation. The upper seven
on each side articulate with the sternum by separate cartilages,
and are called true ribs. The remaining five have their carti-
itprotect the brain against f How da Uie cartilages furnish thinprotection 1 Hois
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lages united into one, and are called false ribs. Frequently,
however, the lowest rib, and sometimes the lowest two ribs, are
not connected to the sternum by cartilage, and are called float-

Fig. 27.

One of theRibs, a Articulation with thevertebra?, e Articulation
with the Transverse Processes.

ing ribs. The posterior end of each rib is fitted to a slight
cavity in the corresponding vertebra, and is also attached by a
distinct joint to the end of the corresponding transverse pro-
cess. The ribs are considerably inclined, so that the anterior
articulation is lower than the posterior.

40. One object of the bones of the thorax is the protection
of the heart and lungs, the organs which they surround.

But they have another object more indispensable, that of
forming a cavity the size of which is not dependent upon the
organs which it contains. The abdomen is another closed
cavity, similar in many respects to the thorax, but being sur-
rounded only by muscles and membranes, it enlarges and con-
tracts as the organs within it are more or less distended. The
thorax, on the contrary, having its general form determined
by a framework of bone, cannot contract beyond a certain
amount, however much the organs within may become reduced,
and it is capable of enlai'gement independently of the dimen-
sions of the organs within.

It is the power of enlarging and contracting this cavity at
do the curvatures ? 38. Describe the sternum. What is its use ? 39. Describe



40 BONES OP THE TRUNK.

pleasure upon which the process of respiration depends."3

When it is enlarged the air enters the lungs, and they increase
in size so as to keep the cavity filled. The effort to contract
the thorax compels a portion of the air to escape. This ingress
and egress of the air is respiration ; but there are important
chemical changes effected by it which, as well as the muscular
apparatus by which it is performed, will be explained in con-
nection with the description of the lungs. 14

13 It will be shown, in the chapter on the circulation, that the mo-
tion of the blood in the veins is also in a great measure dependent
upon these changes in the dimensions of the thorax.

14 This is not the proper place to consider fully the effects of certain
habits of dress upon the function of respiration. There is no ques-
tion but that the form may be to a great extent controlled by dress.
The thorax, which, if allowed to take its natural form, would be
represented by fig. 28, may, by compression, be so reduced as to be
correctly represented by fig. 29

Fig. 28. Fig. 29.

A fully developed Chest Chest contracted by compression.
the ribs. How are tVe true and false ribs distinguished ? 40. What are the
objectsof thebones of the thorax ? Howdies the cavity »f the thorax differ from
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III Bones of the Pelvis. The Pelvis is composed of the
ossa irmominata, the sacrum, and the coccyx.

41. The sacrum and coccyx have before been referred to as
And the effects of this compression upon health and the duration of

life arenecessarily considerable. The greatlyreduced capacity of the
chest, is itself of the nature of disease, and it contributes more per-
haps than any other habit to invite other diseases, particularly those
of a pulmonary character, but also the whole train of. dyspeptic and
nervous diseases.

But the influence of habit is not easily counteracted by exhibiting
its consequences. A slender waist is regarded as graceful, and so long
as it is so regarded, it will be sought even at the expense of health. If
a taste for more active employment could be cultivated, it would con-
trol this fashion, by rendering so much compression unendurable. Let
habits of productive industry be formed by those to whom the avails
of it would not be a motive. Such habits are important, not simply
from the possibility that they may come into requisition by reverses
of fortune, but specially so, in consequence of the influence which
they would have in giving a proper development to the physical as
well as mental and moral system. But, if these are to be discarded,
the only substitute for them, so far as a healthy physical development
is concerned, is to require a large amount of active out-of-door life,
such as traveling, walking long distances in the open air, riding on
horseback, &c. Such active habits, whether they be those of amuse-
ment or of productive industry, require a large supply of air in res-
piration, and it will be natural and almost necessary toadapt the dress
to this demand.

Still, since this habit of compressing the thorax prevails to such an
extent, it is proper to remark that other habits of cultivated society,
however objectionable they may be in themselves, are, to some extent,
compensatory of the evils of tight dressing. The capacity of the tho-
rax—that is, the amount of respiration,—which would be necessary
in one state of society, would be altogether unnecessary in another.
The habits of women in the most refined society of the age when the
Venus de Medici was the beau ideal of female form, were such as to
require a much fullerdevelopment of the thorax than would be requir-
ed by the habits prevailing in the corresponding ranks of society at
the present time. A lady, whose severest employments ore embroidery
that of the abdomen ? Upon what does the process of respiration depend? Of
what is the pelvis composed 1 41. Why are the sacrum and coccyx mentioned



42 BONES OF THE TRUNK

forming the lower part of the spine. They also jonstitute the
back part of the pelvis, (2 and 3, fig. 30.)

Fig. 80.

The Pelvis. 1 Theilium. 2 The sacrum. 3 Thecoccyx.
4 The acetabulum

42. The ossa innominata, (bones without a name,) (fig. 30,)
are two irregularly shaped bones, proceeding from the sacrum,
one on each side and meeting in front. Each bone, from hav-
ing been in the early stages of ossification, in three pieces, is
generally spoken of as three bones, the ilium which is the up-
per part, (1,) the ischium, which is the lower part, and the pu-
bis which is the front part.
and romance reading, requires but little air in respiration, and there-
foreonly a small chest.

Also, the different pursuits and conditions of men render the
amount of air required very different. An insufficient amount of
clothing, exposure to severe and long continued cold, and the most ac-
tive physical labor, require of the sailor, of the hunter, of the back
woodsman, and even of the farmer and the laborer in many mechani
cal employments, such a development of the thorax, and such an
amount of air in respiration, as would be not only unnecessary but
hurtful to the laborer in the more sedentary mechanical employments,
to the student, the clerk, the merchant, and the professional man.

in thisconnexion 7 42. Describe the ossa innominate. Whyhave the threeparts
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43. The pelvis furnishes the vertical support for the abdo-
minal viscera. It also gives support to the spine, and hence to
the head and trunk. The pelvis furnishes the means of attach-
ing the lower extremities. For this purpose, it contains a large
socket on each side (4,4, fig. 30,) called the acetabulum. The
ilium, ischium, and pubis, all unite at the centre of this socket
and contribute to form it.

Section IV.—Bones of the Upper Extremities.

They are the scapula, clavicle, bones of the arm, fore arm
and hand.

44. The scapula, (fig. 31) is a broad, tbin bone, of a tri-
angular shape, and lies imbeded in the
muscles of the back. Near its outer
angle the bone becomes thick and ter-
minates in a slightly concave surface,
(1, 1,) called the glenoid cavity. The
coracoid process (2,) rises from the
neck of this cavity, and projects over
it in front. The high ridge of bone
(3,) on the back of the scapula, is
called the spine ofthe scapula. It ter-
minates in a process (4) called the ac-
romion, (point of the shoulder,) which.reaches beyond the glenoidcavity on the
,«,-«., , „ . i nback side. The socketfor the shoulder

Fig. 31.

TheScapula. 1, 1 Theglen
Old cavity. 2 Thecoracoid pro.
cess, s The spine of the scap
ula. 4 Theacromion.

joint, is formed by the glenoid cavity, raised at its edges by car-
tilage, and protected by the coracoid process and the acromion.
distinct names ? Whatare the threeparts, and how are they situated ? 43. What
are the three uses of the pelvis ? How does it furnish themeans of attaching the
lower extremities ?

Section IV.—What are the bones of the upper extremities t 44. Describe the
scapula; theglenoidcavity ; thetwo processes of the scapula. How is the socket
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Fig. 32.

TheClavicle, e, its articulationwith
the sternum.<£.Its articulationwith the
shoulder.

Fig. 33.

The Humerus.
1 The Shaft. 2The head, fitted
to the glenoid
cavity. 5, 6 Ex-
ternaland inter-
nalcondyles.

back, and prevent the shoulders
from falling in towards each other,
so as to restrict the motions of the
arms. 15

46. The humerus (fig. 33,)
extends from the shoulder to the
elbow. The upper extremity is re-
ceived into the glenoid cavity to
form the shoulder joint. The bone
is nearly cylindrical except at the
lower extremity where it is flat-
tened; and the corners of it (5
and 6), are the external and inter-
nal condyles. Between these con-
dyles on the front side is a depre-
sion called the lesser sigmoid cavi-
ty, and on the back side, directly
opposite, is a similar depression
called the greater sigmoid cavity.

47. The bones of the fore arm
are the ulna, (fig. 34,) and the
radius. They reach from the el-
bow to the wrist, and are nearly

45. The clavicle, (fig. 32,
seen also in fig. 25.) extends
from the upper extremity of the
sternum, to the acromion of the
scapula. Its use is
to brace the scapula Fig-

The Ulni> «Thesigmoid ca-
vity, b The co
ronoid process,
e The olecra
non.

isThe clavicle is fully developed only in the human species, though
it is found in a rudimentary state in such other animals as the cat.
squirrel, and monkey, which use the fore feet, to some extent, as
for theshoulder joint formedt 45. Describe theclavicle. What is its use ? 46
Describe the humerus. Describe thecondyles and cavities of its lower extremity
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parallel. The upper extremity of the ulna, the point of the
elbow (e) is the olecranon. A little lower on the front side of
the ulna (ft) is the coronoid process, and the sigmoid cavity of
the ulna (a) is between these processes. This cavity receives
the lower extremity of the humerus to form the elbow joint

Fig. 85.

The Radius.

When the elbow is bent to a sharp
angle, the coronoid process falls into
the lesser sigmoidcavity ofthe hume-
rus and prevents any further flexion.
In like manner, when the arm is
straightened, the olecranon fits into
the greater sigmoid cavity and checks
the motion in that direction.

The radius, (fig. 35,) at its upper
extremity, has a small protuberance,
(3, fig. 36,) which is fitted to a slight
depression in the ulna. In the same
way the ulna is attached at its lower
extremity (4) to the radius. The
ulna, in consequence of the hinge
jointat the elbow, can have no roll-
ing motion, but the radius in conse-
quence ofthis double joint (3 and 4)
T. « \ /

is capable of performing nearlyhalf
of a revolution, and as the wrist is
not articulated with the ulna but
with the radius, the rolling motion

Fig 86

Bones of the fore
arm. 1 The ulna. 2The radius. 3, 4Thecondyles,which
with the correspond-
ingcavities, form the
joint for the rolling
motion of the hand.

hands. In those animals which use the anterior extremities only as
organs of locomotion, motion is required in only one direction. These
extremities are in such animals brought near together, and the clavi-
cle is therefore entirely wanting.
17. What are the bones of the fore arm ? How are they situated ? How is the
sigmoid cavity of the ulna formed, andwhat is its use 1 What are the processes
above andbelow thiscavity ? What limits themotions of theelbow joint forwardl
How are they limited backward ! Describe the articulations of the radius and
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of the radius carries the hand with it. The motions of pro*
nation and supination of the hand, depend therefore upon thie
double articulation of the radius and ulna. 16

Fig. 37.

The Hand. 1, 1 Thecarpal bones. 2,
2 Themetacarpal bones. 3, 3. 4, 4.5, 6 Phalanges.

48. The bones of the Hand.
The wrist isformed of eight car-
pal bones (1, 1 fig. 37); the
hand by five metacarpal bones
(2, 2,) and the thumb and fin-
gers by five bones in each of the
first and second phalanxes (3, 3
and 4, 4,) andfour bones (5, 5,)
in the third phalanx.

49. In the structure and
use of the superior extremities,
there is a broad anatomical dis-
tinction between man and the in-
ferior animals. In all other ani-
mals, they are designed to be
used more or less, as organs of
support and locomotion, and this
use renders them less fitted for
thespecial uses to which they are

appropriated in man, that is, as organs of touch and prehension
16 The extent of motion of thiskind of which any person's hand is

susceptible is easily determined by trial. Expose the fore arm, and
hold the elbow so that there shall be no motion of the humerus, then
see how far the hand can be made to rotate. In young persons it will
often be three quarters of a revolution ; but the utmost possible
amount should not often be attempted. The movement of the radius
will be distinctly seen, though enveloped in muscle and integument.

ulna. Whatis the objectof thismode of articulation 1 Why cannot the rolling
motionof thehand beperformedby theelbowjoint ? 48. Describe thebones of the
hand. 49 What distinction is mentioned between the anatomy of man and the
inferioranimals ? What are the uses to which the upperextremities, in man, are
principally subservient 7 To whatuses are the corresponding organs put in other
animals? Why must they be less perfect than in man as organs ofprehension and
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Their peculiar adaptation to these purposes consists in their

length, in their slender form, in the freedom of motion of which
they are capable at all the joints particularly those of the
shoulders, in the extent of pronation and supination of the
hand, in the degree of separateness given to the fingers, in the
position of the thumb,which is directly opposed to thefingers, in the
muscular power of the thumb, which nearly equals that of all
the fingers, and in the great delicacy of the sense of feeling in
the hand, and particularly at the ends of the fingers.

Section V.—Bones of the Lower Extremities.

These are the femur, the tibia, the fibula, the patella, and
the bones of the foot.

50. The femur (fig. 38) has, at its upper extremity, three
well marked prominences. The first is the highest part of the
shaft of the bone, (4) and is called the trochanter major. The
next is the head of the femur (3). It sets off from the axis of
the femur about three inches on a neck of bone, and terminates
by a spherical surface which is received into the acetabulum to
form the hip joint. The third eminence (2) is the trochanter
minor, situated on the interior side of the femur below the neck.
On the posterior face of thisbonefor about two thirds ofitslength,
is a rough ridge called the linea aspera. The inferior extremi-
ty of the femur presents a large articulating surface for theknee
joint. This surface (7) is divided behind by a deep groove into
twoportions, called the externaland internal condyles, (5 and6.)
(ouch? Theyare adapted to these purposes in man by peculiarities in eight re-
spects ; whatare they 1

Section V.—What are the bones of the lower extremities 1 60. Describe the
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51. The tibia and fibula (fig. 39) are two parallel bones
reaching from the knee to the ancle. The largest bone (1) ill

Fig. 38.

The Femur. 1 The
shaft. 3 The tro-
chanter minor. 8
The head of the fe-
mur. 4 The trochan-
ter major. 6, 6 Ex-
ternal and internal
condyles. 7 The ar-
ticulating surface
for the knee joint.

Fig. 89.

53. The patella is a flat
circular bone about two inches
in diameter, situated in front
of theknee joint, (fig. 40.)
As theknee jointis one ofthe
most exposed in the the sys-

1 TheTibia. 8
The Fibula. 2, 8
The external and
internal malleo-
lus. 4, 7 Articu-
lating surfaces.

tem, this bone is plaeed over it to strengthen
it. An ordinary tendon passing over this joint
would also be liable to frequent injury, and
we may regard the patella as only an ossified

the tibia. Its upper extremi-
ty presents a large surface for
the articulation at the knee.
The lower extremity articu-
lates with the astragalus (the
central bone of the ancle) to
form the ancle joint; and a
process of the tibia (3) called
the internal malleolus extends
down the side of the astraga-
lus to protect the joint.

52. The fibula (5) arti-
culates with the head of the
tibia justbelow theknee joint,
extends on the outside of the
leg to the ancle joint, and ter-
minates in the external malle-
olus (2) at the side of the as-
tragalus.

portion of the tendon which transmits over the joint the mus-
femur. 51. Describe the tibia. How is the ancle jointprotected ? 63. Describe
the fibula. 5?. Describe the patella. What are its uses 1 54. What are the bones
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cukr power by which
the knee is straight-
ened.

Fig. 40.

54. Boijes of the
Foot. The ancle is
formed by seven tarsal
bones, (jr> d, fig. 41,)
the foot, by five meta-
tarsal bones, (&,) and
the toes, by five bones
in each of the first and
second phalanges, (J,
and c,) and four bones,
(m,) in the last phal-
anx.

55. Since the body,
in man, is to be sup-
ported on two extremi-
ties, instead of four, as
in other animals, it is
necessary that the foot

The bonesof the Lower Extremities.

Fig. 41.

Bones of the foo.. c the metacarpal bones. 6, c, m, the phalanges. /, theastragalus,
gttheos calcis.
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should have certain peculiarities, fitting it for this office. These
peculiarities are its length, the projection of the heel backward,
and its articulation at right angles to the leg.

Its adaptation to the required motions, those of walking,
leaping, and running, consist principally in the great power of
the muscle which is attached to the extremity of the heel, (the os
calcis, 3. fig. 42,) the length of this bone as a lever, and the pow-
er of varying very much the angle made by the leg and foot.

Fig. 42

4. verticalsection of the Foot, lengthwise. 1 The tibia. 2 The astragalus. 3 The o»
calcis, with the tendonof themuscleattached. 4, 5 Bonesof the foot. 6 A metatar-
salbone. 7,8 Phalanges. In this figure the arched form of the foot is well shown

The motions of the body, would be injurious to the brain and
vital organs, if there were no provision for absorbing them.
Such concussions we experience by stepping only a few inches
lower than we expect to, when walking in the dark. The prin-
cipal means of deadening these shocks consist in the construction
of the foot. In these motions, either the toe or heel, first re-
ceives the weight of the body, and the concussion is partially ab-
sorbed, before the other end of the foot is brought down. The
arch of the foot, directly over which the ancle joint is placed, is
then depressed. If too much of the concussion still remains, the
knee and hip jointsare thengradually bent, in order to receive it.
af the foot ? 55. What is the firstoflice of the foot7 What peculiarities fit it for
thispurpose 7 What is the second, and howis it fitted for it 7 What is the third
use of the foot 1 What are the means by which the foot absorbs the concussion
produced by the motions of thebody What further 'provisionexists for absorb
ing them7
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CHAPTER II.—OF THE ARTICULATIONS.

Section I.—Parts of which the Joints are composed.

56. A joint is formed by the contact of two articular faces
of bone, together with several appendages
for guarding itagainst dislocation, andfor
securing freedom of motion.

57. If the surfaces of bone were in
direct contact, the requisite motions
would rapidly wear them, and destroy
the joint. To obviate this a layer of
cartilage (2, 2, fig. 43) covers every
articular surface. Thus, instead of bone,
there are brought together two smooth
surfaces of an elastic substance between
which there is scarcely any friction." *A Cartilage which COVerS a Convex ar-, ° >ticular surface is thickest in the middle,
(fig. 44,) and that which covers a con-„ .... - ,cave surface is thickestaround the edges,
This elevated rim of cartilage in some of

Fig. 43.

. ,1,1 Twobones connected
by a joint- ?. % The carti-
lagesby whichtheends are
covered. Thesynovial mem-
brane, represented by tte
dottedlines,covers the car.
tilage,and extends back to
3,3; then follows the cap-
sule which lies outside of
the dotted line, and is not
hererepresented-

the joints, as that of the shoulder, constitutes the most important
Fig. 44.

A C TheCartilages of a joint, varying in thickness according toposition.

Chapter II. Section I.—56. Of what doesajoint consist 7 67 Whyare not the
articular surfaces ofbonebrought directly together. With what art thearticular
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part of the sockets, so that cartilages become, to a considerable
extent, a protection against dislocation.

There is also in several of the joints, as in the knee, a sepa-
rate, intervening cartilage, so that each joint in which it is found
really consists of two joints. By this means the amount of mo-
tion over each articular surface is diminished one half.

58. Every joint is enclosed in a capsule which binds the
bones together, and prevents the adjacent parts from falling in,
and being caught between the bones as they move upon each
other. This capsule is a continuation of the periosteum, which,
instead of closing around the end of the bone, becomes de-
tached from itwhere the articular surface commences, and pass-
ing over the joint, attaches itself to the next bone. The joint
is therefore contained within a sac impervious to air.

The close fit of the articular surfaces which form a jokit is
among the prominent means of protection. The surfaces ad-
here by atmospheric pressure with a force equal to sixteen
pounds to the square inch of surface. It is the same principle
which the dentist employs in securing to theroof of the mouth
the plate to which artificial teeth are attached. The plate can
be loosened, however, by depressing one side so as to admit the
air. The joint is more fully protected because the enclosing
capsule entirely excludes the air.

59. In addition to the capsular support of the joints, they
are supplied with numerous ligaments as protection against dis-
location. They are sometimes only a thickened and strength-
ened state of the capsules at exposed points. Other ligaments
are quite separate from the capsule. Fig. 45 represents the in-
side of the hand with the muscles dissected off, and will give a
good general idea ofthe abundance of ligaments with which the
surfacescovered 7 How does the thickness vary 7 How do some of the cartilages
tendto strengthenthe joints 7 What is the use of theseparate cartilage in certain
joints? 58. What is the use of the capsule ? Howis it formed 7 How, apart from
its strength,as a means of tying the bones together, does itprotect the joint. 59
What protectionhave the jointsin addition to the capsules7 Are the ligaments se
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pints are furnished, and the amount of protection which they
give.

The ligaments are severally adapted
to the amount of motion which the
joints require. Thus the ligaments of
the shoulder joint are, within certain
limits, as elastic as India-rubber. Oth-
erwise the joint would be comparative-
ly useless. But the ligaments which
bind the square bones of the wrist or
foot together ha*ve scarcely any elasti-
city. If they had they would answer
no good purpose in those places.

Again there is a striking adaptation
in the amount and arrangement of the
ligaments to the degree of danger to
which a joint is exposed. When a joint
is otherwise weak, especially if it is an
important one, greater care is taken to
protect it by ligaments. In the knee-
joint, for instance, if the bones were lar-
ger the jointwould be stronger, but the
limb would be more cumbrous. With

Fig. 45.

represents the ligaments
which pass from one bone to
another in the hand. Also the
ligamentwhich connects the
bonesof the fore arm.

the size which the bones of the knee have it might be asked, how
its strength may be made the greatest, while yet the freedom of
motion is not interfered with. The question is solved in the
construction of this joint. Besides a liberal supply of ligaments
passing across the jointfrom bone to bone, outside of the capsule,
there are within the capsule two ligaments, originating in the
deep groove which separates the external and internal condyles,"

17We have here an instance, not uncommon in the anatomy of the
body, of several ends attained by the game contrivance. This groove
parato from the capsules? How are the ligaments adapted bytheir elasticity to the
proper motion of the joints? What other adaptations have they7 Explain this
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crossing each other like the letter x, (and hence called crucial
ligaments,) and attached to the head of the tibia, (fg, fig. 46.)
The advantage of this arrangement is that the protection is al-
most in the centre of the joint, and also that the directionof the
ligaments is such, that any force tending to cause dislocation,
must be exerted in a direction almost lengthwise of one or other
of these ligaments. Their position is therefore such as to make
them operate to the greatest possible advantage.

Fig. 46.

The back side of
the Knee Joint, fg
The crucial liga-
ments by which the
joint is protected in
thecentre.

Fig. 47.

TheHip Joint, r l. The round ligament, o l
Thecapsular ligament.

Another instance of a similar kind is theround ligament of
the hip joint, (r l fig. 47,) which has very great strength, and
might, at first, appear to be left only to make the bone lighter, and
yet give the requisite enlargement of the extremity of the bone, fox
the purpose of forming the joint. We now see that it answers another
purpose, by furnishing the means of attaching, in the most favorable
position, those ligaments upon which depends the principal security of
the most exposed joint in the system. As this joint is the most ex-
posed one in the system, so theblood vessels and nerves which pass it
•would be specially exposed to be injured, but for this groove which
furnishes them a passage along the least exposed side of the joints,
deep below the surface, and pro ected from injury by the e«mdylei
which rise up on both sides
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passes directly from the centre of the head of the femur to the
centre of the acetabulum. It is sufficiently elastic to allow of
therequisite motion, but not of motion to such extent as to ren-
der dislocation possible without breaking the ligament.

In a few cases there are ligaments passing from bone to bone,
to give greater support to the parts where there is no proper
joint. Ofthiskind are the ligament between the tibia and fibu-
la, and that between the radius and ulna, (fig. 45.)

There is anotherclass of ligaments which have an entirely dif-
ferent object. They occur where a tendon is to take a different
direction from that of the muscle from which it comes; in the
instep of the foot, for example, (fig. 48,) where the symmetry
of the foot would be en-
tirely destroyed if the
tendon which goes to
the toes, instead of be-
ing tied down into the
angle, were allowed to
pass directly from the
muscle to the points of
insertion. Its object
therefore is to change
the direction of muscu-
lar motion.

60. The whole inter-
nal surface of the joint,
that is of both cartilages
and the capsule is lined
with the synovial mem-
brane, (represented by

Fig. 48.

The direction of muscular motion changed by
ligaments.

the dotted line in fig. 43). There are also in several parts of

adaptation in case of the crucial ligament. Of the round ligament. In what in.
stances are ligamentsemployed toconfine boneswithin proper limits where there•re no joints ? What other use is made of 'igaments? 60. With what are the sur-
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the body tubular sheaths for the transmission of tendons, and
where the amount of motion is such as to require that the sur-
faces should be covered with synovial membrane.

This membrane secretes a glairy and very perfectly lubricat-
ing fluid, the synovia, the office of which is the same as that of
lubricating substances used in all kinds of machinery, to dimin-
ish the friction of solids moving upon each other. The joints
have however, these advantages over other machinery, that the
synovia is the most perfect lubricating substance known, that
it is supplied over the whole surface requiring lubrication, that
the quantity is exactly proportioned to the demand, since the
amount secreted depends upon the amount of motion of the
joint, that it is not supplied at intervals but constantly, and that
the old is absorbed as the new is secreted.

Section II.—Particular Joints.

61. The joints are either movable or immovable. We have
examples of the immovable joints in the sutures of the head and
face, and in the articulations of the teeth with the alveolar pro-
cesses.

The movable joints are of four kinds.
62. First, those which admit of motion only by the compres-

sion of interarticular cartilage. The articulations of the verte-
brae, with the exception of the two highest are of this kind.
Each cartilage is firmly fixed to the two vertebrae next above
and below it. Instead of two cartilages as the other joints have,
each joint contains but one, but this is of much greater thick-
facesof the joints lined 7 Whatis the objoct of this membrane 1 Wbat is the of-
fice of the synovia? What advantages have the joints over other machinery in
this respect 7

Section II.—61. What are the twokinds of joints ? What are examplesof the im-
movable joints7 Howmany kinds of movable joints 7 63. What is the firstkind 1
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uess, so that it will admit of compression enough to produce
all the motion required. These joints are not supplied with
synovial membrane as there is no motion of surfaces upon each
other. The articulation of the bones of the pubis in front is of
this kind, though the cartilage is not thick enough to admit of
much motion. The articulations between the ilium and sacrum,
and between the tibia and fibula resemble those of the vertebras,
but each surface of bone has a separate cartilage and is lined
with synovial membrane.

63. Secondly, those which admit of motion in only one di-
rection. The articulation of the occiput and atlas allows only
the vertical motion, that of the atlas and axis only the horizon-
tal motion, and upon these two joints most of the motions ofthe
head are performed, though the other joints of the neck admit
of considerable motion. The elbow, knee, and ankle joints are
the most perfect examples of this kind. The articulations of
the phalangial bones with each other also belong to this class.
They are called hinge joints, and though limited to one kind of
motion, the motion is yet very free and extends through a large
arc. In the elbow joint, as before stated, the motion is limited
both ways by processes of the ulna, but the range of motion of
the other hinge joints is determined more by the ligaments than
by the form of the bones.

64. Thirdly, the condyloid articulations. The articulation
of the lower jaw with the temporal bone belongs to this class.
The usual action of this joint is such as to give a vertical mo-
tion to the jaw. But the cavity in the temporal bone, which
forms the socket, is larger than the condyle of the lower maxil-
lary bone, so that a slight lateral (the grinding) motion is al-
lowed, and also some motionbackward and forward. The arti-
Describe the joints of the spine. Why have they na synovialmembrane7 What
other joints belong to this class 7 63. What is the second kind 7 Describe the first
and second jointsof thespine, and theirobject. What are the remaining jointsof this
kind 7 By whatgeneral name are they designated7 How is their motion limited 'I
64. What is the third kind of joints 7 Describe the articulation of the lower jaw.
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culation of the clavicle with the scapula and with the sternum,
those of the ribs with the vertebras and with the transverse pro-
cesses, and those of the phalanges with the metacarpal and me-
tatarsal bones are of this kind. The articulations of the carpal
bones with each other, and with the metacarpal, also those of the
tarsal with each other and with the metatarsal, belong to this
class, though the motions in these joints are extremely limit-
ed. The articulation of the radius and ulna is composed of two
condyloid joints, one at each end, by which the rotary motion of
the hand is provided for. The jointbetween the thumb and the
wrist, though of a peculiar construction, is in its motions very
much like the condyloid joints.

65. Fourthly, those articulations which admit of free mo-
tion in all directions. These are denominated ball and socket
joints. There are but three joints of this kind. In the wrist
joint the bones of the carpus are so arranged as to form a sphe-
rical surface which is fitted to a shallow socket on the end of
the radius. This is a weak joint,not fitted for the support of
much weight, but for that freedom of motion by which the hand
is adapted to be an organ of prehension. In the shoulder joint
the ball of the humerus is received into the glenoid cavity, the
edges of which are so raised by cartilage as to form a perfect
socket. To form the hip joint, the head of the femur is re-
ceived into the acetabulum. This is the most perfect ball and
socket in the system, both by the shape of the bones which go
to form it, and by the appendages of cartilage which raise the
rim of the socket.
Name theother jointsof this class. What is the peculiarity of the articulation of
the radius and ulna? Whyis the joint between thewristand thumb classed with
the condyloid joints? 65. What is the fourth kind of joints ? What are they
called 1 What jointsare includedin this division? Describe each joint



59GENERAL DESCRIPTION OF THE MUSCLES.

CHAPTER HI.—OF THE MUSCLES.

Section I.—General description of the Muscles.

66. The muscles are either voluntary, involuntary, or mixed
The heart and stomach are instances of involuntary muscles
that is, muscles which contract and relax under a stimuluswhich
is independent of the will. Those muscles upon which respira-
tion depends are both voluntary and involuntary, that is, they
contract and relax with regularity when the attention is with-
drawn from them, but they can still be controlled by the will."
Those muscles, upon which the motions of walking, eating,
winking, writing, &c, depend, and which, in a state of health,
contract and relax only in obedience to the will, are called
voluntary muscles.

67. Those muscles which are partially or wholly controlled
by the will constitute the lean meat of animals. They lie upon

18It is not improbable that these mixed muscles(being supplied with
voluntary and involuntary nerves) may be constantly stimulated by
the involuntary nerves, and uniformly obey them when there is no op-
posing influence, but that the power of the voluntary nerves is supe-
rior when the will is active, and controls their motions temporarily.
Unless these muscles were involuntary, life could be continued only
so long as we could retain the waking state, and direct our attention
to the process of respiration. It is also very important that these
muscles should be voluntary, so that we may control the degree of
force with which respiration is effected, and also control the length
of each act of expiration; otherwise, we could have no control over
the voice. We might be able to articulate while the air was pass-
ing out of the lungs, but we should be unable to vary the compass
of the voice at all, and if the act of expiration should terminate
while we were pronouncing a word, we should be unable to complete
it till the next expiration.

Chipter III. Section I.—66. Into what classes are the musclesdivided ? Give
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the bones, filling the depressions and giving the general fullness
and roundness of contour which belong to the different parts of
the body.

68. That end of the muscle which is not movable is called
the origin. The point where the power is to be exerted is the
insertion. This distinction however does not always hold, be-
cause in a few muscles each extremity is capable of becoming
alternately the fixed and movable point. The fleshy part (the
belly of the muscle) consists of ultimate fibres, too minute to be
well exhibited except by a glass of high magnifying power.
Several «of these fibres are collected together into a bundle, (or
fasciculus,) 19 and enclosed in a sheath of cellular substance.2*

19 In a piece of beef whioh has been cooked till it is very tender,
the fasciculi of a muscle, enclosed in a very attenuated membrane,
are well exhibited and easily separated.

s« The cellular tissue consists of membrane of extreme tenuity,
(fig. 49,) and pervades all parts of the system. The membrane

Fig. 49.

A film of CellularMembrane.

stripped from the leaf of fat taken from a fattened animal, consists
of several thicknesses of cellular tissue. The loose bladder-like mem-
brane, by which the skin of animals adheres to the muscular parts
below, is cellular membrane. It forms a loose network which per-
examplesof each class. 67. What do thevoluntary and mixed muscles constitute 1
Howare they situated? What effect have theyupon thegeneral form of the body 1
68. What part of the muscleis called the origin ? What theinsertion? Whycan
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A muscle consists of a collection of these fasciculi enclosed in
another firmer sheath of cellular substance.

69. At the extremities of the muscle the cellular sheaths
which enclose the several fasciculi, and that which enclose the
whole muscle, becoming free from muscular fibres, are con-
densed into a firm, inelastic tendon. When the muscles can
conveniently be situated near the place where the power is to
be exerted, the tendons are very short, and in many cases there
is no distinct tendon formed. Otherwise, tendons often of con-
siderable length are employed. 21

vades very generally the other tissues of the body. It exists in the
bones. It is this membrane into the cells of which adipose matter is
deposited to form the fat meat of animals. It is this membrane which
encloses, with a sheath so thin as to be scarcely visible, the fas-
ciculi of ultimate muscular fibres. It is the same membrane which,
in a condensed state, forms at one time the tough leathery sheaths
(fasciae) by which the whole of a muscle, or several muscles, are
enclosed, and, at another time, the tendons of the muscles or the lig-
aments of the joints.

21 A correct idea of the use and action of tendons may be obtained
by examining the leg of a fowl. The tendons are the small white
cords which are prolongations of the muscles situated in the thigh
("drum-stick.") By pulling the cords on one side the parts of the
claw contract; by pulling those on the other side, the claw opens.

We often find a highly artificial arrangement of tendons, and one
which as fully proves an intelligent contriver as any complicated
arrangement in a workofhuman skill. Thus, the muscles are often at
a distance from the place where the power is to be exerted, and the
power is transmitted by tendons of the exact length necessary to effect
the motions required. When a muscle is in the way ofa tendon of
another muscle, a slit is found in the first muscle through which the
tendon of the other passes. A slit of this kind is made in the stylo-
hyoid muscle for the tendon of the digastric muscle topass. This last
muscle has also another peculiarity, that the belly of it is divided into
two parts which are connected by a tendon, and, in order to change

not the distinction always be made? Describe the fleshy part of the muscle. 69
How are tendons formed ? In what cases are the muscleswithout tendons ? Then
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70. The muscles, though all composed of bundles of fasci-
culi, are yet very different inform. In some the fasciculi aro
all parallel with the general direction of the muscle, as in fig.
51, and it becomes spindle-shaped. Sometimes they diverge
from a point and the muscle is fan-shaped, fig. 52. Some-
times the fasciculi are oblique to the general direction of the

Fig. 51. Fig. 52. Fig 53.

A sphincter
Muscle.

A spindle-shaped Aradiated Muscle.
Muscle. Apenmform Muscle.

muscle, and are arranged along one or both sides of a tendon, as
in fig. 53, and the muscle is said to be penniform. Still others
are circular and by contraction close the opening which they
encircle, as the mouth, the eye. They are called orbicular or
sphincter muscles, fig. 54.
its direction, this tendon passes through a loop of cellular substance
attached to the hyoid bone. The tendon (a, fig. 60) -which bends the
last joint of the finger, lies un-
der the tendon which goes to
the second joint; and, in order
to let this lower tendon pass the
second joint, the upper tendon
(6) is divided and attached at
two points, and the lower ten-
don passes between the two
branches. The muscular power

f^'

a The ligamentwhich passes under the

oxerted on the top of the foot first has its direction changed bypassing
what is the use of tendons ? 70 describe the several forrrs which themuscles are
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71. The general principle in the avangement of the muscles
is, that they are as near as possible to the places where the mo-
tions are required. This is the case in the neck, head, and
trunk. There is, however, a wide exception to this law in the
position of the muscles which move the extremities. Here, the
rule is, that the muscles are placed as near the trunk as pos-
sible. The object is to give to the limbs lightness and adapta-
tion to free and rapid motion. Hence the muscles which move
the shoulder are on the body, those which move the elbow are
on the arm, and those which move the wrist and fingers are on
the fore-arm. The same general arrangement exists in refer-
ence to the lower extremities. So far as mechanical power is
concerned, the situation of the muscle might be at least in part
reversed. Those, for instance, which move the elbow joint
might have been in the fore-arm, &c, but it is obvious that the
hand would have been heavier and more unwieldy. Certain
very weak but quick motions are, however, performed by muscles
which are situated in the hand and along the fingers. These
muscles are, however, so small as not to add perceptibly to- the
weight of the hand.

72. The three principal circumstances noticeable in refer-
ence to the muscular motions are, First, their rapidity. Some
under the transverse ligaments of the ankle. The muscular power ex-
ertedon thebottom of the foot first has its direction changed by the ten-
dons passing around a groove in the heel similar to the groove in the
wheel of a pulley. The trochlearis muscle gives a motion to the eye-
ball directly opposite to that which wouldbe produced if itwere inserted
by a straight tendon into the top of the ball. This reverse motion is
produced by the tendon passing through a ring in the angle of bone
above the inner corner of the eye, and then going back to be inserted
into the top of the ball.

found to take. 71. What is the general law for the position of the muscles'/ In
what parts of the system does this arrangement prevail? In what parts of the sys-
tem does a different principle prevail, and what is it ? What is the object of it1
Are thereany muscles situated on the hand and on the fingers 1 What is the size
of the muscles, and what kind of motions dothey perform f 72. What murcles ao*



64 GENERAL DESCRIPTION OP THE MUSCLES.

of the muscles, as the heart and the straight muscles of the ab-
domen may exert a power equal to the force with which they
contract. But such is not the case generally, and particularly
with those which move the limbs. The force with which they
contract seems to be abundantly supplied in the system, but the
constitution of the muscle is such, that an amount ofcontraction
equal to the range of motion required is impossible. There is
therefore such a construction of the framework and such a dis-
position of the muscles, that a large supply of muscular power
with a limited amount of muscular contraction, shall be convert-
ed into a wide range of motion. The muscles are said to act

Fig. 65.

1 The humerus. 2 The muscle by which the joint is
straightened. 3 Its insertion. 4 The muscle which
the elbow is bent. 5 Its origin. 6 Its insertion. When
the muscle4 contracts by an amount represented by 7,8,
the amount of motion of the ballwill be representedby
9.11. There is a loss of powerwhichis compensatedby
ah increase of motion.

at a disadvantage,
which is true so
far as power is
concerned, but it
is simply an ex-
change, a contriv-
ance to relinquish
power which the
system can spare,
in order to secure
greater and quick-
er motion which
it needs." Thus
in fig. 55, by a
small amount of
muscular contrac-

The muscles which bend the elbow must exert a force equal to
about twenty-five times that of the weight raised by the hand. It
Beems incredible that a force of more than half a ton should be ex-

erted by the two small muscles which bend the arm; yet such is the
fact. Still, that power would be of little service to us if we could not

withoutmechanical disadvantages ? Is this generally the case 7 Are the muscle*
best fitted toemert great forceor to produce a wide range of motion ? Howis force
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tion, the hand is made to take successively the positions of 9,
10, and 11. If a muscle could have been attached at 12,and

made to act in the direction of the arc, there would be no loss
of power, but no muscle could perform the amount of contrac-
tion which would be necessary.83

73. Secondly, their antagonism. Every voluntary motion
of the body depends not only on the contraction of one muscle
or set of muscles, but also on the relaxation of another muscle
or set of muscles. Thus a perfect antagonism of muscular
power exists throughout the system. When the motions per-
formed are principally those of bending and straightening the
joints,the two classes of muscles are called flexors and extensors.

74, Thirdly, many of the motions are the combinedresult of
the contractions of several muscles. Each muscle has general-
ly a distinct motion to perform, but there are cases in which the
fasciculi of a muscle may contract independently of each other,
so that one muscle may perform several different motions. More
frequently, however, a single motion is the result of contraction
of several muscles. Thus the tones of voice depend upon the

change it, in part, into velocity, that is, if we could not move a hand
or a foot to a greater distance at once than the extent of the muscular
contraction of even the longest muscle.

23 But instead of seeking occasion to lengthen the muscles, and thus
increase their range ofmotion, there seems to be an opposite tendency.
Thus, the penniform muscle is an arrangement to increase the number
of muscular fibres of which" a muscle consists, and therefore to increase
thepower with whichit contracts, but at the same time to shorten the
fibres, and therefore diminish the amount of contraction. This ar-
rangement is mos( conspicuous in the muscles which straighten the
knee, where a great amount ofcontraction would be useless, but where
greatpower is necessary to control a joint bearing the whole weight of
the body, and where the muscles must act so disadvantageously.

convertedinto motion ? 73. Whatbesides themuscular contractionis necessary to
producemotion? Whatrelation of the muscular power is establishedin thesys.
tem 1 What are those muscles whichbend the joints called? Thosewhich extend
thejoints7 74. How in the same muscleproduce more thanone kind ofmotion 1



66 GENERAL DESCRIPTION OF TLE MUSCLES.

position and tension of cords which are controlled by several
muscles. To produce these almost infinitely varied tones at
pleasure, implies an instantaneous and perfect control of these
muscles. So therapid and perfectly accurate motions ofwhich
artisans, musicians, and especially jugglers are capable, depend
upon controlling accurately a large number of musoles.

75. This perfect control may be more easily acquired by
some persons than others, but it is never gotten without effort.
It is the result of training. We see this in the gradually in-
creasing correctness of pronunciation which the child acquires,
in the efforts which the student is obliged to make in getting
the sounds of a foreign language, in learning to write, to knit,
to play on a musical instrument, or in acquiring any other kind
ofmotion which requires skill.

We may lose by disuse the control which we have once had
of muscles. Thus, if a bone be broken and we are obliged to
relinquish the use of a limb wholly, even a few weeks are suffi-
cient to place it quite beyond our control. There are muscles
properly situated for moving the ears, but they have been so
long out of use, that it is hardly probable that the use of them
could again be recovered.

76. The muscles produce their effects by contraction, di-
minution of length, and the power which they are capable of
putting forth at once, if it could be made to centre at one point
would be equal to several tons' weight; but of the nature of the
muscular power we know nothing. Ifr is one of the modes of
the manifestation of the vital force, which will be considered in
the chapter on respiration. All that we can do is to inquire
into the conditions which seem to be essentially connected with
this manifestation offorce.
Do themotioBS generallydepend eachupon a single muscle 1 Giveinstances. 7o
Howmay this control be acquired .' Give instances. Give an instance in whick.
this control is temporarily lost. Givean instance in which it seems tobe lost be-
yond the power ofrecovery. 76. How do the muscles produce the motionsof the
k >dy 7 Whatis the nature of the power whichproduces those changes. 77. How
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• 77. In the first place, every exertion of muscular power is
connected with a change in t/ie substanceof the muscle, some por-
tion ofit being decomposed and returning to a lifeless state. It
is by this lifeless matter (metamorphosed tissue) taken up by
the blood in its circulation through the muscles, that the bright
arterial red which it had when it left the heart, is changed to
the dark color which it has when it comes back to the heart.

Hence it is, that those employments are the most exhausting
which may not be very laborious but which incessantly exercise
only one class of muscles. The accountant who has done no-
thing for ten hours but sit and move the small muscles of the
hand in writing, is more weary than the person who has labored
hard in the field and brought all the muscles of the system by
turns into vigorous exercise. 24 Constant writing, sewing, turning
a wheel, playing on a piano, or any employment which requires
the use of one set of muscles exclusively, is wearisome and injuri-
ous, unless relieved by a large amount of rest and recreation.

78. In the second place, the healthy action of the muscle
requires an active circulation of the blood, for this constant de-
struction of muscular tissue must be connected with as constant
renewal, and the blood is the means both of removing the de-
composed muscle and supplying the material for the new.

The energy with which the blood circulates is dependent in
a great measure upon exercise of the whole system. Exercise
may operate in several ways to stimulate the circulation, but
part of its effect is merely mechanical. Relaxation of the mus-

24 It is noticed by teamsters that theirhorses weary much quicker
when the road is uniformly level, and the effort required is not great,
than on uneven roads, where the draught is often much greater. In
the latter case, different sets of muscles are exercised alternately.

are the muscles affected by muscular contraction? What effect does this have
upon the blood ? What employments are most exhausting, andwhy? Howis in
juryfrom such employments to be guardedagainst ? 78. Whatis the second law
of muscular action? Why is this active circulation necessary) Uponwhat does
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cle allows the blood to flow into it, andcontraction forces it out,
and as there are contrivances in the blood-vessels to prevent its
wishing backwards, both contraction and relaxation of the mus-
cles tend to establish a more energetic circulation, and there-
fore a more complete repair of the waste occasioned by decom-
position.

The circulation of the blood in the muscles adapts itself in
quantity to the amount of exertionwhich these muscles ordinari-
ly make. Hence the muscles of a person who is accustomed to
active employment receive a large amount of blood, and when
he is prevented from putting forth his accustomed activity he
becomes restive. For such a state of rest his amount of circu-
lation is a diseased one. If, on the other hand, a person of
sedentary habits attempts to perform in a day what would be a
day's labor for a working man, he effects an amount of decom-
position of muscular tissue, altogether disproportionate to the
amount of renewal which the ordinary supply of blood can fur-
nish in the same time, and the result is extreme exhaustion.
The change from one mode of life to another can be safely made
only by so slow degrees, that the power of adaptation in the
system shall adjust the circulation in the muscles to the de-
mands made upon them.

This adaptation in the supply of blood to the amount of ef-
fort put forth, is however subject to two modifications. During
the period of childhood and youth, the new muscular fibre is
furnished in large quantity, but it is for the purpose of growth
and not because muscular effort and muscular decomposition had
been great. In fact such persons often put forth and are able to
put forth but little muscular power. It is also found that any

such a circulation depend? How does exercise mechanicallypromote the circula-
tion of the blood ? Upon what does the amount of circulation in the muscles de-
pend ? Why doesa person of activehabits need more circulation in themuscles
than a sedentary person ? Why should achange from one modeof life to another
be gradual? What is the first modification towhich this relation of circulation
and muscular effort is subject 1 Whatbecomes of the nutriment furnishedby the
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class ofmuscles which is subjected to a great amount of exercise
continuously, receive more muscular fibre than is decomposed
and they become increased in size, that is the muscular fasci-
culi become more numerous. Instead therefore of requiring a
muscle to perform extra labor continuously by a more rapid
decomposition and renewal of the muscular fibre,(which beyond
a, certain degree, would generate disease,) the large supply of
blood which exercise induces, goes tofurnish a larger number of
fibres to perform the labor.25

79. Muscular action is dependent on nervous influence. The
nerves do not produce muscular power, for we may often be
unable to exert this power while the nerves are uninjured. But
they control (or the brain, through the nerves) the vital force
which is employed in muscular contraction. Hence when the
connexion between a muscle and its nerve is interrupted there
can be no muscular action. Hence also it is, that under excite-
ment or a vigorous effort of the will the muscular power may
for a short time be so wonderfully increased. In a very short
time, however, such energetic action of the muscles will pro-
duce exhaustion; and even moderate muscular action will at
length bring on weariness. This weariness may arise from a
failure of the vital force, or too great decomposition of the mus-
cular tissue. In either case it is an indication from our consti-
tution that the system requires rest.

86 Sculptors and painters study carefully the external changes which
the muscles undergo from change in the mental states, from exercise,
use, excitement, disease, &c. The best representations of Hercules
(the embodiment, among the ancients, of their ideas ofphysical power)
exhibit the muscles as very large, and those in the back and arms as
specially large, firm, and well defined.

circulation of young persons7 What is the second modification7 79. Whatis the
third law of muscular action? Why are not the nerves the source of power 1
What is the officeof the nerves inreference to themuscles 1 How does a high de-
gree of excitement affect the strength of a person 7 Whatis the condition of the
system indicated 1)7 weariness7 Whatis the icstruction which it conveys 1
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GENERAL QUESTIONS ON THE PRECEDING CHAPTERS.*
Define Anatomy and Physiology? How many systems of organs are tobe exam

ined ? Show in theirorder why thesesystems arenecessary.
Chapter. I.—Ofwhat does this chapter treat? What are the subjects of the sec-

tions in this chapter.
Section 1.—Whatare the objectsof the osseous system? Give the process by

which theosseous skeleton is formed ? What is the composition of ordinary bone 1
Whatdivision of the bones according to their form? Explain the structure of the
bones. How dobones increase in length and diameter ? Describe theperiosteum 1

Section 2.—What are the two divisionsof the bonesof the head ? What is the
structure of the bones of the cranium ? Name thebones of the cranium, and give
their position? What are the processes of thebones of the cranium, and where are
they situated? What foramina are found in thebones of thecranium, andwhere are
theysituated ? What is the formof the cranium ? What is a suture,andwhat ones
are found in the cranium? What are the purposes of the cranium.? How is it
fitted to accomplish eachof these purposes 7 Name the bonesof the face and give
their position.

Section 3.—What division is made of the bonesof the trunk? Of what does the
spine consist 7 Describe a vertebra and its processes. Explain the differences in
the vertebra? in different parts of the spine. How are the bones of the vertebral
columnconnected together. Describe theintervertebral foramina and spinal canal.
What are the objects of the spine? How is it fitted toeffect eachof these objects?
Describe the sternum. The ribs. Theuse of the thorax. The pelvis. Its use.

Section 4.—What are the bones of the upper extremities? For whatuses are the
bones of the upperextremities intended7 In whatconsists their adaptation to theso
uses 7

Section 5.—What are the bones of the lower extremities? What are the pur
poses designed to be accomplishedby them? What are the adaptations toeach ol
these purposes 7

*6 A list of general questions has been appended to this part, at the
close of Part 2 and Part 3, for the purposes of reviews and examina-
tion. The questions are designed to test the knowledge of the pupil,
and others of a similar character will be easily added by the teacher.
It is recommended that, as each section is completed, there be a review
of it by some such general questions as have been given above. At the
end ofa chapter let it be reviewed by sections. Let Part 1be reviewed
by chapters, that is, let the object of each chapter be given; then, each
chapter by sections; then each section by topics; and thus the view
of the subject which the learner acquires will be a connected one.

This kind of general review should not, however, be allowed to take
the place of more rigid reviews. Thoroughness can be acquired only
by'special attention in this respect. Pupils are often averse to re-
views, because they are anxious to hasten the completion of any sub-
ject of study, and because, in reviewing, the novelty of the subject
is gone. The most profitable part of their study, however, is the
reviewing. The text has been constructed with great brevity, in order
to give sufficient opportunity to be thorough; but if time will not
admit of completing the study, let it be thoroughly reviewed as far
as it is studied.
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Chapter II.—What is the subject of this chapter? Section 1.—How is a joint
formed ? What are the four appendages of joints? What are the four peculiarities
of ligaments adapting them to the amountof motionand kindof danger ? For what
other purposes are ligaments used? In what respect is the synovia adapted to its
uses. Section 3.—Whatdivision is made of the joints ? Howmanykinds of mova-
ble joints? Giveinstances of eachkind.

Chapter III.—What is the subject of this chapter? Section 1.—What division
is madeof the muscles? What are the muscles here considered7 What are the
formsof the muscles 7 What is the general arrangementof the muscles7 What
three principles prevail in reference to muscular motion? How does practice af-
fect our control of the muscular power? What is the muscular power? What
threelawsrelating to theexercise of thispower ? What consequences follow from
the first law7 What affects the amount of circulation of blood in the muscles ?
Underwhat circumstancesis theamount of circulationmore than proportioned to
the muscular power possessed? What is the third law? What is thephysical
cause of wearinessand what is its import?

Section II.—The Muscles individually.'7

80. I.—Muscles of theforehead.
(a) The Occipito-frontalis (k, I fig. 56) arises from the ridge of the

occipital bone, extends forward so as to cover the top of the cranium,
and is inserted into the skin at the lower part of the forehead. It
raises the eyebrows and wrinkles the forehead horizontally.

(b) The corrugator supercilii (not represented in the figure) arises

27 A description of the muscles is properly introduced in this con-
nexion ; but the recitation of this section will not generally be insisted
on by teachers. There is necessarily too much of technical language
introduced to justify its being studied as other parts of the work
should be. There has, therefore, been no list of questions appended,
and a smaller type has been employed. When, however, a knowledge
ofany part ofthe muscular system is necessary for understanding any
other parts of our organization, references will be made and questions
introduced.

The muscleshere described do not embrace a full list of the muscles
of the system, but only such as are most obviously important in per-
forming the general motions of the body. They are also classified in
reference to the motions which they produce, because such a classifi-
cation will best exhibit their relations, although, in anatomical trea-
tises, they are generally described according to the order in which
they would most conveniently be studied in thi Jissecting room.
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from the frontal bone near the
inner angle of the eye, runs
upward and outward, and is
inserted into the skin under
the eye-brow. It antagonizes
with the frontalis and wrin-
kles the forehead vertically.

81. II.—Muscles of the eye.
(a) The straight muscles,

namely, the rectus superior,
0 fig. 57,) the rectus inferi'
tr, (13,) the rectus internus,
(10,) and the rectus exter-
%us, (11, 12 most of it is re-
presented asremoved in order
to show other parts.) These
four muscles arise in the pos-
terior part of the orbit, and
extend forward to be inserted
into the eye-ball, one above,
one be low, and one on each
side. Acting separately, they
roll the eye in different direc-

Muscles of the face, a The levatorlabii sn
perioris. b The levator anguli oris, c Th«depressor anguli oris, d Thedepressor labii
inferioris. e Thezygomaticusmajor, g The
buccinator, h Theorbicularisoris, t The le-
vator alee nasi, j The compressornaris. k, I
The occipito frontalis, m The orbicularis
oculi. q The masseter muscle.

tions ; acting together they depress the ball in the socket
(b) The oblique muscles. The obliquus superior (5) has 8, common

origin with the recti muscles. It runs obliquely over the eye to the
Fig. 67.

Muscles of the eye. 3 Theoptic nerve. 3
Theeye-ball. 4 Thelevatormuscleof the eye-
lid. 6 The superior oblique muscle. 6 The
loop throug/jwhich its tendonpasses. 7 The
tendon whicii is inserted into the ball. 8 The
inferiorobliquemuscle. 9 The rectus superi-
or. 10 Therectus internus. 11, 13 Portions of
the rectus externus. 13 The rectusinferior.

inner angle, where its tendon
passes through a cartilagenous
ring (6), and is reflected baok
to be inserted into the ball,
(near 3.) The obliquus inferi-
or(8) arises near the inner an-
gle of the eye, runs obliquely
backward under the eye, and
is inserted into the posterior
part of the ball. The oblique
musoles, acting separatelyroll
the eye in opposite directions;
acting together, they antago-
nize with the recti muscles
and bring the ball forward.
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(c) The levator palpebrce superioris (4) has a common origin with
the recti muscles, and is inserted into the cartilage which forms the
upper eye-lid.

(d) The orbicularis oculi (m fig. 56) is a circular muscle surround-
ing the eye. It has its origin and insertion common at the inner an-
gle, and its use is to close the eye.

82. III.—Musclesof the nose.
(a) The compressor naris (j fig. 56) arises from the corner of the

nose, spreads over the ridge of the nose, and its fibres mingle with
those of the corresponding muscle from the other side. Its action is to
diminish the size of the nostrils.

(b) The levator alee nasi (i fig. 56) arises from the nasal process of
the superior maxillary bone, and is inserted into the corner of the
nose. It enlarges the nostrils.

83. IV.—Muscles of the mouth.
[a) The levator labii superioris (a) has its origin directly below

the eye, and is inserted into the middle of the upper lip. It raises
the lip.

(b) The depressorlabii superioris isa short muscle within the mouth
which arises near the root of the upper canine tooth, and is inserted
into theupper lip justbelow the nose.

(c) The levator anguli oris (b) arises justbelow the eye, and is in-
serted into the corner of the mouth, which it is designed to raise.

(d) The depressor anguli oris (c) arises from the lower edge of the
lower jaw bone, and is inserted into the corner of the mouth, which it
depresses.

(e) The levator labii inferioris arises near the roots of the lower in-
cisor teeth, passes downwards and is inserted into the integuments of
the chin. It raises the lower lip.
(/) The depressor labii inferioris {d) arises from the lower edge of

the lower jaw on the side of the chin, and is inserted into the lower
lip, which it depresses.

(g) The buccinator (g) arises from several points near the joint of
the lower jaw, constitutes the principal part of the cheek, and comes
forward to be inserted into the corner of the mouth. It diminishes the.
cavity of the mouth, or draws back the angle of the mouth.

(A) The orbicularis oris (h) is a broad circular muscle encompass-
ing the mouth. It antagonizes with all the muscles that tend to open it.

84. V.—Muscles which move the lower jaw.
(a) The temporal muscle (4 fig. 9) arises from the parietal bone,

and the fasciculi converge till it becomes tendinous and passes under
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the zygomatic process, and is inserted into the coronoid process (6)
It raises the lower jaw.

(6) The masseter muscle (q fig.
56) arises from the malar portion of
the zygomatic process, from the ma-
lar bone and from the contiguous
portion of theupper maxillary. One
portion has its fibres so situated,
that being inserted into the root of
the coronoid process, by contraction
it carries the lower jaw backward.
The other and principal portion is
inserted into the angle of the jaw.
It tends slightly to bring the jawfor-
ward, but its principal use is to as-
sist the temporal muscle in masti-
cation.

(c) The pterygoid muscles (of

Fig. 58.

The two pterygoid muscles. Partu
of the upper and lower jaws are re-moved to exhibit them. 1, 2 The ex-ternal and 3 the internal pterygoid
muscles.

which 1, 2 fig. 58 is the exterior and 3 is the interior) arise from each
Fig. 59.

Musclesof theNeck

pterygoid process,
and are inserted in-
to the inner surface
of the angle of the
jaw. They actalter-
nately, and there-
fore produce the
horizontal, grinding
motion of the jaw.

85. VI.—Muscles
of the Throat.

(a) The sterno-
hi/oideus (/ fig. 59;
arises from the top
of the sternum, and
is inserted into the
oshyoides. It draws
the hyoides down-
ward and forward.

(b) The omo-hyoi'
deus (m m) arisea
from theupper edgo
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of tht scapula near the outer angle, and is inserted into the os hyoides.
It draws the hyoides downward and backward.

(c) The mylo-hyoideus arises from the lower edge of the lower max-
illary bone and is inserted into the os hyoides. -It forms the floor of
the mouth, and the body of the tongue rests upon it. It brings the hy-
oides upward and forward.

(d) The stylo-hyoideus (q) arises from the styloid process and is in-
erted into theos hyoides. It draws the hyoides upward and backward.
(c) The digastricus (pp) arises from the mastoid process, passes

downward and forward through a perforation in the stylo-hyoideus to
the os hyoides to which it is attached, then changing its direction it
goes to be inserted into the point of the chin. It lifts the os hyoides
and with it the tongue and throat. But when the sterno-hyoides and
the omo-hyoideus are in a state of contraction so that the hyoid bone
cannot rise, then the mylo-hyoideus and the digastricus will draw the
lower jaw'downwards.

86. VII.—Muscles of the JVeck.
(a) The Sterno-cleido-Mastoideus (the prominent oblique muscle

on each side of tho neck) arises from the sternum and clavicle, goes
obliquely upward and backward, and is inserted into the mastoid pro-
cess. When one muscle alone acts it brings the head obliquely for-
ward. When they act on both sides at the same time, the head is
brought directly forward.

(b) The splenius arises from the spinous and transverse processes of
the vertebral column as far down as the fifth dorsal vertebra, and as
it ascends along the back, goes obliquely to be inserted just back of
the mastoid process. (2, PI. I.)

(c) The complexus has nearly the same origin and course, but has
its insertion into the occipital bone directly behind the insertion of the
splenius. (1, PI. I.) When the splenius and complexus act on both
sides they move the head directly backward. When only those cn one
side act they turn the head obliquely backward. These two muscles
are the antagonists of the mastoideus. When all these muscles act to-
gether by a moderate force, they tend to keep the head in an erect
position.

(d) The obliquus capitis inferior arises from the spinous process of
the second cervical vertebra, and is inserted into the transverse pro-
cess of the first. It therefore turns the first vertebra horizontally on
the pivot joint, between it and the second, and the head parfakes of
the same horizontal motion. If, however, both muscles act together
they tend to steady ' he head in its position.
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87. VITI.—Muscles which move the Spine.
(a) The longissimus dorsi (d e fig. CO) arises from thespinous pro-

cesses of the sacrum and the lumbar vertebrae, and from the contiguous
portions of the ilium, passes up along the spine, filling the space be-
tween the spinous and transverse processes, and is inserted into the
transverse processes of all the dorsal vertebrae except the lowest Its
use is to keep the spine erect. It also helps to bend it backward, or
obliquely backward.

(b) The sacro lumbalis (a b) has nearly the same origin as the longis-
simus, and is inserted into the ribs a little forward of each tubercle.
Its use is the same as that of the longissimus.

(c) The quadratus lumborum arises from the highest portions of the
Fig. 60.

Fig. 61.

4 Externalintercostal muscles. 5 In-ternal intercostal muscles. 6 Thetrans
versa lis muscle. 8 The linea alba 11The rectus abdominis.d e The lnngigsimus dorsi. a b The

ficro-lumbalis. e o The levatores cos-
Urunv
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rim of the pelvis, and is inserted into the transverse process of the last
dorsal vertebra and into the lower edge of the lowest rib. It keeps
the trunk erect or bends it to either side.

88. IX.—Muscles ofRespiration.
(a) The serratus posticus superior arises from the spinous pro-

cesses of the three lower cervical vertebrae, and is inserted into the
second, third and fourth ribs on both sides of the thorax. Its
direct use is to raise these ribs, but from the manner in which the ribs
are connected it tends to raise all of the ribs.

Fig. 62.

1 The trapezius. 4 The latissimus dorsi. 6 The deltoid muscle. S The glute-ns medius. 9 The gluteus maximus. 11, 12 The rhomboideus muscle. 16 The
serratus posticus inferioir. 22 The serratus anticus major.
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(5) The leoatores costarum, (c o fig. 60,) twelvein number, arise one
from the transverse process of the last cervical and each of the dorsal
vertebrae except the last, and passing obliquely downward is inserted
into the rib immediately below. They assist the serratus posticus
superior.

(c) The intercostales (4 and 5 fig. 61) are short muscles filling the
spaces between the ribs. The internal layer passes upwards and for-
wards. The external layer runs obliquely upwards and backwards.
When the upper rib becomes fixed by the action of the muscles above
it, the intercostales raise all the ribs below the first.

(d) The serratus posticus
inferior (16 fig. 62) arises from
the spinous processes of the
lumbar vertebrae, and rising
forward, is inserted into the
ends of the tenth, eleventh
and twelfth ribs. It brings
the ribs downward.

(c) The diaphragm (2, 2 fig.
63) is a muscular membrane
separating the cavity of the
thorax from that of the ab-
domen. Its form is that of a
dome,being convex above, like
an inverted basin. It is seen
in section in fig. 63. It is at-
tached to the lower extremity
of the sternum and to the ends
of all the ribs. Its muscular
fibres have a very irregular
arrangement, but the general
effect of their contraction is to
depress the dome more nearly
to a plain surface, and of
course to increase the cavity
of the thorax by pressing down
the viscera of the abdomen.

89 X.—Muscles of the ab
domen.

(a) The obliquus descendens
ttternus (12,13 fig. 64) arises

Fig. 63.

The Thorax, the front part removed toshow the diaphragm 2, 2.
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from the extremities of the eight inferior ribs and proceeds obliquely
downward to the linea alba, (which is a tendinous substance, occupying

Fig. 64.

Front viewof the Muscles of the Trunk. 1 Thepectoralis major.
2 The deltoid muscle. 12, 13 The external oblique muscle. 16
The rectus abdominis, la Theinternal oblique muscle.

the median line of the abdomen, from the sternum to the pelvis, and
seen at 8, 9 fig. 61.)

(b) The obliquus ascendens internus (18 fig. 64) arises from thebrim
of the pelvis, and is inserted into the linea alba, sternum and false ribs.

(c) The transversalis abdominis (6, 7 fig. 61) arises from the lum-
bar vertebse and the ends of the false ribs, and passes horizontally
around the abdomen to be inserted into the linea aspera.

(d) The rectus abdominis (16 fig.64) arises from the sternum and the
cartilages immediately adjacent, and descends vertically to the pelvis.

The direct us.e of thesemuscles is to compress the abdomen. But by
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so doing they cause the viscera of the abdomen to ascend and the arch
ofthe diaphragm is raised up. As the diaphragm descends these mus-
cles relax to make room for the depressed viscera. 28 They are thus
the muscles which antagonize with the diaphragm, and though they
have other uses they are also respiratory muscles. The first, second
and fourth also bend the body obliquely or directly forward.

90. XI.—Muscles of the UpperExtremities.
1. Muscles of the Scapula.

(a) The trapezius (1 fig. 62) arises from the occipital bone, from a
tendinous substance called the ligamentum nuchse, which passes along
the spinous processes of the neck, and from the spinous processes of all
the dorsal vertebrae. It is inserted into the spine of the scapula and
into the acromion process. It draws the scapula backward.

(&) The rhomboideus (11, 12 fig. 62) arises from the spinous pro-
cesses of the three lower cervical, and the four upper dorsal vertebrae,
and is inserted into the whole posterior edge of the scapula. It draws
the scapula upward and backward.

(c) The serratus anticus major (22 fig. 62) arises along the sides of
the thorax from the eightsuperior ribs, runs back under the scapula
and is inserted into the posterior edge of it. It moves the scapula
downward and forward.

2. Muscles which move the shoulder joint.
(a) The pectoralis major (1 fig. 64) arises from the whole length of

the sternum and the fibres converging, it is inserted into the foreside
of the humerus, about three inches from its upper extremity. It
brings the arm downward and forward.

(6) The latissimus dorsi (4 fig. 62) arises from the spinous processes
of the lumbar vertebrae and sacrum, and from the edge of the ilium,
and is inserted into the humerus justback of the insertion of the pec-
toral muscles. It draws the arm downward and backward.

28 It is in this way that exercise is essentially connected with diges-
tion, and that a want of exercise brings on a constipated state of the
intestines. Exercise always increases the demand for oxygen in the
system ; hence the deep, labored respiration of a person who has been
exerting himself to his utmost. To a less extent, and yet to a very
perceptible extent, ordinary and not fatiguing exercise increases the
fullness of the respiratory effort: that is, it increases the reciprocal
action of the abdominal muscles and the diaphragm. There is thus an
increased motion mechanically given to the stomach and intestines.
The effect of this is to increase the supply of blood sent to these or-
gans, and thus to favor digestion, and prevent dyspepsia. Another
effect is to keep their contents in motion, and thus to prevent con*
stipation.
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(e) The deltoides (5 fig. 62) arises from the spine of the scapula, the
acromion, and the outer extremity of the clavicle, passes ever the
shoulder joint, and is inserted into the outer side of the humerus near
the middle. It raises the arm

8. Muscles wh.3h move the elbow joint.
(a) The biceps flexor cubiti (8, PI, II.) arises from the upper edge

of the glenoid cavity and from the coraeoid process of the scapula, and
passing the whole length of the humerus, it is inserted into the tube-
rosity at the upper end of the radius. It bends the forearm.

(b) The brachialis internus, situated under the biceps, arises from
the humerus, near the insertion of the deltoid muscle, and is inserted
near the upper extremity of the ulna, on the front side. Its use is the
same as the previous muscle.

(c) The triceps extensor cubiti (7, PI, I.) arises from the lower edge
of the glenoid cayity, from the upper extremityand from themiddle of
the humerus, and is inserted into the olecranon. It extends the forearm.

4. Muscles which move the wrist and fingers.
The muscles of this division have three objects, to rotate the hand,

to move the wrist, and to move the fingers. Seven of these arise from
the internal condyle, of which the first is a pronator and the rest are
flexors.

(a) The pronator teres radii (7, PI, II.) passes obliquely over the
forearm, and is inserted near the middle of the radius. It rolls the
hand inward.

(b) The flexor carpiradialis (9, PI, II.) followsdown near the radi-
us, passes under the annular ligament, and is attached to the metacar-
pal bone of the fore-finger. It bends the wrist.

(c) The flexor carpi ulnaris takes its course along the ulna, and is
inserted into the pea-shaped bone of the wrist. It bends the wrist.

(d) The palmaris longus has nearly the same course as the preced-
ing muscle, and is inserted into the membranous expansion, which lies
in the palm of the hand, and has also a slender attachment to the
bones of the hand. It helps to bend the wrist.

(e) Theflexor digitorum sublimis (10, PI, II.) passes as one muscle
to the middle of the forearm, when it divides into four parts, which
soon become tendinous, pass under the annular ligament and are in-
serted, one into the second phalangeal bone of each finger. It bends
the fingers at the first and second joints.
(/) Theflexor digitorum profundus lies under the sublimis, is also

divided into four tendons, and they are inserted into the last bone of
each finger It therefor* bends the last joint.
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(g) The flexor longus pollicis is inserted into the last bone of the
thumb. It bends all the joints of the thumb.

The next six muscles arise from the external condoyle of the hume-
rus, of which the first is a supinator, and the rest are extensors.

(a) The supinator radii longus (8, PI. I.) passes obliquely over and
half around the forearm, and is inserted into the lower end of the
radius. It rolls the hand outward.

(b) The extensor carpiradialis descends along the back of the ra-
dius, and is inserted into the metacarpal bone of the fore-finger on the
back of the hand. It extends the hand.

(c) The extensor carpi radialis brevior resembles the last, except
that it is inserted into the metacarpal bone of the second finger. It ex-
tends the hand.

(d) The extensor carpi ulnaris descends along the ulna,
and is inserted into the metacarpal bone of the little finger. It ex-
tends the hand.

(e) The extensor digitorum communis (9, PL I.). At the middle
of the forearm, it divides into three tendons which are inserted into
the middle bones of the first, second and third fingers. A strip of
tendon also reaches to the last bones of the same fingers. It extends
all the joints of these fingers.
(/) The extensor minimi digiti is inserted in a similar manner

into the bones of the little finger, and extends all the joints.
(g) The extensores pollicis arise from the middle of the ulna

and are inserted, one into the metacarpal bone of the thumb, and
one into each of the other bones of the thumb and extends all the
joints.

91. XII.—Muscles of the Lower Extremities.
1. Muscles which move the thigh.

(a) Thepsoas magnus (a fig. 65)arises from the frontside of thebodies
and transverse processes of the lumbar vertebras, runs across the pel-
vis to the os pubis, binds over the anterior edge of this bone, and is
inserted into the trochanter minor of the femur. It brings the thigh
forward.

(b) The iliacus internus (b fig. 65) arises from the whole internal
surface of the wing of the ilium. Its fibres converge, become tendi-
nous, and unite with the tendon of the psoas magnus. Its action is
therefore the same as the psoas.

(c) The gluteus maximus (13, PI. I.) arises from the external sur-
face of the sacrum and coccyx and the lower external surface of the
ilium, and is insertedinto theupper part of the linea aspera fora third
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V the length of the thigh. Its
use is to straighten the thigh
and drawit backward. But as
important an office is, in con-
nexion with other muscles, to
eupport the body in an erect
position on the lower extremi-
ties.

(d) The gluteus tnedius (12,
PI, I.) arises from the outer
surface of the spine of the ili-
ani and is inserted into theback
part of the trochanter major,

carries the thigh outward and
Also turns the toes outward.

(c) The gluteous minimus
Arises from that part of the ili-
nm contiguous to the acetabu-
lum, and is inserted into the
*ront side of the trochanter ma-
jor. The effect of this muscle
is to turn the thigh so as to
carry the toes inward.
(/) The triceps adductor

arises from the upper and front
part of the os pubis, by three
heads, and is inserted into the
whole length of the linea as-
pera. It rotates the thigh, and
brings it inward.

(g) The obturator externus
arises from the large foramen
in the os ischium, passes under
the neck of the femur, and is
inserted into the inner and back

Fig. 65.

a The Psoas Magnus muscie. b The ill*
acus internus. c One of the intercostal
muscles, d Part of the femur, c e The
bones of thepelvis.

part of the trochanter major. It rotates the thigh outward
2. Muscles which move the leg.

(a) The sartorius(11,PI, II.) arises from the upper and front part of
the ilium, winds obliquely to the inside 6f the leg, and is inserted into
the inner tubercle of the tibia. It bends the leg, and draws it obliquely
Inward.
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The next fourmuscles lie on the under side of the thigh, and their
office is to bend the knee.

(b) The gracilis (14, PI. I.) arises from the os pubis near its inferior
part.

(c) The semi-tendinosus (17, PI. I.) arises from the lower extremity
of the ischium.

(d) The semi-membranosus also arises from the lower extremity of
the ischium. These three muscles together with the sartorius, have a
common insertion at the inner tubercle of the tibia, by a common ten
don which forms the inner hamstring.

(e) The biceps cruris (16, PI. I.) arises from the lower extremity of
the ischium, and from the linea aspera near the insertion of the glu-
teous maximus, and is inserted into the outer tubercle of the tibia.
Its tendon constitutes the outer hamstring.

The remaining four muscles constitute the extensor of the leg.
(/) The rectus femoris (12, PI. II.) arises from the front part of the

ilium.
(g) The crureus arises from the trochanter minor.
(A) The vastusinternus (13,PI. II.) also arises from the trochanter

minor.
(i) The vastus externus (14, PI. II.) arises from the trochanter

major.
These four muscles unite in one great tendon which is inserted into

the patella. A short tendon connects the patella with the tibiawhere
the power is to be exerted.

3. Muscles which move the foot.
(a) The gastrocnemius (19, Plate I.) arises from both condyles of

the femur.
(6) The soleus arises from the tubercles of the tibia.
These muscles unite in a strong tendon (the tendo Achillis,21,pi. I.)

whichis inserted into the extremity of the heel (the os calcis.) (The
tendon is seen above, 3 fig. 42.) They extend the foot.

(c) The peroneus (20, PI. I.) arises from the head of the fibula. It
follows this bone to its lower extremity, passes through the channel of
the outer ankle, turns under the foot, and is inserted into the meta-
tarsal bone of the great toe. It extends the foot and presents the sole
obliquely outward.

(d) The tibialisposticus arises from the upper extremity of the ti-
bia, passes down on the back side between the tibia and fibula, turns
under the foot just back of the malleolus internus, and is inserted into
the middle of the underside of the foot. It extends the foot slightly
and presents the sole obliquely inward.
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(e) The tibialis anticus (19,PI. II.) arises from the head of the tibia
on the front side, passes down, forward of the malleolus internus, and
is inserted with the posticus. It flexes the ancle slightly, and turns
the sole inward.

4. Muscles which move the toes.
(a) Theflexor pollicis pedis arises a little below the head of the fib-

ula on the backside, passes behind the ankle-joint on the inside to the
bottom of the foot, and is inserted into the underside of the last bone
of the great toe. It bends this toe.

(b) Theflexor digitorumpedis resembles the flexor pollicis pedis till
itreaches the bottom of the foot, where it divides into four tendons
which are inserted, one into the last bone of each toe except the first.
It bends these toes.

(c) The extensorpollicis pedis (16, PI. II.) arises from the front
sideof the head of the fibula, passes along the bone to the ankle, then
under the annular ligament, and is inserted into the upper side of the
last bone of the great toe. It extends the great toe, and bends the
ankle.

(d) The extensor digitorumpedis (17,P1,II.) is like thepollicis pedis
till after it passes under the annular ligament, where it divides into
four tendons, which are inserted, one into the top of the last bone of
each toe, except the first. It extends the toes, and bends the ankle



PART II.

THE NERVOUS SYSTEM.

TP, CERVOUS SYSTEM INCLUDES THE BRAIN, SPINAL CORD,
NERVES, AND THE EXTERNAL SENSES.

ciu :er I.—of the brain, spinal cord, and nerves.

Section I.— The Brain.

I. The Enveloping Membranes of the Brain.
92. There is a firm membrane called the dura mater, whim

is closely attached to the interior surface of the cranium, and
may be regarded as an internal periosteum. In several instan-
ces the membrane is not attached continuously to the bone, but
leaves loose duplications, (F fig. 66,) by which the brain is
partitioned off in-
to separate por-
tions. One of
these folds is the
tentorium. It is a
nearly horizontal
membrane, arising
from the ridge at
the top of the pos-
terior fossa, thus
separatingthe cer-

Fig. 66.

A verticsJ, transverse sectionof the cranium, a The
idcuil. b The dura mater, c The arachnoid membrane.
F Tfce falx cerebri.

ebrum from the cerebellum. Another partition, which is called
Part II.—What is included in tSu* <f4tem ? Section I.—92. What are the three

membranes which enelose thebrain ■ ,'wcribe theduramater. Describe the three
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the falx cerebri, (1, fig. 67,) arises from the ethmoid bone,
Fig. 67,

1 The falx cerebri, f, 2 Two large reins by which
the blood isreturned ff«m the head. 3 The forehead.

follows along the
sagittal suture, and
becoming wider as
it extends back-
ward,terminatesat
thetentorium.An-
other much small-
er fold of the dura
mater, called the
falx cerebelli, ex-
tendsfromthe ten-
torium tothe mag-
num foramen.

93. The ar~
achnoid membrane
is an exceedingly

thin film, and is attached to the interior surface of the dura ma-
ter. It secretes a fluid in small quantity, but sufficient to keep
the surface moist, and diminish the friction occasioned by the
slight motion of the brain within the cranium.29

94. The fia mater is a thin but firm membrane not attached
to the arachnoid or the dura mater. It lies next to the brain,
dipping into its substance at the fissures, and forming the only
proper envelope of the brain.

II. General Structure of the Brain.
95. The brain occupies nearly the whole cavity of the

59 There is a constant secretion of this fluid and as constant an ab-
sorption of it, This membrane, in certain conditions of the system,
and particularly in childhood, is apt to takeon inflammation, when the
secretion becomes too abundant, and results in dropsy of the head
(hydrocephalus).
partitions of thebrain produced by the dura mater. 93. Describe the arachnoid
membrane. Whatit its office1 94. Desoribe the pia mater. 9*. Where is the
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cranium. It is divided into right and left hemispheres, the falx
cerebri lying between them. The base of the brain is divided
on each side into three lobes, corresponding with the three de-
pressions in the base of the cranium. That portion which lies
in the posterior fossa and under the tentorium, is the cerebellum;
the remaining, and by far the largest portion, is the cerebrum.

96. The medulla oblongata, (fig. 68,) though not a part of

Fig. 68.

The medula oblongata.
a Thepons varolii.

the brain but of the spi-
nal cord, of which it is
simply a prolongation
above the magnum for-
amen, is situated within
the cranium. It contin-
ues of nearly the same
size as the spinal cord
for about an inch, and
then becomes enlarged
into a bulb (a) called
the pons varolii.

Fig. 69.

1,1 The integument of the head turned down
S, 2 The edgeof theremaining part of the cra-
nium, the upper part having been removed. 3
The dura mater. 4 The convolutions and an-
fractuosities of thebrain.

97. The external surface of the cerebrum presents numer-
ous irregular elevations, called convolutions, (4 fig. 69), which
brain situated ? State the divisionsofthe brain. 96. What besides the brain does
the cranium contain? Describe it. 97. Describe the external surface of the
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are separated by depressions, (anfractuosities.) These depres-
sions are better seen in the horizontal section, fig. 70, and are

Fig. 70.

Ahorizontal section of the cranium and cerebrum. 1,1 The cranium. 2, 2 The dura mater. 3, 3 Thecineri-
lious substance of the cerebrum. 4, 4 The raedullary
substance. 5, 5 Thelateral ventricles of the brain.

produced by folds
of the pia mater
dipping down foi
half an inch or ra-
ther more into the
substance of the
brain.

98. The two
hemispheres of the
cerebrum are con-
nected by a white
fibrous substance,
the corpus callos-
um, (e, fig. 75,)
situatedbelow the
falx cerebri. Its
fibres run trans-
versely, as seen at
dedfig. 71. Be-
tween the corpus
callosum and the
base of the brain

are five cavities called ventricles, the larger two ofwhich are seen
at 5, 5, fig. 70.

99. The brain is composed of cineritious and medullary
The first is a dark, ash-colored, pulpy mass, the

other is dense, white, and fibrous. In the cerebrum the cin-
eritious substance is exterior, (3, 3, fig. 70,) lying immediately
under the pia mater, and following it wherever depressions of
that membrane occur. The medullary substance (4, 4) consti-
Drain. 98. Howare thehemispheres of the brain connected. Describe the corpus
callosum and theventricles. 99. Of what is thebraincomposed 7 Describe these
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tutes the central portion of the cerebrum. In the medulla
oblongata the cineritious portion is central and the medullary ex-

Fig. 71.

Ahorizontal sectionof thebrain at ahigher level than
*.he preceding section, a b c The medullary substance.
f The cineritious portion, ded Thecorpus callosum:

III. Functions of the Brain.

Fig. 72.

A cross section of the
spinal cord. The dark
portions represent the
cineritiousportion. The
cineritious portion is
found in the centralpart
of the medulla oblongata
also.

terior, (fig. 72.)
In the cerebel-
lum the two sub-
stances are ar-
ranged in concen-
triclayers,giving,
when a vertical
section is made,
thebranching ap-
pearance (seen
above b c in fig.
75) called the
arbor vita.

100. The brain is apulpy mass, distinguishable into parts by
differences in color and structure, but it has not, like the skel-
eton, the muscles, or the eye, such a relation of parts that we
can see theiradaptation to the offices which they perform. The
care, however, with which the brain is protected, the amount of
blood with which it is supplied, and the connexion existing
twosubstances. How are they situated in the cerebrum. In the medulla obloa
gata. In thecerebellum. 100. What reason have we forsupposing that the brain
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pctween the health or disease of the brain, and the proper or
disordered action of other parts of the system, lead us to believe
that it has a highly complex and perfect organization. But the
most accurate examination of its intimate structure has thrown
no light upon the mode of its operations. We cannot, there-
fore, as we can in most other parts of the system, study its
organization, and from this infer its functions. These we are
left to determine simply from the phenomena which it exhibits.30

These phenomena justify us in regarding it as a repository of
power and as theorgan of the mind.

101. The brain does not, so far as we know, originate any
of the forces of the system, such as those upon which digestion,
the circulation, and other phenomena of life, depend. But,
however these involuntary forces are originated; it is a repository
of them; it appropriates and controls them. Hence when the
brain is diseased these phenomena of life are more or less dis-

30 This we ought to expect from the peculiarity of its functions.
Considering it as the organ of the mind, what possible adaptation can
we conceive ? It is conceivable that beings, in other respects like us,
should have been created without hands, (or any other important or-
gans would serve for illustration), and they would be able to form
some idea of the kind of organization which would be necessary to fit
us for prehension, just as we can study out the best construction of a
loom, or a steam engine. But a statement of the question as to the
organization adapted to the operations of the mind, makes the thing
at once ludicrous. What organization, for instance, would be a suit-
able one to enable the mind to have the feeling of pain, or the percep-
tion of form or color.

The relations of mind to matter—the way by which they affect each
other—are so completely beyond the comprehension of man, with his
present capacities, that it is only surprising that the idea should ever
have been entertained of discovering, in the organization of the brain
any adaptation to its functions.

is a highly organized substance. Can we from a study of its organization deter-
mine its functions. In what way are we to determine its functions.' What are
they 1 101. Is the brain the source of power 1 What agency has it in reference
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turbed. The brain does not, however, exert this control by
means of the mind. These actions are removed from the con-
trol of the mind, and such removal is essential to life; for the
mind requires rest and sleep, and all the operations which
depend upon it must, during this suspension of mental activity,
be suspended.

102. But the most important function of the brain consists
in its being an organ of the mind.31 This, in fact, embraces
three functions, for the mind may bo acted upon by external
objects, it may act upon them, or it may be active with its own
ideas, without reference to its relation to external objects.
That is, the brain is the organ of the mind in sensation, in voli-
tion, and in reasoning.

103. The brain is the organ of the mind in sensation. The
mind is acted upon by external matter through the agency of
the senses. We can trace the operation of physical agents,
such as light, odors, etc. till they have reached, through the
appropriate organs, the nerves of sensation, when the mind
comes at once to the sensation and perception of the external
object. If the nerves which connect these organs of sense with
the brain be impaired, this state of mind does not follow. We
may therefore regard the brain as the organ of the mind in

31 The preponderance of facts compels us to come to this conclusion,
though there are remarkable cases of injury to the brain, without
permanent, and often without temporary derangement of the mental
operations. Thus, the skull may be broken, or parts of it shot away,
and a large amount of brain removed without producing idiotcy or in-
sanity. In Vermont, a few years since, a rod of iron of an inch in
diameter, and two feet long, was driven by the unexpected discharge
of gunpowder, through a man's head, entering the face and coming out
near the top of the head on the opposite side, and yet the man recov-
ered both his health and hisreason.

to the forces of the system. 102. What is the most important function of the
brain? What three objects does it accomplish as such. 103. How far can we
trace the operation of physical causes in producing sensations. Can we see in
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becoming aware of the existence andacquainted with the proper-
ties of external objects.32

104. The mind cannot affect external matter directly.
Whatever effects it produces are the result of contraction and
relaxation of the muscles. The power is not, however, in the
muscles themselves; for if the nerves which connect them with
the brain be severed, the muscles are no longer capable of con-
traction and relaxation. It is equally true that the power does
not consist in the mind, the will; for after we have put forth
power for a limited time we become exhausted, and when this
exertion has been continued long enough, the most vigorous
efforts of the will fail to cause contraction and relaxation of the
muscles; the power which the mind had before controlled is
spent. When sufficient time and other means have been fur-
nished for replenishing the available vital force, the mind again
possesses power over the muscles. The brain is then the means
by which the mind manifests its volitions in producing muscular
motion.

105. By means of the senses we obtain the ideas of color,
32 This inference rests upon the fact that whenever we can trace

these physical causes up to the brain, this also being in a healthy
state, the next thing of which we are aware is a certain state of mind.
The brain lies between the organ of sense (as the eye, for example)
and the mind. Hence, we must regard the brain as essential to the
result—as having something to do—as part of the machinery. In
what way it is essential is a matter in which we are, and must remain,
profoundly ignorant.

It is proper here to remark that this is not a case standing by itself
in any important respect. We know as little why fuel will burn, or
any other phenomena take place. We can establish the conditions of
combustion and see the event follow. Why such event follows such
conditions, we know not; and we are compelled to regard the result as
always the direct work of uncreated power.
what way the brain operates in producing sensations 7 104. How does the mind
aft'ect external objects? Is the power in the muscles 7 Is it in the mind? How ii
this proved 7 Whatagency has the brain in reference to this power7 108. How
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form, weight, taste, sound, etc. These primary ideas suggest
necessarily others, such as that of our own existence, of a mate-
rial world, of a First Cause, etc. All these ideas are variously
connected with emotions, such as pain, delight, gratitude, aver-
sion, etc. These ideas are the furniture which the mind
receives directly and indirectly from the external world. AH
these ideas we can recall, compare, and reason upon. These
operations of reasoning proceed to a certain extent in a uniform
manner. There is a great diversity, but still there is what we
call a rational state of mind, in opposition to one which we
should call insanity. The mind reasons in a uniform manner,
obeys certain laws in its mental processes, unless the brain has
suffered injury. In a diseased or mutilated condition these
operations become irregular, and the person is insane. Insanity
is a diseased condition of the brain. In thereasoning processes
of the mind we may, therefore, consider the brain as the physi-
cal agent.

106. Such are the general functions of the brain, or per-
haps we should say, the brain and spinal cord. It is not
necessary for our purpose to inquire as to the special functions
of particular parts of the cerebral system, since we may, with-
out such inquiry, learn its general functions, and the practical
rules to be observed in reference to it.

107. The first principle of practical importance is that
the brain, in order to perform its functions properly, must be
exercised. The same principle which governs the other parts of
the physical system should govern the brain. It is as natural
for the child to think as it is for him to play, and the fact that
both promote his happiness is proof that both are proper and
necessary for him. Indolence of the brain, like indolence of
the muscular system, may, however, from circumstances, become

do we obtain the ideas of color, form, etc7 What other ideas do these suggest 7
What use do we make of these ideas 7 In these reas< ning processes, how is it
shown that the brainis the physical agent. 107. What is the first condition in or
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a habit. It is the restlessness, the absence of enjoyment thus
relinquished which, in a large proportion of cases, drives the
individual to seek the stimulus of intoxicating drinks. But the
teaching of nature is to employ the brain in thought, and thus
escape the necessity of such stimulants.

This natural tendency to think will, when properly guided, as
certainly develop the mental faculties as proper use of the limbs
will develop bodily strength. To do this is the main objectof
general education. In order to guide this tendency aright, it
should in the first place be allowed scope; it should not be
repressed. And hence the inquisitiveness of children, even if
it be sometimes troublesome, should be allowed a wide range,
and should often be stimulated. The gratification of this
curiosity and inquisitiveness is the reward of effort by which our
Creator would stimulate us to new effort.33 In the second
place, the brain should be allowed the necessary relaxation, so
as not to become exhausted, and thus awaken a dislike for
renewed effort. In the third place, its exercise should be
varied within certain limits, so as to give diversity of occupa-

33 This reward always follows effort. The complaint often made by
scholars that their studies are uninteresting, generally rests upon the
fact that the studies have not been attended to, with sufficient care.
The truths have not been comprehended. Everything of the nature of
mental acquisition must, from our constitution, give us pleasure. Not
that it will give every person the same degree of pleasure, for there
are obviously different susceptibilities topleasure—and thereare diver-
sities of taste, so that equally susceptible persons will enjoy different
kinds of mental occupation very differently. The general principle,
however, is still sustained, that knowledge always pleases, and it is the
observation of all teachers, that those who apply their minds with the
most assiduity, are the ones who most enjoy theirstudies.

der that thebrain properly perform iti functions 7 What is the natural inducement
to exercise the brain? (that is, to think.) To what physical evils does neglect of it
lead? For what was thistendencytoexercise the brain given us? What are the three
rules by which it should be guided ? What advantagedoes the brain receive from
special 'raining. Will it increase the volume of the brain 7 Oive instances is
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don, and yet not so much or so frequently as to discourage con-
tinuous and earnest application.

But besides a general activity of the brain, it is possible to
give it special skill. It is like the enlargement of the muscles
to fit a man for any particular employment. Perhaps the exer-
cise of the brain will not increase its size, but it is certain that
it will increase its power in any given pursuit. We see thi?
increase of power in the salesman, the accountant, the police-
man, the enthusiast in any employment. This is a prominent
object of professional education.34 The brain is as subject as
any other physical organ to that wonderful law of habit; it
acquires skill, power, and ready obedience to the will by effort
continually repeated. 35

34 In many respects a general and professional education are the
same thing. It isnot possible to train and discipline the mental pow-
ers generally, without doing something towards preparing the individ-
ual for professional success. Nor is it possible to confine the attention
to strictly professional study without increasing generally the mental
powers. It is true also that facts must be learned in both general and
professional study. Still, there is the broad and important distinction
between general, and professional education, that the one proposes the
general discipline of man as a thinking being, and the other proposes
a special discipline, as a preparation ofhim for a limited and prescribed
course of life. To confine education to the first, would be like securing
a large muscular development, while the individual is ignorant of any
of the processes of useful physical employment. To limit education to
the last would be analogous to training an individual to the intricate
processes of a difficult trade, when he has not general muscular power
enough to make his skill of any avail. This'danger is very great, to
young men in this country, of hastening too rapidly from general
study, to professional study. They always regret, in later life, that the
foundations of their education were so slender, but the regrets often
come when it is too late to apply a remedy.

36 Certain teachers who have been remarkably successful, have owed
their success to the tenacity with which they insisted upon frequent
repetition of lessons, review upon review, till the leading principles of
which special power Is acquired ? In what does this special training consist
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The brain may also be overworked. It is probable that
by the action of the brain there is a disorganization, to some
extent, of its substance, as there is in the muscles by their
action. But, whether this be so or not, there is evidently some
physical state of the brain, induced by too prolonged activity,
which unfits it for longer continued effort until, time has been
given for Reparation. This state is indicated by a disposition to
knit the brows, more or less of pain in the head," andsense
of fatigue. These are intimations from our constitution that
rest is necessary and ought not to be disregarded. The toe
ambitious student, or the too eager business man who disregards
these indications, will inevitably suffer the penalty in latex
years. . .

To defer this period of weariness, resort is not unfrequently
had to artificial stimulants ; and they may have this effect, but
it is an obvious disregard of a natural warning of the exhausted
condition of the system ; to silence the warning of danger while
the danger is not only present but increasing, must be both
unwise and unsafe.

108. The exercise of the brain depends not merelyupon the
will. There must be general physical health and the observance
of those conditions by which general health is preserved. Spe-
cial importance is, however, to be attached to the preparation of
the blood, of which a much larger amount is sent to the brain,
in proportion to its size, than to any other organ.' For if the
blood is impure it operates directly in proportion to the extent
of the impurity, to bring on inactivity of the brain, and finally
utter prostration and stupor. The preparation of the blood
depends upon its being properly subjected to the action of
a branch of study are ground into the mind, so that they can never
be forgotten.

To what danger is the brain liable ? What effect does activity of the brain pro.
duco in the brain? Hiw is this state indicated ? Howmay this period of weari-
less be deferred ? Why should it \>ot be? 109. What besides the will dees ft*

5
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oxygen in the lungs, that is, it depends upon the quantity and
purity of the air we breathe. Hence, sleeping-rooms, school-
houses, and workshops should, wherever it is possible, be large
and, in all cases, well ventilated. The subject of proper ventila-
tion should be specially attended to inchurches and other rooms
intended for the accommodation of large audiences.

109. Cases occur in which the brain has a naturally exces-
sive activity. If this is not of itself disease,it is always liable to
terminate in disease. Children ofmore than ordinary capacity,
especially if there is an obvious precocity of intellect, should not
be stimulated to exertion, but should be held to some extent in
check, and their attention should be turned, not, however, in
such a way as to attract the notice of the child and make him
aware of the purpose, to a large amount of physical effort, and
in the open air. This is more important, because this predomi-
nating development and activity of the brain is most frequently
found in children of a generally weak physical organization and
ofscrofulous tendencies.

110. The successful intellectual activity of the brain
depends in a great measure on the predominant emotions. No
person can think vigorously and reliably with a habitually
desponding and melancholy temperament. Such a state, if
prolonged, is a diseased one, and is to be treated as such. Our
Creator has established a generally hopeful tendency in the
healthy mind. It is only when buoyant emotions are prevalent
that the brain can be active withoutleading to a morbid, unsocial,
morose, and perhaps insane condition of the mind.
exerciseof the brain depend upon? Whyis purebloodnecessary ? What does the
properpreparation of the blood depend upon ? Whatpractical rules does this sug-
gest? 109. Can the brain have anactivity toogreat to consistwith health? Whal
raution does this suggest? 110. What is the last condition of the proper exer
cise of thebrain 1
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Section II—The Spinal Cord.
111. The spinal cord is the continuation of the medulla

oblongata from the magnum foramen to the sacrum. It is
divided by deep fissures in front and behind, (2, 2 fig. 73,) into
right and left halves, and, by slight depressions on the sides,
into anterior and posterior portions. The central portion is
composed of cineritious substance, (see fig. 72,) as in the me-

Fig. 73.

1 The spinal cord. 2, 2The depressions on the
front and back sides.
3, 3 The spinal canal.
4, 4 The membranes ex-
tending to the sides of
the canal by which the
cordis supported.

Fig. 74.
3 2 12 3

1 Thespinal cord. 2, 2 Thepia mater. 3, 3 The
ligaments by which the spinalcord isretained in its
place. 4, 4 Points by which the ligaments are at-
tached to thewallsof the spinal canal

dulla oblongata and the exterior of medullary substance. The
dura mater and arachnoid membrane form a lining to the spinal
canal. The pia mater forms a sheath which encloses the spinal
cord. This cord is smaller than the canal in which it is en-
closed. The space between the cord and the sides of the canal
is filled with a fluid secretion from the arachnoid membrane,
and the cord is retained in its position by folds of the pia mater,
(3, 3 fig. 74,) which are prolonged at points, (4, 4,) so as to be
attached to the sides of the spinal canal.

Suction 2.—111. Describe the position of the spinal cord. Its divisions. Its
composition. Its membranes. The meansby which it isretained in itsplace
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Section III.—The Nerves.

112. The nerves are small white cords which pass out in
pairs from the brain and spinal cord and spread themselves
through every part of the body. Like the spinal cord, they
are composed of cineritious and medullary matter, and are
enclosed in sheaths, which are formed by extension of the three
membranes which enclose the brain.

I. The Cranial Nerves.
113. There are nine pairs of nerves which pass out through

the cranium:
(a) The olfactory, (1 fig. 75,) arises from the fissure

Fig. 76.

Alongitudinal and vertical section of the brain, and a side view of the medullaeMongata. a a a The cerebrum. 6 The cerebellum, c d The spinal cord. Themedulla oblongatais its extension upward, e The corpuscallosum. 1 Theolfac-tory nerve. 2 The optic nerve. 3 Themotoroculi. 4 The trochlearis. 6, 6', 6".The trigemini. o The abductor oculi. 7' The auditory nerve. 7 The facialnerve. 8 The glosso pharyngealnerve. 8' Thepar vagum. 8" Thespinalacces-sory nervs 0 The hypo-glossal nerve. 10, 11, 12 Spinal nerves.

Section 3.—112. Describe the nerves. Whatis the first class ofnerves? 113. Des
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between the anterior and middle lobes of the brain. It passes
out by several fasciculi, through the perforations inthe ethmoid
bone, and is distributed to the different parts of the nose.

(b) The optic nerve, (2,) arises from the middle lobe, and
enters the orbit of the eye through the optic foramen.

(c) The motor oculi, (3,) arises just in front of the pons
varolii, enters the orbit though the foramen lacerum superius,
and is distributed to most of the muscles of the eye-ball.

(d) The trochlearis, (4,) arises from the side of the pons
varolii, enters the eye at the foramenlacerum, and is spent upon
the superior oblique muscle of the eye.

(c) The trigemini, (5, 5', 5",) arises from the pons varolii,
a little below the origin of the trochlearis, by three roots, and
passes out of the cranium by three branches through the lacer-
ated,round and oval foramina. It is distributed to the ball of
the eye, to the eyelids, to the interior of the nose, to the gums
and teeth of the upper and lower jaws, to the tongue, and to the
ear.

(/) The abductor oculi, (6,) arises from the anterior portion
of the medulla oblongata, below the pons varolii, passes out
through the foramen lacerum, and is spent on the external
straight muscle.

(g) This pair consists of two nerves,30 the auditory and
facial, (7, 7',) which arise from the medulla below the pons

30 There is no reason why this pair should not be regarded as two
pairs, except the fact that they escape from the cranium together.
The auditory and facial portions are distinct in their origin, as will be
seen from the figure. They are different in structure, one being a
dense, firm nerve, and the other very soft. They are entirely different
in their distribution and functions. One goes to the face, and the other
to the ear. One is a nerve of sensation, and the other of motion.
The same might be said generally of the three portions of the eighth
pair. Accordingly, many anatomists represent the cranial nerves as
consisting of twelve, instead of nine pairs.
oiibe tin origin and distribution of the olfactory nerve The optic nerve, eta
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varolii. The auditory portion passes through the temporal
bone to the interior of the ear where it terminates. The facial
portion winds through the cavities of the temporal bones till it
escapes at the mastoid foramen. It is distributed to the face.

(h) The eighth pair is composed of three nerves, (8, 8', 8",)
the glossopharyngeal, which arises from the middle of the post-

Fig. 76.

1.1 The cerebrum 2,2 The cere-
helium. 3 The medulla oblongata.
3,4 The spinal cord. 5 The dorsal
nerves. 6 Thesacral nerves. 7 The
axillaryplexus. 8 Thelumbarplexus.

erior part of the medulla oblon-
gata ; thepar vagum, which arises
a little below the preceding ; and
the spinal accessory, which arises
from the posterior part of the spi-
nal marrow, for two or three inches
below the magnum foramen, and
passes upinto the cranium. These
three nerves pass out of the cra-
nium together through the for-
amen, between the occipital and
temporal bones. The first branch
is distributed to the tongue and
pharynx, the second to the lungs
and stomach, and the third to the
muscles of the neck.
(i) The hypo-glossus, (9,) arises

from the lower anterior portion
of the medulla oblongata, escapes
through the condyloid foramen of
the occipital bone, and is spent
upon the tongue.

II. The Spinal Nerves.
114. Thero are thirty pairs or

nerves which arise from the spinalr
(jOfd (fiff- 76.)> \ 6* */

{a) The sub-occipital nerve
What is the second class of nerves 7 114. How many pairs of spinal nerves ere
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escapes from the spinal cord between the occipital bone and
the atlas.

{b) The cervical nerves, of which there are seven pairs,
escape through the intervertebral foramina, below each cervical
vertebra.

(c) The dorsal nerves, of which there are twelve pairs, come
out from the spinal cord below each dorsal vertebra.

(d) The lumbar nerves, five pairs, escape below each lumbar
vertebra.

(e) The sacral nerves, of which there are five and often six
pairs, escape through the foramina of the sacrum.

115. Each of the spinal nerves arises from the spinal cord
to) two {K «, fig. 77 a,) one of which comes from the

Fig. 77 a.

a The spinal cord, b c Thetwo roots of which each spinalnerve
is formed, d The ganglion formed on each posterior root, e The
nerve after the junctionof the two roots.

anterior and the other from the posterior portion. The post-
erior root, ft, forms a ganglion, that is, an enlargement of the
nerve into an oval form, d, just after the nerve escapes from the

there? Give tl.s origin and each division of these nerves. 115. How do these
nerves arise from the spinal cord ? What is the peculiarity of eachposterior root'»
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Fig. 77 b.

General distribution of the nerves of the system.
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intervertebral foramen. At a little distance from the ganglion
the two roots unite to form one nerve, e, and every branch of the
nerve in its distribution through the body contains fibres of each
root.

The sub-occipital nerve and the first three cervical are dis-
tributed to the muscles of the neck and the integuments of the
head.

The four inferior cervical and the first dorsal nerves unite to
form the axillary plexus, (7, fig. 76,) (a network of veins, fig.
78, produced by division of
nerves into several branches,
and their crossing, re-cross-
ing, and interlacement,) from
which the nerves of the upper
extremities proceed.

All the dorsalnerves, (5,)
except the first, are distribut-
edto the muscles and integu-
ments of the back, thorax, and
abdomen.

The lumbar nerves, (8,)
form the lumbarplexus which
rests on the spine in the lower
part of the abdomen. This

Fig. 78.

A plexus ornetwork of nerves

plexus furnishes the nerves to the muscles and other parts con-
tained within the pelvis.

The sacral nerves form the sciatic plexus, which is situated
below the lumbar plexus and within the pelvis. It furnishes the
nerves to the lower extremities.

116. Such is the general distribution of the nerves of the
head and spine ; but throughout the system they interchange
How is the whole nerve finally formed? What are the nerves which supply the
neck and head ? How are the upper extremities supplied ? What is a plexus 1What is the distribution of thedorsal nerves ? What of thelumbar nerves ? Howare the lower extremities supplied ? 116. What is the effect of the interchangeot

6*
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filaments bo frequently that a common sympathy is established
between all parts of the body.

III. The Great Sympathetic Nerve.
117. This nerve, (fig. 79,) consists principally of a chain of

ganglions, situated on each side of the spinal column in the
neck, thorax, abdomen and pelvis. Three of these ganglions
are placed on the cervical vertebra, twelve on the dorsal, five
on the lumbar, and generally three or four on the sacrum. The
ganglions are connected together by short nerves. Each spinal
and several cranial nerves send filaments to the ganglions. It is
then a system of ganglions connected together and to the gen-
eral nervous centre of the body at a large number of points, by
nerves; and from it arise at different points other nerves having
peculiar functions, and distributed to the lungs, the heart, the
arteries, and to the viscera of the abdomen.

IV. Functions of the Nerves.
The nerves may be divided, according to their functions, into

four classes.
118. (1.) Tlie nerves of special sensibility. These are the

olfactory nerve, which conveys only the impression of odors ;
the optic, which conveys only impressions of light; the lingual
branch of the fifth pair, which conveys only impressions of
savors; and the auditory, which conveys no other impressions
than those of sound.

Under peculiar circumstances these nerves may be affectedby
other means than those which ordinarily excite them. Thus,
there may be a sensation of light occasioned by a galvanic
shock. 37 There may be a sensation of distant thunder, or of
ringing of bells, or music, occasioned by a diseased state of the

37 For a similar reason, a person who has fallen upon his head, will
describe the sensation by saying that he " saw stars."

filaments between the nerves ? 117. Describe thegreat sympathetic nerve. What
is the distribution of the nerves coming from the great sympathetic 7 Into how
many classesare the nerves d.vided? 118. What are the nerves of special sensi
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head It is to be supposed in such cases that the nerve, by
unusual means, is brought into the same state into which it
would be brought by the presence of its ordinary stimulus.
The inference then is, not that the nerve is insensible to the
influence of other physical agents, but that it can convey to the
brain only particular impressions, those for which it is specially
fitted.

119. (2.) The nerves of general sensibility. The fifth pair,
or trigemini, with the exception of the lingual branch, is the
nerve of general sensibility to the organs of the senses. It can-
not convey the impression of odors, light, savors or sound. Its
action is, however, necessary in producing these impressions;
for when it is severed or injured, the nerves of special sensibility
lose the power of conveying their appropriate impressions.

120. The posterior roots of the spinal nerves are the nerves
of general sensibility of the body. These nerves convey the gen-
eral sensations of pressure, temperature, form, weight, &c. 38

There is another class of sensations referable probably to
these nerves and yet not with certainty. They implyparticulai
conditions of the body, and are in many cases of the nature of
overseers to notify us of our wants. Among these sensations
are those ofhunger, thirst, nausea, fatigue, and several others.

Besides these definite sensations there is an indistinct and
diffused sensibility depending upon the nerves. They may be
so active as to produce extreme excitability, or they may be so
inactive as scarcely to convey to the mind the impression of the
continuance of life, an absence of sensitive enjoyment. The

38 The mind always refers the sensations produced by these nerves to
the extremity of the nerves. Thus, a person whose limb has been am-
putated, will, when the remaining part of the nerve is affected, refer
the sensation ofpleasure or pain to the part in which those nerves ter-
minated, while the limb existed.

bility 7 Howare thosesensations accounted for, when there is no external object
correspondingwith the sensation7 119. What is the second class of nerves 7 De-
scribe the functions of the fifth pair. 120. What are the spinal nerves of general
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state intermediate between these two is the only one consis-
tent with health and efficiency ; one in which there is a feebly
observed but constant communication between the surface of
the body and the mind—such an amount of sensation as to
result in the general feeling of satisfaction and contentment.

These nerves also act the part of sentinels. We have seen
that they are most abundantly supplied at the surface of the
body, and it is from without that danger is mostly to come.
The pain which they cause when the surface is injured is both
the warning of our danger and themotive to attend to it. These
sentinels are in every part of the surface of the body, so that
the point of a needle cannot be put down where they will not
be found, and their warning is instantaneous, authoritative, and
generally proportioned to the danger. To realize their impor-
tance, we have only to reflect how constantly and seriously we
should be exposed to injury from burns, wounds, bruises, &c,
ifwe were deprived of this kind of warning.

It is true that these nerves may also sometimes be very
much in our way. Thus, in case of amputation or other surgi-
cal operation, much suffering necessarily results from the sensi-
tiveness of these nerves, without, so far as we can see, any
directadvantage. But, in the first place, the sensitiveness from
which we suffer under such circumstances has been the means
ofpreventing the necessity of such operations morefrequently,
and in the second place, this high degree of sensitiveness exists
only at the surface, so that such operations are less painful than
we are accustomed to suppose—the bones, muscles, and other
deepparts being very indifferently supplied with sensitive nerves.

121. These nerves are not essential to merely animal life
They may be severed so that the individual will be insensible
to any form of external injury, and not even know whether his
•eligibility 7 What are the functions of these nerves 7 What sensations arerefer
red provisionally to them7 Describe the diffused sensibility referable to them
How do these nerves act as sentinels7 Whyare they most abundantat thesur.
tace? In what respects are th»v an evil f How is thisevil counteracted 7 141.Are
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limbs are connected with his body or not, except as he learns it
by the sense of sight, while he may yet possess perfectly the
power ofmotion, and while the appetite, digestion, and general
health are unimpaired. Cases have occurred which justify
these statements, and they have been proved by experiments on
the lower animals.39

122. There are some peculiar adaptations in these nerves
to the kind of sensitiveness required. Thus, the exposed part
of the eye is extremely sensitive to particles of dust, which, if
allowed to collect, would soon destroy its transparency ; but
sensitiveness to violent injury would answer no good end, and
accordingly hard pressure upon the eye—and even piercing it,
in operation for cataract—is not very painful. In like manner,
the muscles of the iris are sensitive only to light; nor are they
sensitive to light thrown upon them, but to light admitted into
the eye, the object being to graduate the quantity of light
which the eye receives. In accordance with the same principle,
the brain, which could receive no protection by a high degree
of sensitiveness, is nearly insensible, so that considerable por-
tions of it have been, in some cases, removed without producing
pain.

There is another adaptation seen in the sensitiveness varying
with the need for it. The bones, cartilages, tendons, &c,
have ordinarily but little sensitiveness, but when inflammation
takes place in them they become painful in the extreme. It is
only when they are in a diseased condition that susceptibility to
pain could do us any good. Its severity is proportioned to the

39 There was a person in London, some years since, in whom, on one
side of the body, the nerves of sensation alone were perfect, and on
the other side, the motor nerves, and those alone, were capable of per-
forming their function.

these nerves absolutely essential to animal life 7 122. Give instances in which
the'nerve,by the kind of sensation that it can convey,is adapted to the wants
if the part to which it is distributed. Show how the variations of sensitive*
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urgency of the case, for these deep-seated inflammations are
always of a more serious character than the superficial ones.
On the same principle any part becomes specially sensitive
under inflammation, in order to compel us to care for it while
it needs care.

Of a somewhat similar character is the relation of the
nerves of sensation to those of motion, when under the influence
of intense cold. When any part is in danger of freezing, the
sensitive nerves occasion severe pain, and we are thus admon-
ished of our danger. But while the nerves of motion still
retain their power, and there is therefore a possibility of
making farther efforts to secure our safety, the sensitive nerves
lose their power. The cessation of the pain frees us from the
continuance of suffering, while by the change it again warns us
that there is still a last chance ofsafety.

123. (3.) The nerves of voluntary motion. Four pairs of the
cervical nerves are connected with the voluntary motions. The
motor oculi, the trochlearis, and the abductor oculi govern the
motions of the eye, and the hypoglossus governs the motions of
the tongue.

The anterior roots of the spinal nerves are the source of all
the other voluntary motions of the system. Although there is
this distinction of functions between the anterior and posterior
roots of the spinal nerves, yet they sustain a most intimate rela-
tion to each other. The anterior roots are the means of com-
munication between the organ of the mind and the muscles, by
which motions are produced, while the posterior roots are the
means of communication between the muscles and the organ of
the mind. A common form of expressing this relation is, that
the nerves of motion carry the mandates of the will to the mus-
cles, and the nerves of sensation convey back to the mind a
ness are an adaptationto the wants of the system. How are the different capahili.
tiesof the nerves of sensation and of motionto resist the effects of cold aprovision
for our protection? 123 What is the third class of nerves ? What are the cranial
nerves of this division and what motion* do they control J What are the spina]
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knowledge of the condition of the muscle; they inform the
mind whether or not its mandates have been obeyed. Thus the
circuit is completed when it commences at the brain. At other
times it may be regarded as originating in some circumstance
exterior to the body, a knowledge of which is conveyed to the
mind by the nerves of general or special sensibility, and the
mind controls the muscular action as the knowledge communi-
cated may render desirable.

124. (4.) The nerves of involuntary motion. The nerves
which control the involuntary motions of the system are the
facial portion of the seventh pair, the eighth pair, and the great
sympathetic nerve.

The facial nerve is the one upon which depends the expression
of emotions in the face, such as joy, grief, fear, anger, revenge,
&c. These motions of expression may, by long practice, be
brought, to some extent, under the control of the will, so that
when the emotions exist they shall not be depicted in the face,
or so that there may be expression of themin the face when the
emotions do not exist. 40 But this control is generally very im-

40 It has, however, been said that some actors have obtained so com-
plete control over this nerve, that they could not only give the expres-
sion of any emotion at pleasure, but that, to some extent, they could
represent one class of emotions, by one side of the face, and another
class, at the same time, by the opposite side.

The aborigines of this country have great power, not in giving the
expression of emotions which do not exist, but in suppressing the ex-
pression of emotions which they do feel. Hence the comparison, " im-
passible as an Indian." They are said to have cultivated this power
from the desire to prevent Europeans from thus learning their wishes,
and taking advantage of them.

The vnwillingness which many person feel to exhibit their emo
tions is not natural, and can scarcely be justified. This susceptibility
was given us for wise purposes. Why should we be unwilling to show

nerves of voluntary motion? Describe the relation between the nerves of sense
tionand those of motion. 124. What is the fourth class of nerves 1 What nerves
belong to thisclass ? What are the funotionsof the facial nerve? To whatexten*
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perfect. It is much easier to control the emotions than to con-
trol the natural expression of them when they arise. Hence it
is that actors strive to awaken the emotions in their own mind
which they wish to represent, and allow the natural expression
of them in the countenance, rather than attempt to give the ex-
pression of them when they do not exist.

The three parts of the eighth pair of nerves have separate
functions. The glosso-pharyngeal directs the motions of deglu-
tition ; the par vagum seems to act in conjunction with the
great sympathetic ; and the spinal accessory directs those invol-
untary motions of the neck and shoulders which take place
in coughing or sneezing.

We have seen that the great sympathetic is intimately associ-
ated with the other portions of the nervous system by numerous
filaments. It, however, seems to be, to a great extent, a sys-
tem of independent nervous influence. The nerves which
it gives off become associated with the branches of the par
vagum, and together they form sheaths ofnervous matter around
the arteries; they also collect in plexuses on the heart, the dia-
phragm, the stomach, the kidneys, &c, to all which organs
they supply the requisite nervous influence.41

proper emotions ? and why should we not allow upon ourselves, this
check against improper emotions? This involutary manifestation of
emotions is one of the most pleasing elements of social life, while it is
also a safeguard against injury, because it is the natural warning
which excited passion always gives. We are most charmed by those
whose emotions are strongly painted in the face, but we are always
suspicious of the person who cankeep his emotions to himself.

41 A fifth class of nerves, is'generally introduced, which preside over
the respiratory movements. As this motion is both voluntary and in-
voluntary, it is controlled by both kinds of nerves. The involuntary
may these motions become voluntary7 What easierway to avoid or exhibit the
expression of emotions 7 What ise doactors makeof this fact7 What is the dis-
tributionand officeof each nerve of the eighth pair 7 To whatextentis the great
sympathetic connectedwith th» otherportionsof the nervous system 7 With what
areits branchesassociated 7 What is their distrit Aw *ndoffice.
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CHAPTER II.—OF THE ORGANS OF THE SENSES

Section I.—The Sense of Sight.

125. The structure of the organ of sight may be considered
in reference to its external and internal parts. 1st, the external
parts. The orbit of the eye is a deep cavity, situated in the
upper part of the face and directly under the anterior lobe of
the brain. The ball of the eye is lodged in the orbit, but does
not entirely fill it. The space between the ball and the orbit is
filled with muscles and adipose substance. The muscles and
their action have been described in Art. 81. The adipose sub-
stance serves to fill up the irregularities of the orbit and as a
cushion for the ball.

The front part of the eye, so much as can be seen by lifting
the lid, is covered by a very delicate membrane, the conjunctiva,
which possesses extreme sensibility to the presence of minute
foreign particles upon the surface, and is therefore an important
protection to the eye in maintaining its transparency. The eye
is farther protected by the lids, at the edges of which as a cur-
tain, are attached cartilages, which keep the lids in form, and
serve for the attachment of the muscles to open and close them.

The lachrymal gland, (1, fig. 80,) about the sizeof an almond,
are always active, yet the voluntary nerve can, for a short time,con-
trol the action. Sir Charles Bell who first proposed this as a distinct
division, also noticed a peculiarity in the origin of these nerves, name-
ly that they take theirrise in theupper part of the spinal cord from a
lateral portion, intermediate between th% voluntary and involuntary
portions of the cord, as if the two had here blended into a common
tract, for the purpose of giving to the nerves from this portion, this
double character.

Chapter II. Section I.—125. What are the external parts of theeye ? Describe
the orbit? What besides the ballof the eye does it contain ? Describe the muscles
ef the eye. (See Article81.) What is the conjunctiva? Whatis its office 1 Des.
eribe theeyelids. By what muscle is the upperlid raised ? By whatmuscle is the
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lies in the upper outer part of the orbit, and furnishes, by several
Fig. 80.

1 The lachrymalgland. 2 The ducts
by which its secretions are con-
veyed to the eye. 3, 3 The puncta
lackrymalia. 4 The lachrymal duct.

ducts, (2,) a fluid secretion which
is spread over the eye every few
seconds by the motion of the lids.
Its object is to prevent friction
by the motion of the lid, to keep
the surface moist, and to wash
off whatever may have fallen up-
on it. This fluid collects finally
at the inner corner of the eye,
and is taken up by two capillary
tubes, the puncta lachrymalia, (3,
3,) and by them conveyed to the
lachrymal duct, (4,) and is thence
discharged into the nose.42 The
current of air passing through

the nostrils will generally cause the evaporation of whatever
moisture is thus thrown into the nose. In a diseased condition
of the eye, or fromparticular states of mind,43 this secretion may
be increased till the current of air does not take it up, or even
so much that it escapes as tears outside of the eye.

126. 2nd. The internalparts of the eye. The ball of the eye

42 The lachrymal duct is lined with a continuation of the membrane
of the nose, and in case ofcolds, the lining is liable to become thickened
so much as to fill the duct. When it becomes permanently filled, a
small metallic tube may be inserted, and is found to answer the pur-
pose perfectly. When this is not done, the eye becomes inflamed, and
the sight is in danger of being lost.

43 This secretion is increased when any extraneous matter gets into
the eye, for the purpose of washing it out. Why it should be increased
by mental emotions, we do not know, yet such is the fact, and it is
certain, that in some way, it doos tend to mitigate the crushing in-
fluence of deep grief.

eye closed 1 Describe the lachrymal gland ? How is the lachrymalsecretion use
ful? How is it disposedof 1 What circumstances tend toincrease this secretiont
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is nearly a perfect sphere, with the exception of the protuberant
part (2, fig. 81) in front, which is a small segment of a smaller

Sectionof the Eye. 1 The scleroticcoat. 2 The cornea. 3 Thechoroid ooat.
6, 6 The iris. 7 The pupil. 8 Theretina. 9 The ciliary processes from thecho-
roid coat by which the crystalline lens is supported. 10 The anterior chamber of.
the eye. 11 The posterior chamber. 12 The crystalline lens. 13 The vitreous
humor. 15 The optic nerve. 18 Theartery of the interiorof the eye.

sphere than the body of the ball. The ball is supported in its
form by several membraneous layers.

The outermost is the sclerotica, (1,) a dense, opaque, mem-
brane, commonly referred to as the " white of the eye," which
forms an entire envelope for the eye, except a circle of about
half an inch diameter in front. This space, the protuber-
ant part of the eye, is covered by another membrane, the
cornea, which differs from the sclerotica principally in being
transparant. The iris (6) is a small membrane attached to the
anterior edge of the sclerotica. The circular orifice (7) in the
centre is the pupil. The iris is composed of circular andradiant
muscular fibres (figure, 82,) by which the pupil may be en-
larged or contracted, so as to increase or diminish the amount
of light admitted into the eye.

126. What is the shapeof the eye-ball 7 By how many layers or coats is the eye
surrounded7 Describe the sclerotica. The cornea. Describe the iris. What if
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Fig. 82.

A view of the iris,
showing the circular
muscular fibresaround
the pupil, and the ra-
diatingfibres reaching
to the circumference.

The second envelope is the choroid coat.
It is within the sclerotica, in contact with it,
and is terminated in front by a thickened
edge called the ciliary ring. The interior
of the choroid coat is covered by a black or
very dark pigment, the use of which is to
absorb any light which might otherwise be
diffused through the eye.44

The innermost layer is the retina. It is
formed by the optic nerve, which, after it

Fig. 83.

A Any point of a v»?;Me object from which rays come into the eye throughthe
pupil, 1, I, are converged principally by the lens 2, 2, and brought to a focus on
the retina at4. 3, 3 The vitreous humor.

passes into the eye, is spread out into a thin, delicate network,
lining the whole interior of the eye, and is the seat of vision

127. The eye is filled by three transparent substances, the
object of which is to concentrate the rays of light which enter

44 In imitation of this peculiarity of the eye, and to accomplish the
same object, it is the uniform practice to blacken the inside of tele-
scopes and other optical instruments.

.hepupil 7 What is the secondcoat of the eye ? In whatstate is the interiorof this
coat f What is theuse of this pigment 7 What is the third coat of the eye 7 Des
cribe theretina. 127. With what are these coats filled7 Doscribe thevitreous hu
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the eye The vitreous humor (3, 3, fig. 83) is in the posterior
part of the ball and occupies about four-fifths of its cavity. It
is very similar in appearance to the white of an egg, but it is
more viscid. The aqueous humor is a perfectly limpid liquid,
situated in the front part of the ball. The iris is suspended in
this humor and divides it into anterior and posterior chambers,
(10,11 fig.81.) The crystalline body (12) is a solid double-con-
vex lens, situatedbetween the aqueous and vitreous humors, and
is suspended in its position by filaments from the ciliary ring.
This lens increases in density from the circumference to the
centre, and the convexity of the posterior is greater than that of
the anterior face.

128. Light is the only appropriate stimulus of the nerves
of sight. If we consider separately the rays which come from
a single point of a visible object we shall see that they are neces-
sarily divergent. Those which enter the eye we may regard as
forming a cone, of which the point of origin, (A, fig. 83,) is the
apex, and the area of the pupil, (1, 1,) is the base. The ob-
ject of the refracting media45 of the eye is to bring all the rays
of this cone to a point at 4. The cornea first acts upon the
rays to diminish their divergence. The aqueous humor slightly
increases this divergence, but not enough to overcome the
effect of the cornea. In thisstate those rays which pass through
the pupil and fall upon the crystalline lens (2, 2) are made to
converge, and the convergence is so far increased by the vitre-
ous humor (3, 3,) that when they reach the retina they all fall
upon the same point, (4.) The retina, which is an expansion of
the optic nerve, and in which this point is situated, communica-

46 This is not the place to discuss the properties of light, and we
must assume that the general laws of the refraction of light are
understood.

mor. The aqueous humor. How isit divided ? Describe thecrystalline lens. 128.
What is the physical agent in producing vision1 Why are the rays of light diver-
gentas theyenter the eye ? What is the object ofthe refracting mediaof the eye?
What is the effect of each portion, and what is the final effect? When therevs of
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ting directlywith the brain, the sensation olf sight at once exists
in the mind. How the focus of light on the retina produces
sensation we can form no idea whatever ; we must receive it as
an ultimate fact. 48

It is a primary law ofvision that any point of a visible ob-
ject is seen in the direction of a straight line from its focus,
(4, fig. 83,) on the retina, through the centre (5) of the pupil.
All the points of a visible object from which light can reach
the eye will be represented by corresponding points in the eye ;
and these points on the retina, which, taken together, constitute
a perfect image of the object, will, when seen together, convey
to the mind a distinct idea of the object.

It is the object of this sense to convey directly only ideas of
the color of objects and their direction from us ; but indirectly
it becomes the most important of the senses, by giving us the
ideas of form, solidity, magnitude, distance and motion.

129. It is obvious that thehighest points ofan object (A, fig.
84) will be represented on theretina by the lowest points, b, and
the lowest points of the object by the highest points on the re-
tina—that is, the pencils of light will cross at the pupil, and the
image will be inverted. But the mind does not see the image

46 It is important tofix in the mind, that we can form no idea how
sensations are produced. We can trace the successive changes up to the
brain, but we find nothing which would lead us to expect the result.
When we examine the result, we see no reason why it should have
been produced by the light, nor why light should be necessary. The
study of nature, in every department, is continually bringing us to
these limits of human power, compelling us to feel that these are not
only unexplained facts but are, in their nature, inexplicable to be-
ings of our limited capacities, and leading us to recognize, in all our
investigations, the existence everywhere of an efficient Cause, which
can be only God.

light arebrought to afocus on the retina what is theeffect 7 How doesit produce
this effect1 What is thedirection in whicha visible point is seen 1 If we see onlj
pointshow dowe see any object 1 What ideas does the sense of sight giveus di
rectly ? What does it give indirectly? 129 Whywill the imagein the eye beis
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Fig. 84.

Aand B Two points of a visible object. The pencil of rays from each point if
brought toa separate and perfect focus on tho retina, and each point is seen inthedirectionfrom a orb through the centre of the pupil.

any more than it does the object. Each point in the retina
upon which the image is placed conveys to the mind an idea of
its true position as referred to the object. The point b is recog-
nized to be at A in accordance with the general lawabove given ;
the point a at B, and so of every other point, that is, objects,
are seen erect and not inverted.

130. Each point in one retina has a corresponding point in
the other, and these two points sustain by our nature such a re-
lation to each other, that when they are both acted on exactly
alike, that is, by the same object, they convey to the mind the
impression ofbut one object; but if, by a slight pressure of one
eye from its natural position, we cause the same object to be
represented on parts of the retina, which are not corresponding
parts, we see two objects, though there is but one. We there-
fore see objects single, though seen by both eyes, because they
affect corresponding parts in both retinas.

131. As the refraction of a ray of light depends in part on
the degree of obliquity with which it falls on the refracting sub-
stance, it will be seen that the outermost rays, (D D, fig. 85,)
verted ? Why thenis not the object seen inverted? 139. Why dowe see objects
singlewkb twoeyes? low may theeyebe soaffected thatwe shall see two Objects
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Fig. 85.

The ray AO passing through the centre of the lens is not refracted at all. The
rays B B are refracted somewhat, and come together ate. C C meet at h, and
D O are the mostrefracted, and come to a focus at is.

which come froma visible object, as they fall upon the lens more
obliquely will be most refracted. If the lens be ofuniform den-
sity and have a spherical curve, the outer rays will be brought
to a focus at n, nearer to the lens than those rays which are
more central. This is called spherical aberration. To obviate
it and bring the focus of all the rays at A,v the crystalline lens
is more dense towards the centre, in order to increase its refract-
ing power upon the more central rays. The peculiar form of
the curve of the lens on the back side also contributes to this
end.47

47 An adjustment is also necessary to prevent the effects of chro-
matic aberration, that is, to prevent the image on the retina being
colored, in consequence of the different degrees of refrangibility of
rays of light of different colors. This explanation requires a some-
what intimate acquaintance with optical principles. The eye is prob-
ably not absolutely achromatic. Whatever correction for this aberra-
tion is made, is due to the peculiar combination of solia and fluid lensea
in the eye.
when there is bu*> ono ? 131. What is spherical aberration ? How is it corrected

G
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132. There are two circumstances in connexion with
vision which are subject to constant variation, namely, the dis-
tance of the object and the intensity of the light; and the
eye has the power of adapting itself to these variations. The
amount of light admitted is controlled by the iris. After being
in a full light for a short time thepupil becomes so small by the
contraction of its circular fibres, that upon entering a partially
closed room we seem to be in utter darkness, so little light does
the pupil admit. But Very soon the radiant fibres of the iris
contract, the pupil enlarges, and enough light is received into
the eye to give us distinct vision, though the light of the room
remains the same. The object of the iris is to guard the retina
from injury by exposure to too intense a light, and hence the
muscles of the iris are not directly sensitive to light. It has
been proved by careful experiment that light thrown upon the
iris has no effect to contract the circular muscles, and the con-
traction of the radiant muscles is not promoted by screening
them from the light. It is the retina itself which, in some un-
explained way, reacts upon the iris to effect the contraction and
relaxation ofits muscles. Thus the control of these muscles is
given to the part which they are designed to protect.
If rays oflight come from two points, (a and b, fig. 86,) it is

Fig. 86.

The rays from b which fall upon the lens AA, are necessarily less divergentthai
those from the nearerpoint a. As they diverge less theywill require less bend
ing tobring them toa focus, orby the same bending they will come to a focus £'
nearer to the lens than a1 the focus of rays from a.

in theeye? 132. What are the two varying circumstancesto whichthe eye must
adapt itself? Howis the amount of light controlled 1 Does strong or weak light
control the action of the muscular fibres of the iris as it falls upon them ? How is
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obvious that those which come from the greater distanoe, &, will
have less divergence, and will therefore come to a focus (at b')
nearer the lens than those which have greater divergence. In
order that this more distant object be distinctly seen, the retina
must be brought forward from a' to b' ; and in looking at a it
must again be set back. The eye certainly possesses this power
of adaptation to different distances ; and it is probable that tho
action of the muscles may have the effect, in viewing distant ob-
jects, of slightly compressing the eye, so as to bring the retina
nearer to the pupil.

133. There are persons whose eyes are naturally so deep
that only those objects can be distinctly seen that are very
near : there are others in which the retina is naturally so near
the pupil that only very distant objects are distinctly seen. In
the first case, that of short sightedness, it is necessary to increase
the divergence of the rays ; hence concave glasses (fig. 87)

Fig. 87.

Acone of rays rendered more divergent by a concave lens a a, to remedy short
sightedness. Therays froma distantobject b, enter the eye with the same degree
of divergenceby the aid of the lens that they would if, without the lens, they
came from c. If the eyeis adapted to see distinctly an object at c without the
lens, it must alsobeadapted todistinctly see an object atb with the use of the lens.

must be used. In case of long sightedness y it is necessary to
diminish the divergence when near objects are looked at, and
therefore Convex glasses (fig. 88) are required.

134. There is sometimes an imperfection in some of the ap-
pendages of the eye, by which they cannot move in such a way
this action controlled ? Why should the size of the pupil be controlled by
the retina 7 Why is any adjustment necessary to see objects distinctly at
different distances? How is this adjustment made? 133. What is the form of
the eye in short sighted persons ? To remedy this defect what change must
be made 111 the direction of the rays coming from distant objects? How is
this change effected? What is the peculiarity of the eye in long sightedness 1
What glasses are required, and why 7 134. In what does squinting consist-
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Fig. 88.

A cone of rays rendered less divergent by a convex glass, to remedy
long sightedness.

that the corresponding parts of the two retinas shall be affected
by the same object. Sometimes one eye is weaker than the
other, and we insensibly turn it towards the inner angle to re-
duce the amount of light received. The first of these is squint-
ing, and the last is crosseye. In both cases there is double
vision; the two eyes convey different impressions of the same
object. The mind, however, soon accustoms itself to attend to
but one of the impressions. By shading the eye and directing
attention to its motions, crosseye may easily be cured. Squint-
ing can be cured only by a surgical operation, and this is not
always successful.

135. The sight is improved by practice, like every other or-
gan, but it requires care. There is no other organ more likely
to be overtasked. This may be by using it too continuously
without rest, or with too strong or too weak a light. Reading
at twilight is a very common way of inflicting injury upon the
eye. The evil first appears as a slight inflammation. If the
cause of injury is removed and rest is allowed, it may generally
be cured by frequent bathing of the eye in pure water,as cold as
it will bear without pain. Any other eye waters are generally
injurious, and should never be used, unless prescribed by a
judiciousphysician.
andhow can itberemedied 7 In what does looking crosseyed consist, and how is
it to be remedied 7 Do these defects of the eye produce double vision7 135. How
is the eye liable to injury? How should the eye under such circumstances be
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The eyeis also apt to sympathize with a disordered condition
of the general health. When this is the case the health and
not the eyes requires attention.

Section II.— The Sense of Hearing.
136. The organ of hearing consists of the external ear, the

ear tube, the tympanum, and the labyrinth. The external ear
(1, fig. 89) is a cartilaginous substance, situated around the ori-

Fig. 89.

The Ear. 1 Theexternalear. 2 The ear tube. 3 The membranatympanl. 4 The
tympanum. 6. The vestibule. 6 The cochlea. 7 Thesemicircular canals. 8
The auditory nerve. 9 The eustachiantube.

fice of the ear tube. It is probably useful to some extent in
collecting the vibrations of the air and directing them towards
the internal ear. Yet, in cases where the external ear has been
treated 7 How does the general health affect the eye 7 How should the eye then
be treated 7

Section II.—136. Of what does the organ of hearing consist 7 Describe theex
ternalear. How do thelower animalsdiffer from man in the form and use of the
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destroyed or is wanting, the delicacy of hearing seems not to be
sensibly diminished. In the lower animals the form of the ear
is more distinctly funnel-shaped, and is movable at pleasure, so
that it may be directed towards the objects from which sounds
come. There are muscles suitably situatedfor giving these mo-
tions to the human ear, but, either from neglect or otherwise,
these muscles are not under the control of the will.

137. The ear tube (2) is a cylindrical cavity extending
about an inch inward from the external ear. It is lined with a
membrane continuous with the external skin, and in this mem-
brane are situated numerous follicles from which the ear-wax is
secreted.

138. The tympanum (4) is a continuation of the ear tube
for about a third of an inch, and is separated from it by a thin
membraneous partition, (3,) the membrana tympani. The
cavity of the tympanum has therefore no communication with
the external air through the ear tube, but there is a long, fun-
nel-shaped tube (9) proceeding from the upper and back part
of the throat and opening into the tympanum. This is the
Eustachain tube,and serves to keep the air of the same tension
on both sides of the membrana tympani. The tympanum com-
municates with the labyrinth by two small openings in the bone,
of which the upper one is called the fenestra ovalis and the
lower one is the fenestra rotunda. These windows are closed

Fig. 90.

The bones of the Ear. 1 The malleus. 2 The incus. Just below the incus isthe smallorbicularbone. 3 The stapes.
external ear? 137. Describe the ear tube. 138. The tympanum. TheEustachian
tube. Howis the tympanum separated from the ear tube 1 How are the tympa
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by an extension over them of the common lining membrane of
the ear. Within the tympanum are four small bones, (seen
separately in fig. 90,) the relative positions of which are seen
in fig. 91. The first (the malleus) is placed against the inner

Fig. 91.

An ileal representationof theprincipalparts of the ear. A Thecar tube, separated
by a membrane from B, the tympanum, abed The smallbones of the tympan-
um, a Rests against the membrana tympani, and its position may be slightly
changed by the muscle/, d Rest against the membrane2 of the fenestraovalis.
3 Is the fenestra rotunda. C May be taken torepresent generally the labyrinth,
and D, the membranouslabyrinth, both filled with the liquorof Cotunnius.

Bum and labyrinth connected? Howdoes the memorana tympani connectwith the
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surface of the membrana tympani, and the other two (the incus
and os orbiculare) continue the connexion to the last (the
stapes,) which is placed against the membrane of the fenestra
ovalis They are so arranged as to form a compound lever,
and so connected with muscles (of which the muscle /, fig. 91
is the most important) that the two extremities of the lever are
exactly fitted at all times to theirrespective membranes.

139. The labyrinth consists of the vestibule, the cochlea,
and the semicircular canals. The vestibule (5, fig. 89) is a cav-
ity about equal in size to a grain of wheat, and situated imme-
diately beyond the fenestra ovalis. The anterior part of the
labyrinth is the cochlea (6). It is of a pyramidal form and re-
sembles a snail shell. Its spiral hollow makes two and a half
revolutions, and is separated throughout its whole extent, except
at its apex, by a lamina of bone. One division of the spiral
terminates at the fenestra rotunda, and the other opens into
the vestibule. The posterior part of the labyrinth consists of
the semicircular canals, (7,) which are three bent tubes, the
planes of which are situated at right angles to each other,
and which open into the vestibule. These parts, lined with
a delicate membrane, constitute the osseous labyrinth. Be-
sides this, there is a membraneous labyrinth, of the same form
as the osseous, (with the exception of the cochlea,) and lying
within it. The parts of the labyrinth, highly magnified, are
seen in fig. 92. The general relations of the several parts
of the ear (but not the form) will be gathered most readily
from fig. 91.

140. The auditory nerve, (8, fig. 89,) which is a portion
Df the seventh cranial pair, is distributed over the interior of
the osseous labyrinth, and over the exterior and interior sur-
faces of the membraneous labyrinth. The cavities of both

fenestra ovalis? 139. Of what does thelabyrinth consist 7 Describe thevestib lie.
The cochlea. Thesemicircular canals. Themembraneous labyrinth. 140. Give
the distribution ofthe auditory nerve. What is the object of the lining membrane
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Fig. 92.

The labyrinth distinct from thebone in whichit is situated, and highly ms gnified.
1 Thecochlea. 3, 3 Thespiral tubesof thecochlea. 2, 2 Thelaminaof boneby
which they are separated. 7 The vestibule. 8 The fenestra rotunda. 9 Thefenestra ovalis. 11, 12,13 The semicircular canals.

labyrinths are filled with a limpid, transparent liquid, se-
creted from the surface of the lining membrane, and called
the liquor of Cotunnius. It is not known how this secretion
contributes to the sense of hearing; but it is found that when
it is wanting deafness is the result.

141. The vibrations of the air enter the ear tube and
reach the membrana tympani. The motions which it receives
are transmitted, by the system of bones within the tympa-
num, to the membrane of the fenestra ovalis. The same
motions are also transmitted by the air within the tympanum
to the membrane of the fenestra rotunda. Thus the two mem-
branes which connect with the labyrinth are acted upon by
of the labyrinth 7 141. Describe the courseofthe vibrationsof theair tilltheyreach
the nerve. If the membrana tympani were destroyed how would the vibrations

6*
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the vibrations of the air, and communicate those vibrations to
the liquid of the labyrinth, in which the nerves of hearing
terminate.

Thus far we can trace the physical causes upon which hearing
depends. We know that these nerves must be compressed by
each vibration, that they extend to the brain, and that the im-
mediate consequence is hearing. But why this compression of
the nerve should be thus followed, or what effect the several
parts of the labyrinth have, is entirely unknown.

142. These vibrations of the air are produced by the vibra-
tions of some solid substance. Thus, if the string of a musical
instrument be drawn aside from a right line, and left to its own
tension, it will not only return to a right line, but the velocity
acquired will carry it nearly as far to the opposite side as it had
at first been drawn from its natural position. This oscillation
will continue for some time, and will communicate a vibratory
motion to the air. The same vibrations may be communicated
in various ways, as by a bell, the prongs of a tuning fork, the
springs of an accordeon, or the vocal cords of the larynx, &c.
It is these atmospheric vibrations 48 which are transmitted to
the auditory nerve, and convey the sensation of sound; for if
the vibrations of any sonorous body, as of a bell, be produced
in a bell-glass, from which the air has been exhausted, no sound
will be perceived.

143. It is, however, not essential that the medium of com-

48 What ever will facilitate the transmission of these vibrations, will
assist the hearing. Thus, a speaking trumpet, enables the speaker to
give greater force to the vibrations in a particular direction. In a
large room where many persons are talking, or where machinery is in
operation, the voice is scarcely audible, the vibrations are so much
interfered with. But by speaking through a continuous tube the
voice maybe sent to variousparts of abuilding and be heard distinctly.

feach the nerve ? How is the sensation of hearing produced 7 142. How are the
vibrations of t>» air produced? How is it proved that the air is the medium of
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municating them should be the air. Solid substances ate good
conductors. The tick of a watch held in the mouth will bo
scarcely heard till it is allowed to touch the teeth, when the
sound will become distinct. The earth, ice, and even water, are
good conductors of sound.49

144. The pitch of sound depends upon the rapidity of the
vibrations. The lowest tone, that is, the least number of vibra-
tions in a second which the nerve is capable of recognizing, is
about thirty-two ; and the greatest number, that is, the high-
est note, is about twelve thousand.60

145. In order that this sense be perfect, the whole appa-
ratus in a perfect state is required ; and yet the external ear
may be lost and hearing still remain ; the membrana tympani
may be broken, and the vibrations may still reach the nerve
through the air which is in contact with the membrane of the
fenestra rotunda; and even when all these means are taken
away the nerve may be, to some extent, affected by vibrations
communicated to it through the bones of the head. But when

*9 It is said that the discharges of cannon at the battle of Bunker's
Hill were heard at a distance of a hundred miles by placing the ear
to the ground. The Indians of the prairies, are in the habit of apply-
ing their ear to the ground to ascertain whether droves of wild horses
ire approaching. The conducting power of solids, can be well shown
yy applying theear to one end of a long stick of timber, and letting the
other end be slightly scratched with a pin; a very feeble sound will be
transmitted a hundred feet, and seem to be scarcely diminished. A
person will be convinced of the conduction of sound by water ifhe will
put his head under water, and strike two stones together ; the sound is
much greater than in the open air.

80 There is, however, very great diversity. There are persons whose
organs ofhearing are not susceptible to particular sounds, though they
readily hear higher and lower notes.

.ransmission 7 143. Whatothersubstances besides the atmospherewill act as con.
luctors of vibrations. 144. What is the difference between ahighand a lowtone 7
What is the range of vibrations which are audible7 146. Howmuch of this ap
jaratus is issential to hearing7 What parts may be lost without destroying the
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the nerve itself is injured hearing is impossible. Hearing seems
to be destroyed also by the absence of the liquid in the labyrinth.

146. There are, however, several ways by which hearing
may be more or less interfered with. The membranes may be-
come rigid or thickened, and can be restored only by a gener-
ally improved condition of the system. The secretion in the
ear tube may be excessive andfill the tube, or it may harden on
the membrana tympani. This can generally be relieved by
softening the secretion with a few drops of sweet oil in the ear,
and after an hour or two syringing the ear with soap and warm
water. If this treatment does not in a short time give relief, it
is because the deafness depends upon other causes, and no ex-
ternal application can avail. Deafness may arise from a closure
of the Eustachian tube. As the lining of this tube is the samo
membrane that lines the nasal cavities, a cold, that is, an inflam-
mation of this membrane, is very likely to increase its thickness
so as to fill the tube. In such cases the deafness will generally
subside with the inflammation. When the tube becomes closed
by the permanent enlargement of the tonsils, it is necessary for
the deafness as well as for the general health that they should
be removed.

The earbecomes exceedingly painful in consequence of such
a degree of inflammation in the ear tube as to bring on ulcera-
tion. The inflammation should always be checked if possible in
an earlier stage by cold applications, or, if necessary, by local
bleeding, such as cupping or leeches.

Section III.—The Sense of Smelling.
147. This sense has its seat in the surface of the outer part

of the air passages to the lungs ; and it seems to depend for its
sense? I4S. What are among the ordinary causes of deafness? Howis eachtobe
treat*11
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acuteness upon the amount of surface over which the nerve
is spread. In order to increase this surface, in the first place,
there are three thin sheets of bone, (the turbinated bones,)
which lie partly rolled up within each nasal cavity,(1,2,3, fig.
93.) In the second place, there are several cavities in the

A vertical sectionof the bones of the face alittle forwardof the ears. 1, 1 Lower
spongybones. 2, 2 The middle spongy bones. 3, 3 Superior spongy bv>nes. 4
Antrummaxillare.

bones of the head and face, not otherwise employed, which are
made to communicate with the nasal passages and form part of
the nasal surfaces. Two of these are the antra maxillariaand
the frontal sinuses.

148. Over all these surfaces is spread the Schneiderian
membrane, the object of which is to deposit a mucous secretion,
by which, in a healthy state, they are continually moistened.

149. The olfactory nerve enters the nasal cavities through
the sieve-like apertures in the ethmoidbone, and branches are
distributed by division and sub-division over every part of this
membrane.

150. It has been doubted whether odors consist of material
Section III.—147. Uponwhat does the acuteness of this sense depend 7 How are

nasal surfaces increased 7 148. How are these surfaces covered7 149. What is
thedistribution of the olfactorynerve 7 150. Describe theprooess by which smel-
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particles emanating from odoriferous bodies; whether, for in
stance, materialparticles escape from the rose to diffuseits odor;
for, in the first place, the continual escape of odors does not seem
to diminish its substance, and in the second place, analyses do
not detect the chemical particles of which its odors consist.
In many other cases, however, they are known to be material,
and it is presumed they always are. But, whatever be „heir
nature, these odors, diffused through the atmosphere, are drawn
into the nose, and coming in contact with filaments of the olfac-
tory nerve, the impression of them is conveyed by the nerve to
the brain, and the sensation of smelling is the result.

151. It has been noticed that the nasal surfaces constitute
the sides of the usual air passages to the lungs, so that the same
muscular effort which is expended in respiration causes a cur-
rent of external air, with whatever odors it may contain, to pass
over these surfaces and come in contact with these nerves. It
is also to be observed that the turbinated bones, while they in-
crease the surface over which the olfactory nerves are spread,
partially fill up the spaces, so as to require the air in passing to
come more in contact with the surfaces thus increased. And
whenever we wish to stimulate this sense to the utmost, we vol-
untarily compress as much as possible the air passages, and cause
the current of air to strike upon them with considerable force.

152. This sense may be useful to some extent in assisting us
to discriminate between useful and hurtful food. Possibly it is
useful in removing from the air some elements which, if taken
into the lungs, might be hurtful. It is unquestionably service-
able as a warning against noxious vapors. And yet it seems to
be the sense least essential to our existence, and having more
thanany other sense for its special object, simply to increase the
enjoyments of life.

ling isproduced7 151. What are the advantagesof making the airpassages and
the nasal cavities the same? Howis theair madetocome in closecontactwith the
nasal surfaces7 How do we voluntarily increase the effect of odors 7 153. How
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153. The schneiderian membrane is so situated as to be,
perhaps, the most exposed of any part of the system to varia-
tions of temperature ; and these changes often produce the in-
flammation and secretion which we speak of as a cold in the
head. But this membrane is also always liable to indirect dis-
ease, by taking on the extra labor of the system when the excre-
tions have been checked in other parts. Hence, a cold is like-
ly to show itself in the nasal cavities first, and the excessive se-
cretion indicates not so much a disease of that membrane as of
suppressed action elsewhere, generally of the external surface.

Section IV.—The Sense of Tasting.

154. This sense has its seat in the tongue, and, to some ex-
tent, in all parts of the mouth. The tongue is covered with
fine filaments called papilla, which give it a velvety appear-
ance. On the edges of the tongue there are also other papillae,
of larger size, conical form, and brighter color. These papillae,
of both kinds, but particularly the larger ones, contain the ter-
minations of the lingual branch of the fifth pair of cranial nerves.

155. Substances which are capable of solution and of being
tasted are called sapid substances. When the saliva containing
such substances in solution flows around these papillae, the im-
pression which they make upon the nerve within is communi-
cated to the brain, and the sensation of tasting is produced.

156. When substances which produce an agreeable taste
are placed in the mouth, there is an increased secretion of the
saliva51 to facilitate the solution of it and promote the gra-

61 To promote this increased action of the salivary glands, it is not
necessary that the substance should be placed in the mouth. The
is this sense useful? 153. What is a direct cause of disease in this membrane?
What is indirectly the cause of diseasedaction?

Section IV.—154. Whereis the sense of tasting situated ? Describe the surface
of the tongue, and the distribution of the nerve of taste. 155. How is the sensation
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tification of this sense. The taste is also rendered more acute
by pressing the tongue against the roof of the mouth, and thus
bringing the particles which produce the impression in closer
contact with the nerves upon which the impression is produced

157. Attempts have been made to classify the varieties of
taste, though with but little success. They are, however, more
distinct thanthe varieties in the sense of smell; for they have,
to some extent, received distinct names, such as sweet, acid,
bitter, metallic, etc.

158. The taste is a sense ofimportance to us in enabling us
to discriminate between wholesome and hurtful food. It is
a general rule that those substances which are agreeable to the
taste the stomach will easily digest, and those which are not
agreeable, if swallowed, the stomach will not act upon and is
disposed to reject. A person with a disordered state of the sys-
tem, or when recovering from a long illness, may desire the
most hurtful kinds of food; the taste may also be perverted by
the use of tobacco, alcoholic drinks, or food seasoned to excess;
but these are exceptions which do not invalidate the rule nor
diminish its practical value.

159. The taste, though capable of being abused in this ca-
pacity quite as much as any other faculty, is yet one of the
prominent sources of innocent physical enjoyment; and it is in-
tended to be so, not simply for the enjoyment which it affords,
but also as the natural motive to us to take food. The act of
eating is not made compulsory upon us and removed from the

Bight, or sometimes the thought, of any substance particularly gratify-
ing to the taste, will have this effect, make the mouth water. The
effect is a physical one, but the cause is a sympathy between the state
of the mind and the action of the gland, of which we can only record
the fact without giving any explanation.

produced? 156. In what twoways is this sense rendered more scute. 1£7. How
are the varieties of tasteindicated ? 158. What is the principal use of the sense of
taste7 What is thegeneral rule by whic 1 the taste should govern us in the selee
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control of the will lest we should forget it, as that of breathing
is, but it is specially stimulated by the gratification of the sense
of taste, which is necessarily connected withit. As we naturally
seek to prolong this gratification, it encourages us to take our
food not too rapidly, to masticate it sufficiently, and to mingle it
thoroughly with the saliva, all of which are essential to continu-
ance of health.

Section V.— The Sense ofFeeling.
160. This sense has its seat in the skin and exists on the

whole surface of the body, but is more acute in the hands and
at the ends of the fingers.

161. The skin is composed of two principal layers. The
outermost is the cuticle (1, 1, fig. 94). It is this layer which is
raised by scalds or blisters. It is destitute of nerves or blood-
vessels and is regarded as merely a secretion from the true skin
and hardened by exposure. At the under surface of the cuticle
is a thin,layer, (2, 2), consisting, not of a network, as was for-
merly supposed, and from which supposition it was called the
rete mucosum, but of unorganized gelatinous matter. It is se-
creted as the cuticle is from the true skin, but has not become
hardened. It is in fact cuticle in a state of formation. It
contains the coloring matter, which is so abundant in the Afri-
can 82 and some otherraces, and which is never wholly wanting
in the healthy European. Its color, always more or less dark,

82 In the Albino there are the features and all the peculiarities of
the African, except a total absence of color.

tionof food 7 What are exc«y..<>ns to this rule 7 159. Howis this sense made sub-
servient to the continuance of life 7 How to the preservation of health7

Section V.—160. Where is this sense situated7 161. Ofhow many layers is the
skin composed 1 Describe the cuticle. The layer in which the coloring matter is
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Fig. 94

1 1 Thecuticle. 2, 2 The colored layer. 4, 4 Thenetwork of nerves on the sur
face of 5, S, the true skin. Filaments of nerves go from this network into the
papillae, 8, 8, 8. 6, 6, 6Nerves which divideto form thenetwork.

varies with the race, the temperament, and the habits of the
individual.

The hair and nails are of the same nature as the cuticle, be-
ing seoretions simply, and containing no nerves or blood-vessels,
and possessing no vitality. The hair is formed in a sac or fol-
licle, (3, 3, fig. 95), situated in the substance of the true skin,

Fig. 95.

A hair follicle. 1 The
root of the hair. 2 The
cellular tissue below
the cuticle0, in which
the follicle 3, 3 is im-
bedded.

and passing through the cuti-
cle by a narrow opening. (4.)
In the bottom of this sac is a
conical papilla, (1,) which is
supplied with blood-vessels
and nerves. This oone se-
cretes a partially fluid sub-
stance upon its surface, and
as onelayer becomes hardened
another is secreted and pushes
the first one forward. It IS
this successionofhollow cones,

Fig. 96.

A singlehair

&IT to^fow
sion of cones
formed?h *
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each within the preceding one (fig. 96) ofwhich a hair consists
The apex of each cone contains the coloring matter upon which
the color of the hair depends.

The nails are developed it a very similar way. Each nail
may he regarded as a hair increased in size and flattened, or as
a succession of hairs placed side by side, and the several sacs in
which they are formed coalescing into one of sufficient width to
receive the root of the nail.

The true skin (5, 5, fig. 94) is a dense, elastic membrane,
situated in contact with the muscular parts of the body and de-
fends them from injury. It is covered with a plexus of nerves,
(4, 4), and the terminationsseem to be coiled up so as to form
little mounds, (8, 8,) which are called papillae. On the ends of
the fingers they are most abundant and disposed in rows. They
contain the nervous filaments from the posterior roots of the spi-
nal nerves.

162. Almost all of the physical properties and states of
bodies, such as form, hardness, locomotion, vibration, tempera-
ture, etc., are capable of acting upon the nerves of this sense.
The nerves convey these several impressions to the brain, where
the sensation is produced.

163. This sense, when specially trained, (as it often is by
those whose business it> is to judge of the fineness offabrics,) be-
comes very acute. In blind persons it almost answers the pur-
pose of sight. By this sense they read rapidly with raised let-
ters, and sometimes without the letters being raised. But it is
of the highest importance to us without this special training.
It is most favorably situated, at the extremities of the fingers,
for extensive use. Scarcely any common employment, such as
the use of the needle, could be carried on without it; but it is
more indispensable in those processes which require special skill.

found. Uponwhat does its quantity depend 7 Describe the true skin. 102. How
is the sense of feeling produced 7 163. Underwhat circumstances does this sense
become specially trained7 What is 3 use in an ordinary state7 164. How is it
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164. It communicates certain kinds ofknowledge which we
could notreceive in any other way. We could not, for instance,
have the idea of solidity, of the existence of material bodies,
without this sense. It is also less likely to be deceived than
most of the other senses, and hence it is employed to verify the
evidences of the other senses.63 It is also made to co-operate
with other senses : thus, we judgeof distance by sight ordinarily,
but not tillwe have learned by the sense of feeling at what dis-
tances certain differences take place in the appearance. We
judge of form by the sight, but we first determine form by the
sense of feeling, and then connect the ideas of the various forms
with the impressions which they produce on the organs of sight.

165. The systems of organs which we have hitherto con-
sidered are subject to periodical suspension of their functions,
constitutingsleep. After giving attention to some of the processes
of the repairing system, we shall be better prepared to under-
stand the necessity in the system for this suspension of activity
But the necessity exists, even if we can assign no reason for it.
It is so far subject to the will that, if we choose, we can gener-
ally defer it several hours, but beyond a certain period it is im-
possible to resist the demand for it. The eyes close involun-
tarily ; the voluntary muscles refuse obedience to the will; the
external senses cease to act; all intellectual operations are sus-
pended, and sleep inevitably supervenes.

166. The amount of sleep needed varies with the tempera-
ment somewhat, with the age, the health, and the degree of in-

63 And Thomas said : ««Except I shall see in his hands the print of
the nails, and put myfingerinto theprint of the nails, and thrust my
hand into his side, I will not believe. Then Jesus saith to him:
Reach hither thy hand, and thrust it into my side, and be not faith-
less but believing."

essential in theacquisition of certain kinds of knowledge ? With what sense does
it chieAy co-operate in making us acquainted with the external world? 165.
What is sleep? To what extent is it subject to our control 7 166. How much
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dulgence which a person will allow himself; but the amount
absolutely required by an individual who has acquired his full
strength depends simply upon the amount of activity, physical
and mental, which is put forth. From five to eight hours may
profitably be given to sleep. Eight hours is probably better
than less. It is mistaken economy to attempt to reduce the
amount of sleep below what the system craves.

167. It is, however, possible so to train the powers that
some of them may be either not at all suspended, or but very
partially so. Thus, a person may accustom himself to sleep
while riding on horseback, but there must be the continued ex-
ercise of sufficient muscular effort to keep the erect position.
A physician will accustom himselfto sound sleep in every other
respect, while the sense of hearing is sofar awake that his own
name, though spoken in a low voice, will always arouse him.

168. With most persons, however, sleep is for several hours
complete ; that is, all of the faculties which are subject to it are
completely suspended. But the continuance of this suspension
is not the same for all of the faculties. Some, which have be-
come sufficiently rested, begin to act before the others are
aroused. Some persons plan their business for the day while
the muscular powers and the senses are still asleep ; the mind
being first sufficiently rested for renewed activity. Under the
same circumstances there is no doubt but that difficult problems
in the arts and mathematics have been solved. It may be called
dreaming, but it is simply an energetic action of the intellectual
powers, rendered more perfect, because none of the powers of
the system are otherwise employed, andbecause the successionof
thoughts is not interfered with by impressions coming from
without. When the powers of voluntary motion are awake and
the others are asleep, the person may take the most active ex-
ercise, or walk, sometimes for miles, without arousing the other
powers.
deep is necessary 7 167. Do the faculties all sleep 7 168. Do they all require the
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169. Incubus, or nightmare, admits of a similar explana
tion. When the mind first awakes, the train of associations
may, from various causes, be of a disagreeable character. Par-
ticular ideas may have been so constantly in the mind before
sleep came on that they most readily return. The imminent
danger from which we had escaped the previous day may have
impressed us so vividly, that the thoughts of it first occur to the
mind when its powers are aroused. A sudden noise, an un-
comfortable position, cold feet, or disturbed digestion, may pre-
dispose the mind to alarming conceptions. Every conception
is, by our constitution, attended with a belief of the existence
of the object to which the conception corresponds. In case of
incubus, the object of conception does not exist, and yet, as the
senses, which are the corrective agents, are asleep, there is
necessarily a belief that it does exist. There is no avenue
open by which a person's mind can be reached to convince him
that his conception is erroneous. He therefore suffers all that
would result from real danger ; at the same time the power of
muscular action is asleep, and he can make no efforts to relieve
his condition.

170. Dreaming seems to consist in a certain degree of ac-
tivity of the mind, while some of the other powers are also ac-
tive to such an extent that they are continually interrupting tho
succession of thoughts, and yet do not control them. Hence
arises the want of continuity in our dreams and the succession
of such incongruous ideas. Hence, also, the observation, so of-
ten made, that such sleep does us but little good; it does not
rest us, and simply because it is not sleep.

same amount of sleep 7 Give examples of the activity >f ?e-tauj yoww while
theothers are asleep? 169. How is incubus explained7 170. Dreaming- 7
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GENERAL QUESTIONS ON THE NERVOUS SYSTEM.

What are the parts contained in the nervous system ?
Chapter I. Section I.—Whatis the subject of this section 7 Describe the mem-

branes of the brain and the duplications. What are the divisions of the brain ?
Describe the surface of the cerebrum and theconnexionof the hemispheres. Of
what substances is the brain composed and how are they arranged in the several
divisions I What are the functions of the brain 7 How are they to be learned 7
Why not froman examination of theorganization of the brain 7 What is the first
law inreference to the use of the brain 7 What are the results of a properexercise
of thebrain 7 Can the brainbe overworked7 What are the practical rnles in this
respect J Uponwhat does the healthy action of the brain depend 7 How should a
naturally excessiveactivitybe managed7 Howdo theemotions affect the intellec-
tual operations7

SectionII.—Describe thespinalcord.
Section III.—What are the nerves 7 Describe the cranialnerves. Describe the

spinalnerves. Describe theorigin of thespinal nerves. Their distribution. How
is a general nervous sympathy established7 Describe the great sympathetic.
What are the functionsof the nerves 7 Describe thoseof special sensibility. AVhat
are thenerves of general sensibility7 What sensations are dependent upon these
nerves7 How do they protect the body. Is their sensitiveness ever injurious?
Give examplesof the adaptationof these nerves to particularpurposes. What are
the nerves of voluntarymotion7 Whatis the relation between the nerves of mo-
tion and those of sensation7 What are thenerves of involuntary motion, and what
are the particular functions of each.

Chapter II. Section I.—Describe the external parts of the eye. The internal
parts. The action of the refracting substances upon the rays of light. How is
vision produced7 What is the direction in which a visible objectis seen? Why
are objects seenerect? Whyis but one object seen 7 How is sphericalaberration
prevented7 How does the eye adapt itself to differentdegrees of light7 How are
long andshort sightedness corrected7 How does the eye adapt itself to different
distances ? What practical rules must be observed in the use of the eye?

Section II.—Describe the ear. The ear tube. The tympanum. The labyrinth.
Howis hearingproduced ? By what substances must the vibrations be conveyed 7
Upon what do highand lownotes depend7 Uponwhat does the perfection of the
ear depend7 What parts areabsolutely essential7 To what diseases is it subject
and how are they tobe treated?

Section III.—Describe the organ of smelling. How is the sensation produced 7
What evidences of design are observed in theposition and structure of the nose .'
What are the functions of the nose 7 To whatdiseases is it subject 7

Section IV.—Describe the organ of taste. How is the sensation prod iced 7
What are theuses of this sense ? *Section V.—Describe the organ of feeling. How is the sensation produced 7
What are thepurposes to which the sense of feeling is subservient?

What peculiarity have the mechanicaland nervous systems todistinguish them
from therepairing system 7 Howmuch sleepis required 7 How are the different
powers affected by sleep? Explain the pheiv.vmena of sleepwalking, diearning,
tncuhus, etc



PART III.

THE REPAIRING SYSTEM

171. The repairing process consists of several distinct oper-
ations ; and the apparatus by which it is effected is, therefore;
complicated. In the first place, the materials for these repairs;

which consist of the food, must undergo a certain amount of
preparation, and this is the office of the digestive organs. The
materials thus prepared must be conveyed to the several parts
where the repairs are needed, and deposited according to the
nature and amount of repairs required. This is the office of the
organs of circulation. While these repairs are going on the
worn out materials must be removed from the organs which are
undergoing repairs. This is performed by the absorbents. Fi-
nally, these refuse materials must be thrown out of the system.
A part of this work is performed by the respiratory organs, and
a. part by the secreting organs. There are therefore five classes
oforgans belonging to the repairing system "

CHAPTER I.—OF DIGESTION.

172. The abdomen, which is the cavity containing the prin-
cipal digestive organs, lies between the thorax and pelvis, and is

84 In this analysis of the repairing system it is the object to name
only such functions constitute one complete circle, and thus asso-
ciate the several classes of these organs naturally together. It is not
intended to be a full enumeration of these functions ; the secretions for
lubrication, the absorption of chyle, the development of animal heat,
end many others, equally important, belong to this system

Part III.—171. Give the analysis of the repairing process.
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lined by a serous membrane called the peritoneum. It secretes
a fluid by which the interior of the abdomen is moistened and
lubricated. It has another important office, that of forming the
outside eoat of the stomach and most ;f the other viscera ofthe

Section I. —The Organs ofMastication and Deglutition.

173. These organs are the teeth, salivary glands, the tongue,
the pharynx, and the esophagus.

174. The teeth are composed of ivory and enamel. The
ivory (2 fig. 97) is harder than ordinary bone, and constitutes

Fig. 97.

Section of a molar
tooth. 1 The enamel.
2 Thebody of the tooth
composed of ivory. 3
The cavity in the cen-
tre of the tooth, in
which is seen the ter-
minations of a nerve 4,
avein,5,and an artery6.

the principal part of the tooth. The enam-
el (1) is the densest material in the body
It is a thin layer on the outside of that part
of the tooth not imbedded in the alveolar
process. The purposes to which the teeth
are subservient require that they should be
composed of materials too compact to allow
nerves and blood-vessels to penetrate them;
hence, the teeth, unlike the other osseous
parts, when injured cannot be repaired by
any natural process. Hence, also, they are
developed in a different way from that of any
other organs.

The first indication of the formation of
teeth is the existence ofa small transparent
vesicle in the interior of the alveolar pro-
cess. That portion of the vesicle corres-

ponding with the body of the tooth, gradually enlarges till it

Chapter I.—172. Where are theorgans of digestion situated7 What is the name
and office of the liningmembrane7

Section I.—173. What are the organs ofmastication and deglutition? 174. Do.
7
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acquires the size the tooth is to have, and is filled with a trans-
parent liquid. The outer surface of ihis vesicle soon deposits
a shell of ivory, of the same shape and nearly of the same size
which the crown of the tooth is to have after it emerges from
the gums. After the shell is formed, the vesicle remaining
within it continues to deposit ivory, and thus becomes itself re-
duced in size as the walls of the tooth become thicker, until
only a small hollow (3) is left, which the perfect tooth always
contains. This hollow is still lined by the vesicle, and receives
an artery, a vein, and a branch from the fifth pair of cranial
nerves.

The tooth is covered with another membrane, which deposits
from its inner surface a layer of enamel (1) on the body of the
tooth.

The body of the tooth being now completed, the central vesi-
cle begins to be produced into one or more smaller prolonga-
tions, according to the number of roots which the tooth is to
have. While the roots are forming, the body of the tooth is
thrust forward and cuts through the gums.

The first set of teeth contains but twenty, the double molars
being wanting. As the alveolar processes of the child enlarge,
these teeth become loose, the roots are absorbed, and they are
easily extracted.

The second set consists of thirty-two, eight in each jaw on
each side. The first and second infront (1,2,fig. 98) are thin,
have sharp, cutting edges, and are called incisor teeth. The
third (3) is a strong tooth deeply set, is brought to a blunt
point, and is called the canine tooth. The fourth and fifth
(4,5) have each one root, somewhat flattened surfaces, and are
called single molar teeth. The sixth, seventh, and eighth
(6, 7, 8) have three roots in the upper jaw and two in the
lower, large bodies, broad surfaces, and are the double molar
scribe the teeth. How is the ivoryproduced 7 Th» snamel T Theroot 7 Describe
the first set of teeth. The second set. 175. Whrt :auses tend toproduce irregu-
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Fig. 98.

The second set of teeth inboth jaws. 1, 2 The incisor teeth. 3 The canine teeth
4, 6 The singlemolar teeth. 6, 7, 8 The doublemolar teeth.

teeth. Thus there are eight incisors, four canine teeth, eight
single molars, and twelve double molars.55

175. The teeth are designed to last a lifetime, and should,
therefore, be carefully attended to. In the first place, care
should be taken to prevent deformity. If the first teeth are not
removed at the proper time, this does not prevent the teeth of
the second set from coming, but it compels them to make their
appearance where they ought not to be, either back of the
other teeth, so as to be in the way of the tongue, or in front of
the other teeth, so that the lips will scarcely cover them. If,
however, the tooth of the first set is removed as soon as the

55 It has sometimes been said that, as man is provided with canine
teeth, like carniverous animals, and with molar teeth, like herbiverous
animals, he must therefore have been designed to make use ofboth ani-
mal and vegetable food for his support. In drawing this conclusion,
no account is taken of the fact that man alone cooks his food, and is
not, therefore, as the lower animals are, entirely dependent for the
preparation of his food upon the facilities for mastication. Man is also
endowed with a higher order of observation andreason than other ani-
mals, and may employ these for determining what kinds of food are
adapted to his constitution and wants.
larity in the arrangementof ti.e teeth 7 How may the irregularity in both cases
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second is perceived, the second will generally come into its
proper place.

It sometimes happens that the teeth are too wide for the
space which they are to fill, and some of them must either be
too prominent or they must be set irregularly. In such cases,
the only way is to have a tooth removed, so that those which are
left may have sufficient room.

176. In the second place, no foreign substance should be al-
lowed to remain on or between the teeth. They should be
washed with a brush and water after every meal; otherwise
particles of food, which remain between the teeth, will, by de-
composition, render the breath offensive, and ultimately cause
the decay of the enamel.

A solid substance called tartar also frequently collects on
the teeth, and extends towards the roots so as to loosen the
gums and make them tender. When this has accumulated in
considerable quantity the aid of a dentist may be necessary to
remove it; but its accumulation may always be prevented by
proper attention to washing the teeth.

177. In the third place, great care should be taken to pre-
serve the enamel. It is specially designed by its hardness to
protect the ivory of the tooth ; but this property also increases
its brittleness, and renders extremes of temperature, from taking
very hot drinks or very cold, such as ice water or ice, or any ex-
cessive pressure upon them, such as cracking nuts or cutting
thready, likely to injure them permanently. When the ename
of aiooth is cracked, so that the air or the liquids of the mouth
can get to the ivory, the tooth soon begins to decay,and is often
reduced to a mere shell of enamel before we are aware of any
imperfection.

But when the teeth do become defective, the decay can, if
taken in season, be arrested by having the decayed portion re-

beprevented 7 176. Why should the teethbe cleanse* after eating 7 Whatis the
effect of tartar upon the teeth7 177. Howmay the enamel be injured 7 Whatis
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moved and the cavity filled with gold. This is important, in
order to preserve the features, the voice, the health, and the
means of masticating food. Its importance is indicated by the
severe pain which, as a warning, is liable to attend such decay.
When, however, a tooth is so far gone that it cannot be pre-
erved, it should be extracted at once.

178. The saliva, by which the food, as well as the interim
of the mouth, is moistened, is furnished by three pairs of gland*.
The parotid gland (1 fig. 99) is situated below and in front of

F5g. 99.

The salivary glands. 1 The parotid gland. 2 The duct by whichits secretion is
conveyed into the mouth. 3 The submaxillarygland. 4 Its duct. 5 The sub-
lingual gland.

the ear. 86 The sub-maxillary gland, (3) is on the inside* and
near the angle of the lower maxillary bone. The sub-lingual
gland (5) lies immediately under the tongue. The secretion
from these glands is conveyed to the mouth bv duots. (2, 4.}

86 It is this gland whiah is affected by a peculiar form of inflamma-
tion, called the «« rcumps/' towhich it can be subjected but once.
the result when the enamel is injured7 What course should be pursued when the
teethbegin todecay 7 178. Describe the salivary glands. ! T9. The tongue. Wha
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The secretion from the salivary glands depends in part upon
the gratification jf the taste ; but it is also promoted by the mo-
tions of the jaw in mastication. This is one reason why food
should be eaten slowly and well masticated.

179. The tongue is attached at its base to the os hyoides,
and the motions of this bone, by its proper muscles, carry the
tongue backward or forward and raise or depress it. The tongue
itself also consists of muscles, so that it can be shortened or
elongated, and applied to all parts of the mouth. It is the
principal organ of taste and one of the most essential modifiers
of sound; but, as connected with mastication, its office is to
control the food in the mouth till it is swallowed.

180. The pharynx is the back part of the mouth, and is at
the same time the upper portion of the tube which leads from
the mouth to the stomach. From the upper posterior part, the
eustachian tubes lead to the tympanums ofthe ears; in the up-
per front side are the two openings leading to the nostrils, and at
the base of the tongue on the front side is the opening into the
larynx and trachea. The pharynx is surrounded by muscles so
arranged that by their contraction it can be reduced in length
and its sides can be brought nearly together."

57 The mucous membrane, with which this and all other parts of the
alimentary canal are lined, is very liable to inflammation producing
" colds."

Just at the entrance of the pharynx there are two glandular bodies,
the tonsils, which probably serve some important purpose in the sys-
tem,«but their use is not satisfactorily known. They are very liable to
inflammation and permanent enlargement; in this state they obstruct
the breathing, especially in sleep. They often almost or quite stop the
breath, and they are liable to keep up an inflammation in the adjacent
parts, which to >t unfrequently reaches the lungs. If, therefore, the
enlargement cannot be reduced by roedical treatment, it should be by
surgical; they should by all means be removed.

are its functions? 180. Describe the phar7nx. What are theprincipal opening*
into the pharynx? Of wb it are the sides jf the pharynx composed? .61. D»
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181. The esophagus (fig. 100) is a continuation of the pha-
rynx to'the stomach. It is a fleshy tube composed of two sets

Fig. 100.

TheEsophagus, a b Circularmuscular fibres, c Alayerof longitudinal
muscular fibresoutsideof the circular.

of muscular fibres, of which the inner ones, (a, b) are circular,
and serve to diminish its diameter, while the outer ones are lon-
gitudinal, (c) and by contraction tend to shorten the tube.

182. The object of these organs is to prepare the food for
digestion and to convey it into the stomach. The lower jaw is
provided with two pairs of strong muscles, to bring the upper
and lower teeth firmly together, and with two other pairs of
muscles, to give them a lateral motion and cause their rough
surfaces to move over each other; and by this means the
food, which is kept between the teeth, on the inside by the
tongue and on the outside by the lips and cheeks, is reduced
sufficiently to be received into the stomach—at the same time
the saliva has been secreted and mingled with the food. In
this state the portion of masticated food is taken up by the
tongue and placed in the pharynx. The tongue is thus so bent
backward that the epiglottis, which is a cartilaginous valve
attached to the root of the tongue, is, laid over the opening into
the larynx, 68 and the tongue itself, at the same time, closes

68 The epiglottis is brought into the right direction to cover the
opening into the windpipe, but the opening is not closed till the pha-
rynx begins to contract. By this action the larynx is raised up and
the orifice brought directly under the epiglottis. It is, therefore,
closed as soon as pressure begins to be exerted upon the food in the
pharynx, which would tend to press any ofit into the windpipe.
scibe the esophagus. 182. What is the objectof these organs 7 Howis the food
sufficiently reduced to be received into the stomach 7 What are the muscles by
which thevertical motionsof the 'aw are produced. (81, a b.) 7 Describe them. De
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the opening between the mouth and pharynx. By the same
position of the tongue the membraneous partition between the
mouth and pharynx, calledthe velumpalati, is raised up so as to
close the orifices into the nostrils. The contraction of the pha-
rynx itself closes the eustachian tubes. At the instant when
the food is placed in the pharynx and these principal orifices are
closed, there is a strong involuntary contraction 59 of the mus-
cles composing the sides of the pharynx, and the masticated
food is pressed into the esophagus, which, by the successive con-
traction of its circular fibres, forces it downward into the
stomach.

-Section II.—The Stomach.

183. The alimentary canal, when it has passed downward
through the diaphragm, becomes at once enlarged into a bag
called the stomach, (fig. 101,) ofvariable dimensions, but capa-
ble of containing, when moderately distended, from two to three
pints. Its larger extremity is in direct contact with the dia-
phragm ; and, as it lies obliquely across the spine from left to
right, its smaller extremity is considerably lower. The open-

59 We see an obvious reason why the action of thepharynx should be
involuntary and almost spasmodic. If it were otherwise there might
be suspension of respiration; for, during the act of deglutition, all
communication of the pharynx with the external air is cut off, and the
epiglottis lies over the opening which leads to the lungs. Nature does
not leave to our option any of the processes so essential to life.

scribe the muscles by which the grinding motions are produced. (84, c.) What
otherpreparation of the food isnecessary besides mastication? Whatis the.agen-
cy of the tongue in swallowing? How areall the openingsinto thepharynx, ex-
cept theesophagus, closed? Howis the food made to pass into theesophagus and
how iato the stomach 7

Section II.—183. Describe the formand position of thestomach. The coats of the
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Fig. 101

The Stomach, a The esophagus, 6 The smaller curvature, c The cardiac ex
tremity. d Thepyloric extremity. / The largercurvature, g g The omentum

ing of the esophagus into the stomach is called the cardiac ori-
fice, and that at the other extremity is the pyloric orifice.

The stomach is composed of three coats. The exterior is of
condensed cellular substance, and is in fact the peritoneum
attached to its muscular layers. This outer coat being continu-
ous with the lining membrane of the abdomen, must retain the
stomach in its place. The middle coat is muscular, and the
fibres, though crossing each other in all directions, may, most
of them, be classed either as longitudinal, (LM, fig. 102,) or as
circular, (CM.) The interior is a mucous layer, the inner sur-
face of which is covered with papillae, which give it a velvety
appearance, and it is furnished with a large supply of nerves
and blood-vessels.

184. When food is taken into the stomach the circulation in
the mucous coat is increased the color ehanges from a pale, or

7
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Fig. 102.

Muscular coatof the stomach.

slightly pink, to a bright red, and a fluid, called the g&stru
juice, which is slightly viscid, transparent, and feebly acid, i3
abundantly secreted.

At the same time the muscular fibres of the stomach are
successively contracted and relaxed, and the gastric juice is
thus thoroughly mingled with the food, and converts it into a
homogeneous, pulpy mass, called chyme, and in this state it
passes from the stomach to the duodenum.

This process of changing the food to chyme is not a vital but
a chemical one. If gastric juice be takenfrom the stomach and
mingled with food in a stateof minute division, and the ordinary
temperature of the body be sustained, the formation of chyme
will take place precisely as it does in the stomach.60

*° Many of the statementsmade in reference to the gastric juice and
the action of the stomach, were not regarded as fully proved, but only
probable, until a circumstance occurred in Michigan, in the year 1822,
which rendered it possible to subject them to the test of direct obser-
vation.

Alexis St. Martin, a healthy young man in the U. S. service, was

atomach. 184. What is theeffectupon thestomach of foodreceived into it 7 What are
the properties of the gastric juice7 Whatchange in the food takes place in the
Stomach7 How isit shown that the formationof chymeis not a ~.'tal process 7 Id
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It is well known that many substances undergoing chemical
change will communicate the action to contiguous substances
Vegetable substances, as apples, for example, beginning to
decay, will communicate to others that are sound the sani<*
change, that is, they will bring on decay. The action of yeaM
is to put in operation in the gluten of gram the same chemical
changes which the yeast itself is undergoing. It seems proba-
ble that the gastric juice is a portion of the mucous coat of the
stomach itself in a state of decomposition, brought about by the
action of the arterial blood within it; and that in this decom-
posing state it communicates the same tendency to change to the
food with which it is mingled.61

wounded in the side by the accidental discharge of a gun. The walls
of the thorax and abdomen were lacerated, so that a portion of one
lung was pressed out through the wound, and an opening was als*
made into the stomach. The patient was put under the care of Dr.
Beaumont, a surgeon in the army. The wound in the thorax healed
over. The edges of the wound in the abdomen and of that in tin;
stomach adhered together and healed, leaving an opening into thi
stomach of two and a half inches in diameter. At length a membrane
was formed which shut down over it, like a valve, but did not adhere
at the edges. This valve could at any time be pressed away, and the
interior of the stomach and all its operations be exposed to view.

Dr. Beaumont employed this young man after his recovery, and per-
formed a series of elaborate experiments on the circumstances which
would produce a secretion of the gastric juice, the state of the interior
surface of the stomach at the time, the effect of alcohol, tobacco, and
spices on thesecretion of this fluid, also the effect of exercise, occupa
tion of mind, excited passion, etc. He applied the stimulus of insolu
ble substances, put into the stomach to excite the secretion, and the:,
removed it from the stomach to observe its action when applied to food
in different conditions as to fineness, temperature, etc. He also insti-
tuted a full series of experiments upon the time required for the diges-
tion ofdifferent kinds of food.

61 It would seem that some vital process not yet explained is neces-
sary to give to the gastric juiceits solventpower. The composition of

whatstate is the gastric juice upon which its decomposing poweris supposed t<
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These chemical changes are probably much less complicated
than was formerly supposed. The process of digestion does not
produce from the chemical elements the compounds which the
system requires; it merely separates themfrom other substances
with which they are combined, renders them soluble,and appro-
priates them. These original combinations are all effected by
the processes of vegetable life. Hence, in vegetables, we find
all of the nutritious-substances which the blood contains, that is,
all which the system needs, such as fibrin, albumen, etc. They

«are either merely mingled in the vegetable structure with other
portions which are not nutritious, or they are held in chemical
combination, and in either case easily separated. When ani-
mal food is eaten, it is only a transfer from one animal systemto
another of those substances which were originally combined by
vegetable life.

185. The digestive system requires more care than any
other, partly because of its general importance, but especially
because our enjoyments depend so much upon it that we are in
danger continually of overtasking it. The practical rules by
which we should be governed in reference to it are, however,
very simple, and the reasons for them easily comprehended.
They relate to the materials of food, the amount required, the
frequency with which it should be taken, and the conditions of
the system favorable for its elaboration.

186. The kinds of food There are two entirely distinct
it has been carefully ascertained, and efforts have been made to pro-
duce it artificially, but without success. If, however, a compound be
formed resembling it in composition, and a small quantity of gastric
juice be added, (or a small piece of the stomach of a calf or ox,) the
whole will become capable of reducing alimentary substances to
chyme. m
depend? Give analogous instances. Does the digestive process form the nutriti
ous compounds ? How are they formed ? In what does digestion consist 1 185
Why does the digestivesystem require special care? To what fourcircumstances
do the rules refer by which the diet is to be regulated? 186. Whatare the objects
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objects for which food is taken, and therefore two kinds of food
quite distinct in their chemical constitution. One is designed
for the production of animal heat, and the other for the forma-
tion of the several parts of the body ; but this distinction will
be more fully considered in another place.

187. Jrom what has been said above, (184,) the division of
food into animal and vegetable seems of secondary importance,
the two kinds containing the same elements in the same or very
similar combinations ; but it is important in another respect.
It is found that the stomach and intestines require a certaii
amount, and only a certain amount, of distention, in ordo
to perform properly the secretion of the gastric juiceand othei
functions of digestion ; and yet very different quantities of
nutritious substance are required under different circumstances.
If the system is called upon to perform a large amount of labor
or effort of any kind, it must have a large amount of nutritious
food to supply the waste which the system would experience.
If it is exposed to an unusual degree of cold, it must be cor-
respondingly supplied with the means of developing animal
heat. Under these circumstances the most concentrated food
may be employed, and enough will be needed to give the requi-
site distention to the digestive organs.

If, on the other hand, a person takes but little exercise, and
is surrounded by a temperature not much below that of the
body, his system can appropriate but little nourishment, because
but little has been consumed ; and yet, to digest that little, the
same amount of distention of the digestive organs is required.
He must therefore employ food in its least concentrated state—
that is, he must subject himselfto a vegetable diet.

188. But a wide range of choice is left when these condi-
tions have been complied with. Our.preferences and observa-
tion must then guide us. There is an endless diversityof taste,
forwhich food is taken 7 187. What are the circumstances which indicate that
animal food should be employed7 Whenmould vegetable food be used 7 188 B»
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and each individual may, as a general rule, allow his own taste
to determine his selection of different kinds of food ; nature,
however, furnishes us checks upon this selection. Some kinds
of food are found to stimulate the secretions too much, particu
larly in the warm season, and bring on summer complaints ;
other kinds of food seem to check the secretions, and are not
digested atall, but remain in the stomach till fermentation com-
mences. Then either the gaseous eructations from the stomach,
or portions of the food itself rising into the mouth, enable us to
taste and recognize the kind of food which the stomach will not
digest. Cheese, cabbage, fish, &c, are thus often pointed out
to individuals as injurious. Each person may, then, follow his
natural preferences in the selection of his food, subject, how-
ever, to such modifications as are suggested by his observation
of the effects of particular articles of food. These principles,
judiciously applied, will lead to very differentrules for different
persons, but still, for each one, such rules as it is safe for him
to follow.62

There is, however, a diseased condition of the stomach con-
stituting dyspepsia, in which the taste is scarcely reliable at all
as a guide. The gastric juice is either sparingly secreted, or it
is impaired in quality. It is necessary then to furnish such
food as will, as far as possible, excite the mucous coat of the
stomach to action. The covering of the kernels of grain, or any
other substance which gives coarseness of texture, have this
effect, and hence, bread made of unbolted flour is one of the

62 Persons who complain of being injured by particular kinds of
food often admit the soundness of these rules, by saying that when
they ate such and such articles they knew that they should be injured
by them. The difficulty is not that the indications of nature are so
obscure, but that we are so averse to following them.

yond the general considerations, ho-v are we to be guided in the selection ofour
food? When is the taste not reliab • as a guide? What is the first object tobe
secured in the food of dyspeptic persons 7 What kinds of food answer this pur
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most suitable forms of food for such persons. But it is also
desirable that the food be easily digested ; hence, rich pastries
of all kinds are objectionable for such persons. New bread is
also unsuitable, because, when eaten, it becomes an adhesive
mass which does not allow the gastric juice to mingle readily
with it. Hence, also, everything that tends to preserve substan-
ces, that is, to prevent spontaneous chemical changes, would
also tend to prevent this particular chemical change, of which
digestion consists. Hence, preserves, meat which has been
salted,any substances which have been pickled, are suitable only
for persons whose digestive powers are unimpaired and vigorous.

189. Perhaps, strictly speaking, there is no such thing as
liquid food; still we often take food into the stomach in a
liquid state. Milk, especially, is of this kind, but it separates
before digestion into solidand liquid portions, and the solid por-
tion, in which the nutriment consists, is subjected to the ordi-
nary process of digestion. It is certain that the liquid portion
of gruels and soups is also, in a great measure, absorbed before
the nutritiouspart is digested, though it is not improbable that
some of the nutritious portion is absorbed directly into the cir-
culation, without going through the digestive process.

Liquid substances are, however, as much required in the
system as solids, though we may not regard them as food. The
blood requires a certain proportion of water to give it fluidity ;
and as it is every moment giving off water from the system by
perspiration and by the breath, it is necessary that water be
supplied in considerable quantity. This is absorbed by the
stomach and received at once into the blood. It is taken
either in the form of pure water or some modification of it, and
generally in connection with our food. This practice of taking
drink in connection with our food has sometimesbeen objected

pose? What other property mist the food possess ? What kinds of food are to
bo rejected on this ground? 89. How is liquid food received into the system?
Why does the system require liquids? How are they taker: into the system 1
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to, but it seems tc be natural, and in harmony with the wants
of the system.

Tea and coffee have often been objected to as affecting the
system injuriously. They undoubtedlycontain properties which,
when taken to excess, have such effects, and if headache and
want of energy result, when the stimulus of them is withdrawn,
their use should be abandoned. They however contain, as
their essential property, a compound of nitrogen, which is pro-
bably useful, and, with certain kinds of diet, may be essential
to the health. When taken moderately, they doubtless encour-
age a healthy action of the stomach, and of the general system.

Alcohol, as a chemical compound, has nothing analogous to
it in the system, and, so far as we know, never contributes any-
thing towards the formation of any of the tissues of the body.
In the various forms in which it is used it may tend to give flu-
idity to the blood, as water does; but it also possesses other
properties which specially unfit the blood for its functions. Its
principal effect in the system is as an excitant, and if it be
admitted that the physician may sometimes avail himself of this
property advantageously, its general effects in the community
are such, that It would seem proper to forego any inconsiderable
advantage which might, in extreme cases, attend its use, and
banish it altogether.

190. There are several modifications which food undergoes
in the process of cooking, which in some degree affect its cha-
racter. It is not the chemical constitution but its physical cha-
racter that is changed. Thus, in the cooking of vegetables the
cohesion is diminished. When meat is boiled a part of the
cellular membrane is dissolved, while the muscular fibre which
lies within is unchanged. The baking of bread simply breaks
the vesicles in which the farinaceous part is held Thus, the

What objections exist to the use of tea and coffee ? What circumstances would
Indicate that they maybe used? Whyarealcoholic drinks injurious? 190. What
changesdoes food undergo by cooking? What are the effects of theseveral sub
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mechanical obstacles to the digestive process, which exist in the
substances used as food, are partially removed by the cooking
process.

In connection with the cooking of food there are, however,
several additions, such as salt, vinegar, mustard, and various
spices. Some of these, particularly salt, are demanded in small
quantity by the system. Others, without being absolutely
necessary, may, by rendering food palatable, so far favor the
secretion of the gastric juice, and their presence, in contact with
the mucous membrane of the stomach, may stimulate it to
activity; so that a moderate use of them is probably not dele-
terious. There is, however, no doubt but that the degree in
which they are used is excessive, and by over-stimulating the
stomach, tends to weaken its power.

A degree of warmth to the food considerably above the ordi-
nary temperature of surrounding objects, is also a healthy pro-
moter of the digestive powers; but the injurious habit is often
acquired of taking food, especially tea and coffee, so hot as to
injure the organization of the tissues.

191. The quantity offood. From what has been said of the
objects for whichfood is taken, it follows that the amount needed
will be variable, depending upon the effort put forth, and the
degree of exposure to which we are subjected. The demands
of the appetite are the natural indicationof the quantity needed.
There is a period, at every meal, when the appetite is satisfied,
and yet more food can be eaten without inconvenience or aver-
sion. This indication of the appetite that the wants of the sys-
tem are met, though not obtruding itself upon our notice,
always exists, and may with attention be observed. After this
period whatever is eaten is not because the system craves it,but
because it gratifies the taste, and is likely to be injurious.

stances added in the cooking process to flavor food? How is the system affected
by the temperature at which somearticlesof food are taken7 191. How is thepro-
per quantityof food indicate' 7 Is the appetite always a guide7 What ie the in
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There are instances of a morbid appetite which it would be
unsafe to follow; but there are always in connection with it
other indications of disease, which leave us in no doubt that it
is unnatural.

There are often complaints of want of appetite, but it is safe
to follow this indication and abstain from food. A person sel-
dom suffers from abstinence when there is no craving for food.
Some of the best medicinal effects upon the system are pro-
duced by this abstinence. The want of appetite is the warning
of nature not to lay upon the system at such times the task of
digestion.

192. Times of taking food. The teaching of nature is to
eat when we are hungry, but the desire for food is only periodi-
cal. It is undoubtedly best that we have stated times for eat-
ing, and eat only at those times. These periods should be often
enough to meet the demands for repair, which are continually
made by the system. The general practice of taking three
meals a day is, probably, not objectionable, though some have
contended that only two would be preferable.

Lunches between meals cannot but be injurious. The stom-
ach, like the organs of the body generally, requires periods of
rest; when food is taken between meals, demands upon the
stomach are made continually. For the same reason the eating
of fruit or confectionary, except at regular meals, is hurtful.
The same objection lies against the habit of eating a short time
before retiring. All of the involuntary powers are less ener-
getic during sleep than when we are awake; digestion will
therefore be feeble, the food will lie too long in the stomach,
relish for the next meal will be diminished, and the power of
the system to act upon it reduced. Besides these effects dream-
ing is often induced, and thus sleep fails to refresh any of the
powers of the system. v

dicationwhen there is a want of appetite? 192. How often should food he taken1
What objection exists to taking food between our regular meals ? What to eating
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193. Conditions upon which Digestion depend* As the
gastric juice is the principal agent in effecting the necessary
changes upon the food, the circumstances most favorable to
digestion are those most favorable to the supply of thissecretion.
If the system is in a healthy state, whenever the stomach is
suitably distended with food, and sufficient blood is supplied to
it, the secretion will take place. Digestion will depend then, in
the first place, upon an active circulation of the blood. This
requires that there should be considerable exercise, but not of
a character to exhaust or depress the powers of the system, and
that there should be an abundant supply of pure air for
respiration.

It is necessary, in tho second place, that the blood be not
deflected to other organs, but allowed to go to the stomach.
This last condition is one very likely to be interfered with.
Time should be allowed not only for eating but for digestion.
The energy so characteristic of this country, drives the laborer
from his meal at once to his work, the merchant to his
counting-room, and the professional man to his office. There is
no interval of rest during which the stomach can command the
whole energy of the system in digestion ; and hence it is not
surprising that that function is so often impaired.

The mind mayalso be occupied involuntarily in such a way as
to control the circulation and greatly interfere with digestion.
Grief,melancholy, intense anxiety, all have this effect. Hence
it is that travelling, visiting watering-places and the like are
often so serviceable. They divert the attention, and hence allow
thecirculation to resume its natural course, and to be employed
in digestion whenever it is thus needed.

in the evening justbefore retiring? 193. Uponwhat does digestiondepend ? Upon
whatdoes the secretionof the gastric juicedepend? What are the conditionsupon
whichan active circulation depends? When thereis active circulation how may
it be prevented from going in sufficient quantity to the stomach? What is the ef-
fect of close application of mind upon the digestive process 7 What then are the
conditions favorable todigestion?
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The conditions of the system most favorable to digestion are
those in which there is neither physical exhaustion, ennui, nor
mental depression, but such physical activity as to keep up a
free circulation of the blood, buoyant spirits, and moderate
mental activity, as in ordinary conversation.

Section III. —The Duodenum and Organs connected with it

194. The duodenum (p, c, i, fig. Iw3) (also 5, fig. 104) is
the commencement of the small intestine, from which it is

Fig. 108.

c e TheDuodenum, v The pyloric orificeofthe stomach, g The bile sac. e The
duct from the liver, o The pancreas.

distinguished by being more closely confined in its position, and
by its not being connected with the spine by the mesentery. It
arises from the stomach at the pyloric orifice, and is from eight
to ten inches in length. Like the stomach and the intestines, it
is composed of three coats.

195. The Liver (3, figure. 104) is the largest gland of
the body, and is situated on the right side of the abdomen, in

Section III.—.94. Describe the duoaenum. J9S. The liver. How is it supplied
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Fig. 104.

The Digestive Organs. 1 The esophagus. 2 The stomach. 3 The liver. 4 The
bile sac, its duct opening into the hepatic duct. 5 The duodenum. 6 Thepan-
creas. 7 Thesmall intestine. 8 to 12 The large intestine. 13 Thespleen.

oontact with the diaphragm above, and with the pyloric portion
of the stomach below. It receives a small artery by which its
nourishment is conveyed to it. But it is supplied with a large
amount of venous blood from all of the other digestive organs,
from which the bile63 is secreted. This secretion, which it is

«3 The office of the hepatic system has been the subject of much dis-
cussion. It has generally been regarded as Eubservient to digestion,
and particularly to the separation of chyme into chyle and excrement.
But an explanation of the necessity of it, or of the mode of its opera-
with blood 7 For « hat is the venous blood furnifbed 7 What are the properties of
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the specific office of the liver to furnish, is a slightly viscid fluid,
greenish, bitter and alkaline. There is a duct (c,figure. 103)
tion in effecting such a change, has never been given on scientific prin-
ciples. That it performs some important part in digestion is by
Vlo means improbable.

It has also been thought that the bile issimply or principally useless
matter removed from the blood by the liver, and emptied into the intes-
tine for the purpose of being rejected with the fecal remains; and in
confirmation of this view it is said, that "as the lungs ordinarily remove
the carbonaceous matter, the liver takes the office of removing the same
class of compounds when the respiration is feeble or the lungs are dis-
eased, and that in such cases the liver is correspondingly enlarged.
But another explanation of this class of cases may be given. If the
bile were carbonaceous matter, designed to be removed from the sys-
tem, then the feces ought to contain it in abundance ; but the bile, in
the feces, bears no proportion to the amount of bile secreted. Many
carniverous animals have properly no excrement, except the urine,
though the liver is very large. In these cases thebile cannot be secre-
ted simply as useless matter, for it all goes again into the system.

The secretion of all the other glands is made from arterial blood.
The liver alone secretes from venous blood, blood which has been
employed in carrying on the digestive process. It would seem that in
other parts of the system the oxygen of respiration combines with the
highly carbonaceous portions of the blood, with such a degree of rapid-
ity, that in the venous blood there isnot left an excess of carbon. But
in the blood which becomes venous by the removal of certain portions
to effect digestion, the carbon is in excess, or at least in such a state as
to unfit it for immediate use in the system. This blood is therefore
collected by the portal system of veins and carried to the liver, by
which these carbonaceous portions are separated in the form of bile.
They are then conveyed again into the digestive tube, and being again
fitted for use by changes theremade, they are absorbed as part of the
chyle and returned to the circulation.

These carbonaceous products are very slowly removed from animal's
in which the respiration is very limited, as in fishes and reptiles. The
liver is therefore very large, and receives venous blood not only from
the digestive organs but from other parts of the system, in order to
have the carbonaceous substances re-digested and returned to the cir-
culation.

Hence, also, the great size and activity of the liver among the in-
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leading from the liver to the duodenum, and another from the
bile sac (g) opening into it. During digestion, the bile passes
as it is secreted directly to the duodenum; but during the inter-
vals of digestion, after filling the duct, it passes backward into
the bile sac, and is retained until digestion again commences.

196. The pancreas (0, fig. 103) is a gland about six inches
in length, situated behind the stomach and across the spine.
It secretes a fluid resembling the saliva which is conveyed
by the pancreatic duct into the bile duct, and is thence emptied
into the duodenum.

197. When the chyme passes through the pyloric orifice of
the stomach, it soon mingles with the secretions from the liver
and pancreas, which enter at the same time. Here it is sepa-
rated into two substances, one of which is that part of the food
incapable of being appropriated and vitalized, and the other is
the nutritious portion, called chyle. In these two states it passes
along the small intestine.

habitants of warm climates. The activity of the system and the
amount of respiration is comparatively small; consequently there is
less oxidation of the carbonaceous substances. It is necessary that it
should be so, for if theseproducts were oxidized, the vital heat would
be too much increased. An excess of carbon is left in the blood
which the liver separates, and it is re-digested and again sent to the
circulation.

In cold climates these products are rapidly oxidized, and the liver
is comparatively small and its functions less important Hence, in
cold climates, diseases of the liver are rare.
the hile7 How is it disposed ofduring digestion and duringtheintervals I 196
Describe the pancreas and its secretion7 197. What changesin the food takeplace
In theduodenum 7
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Section IV.—The Intestines.

198. The small intestine (7, 7, fig. 104) is a continuation
of the duodenum,and is about five times the length ofthe body.

199. This intestine is supported by the peritoneum, which
is the membrane that lines the cavity of the abdomen. When
this membrane (a,figure. 105) comes to the spine, s, it goes

No. 105.

Horizontal section of
the Abdomen, a b The
peritoneum, s Thespine,
c The small intestine.
i c The mesentery.

forward so as to enclose the intestine c,
then returns to the spine and continues its
course in the direction b. This duplicature
of the peritoneum forms the outer coat of
the intestine, and the double membrane
between the intestineand the spine is called
the mesentery. A portion ofthe mesentery
(2, 2, fig. 106) is represented as supporting
the intestine; and lacteal vessels (1, 1)
come forward to the intestine, and proba-

bly open into it by capillary orifices.
200. The intestines are subject to a constant vermicular

motion, by which their contents are made to move slowly
through them. The particles of chyle, as they pass the open
ends of the lacteals, are taken up by them. The lacteals pass
through small glands within the mesentery, and continue to
unite as they approach the spine, where they form but one ves-
sel, (4,) the receptacle of the chyle. This vessel forms a continuous
tube up the spine, where it is called the thoracic duct, and opens
into the vein (the descending vena cava, at 10,) which collects
the blood from the head and upper extremities. Thus the
whole nutritiousportion of the food is emptied into the venous
blood, to be modified by respiration, and then employed in sup-
plying the wants of the system. 64

64 The chyle is essentially blood, though in appearance it is more

Section IV.—198. Describe the small intestine. 199. Describe the mesentery
end lacteals. 200. How are the contents of the intestines kept in motion 1 What is
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201. The large intestine (8 to 12 inclusive, fig. 104) is about
one-fifth the length of the small intestine, but it has much

Fig. 106.

t, 1 Lacteals. 2, 2 Part of the mesentery containing mesenteric glands. 8, 3 Part
of the sn.all intestine. 4 The receptaculum chyli, continued upward as the
thoracic duct,which opens into the descending vena cava at 10. 6, 5, 6 Lym.
phatic vessels opening into the receptaculum chyli. 6, 6 The diaphragm. 7
The aorta. 8 The spine. 9 Thedescending vena cava.

like milk. The iron which it contains does not enter into theparticu-
8
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greater capacity. The nutritious portion of the contents of the
small intestine having been absorbed, the excrementitious por-
tion is received by the large intestine, and, after being conveyed
by a circuitous course, is expelled from the system.65

CHAPTER II.—OF THE CIRCULATION.

202. The circulating fluid is the blood. It contains the
materialswhich are necessary for the formation of all the tissues
of the body, such as brain, muscle, bone, etc., and those which
are employed in the various repairs which the body requires;
and we have seen how these materials are continually elaborated
and furnished by the digestive process.

203. The amount of blood has been variously estimated, but
thirty pounds is probably about its average weight.

204. If a portion of blood be taken from a vein and allowed

lar combination upon which the color ofblood depends till itreaches the
lungs. It is probably for this reason that the thoracic duct opens into
a vein and not an artery. The chyle must then pass through the
heart, where it is thoroughly mingled with the previously formed
blood, and thence go to the lungs before it becomes arterial blood, and
is sent into the system.

65 The excrement is lodged in the large intestine to prevent the
necessity of constant depletion ; but scarcely anything is more impor-
tant to health than that the feces be evacuated daily, and it isbetter
that it should be at a particular hour. Persons whose habits are not
active, and whose respiration is feeble, communicate but little mechan-
ical motion to the abdomen, and the feces become hardened and may
remain for days. This, however, cannot be without injury ; the system
should be required to conform to rule, and a constipated state of the
intestines will then seldom occur.

the officeof thelacteals 7 Howis the chyle conveyed to the blood 7 201. Describe
the largeintestine.

Chapter II.—202. What is the circulating fluid7 What areitspeculiarities which
it it forserving thepurnose of nutrition7 How doesitreceive the nutritions sub.



171OF THE CIRCULATION.

to stand for a short time, a part of it becomes watery and nearly
colorless. This is the serum, upon which the liquidity of the
blood depends. The clot or solid portion can be reduced by
repeated washings to a stringy and nearly colorless mass, which
is fibrin. This is the nutritious part. That which has been
washed out consists of red globules, upon which the color of
blood depends, and which is essential to the proper effect of
respiration upon it.

1 The pericardium. 2 The heart. 3, 3 Blood vessels from the her -t. 4 The tre-
chea. 6 The lungs. 6 The liver. 7 The stomach. 8 The large intestine. 9,
10 The smallintestine.

stance7 203. Whatis the amountofblood in the system 7 204. What are theparts
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205. We may regard the organs of circulation as a simple
hydraulic apparatus, designed to establish the motion ofa liquid
in a given direction, and through a given circuit. It must then
contain a set of tubes in.which the liquid is to be conveyed, so
fitted with valves as to prevent the motion in one direction and
allow it freely in the other, and means of force
necessary to produce the required motions of the fluid. The
heart,arteries and veins are designed to fulfil these conditions.

206. The heart (see lith. pi. IV. fig. 1 ) is enclosed in a
strong cellular substance, (1, fig. 107,) called the pericardium,
the inner surface of which supplies the lubricating fluid for the
motions of the heart. The mediastinum is the double mem-
brane which comes forward from the spinal column to the
sternum, and divides the thorax into two cavities. The heart,
with its pericardium, is situated between the two layers of the
mediastinum, (H, fig. 108,) encroaching more upon the cavity
of the left side than the right, withits apex directed downward
and resting on the diaphragm. (See Lith. PI. III.)

Fig. 108.

Ahorozontal sectionof the thorax.
The two membranes 1,1 constitute
the mediastinum. 2, 2 The same
membrane extends so as toline the
cavity of the thorax, whereit is the
pleura costalis. 3,3 The continua-
tion of it, so as to cover the lungs,
the pleurapulmonalis.

Fig. 109.

1 The right auricle. 2 The right ventri
cle. 3 Theleft auricle. 4 Theleft ventricle.
6 The orifice from the right auricle to
right ventricle. 6 The orifice from the left
auricleto the left ventricle. 7 Thepulmo-
nary artery. 8 The aorta.

of which blood iscomposed 7 205. What organs arenecessary to constitutean ap.
paratus for the circulation of the blood 7 .'106- Describe the mediastinum. The
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207. The substance of the heart consists of a mass of mus
cular fibres, so arranarcC an to encloso four cavities. The first
(I, fig. 109) is the right auricle, and the seccnd (2) is the
right ventricle. The third cavity ( 3 ) is the left auricle, and
the fourth ( 4 ) is the left ventricle. The auricles may be re-
garded as mere enlargements of the veins which bring the blood
to the heart. The thick,strong muscular walls of the ventricles
(2, fig. 110) indicate that they are designed to give the prin-
cipal force to the arterial circulation. Both ventricles contract
at the same time

208. The orifice (l,fig. 110) from the auricle (3) to the
Fig. 110.

Valvesof the heartand arteries. 1. Theorificebetween the auricle and ventricle.
2 Themuscularwallsof the ventricle. 3 The auricle. 4 The ventricle. 6, 5. 0
The fleshyand tendinous ligaments by which the valvesof theheart are strength-
ened. 6 Valvesof the arteries. 7 Thedescending vena cava. 8 Theascending
vena cava.

ventricle (4) is furnished with some fleshy masses, which easily
yield when the blood passes in the direction indicated by the
arrow (at 1); but when the ventricle (4) contracts, they are
prevented from yielding by fleshy and tendinous strings (5, 5)
perica'rdium. The position of the heart. 207. Give the structure of the heart
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extending from them to the walls of the ventricle.86 They,
therefore, allow the blood to flow into the ventricle, but
prevent its reflux. Those in the first ventricle are called the
tricuspid valves ; those In the second are the mitral valves.

209. The arteries are the strong cylindrical tubes which con-
vey the blood from the ventricles. They are composed of an
exterior coat of condensed cellular substance, upon which the
strength of the artery principally depends, a middle coat of
elastic membrane, with muscular fibres interspersed, upon which
the contraction of the artery depends, and a third membrane,
with a smooth interior surface, the objectofwhich is to diminish
the friction arising from the motion of the blood.

210. The arteries, as they arise from the heart, are each
furnished with valves, (6, fig. 110,) which are so constructed as
to allow the blood to enter the arteries freely, but to prevent its
going back into the ventricles. They are named the semilunar
valves, and are the only ones which the arteries contain.

211. The pulmonary artery (12,P1,III.) arises from the
right ventricle, and is distributed to the lungs.

212. The artery which arises from the left ventricle and is
distributed to the -body, is called the aorta (ao,Pl,VI.) The
first branches from the aorta are the coronary arteries, a small
pair, which is distributed to the substance of the heart. The
two carotid arteries (2) arise from the highest part of the arch
of the aorta, and ascend along the neck to the base of the
cranium, where they each divide into two portions, one of which
supplies the brain, and the other the face and the integuments
of the head. The two subclavian arteries (3) also have their

68 These strings (columns carnese) not only support the fleshy
valves, but they cause the blood and the chyle, which has just been
emptied into it, by their rapid motion through the meshes thus formed,
to be more thoroughly mingled together before going to the lungs.

208. Describe the valvesof the heart 209. The arteries. 210. The valvesof the
artories. 211. Thepulmonary artery. 212. Describe the aorta and itsbranches.
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origin from the arch of the aorta, and supply the upper
extremities. In its passage to the diaphragm, the aorta gives off
small branches to the lungs and parietes of the thorax. Within
the abdomen it gives off the phrenic artery, (4,) which is sent to
the diaphragm, the coeliac artery (5,) which supplies the liver
and pancreas, the stomach and the spleen, the mesenteric artery,
(6,) which goes to the intestines, and the emulgent artery, (7,)
which goes to the kidneys. As the aorta enters the pelvis, it
divides into the iliac arteries, (8,) which, after sending branches
to supply the external and internalparts of the pelvis, are dis-
tributed through the inferior extremities.

213. The veins are the tubes by which the blood is returned
from the differentparts of the system to the right auricle of the
heart. Like the arteries, they have three coats, but they are thin-

Fig. 111.

A vein. In the lower part the vein laid opento sjiiw the numerous folds 2, 9, o.
theinner coat of the vein which act as valves. 3 The opening of abranch into
a larger vein.
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nerand have less strength, though much greater capacity. They
are furnished with a great number of valves (fig. Ill) in the
differentparts of their course. The veins have the same gene-
ral distribution as the arteries, (lith, p.VII.) Those from the
head, thorax and upper extremities unite to form the descending
vena cava, (10, PI, III.) Those from the abdomen and lower
extremities unite to form the ascending vena cava, (9.) These
two veins meet at theright auricle.

214. We may now trace the Hood in its course through this
system of vessels, (lith. pi.V.) It will become more simple if
we regard the first auricle and ventricle as constituting one
heart,and the secondauricle and ventricle asconstituting a second
heart. Such division actually exists in some animals. Let us
commence with the blood, as it is collecting from every part of
the system (b, b, b) into the veins. We find these veins all
lead to and terminate in the first auricle, (1,) from which the
first ventricle (2) receives it, and by contraction sends it through
the pulmonary artery into the lungs. The circulating fluid thus
far has been dark blood. In the lungs it undergoes certain
changes, and receives a florid color. It is then collected by the
veins of the lungs, and brought to the second auricle, (3,) from
which the second ventricle (4) receives it, and by contraction
sends it into the aorta to be distributed to all parts of the body,
to be again collected by the veins. If we now regard these two
hearts as brought together, and, to economize room, united into
one organ, we shall have a correct idea of the human heart and
of the circulation through the system.

215. There are several distinct forces by which the circu-
lation is promoted. The various movements of the body must
be incessantly compressing the veins ; and, as the valves prevent
a reflux of the blood, these motions must contribute to carry the
venous blood towards the heart. The suction power of the
right auricle, and perhaps a slight contraction of the veins, have
2is. XjcscnDc the reins. 214. The course of the circulation. 21S. What are the
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been supposed to assist the venous circulation. But the enlarge*
ment of the thorax at each inspiration is doubtless the principal
agent in this work. A partial vacuum is formed by the respira-
tory action at each inspiration, and the air enters through the
trachea to fill it; but since the auricle is within the thorax, the
blood from all parts of the system is at the same time and by
the same force attracted there.

The arterial circulation is chiefly dependent upon the contrac-
tion of the heart. It is for this purpose that so large an amount
of muscular power has been given to it. The arteries are also
elastic and probably muscular. At each pulsation of the heart,
thenewblood whichthey receive stimulates them tocontract, and
thus each wave set in motion by the ventricle is closely followed
by a contraction of the artery, and the motion of the blood is
perpetuated to the capillary vessels, and perhaps beyond them
into the veins.

216. Without accurate calculation, we have very little idea
of the quantity of blood thus sent through the system daily.
The ventricle receives nearly two ounces of blood at each pul-
sation, which it discharges into the aorta about seventy-five
times a minute, making nine pounds, or more than a gallon
every minute, or two barrels an hour.

217. Whenever the artery lies near the surface, the wave
produced by each contraction of the heart can be distinctly
felt,constituting the pulse. Its frequency varies with the mental
states,67 the amount of exercise, the age, the sex, and the
health. In young children, the beats are more than a hundred
in a minute. The ordinary pulse of a healthy person in mature
life is about seventy-five. In old age it may sink to fifty or less.

67 Hence those poetic expressions, (' the heart leaps for joy,"
" melts with grief," " sinks within one," and " the blood curdles in
the veins," are not altogether figurative.

forcesby which the venous circulationis sustained7 How is the arter'al circula-
tion sustained7 216. What is theamount ofblood circulated eachhour 217. How
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But its most remarkable changes are those dependent upon the
condition of the system. It is to the physician his mostreliable
indication of the degree and kind of diseased action.68

218. When a vein is severed, the walls easily collapse, and
a coagulum forms around the orifice and checks the loss of
blood. But when an artery is severed, the elasticity prevents
its collapsing, and the blood escapes in spirts. The loss of blood
is often so rapid that it causes death in a short time. The first
thing to be done then is, to close the artery mechanically till
surgical aid can be obtained. Sometimes the thumb pressed
hard upon an artery on the side of the wound, towards the
heart, will be sufficient to check the blood. A handkerchief or
other bandage may be placed around a limb which has been
wounded, and drawn so closely that the pressure of a knot in it
placed over the artery will be sufficient compression. Or a key
slipped under the bandage and upon the artery may be used as
a lever to compress the artery. But it may often be necessary
to put the finger into the wound, find the end of the artery,
and compress it there.

But a physician should, in such cases, always be called at
68 It is one of the remarkable instances of adaptation in the system,

that the heart is so sensitive to the slightest changes in the state of the
blood, that its mode of contracting, and its frequency, indicate the
existence of disease in its very first stages, and yet the heart is not
sensible in any degree to external contact. *• Herveyhad an extraor-
dinary opportunity ofshowing this. A young nobleman, from disease,
had the heart exposed so that it could even be handled while beating;
and Hervey found, to his atonishment, that, unless his fingers came in
contact with the outerskin, the young man was altogether unconscious
of theheart being touched." Upon reflection we see that it is entirely
unnecessary that it should have the sense of feeling. Anything that
would reach the heart would be likely to produce death, and hence the
sense of feeling there would be ao warning of danger, as it is at the
surface.
is the pulse produced 7 Upon what does its rapidity depend, and to whataccount
isit put 7 218. Whatpractical rule is tobe observed when an artery is wounded7
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once. We may succeed in checking the loss of blood for the
time being, >ut the end of the artery must be taken up and tied
with a ligatuP3, in order to resist the elasticity of the artery and
force of the circulation long enough for the artery to heal.

The danger to be apprehended from the wounding of an
artery is sufficiently indicated by the fact, that they lie as far
below the surface as they can be placed, and are otherwise
guarded in various ways to protect them from injury. They are
placed so near the surface that the pulse can be felt, only when
it is impossible to have them lie deeper, as those on the head, or
those which pass the wrist to go to the fingers.

216 a. When an artery has been severed, it might seem that
the circulation in the part to which the artery is sent must be
prevented. But provision is made fer such cases by the anas-
tomosing of the arteries. Thus, if the principal artery of the
arm or leg were taken up, (at 9, or 10, PI. VI,) the small
anastomosing arteries (11 or 12) would still carry blood to the
part beyond, and they would soon enlarge so as to furnish a
competent supply.

217a. The blood is subject to two distinct circulations, one
through the lungs, which may be called the pulmonary circula-
tion, the object of which is to effect certain changes in its
constitution, and another much more extensive, through the
various parts of the body. The object of this is the nutrition of
the system, and may be called the nutritive circulation.

218 a. The amount of the change effected by nutrition is
greater than is generally supposed. The quantity of food taken
is no measure of it whatever. The various secretions into the
joints, the cranium, the abdomen, the stomach, and other parts
of the digestive canal, as well as throughout the solid parts of
the body, are generally regarded as secretions directly from the

How is the bleeding to be stopped 7 How is the artery to be ultimately secured7
216 a. When an artery has been severed how is the circulation beyond that point
continued7 217a. What are the twocirculations towhich the blood is subjectt



180 OF THE CIRCULATION.

blood ; but it is by no means certain that they are not produced
by the metamorphosis of the tissues. It is at least certain that
in various parts of the system there are portions of the tis-
sues which lose their vitality, but which have not, by so doing,
been rendered henceforth useless. On the contrary, they go
either directly into the blood, through the absorbent system, or
they are passed into the digestive canal, to be redigested and
sent again into the circulation. True amount of nutritive sub-
stance in the food which is eaten daily, is only equal to the amount
of material which has been subject to such changes that it
cannot be used again, and which therefore needs to be rejected
from the system, and have its place supplied by new material.

Some idea of the amount of taking down and building up
which is done in the system may be gathered from the amount
of blood which traverses the blood-vessels, which is not less
than six tons a day. Its color has been changed, and the
chemical constitution has been modified to anappreciable extent
by materials which have been added to it from the wear of the
system. But the amount of removal has been at least equalled
by the amount of new structure erected.

Hence we see that our bodies are being taken down and built
up; that is, they are subjected to change very rapidly. The
bones, cartilages, ligaments and tendons change much less
rapidly than the soft parts; yet the body has probably been
wholly taken down and rebuilt several times, before a person
reaches the age of twenty years.69

69 It has been thought that the body undergoes an entire change once
in about seven years. Some parts are, however, changed hundreds of
times within that period, and possibly some particles may never be
changed ; the change in the more solid parts must also be much more
rapid in early than in advanced life.

218 a. Why is the amount of nutrition not measured by the amount of nutriment
contained in the food ? What idea of the amount of repairing donein the systemdo
we get from the amount and characterof the fluid circulate 7 How often doei the
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219. This process of nutrition takes place wholly in the
capillary system; that is, in those minute tubes, too minute to be
traced by the eye, which go from the extremities of the arte-
ries to the commencement of the veins. Such a connection is
proved to exist, by the fact that the veins can be filled with
mercury by injection through the arteries. Though the dia-
meter of these tubes cannot be measured, yet we know that it
is subject to considerable variation, and that their size in a great
degree affects nutrition. Thus the enlivening emotions at once
manifest themselves by the flush on the face ; that is, by the
enlargement of the capillaries to such a size that they will admit
the red globules of the blood. Fear and other depressing
emotions at once contract the capillaries, producing paleness, and
nutrition is almost wholly suspended. It is likewise in a great
measure suspended by exposure of the surface to a disagreeable
or painful degree of cold. The capillaries may become so much
enlarged as to constitute disease (inflammation.)' Cold water,
or other cold applications, tend to reduce inflammation, because
they tend to contract the capillaries.

220. Wherever growth is required, or waste has taken place,
there the proper elements are taken from the blood in its pas-
sage through the capillaries, and deposited for the purpose of
increase or repair. The selection of elements from the blood
adapted to the formation of particular tissues, their removal
from the capillary vessels, and their incorporation into the
different organs, cannot be explained upon anyknown physical
principles. These processes are, however, going on constantly
and with rapidity; and yet, as a general rule, all this is dona
withoutmistake as to place, or to thekind or the amountofrepairs
required. We can only refer these changes to the constant,
efficient, and beneficent presence ofan unseen and divine Power.
body undergo an entire change? 219. Where does nutrition takeplace ? How are
these capillary vesselsproved to exist? To whatvariation are they subject? 220.
What are the three processes in whichnutrition consists? Upon what principle
are these processes explained 1 Towhat must theybe referred ?
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CHAPTER III.—OF RESPIRATION.

221, Tho respiratory functions are performed principally in
the thorax. We have seen that there is a vertical partition
stretched between the spine and the sternum, called the media-
stinum, which divides the thorax into two chambers (fig. 108.)
The membrane which forms the mediastinum also extends
round the sides of the thorax, forming a complete lining (2, 2)
to each chamber, and is then reflected over the surface (3, 3)
of the lung. It is called the pleura.

222. The organs of respiration are, the larynx, trachea, and
lungs. The larynx (fig. 112) is composed of five cartilages.

Fig. 112.

Thecartilages of the Larynx.
c h Thecricoidcartilage, g The
arytenoidcartilages, t Thethy-
roid cartilage.

Fig. 113.

1 The front part of the larynx. 4
The posterior part of the cricoidcar-
tilage. 5, 5 The arytenoid cartilages.
6, 6 The vocal cords. 9 The attach-
ment of the cords to the arytenoid
cartilages. 8, 10 The aperture called
the glottis.

The lowest is a circular ring, (c, h,) called the cricoid cartilage
The thyroid cartilage (t) consists of two parts, united at an acute
angle so as to form the prominent point in the neck, (called
Adam's apple.) This cartilage is situated above the cricoid, so

Chapter III.—221. Describe the pleura. 222. What are the organs of respiration t
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that in front there is a membranous space between them.70 But
as the two parts of the thyroid extend backward, they also
become prolonged downward, so as to enclose the cricoid at the
sides where they articulate with it. The cricoid is widened
behind, and upon the upper edge of this widened portion (A, h)
are placed the two arytenoid cartilages (g.) From the base of
the arytenoid cartilages, (5, 5, fig. 113,) ligaments (6, 6) called
the inferior vocal cords stretch forward to the front angle of the
thyroid cartilage, reducing the dimensions of the tube, and
giving the aperture a triangular form. There are two ligaments
commencing near the top of the arytenoid cartilages, and
running parallel with the lower ones, which are the superior
vocal cords. A vertical section of the larynx, from a to o, fig.
113, would be represented by fig. 114, in which 1, 1 are the
superior, and 2, 2 are the inferior cords,
and 4, 4 are the ventricles of the larynx.
The arytenoid cartilages are so furnished
with muscles that they are capable of
considerable motion; and, as one end of
thecords 2,2,is attached to them, it fol-
lows that they may be made tight
loose, or be made to approach or recede
from each other. The voice is made by
the air from the lungs passing these cords,
and its variations oftone depend on their
adjustment. But it is subject to various
modifications, from the capacity of the
lungs, the force with which the air is
emitted, from the form and size of the
mouth, from the nose, the lips, the

Fig. 114.

1, 1 The upper vocal
cords. 2, 2 The lower vo-
cal cords. 3, 3 The glot-
tis. 4, 4 The ventricleso
the larynx.

tongue, the teeth, etc. The tube thus formed is suspended from
70 This small, membraneous space can be felt below the Adam's

apple, in the front of the neck, and thus the position ofboth the thy-
roid and cricoid cartilages will be ascertained.
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the os hyoides (t*,fig- 115) by a membrane n. The fifth carti-
lage of the larynx (i) is the epiglottis, so placed as to fit like a

Fig. 115.

The Larynx, t The
epiglottis, u The hy.
oid bone. I The thyroid
cartilages. « Themem-
brane extending from
the hyoid bone to the
thyroid cartilage

lid over the opening between the superioi
vocal cords during deglutition,and preven
food from entering the larynx.

223. The trachea (4, PI. III.) is the
continuation of the larynx to the thorax
It is composed of from sixteen to twenty
rings of cartilage, which, however, do not
extend entirely around the trachea, but
leave a space behind, which is closed by
membrane, and the rings are also attached
to each other by membrane. Immediately
behind the first bone of the sternum, the
trachea divides into two branches (5, 6)
called bronchi, which go to the two lungs.

224. Thelungs (1,1, 2,2,PI, III,) are
situated in the two cavities of the thorax. The left lung is com-
posed of two lobes, and the right lung of three. Each lobe con-
sistsof a great number of divisions, called lobules. Each lobule
isa congeries ofair cells, consisting ofvery delicatecellular mem-
brane. The bronchi, after entering the lungs, divide into small
tubes, and one of these tubes opens into each lobule. All of
the air cells in a lobule communicate with each other, but there
is no communication between the air-cells of different lobules.

225. We have seen that the blood is subject to two distinct
circulations, one of which is through the lungs. It reaches the
lungs by the pulmonary artery, which is subjected to exceedingly
minute division, and finally becomes a system of capillary
vessels, which are distributed upon the membranes composing
the air cells. (13 Lith. Plate III.) The pulmonary veins re-

Describe the severalcartilages of the larynx. The vocal cords. How is the voice
produced? Upon what do its modifications depend'1 .223. Describe the trachea.
224. The lungs. 225. The pulmonary capillaries. Of what are the lungs com-
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ceive the blood from these capillaries and convey it back to the
heart. The lungs are therefore composed ofair cells, bronchial
tubes, arteries and veins."

226. Eespiration consists in receiving air into the lungs,
and expelling it from them. This is effected by the alternate
contraction and enlargement of the cavity of the thorax ; and
this change is performed by appropriate muscles, and not by
any power belonging to the lungs. The thorax may be en-
larged in three directions. The diaphragm has the form of
a compressed dome, (4,4, fig. 117,) and the contraction of its
fibres tends to depress the dome,and reduce its position to 2, 2.
The depth of the thorax is thus increased. The ribs come
obliquely forward and downward from the spine, so that their
anterior extremities meet the line 2,2, fig. 118. There are
several sets of muscles, (8, 8,) so attached to the ribs,
that their contraction will raise them to a position nearly
horizontal, and their extremities will be brought forward

n The parts of the lungs here described are those upon which the
respiratory functions depend. In addition, the lungs, like all other
parts of the body, have their nerves, absorbents, and blood-vessels for
nutrition. The interior surface of all the bronchial tubes and of the
air-cells is also lined with a mucous membrane, which becomes impor-
tant from its extreme liability to take on disease. In a condition of
health, the secretion from this membrane is only sufficient to keep the
surfaces moist, and is constantly removed by evaporation. But when
inflammation sets in, the secretion becomes copious, and either frothy
or thick and adhesive, according to the stage and degree of the inflam-
mation, and is thrown off by expectoration. The intensity of the
inflammation may vary from that of the slightest cold to that of active
suppuration.

posed 7 226. In what does respiration consist How is thiseffected 7 How is the
verticalmeasure of the thoraxincreased I Thetransverse diameter7 The distance



186 THE RESPIRATION.

to the line 3, 3 „ that is, the transverse diameter of the
thorax* will be increased. The sides of the thorax will

Fig. 117,

A front view of the thorax inrespiration. Air is drawn into thelungs by the com-
pression of the diaphragm to the line 2, 2. At the same time the sides of the
thorax take the position 1, 6. Air is expelled from the lungsby diminishing the
cavity of the thorax. This is effected in part by compressing the sides to the
dotted line 3, 4. In part, also, by compressing the abdomen from 6 to 7, thus
elevating the stomach and liver, and lifting the diaphragm to the dotted line 4,4.

then have the position 1, 5, fig. 117, instead of 3, 4. At
the same time, the sternum will be thrown forward, so as

from the spine to fie sternum7 What are the means ofordinary, andwhatof la-
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Fig. 118.

1, 1, The Ribs. 2, 2, The sternum
in the position whichit takes in erpi-
raiian. The ribs are raised during
inspiration, so that the sternum is
brought forward to 3, 3. 4, 4, The
spine. 8, 8, Muscles by which the
ribs areraised at inspiration.

to occupy the position, 7,7, fig. 119, instead of 6, 6, which it
does when the thorax is contracted.

In ordinaryrespiration, the diaphragm is the principal agent.72

72 This action of the diaphragm is intimately connected with diges-
tion. The depression of this muscle can take place only as the muscles
of the abdomen are relaxed, to make room for the abdominal viscera;
hence the difficulty ofbreathing after a hearty dinner, when all of the
relaxation of the muscles is required tomake room for the distention
of the stomach.

The diaphragm rises in consequence of the contraction of the abdom-
inal muscles pressing the viscera upward against it. Thus, the process
ofrespiration cannot be carried on at all without giving constantly to
the stomach and intestines the motion upon which the digestive process
in a great measure depends.

It should not be inferred that ordinarily there is no elevation and
depression of the ribs in respiration, for every person can see, by
observing his own breathing, that there is. Still the object of this
means of respiration seems specially designed to supply an extra
amount, either when from active or fatiguing exercise, the system
demands an increased influence from respiration; or when, from the
air being less pure, a greater amount is needed. Hence, persons who
receive a sufficient supply, when the air is pure, become faint on enter-
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But in forced respiration, nearly all of the muscles of the neck,
thorax, and abdomen are employed.

Fig. 119.

Side view of the thorax. 1 Thecavity
of the thorax. 2 The cavity of the abdo-
men. J$ and 4 The different positions of
the diaphragm in expiration and inspira-
tion. 6, 6 and 7,7 The different positions
of the sternum and abdomen.

227. The amount of air
received into the lungs at
each inspiration is about ono
pint. But this will vary at
different times in the same
individual. Thus, vigorous
exercise induces much fuller
inspirations than are needed
when we are at rest. The
danger ordinarily is, that the
amount will be below the
wants of the system. This
may result from the thorax
being contracted naturally
or by the compression which
it hasreceived fromthe close-
ness with which clothes are
worn, fromthe habit ofsitting
or walking with the shoulders
bent over and resting upon
the thorax, orfrom a diseased
condition of the lungs.

Mental states also have an influence upon the amount of
respiration. Depression of spirits diminishes the action of the
respiratory muscles ; and hence the deep inspirations (sighing)
to which such persons are accustomed. Nature thus insists
upon these deep inspirations occasionally, to prevent in part the

ing a crowded room, if they are so dressed that their respiration can-
not, by themovement of the ribs, be increased.

bored respiration 7 227. What amount of air is ordinarily received into the lungs 7
Uponwhat does the variation from this amount depend 7 How do the states of
mind affect the amount of respiration? What is the physiology of yawning 1
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evils which would otherwise arise from the too limited amount
of air which the lungs are receiving.

Yawning is for a similar purpose. li generally occurs either
in the morning, before the respiratory muscles have received the
amount of stimulus which, in a waking state, they need, or at
other times when the body is sluggish and the respiratory action
is feeble. It consists of an involuntary, deep and prolonged
inspiration, in order to completely fill the lungs, and furnish the
necessary stimulus when a person is not disposed to secure it by
active exercise.

228. The object for which air is introduced into the lungs
is to supply oxygen to the blood. But if pure oxygen is
breathed, the stimulus is too great. The atmosphere which has
been provided for our use in respiration contains one-fifth of its
volume of oxygen, and the most of the remaining four-fifths is
nitrogen, which, so far as is yet known, has no other end than
to dilute the oxygen so as to adapt it to the purposes of the
system. , .

Assuming that the oxygen contained in a pint of air at the
ordinary temperature, is the amount needed by the blood ateach
inspiration, it is obvious that when the air is reduced in volume
bycold, a pint will contain more than we are supposed to need;
and when it becomes expanded by a high temperature, it will
contain less. The quantity of oxygen received into the lungs
may vary from this cause by as much as one-fourth of the whole
amount.

As the consumption of oxygen is connected with the develop-
ment of the vital force, we see in this a reason why we should,
in winter, experience more elasticity of feeling, possess more
energy, and be able to perform more labor. Vital heat is also
developed in connection with the consumption of oxygen. As a

228. For whatpurpose is the air received into the lungs ? Whatis the constitution
ofatmospheric air ? To what extentmay changes of temperature vary the amount
of oxygen inhaled ? Whyis more energy of the system experienced and more ani-
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larger amount of heat is needed by the system in winter than
in summer, it is a wise provision that a larger amount of oxygen
is then necessarily inhaled.

229. The air may lose, to some extent, its fitness forrespira-
tion by being diluted with other substances, such for instance
as watery vapor, but especially by carbonic acid.

A very small proportion of carbonic acid, about a tenth of one
per cent., always exists in the air, and does not appear to be
injurious ; but in various ways it is liable to accumulate in larger
quantity, chiefly howeverby respiration. If, by means of atube,
we breathe into a transparent solution of lime, it will at
once become milky, and a chalky substance will at length sub-
side. This, like common limestone or chalk, is carbonate of
lime, of which the lime was dissolved in the water, and the
carbonic acid must have come from the lungs. It is one of the
essential products of respiration. It is injurious, not simply
because it dilutes the air, and thus dimishes the proportion of
free oxygen, for even when oxygen is added artificially, the pre-
sence of carbonic acid renders it detrimental. Four per cent, of
this gas, which is about the proportion contained in the air as it
comes from the lungs, renders it highly injurious, and a much
smaller proportion is undoubtedly hurtful. In this fact princi-
pally consists the importance of proper ventilation of school-
houses, workshops, churches, halls for public meetings, and
sleeping apartments. 73

73 The sleeping apartment has sometimes been warmed by setting a
dish of burning charcoal within it. The casualties arising from this
practice have, it is hoped, put an end to it. It is obvious that it must
be attended with great danger, for carbonic acid is rapidly given off
from burning charcoal, and the danger is increased from the fact that

malheat developed in winter than in summer 7 229. How may the air loose to some
extent its fitness for respiration 7 Howis it shown that carbonic acid is exhaled
from the lungs 7 What proportionof carbonic acid does the exhaled air contain 1
Does the injury to the air from the presence of carbonic acid arise fromits reduc-
ing the amountof free oxygen 7 Why should places in which many persons are
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230. The air is received into theair cells (4,4 PL IV,fig. 2)
in the lungs, and the blood flows through the blood vessels which
are spread out over the surface of these cells. There is there-
fore a membranous partition between the blood and the air,
Membrane is not, however, as was formerly supposed, imper-
meable to air, or even to liquids; but some gaseous substances
penetrate it much more readily than others. Oxygen, carbonic
acid and watery vapor are found to be of the first kind, while
nitrogen scarcely passes through membrane at all. It follows
that, when atmospheric air is received into the lungs, the oxygen
willreadily pass from the air cells into the blood, while the ni-
trogen will be retained, and that carbonic acid and watery vapor
will easily pass from the blood into the air cells and be expired.

There are about twenty respiratory movements in a minute,
and one pint of atmospheric air is inhaled each time. One-fifth
of the atmosphere is oxygen; and it is found that about one-

this gas tends to produce stupidity and sleep, and therefore furnishes
to the individual no warning of its effects.

The large fire-place and chimney of former timeshad its advantages;
for, with a good draught, the amount of air carried from a room by it
was always sufficient to accomplish all of the purposes ofventilation.

When the draught is imperfect, carbonic acid may be thrown from a
grate of ignited coal into a room, in such quantity as, without pro-
ducing any smoke, to bring on headache, and make the air very
unwholesome.

The use of air-tight stoves has this disadvantage, that they effect no
change of air in a room. They can be safe only when the air is fre-
quently changed by opening doors or windows.

The objection to ventilation is, that in cold weather it introduces
cold air, and with it exposure to cold. This objection is obviated in
the use of furnaces. The air should be allowed to escape at the top of
the room, and the air which is admitted is that upon which the warmth
of the room depends

likely to be collected be well ventilated7 S30. How does the oxygen reach the
blood in the lungs 7 Why doesnot the nitrogen also enter the circulation 7 What
proportion of its volume of oxygen does the blood takeup 7 Give the calculation
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fourth of the oxygen, that is, one-twentieth of the whole amount
of inspired air, disappears at each respiration, and nearly an
equal volume of carbonic acid is supplied. By twenty respira-
tory movements then, that is every minute, a pint of oxygen is

received into the circulation, and during the same time nine
pints of blood (216) have circulated through the lungs. The
blood, therefore, absorbs one-ninth of its volume of oxygen from
the atmosphere.

231. We may now inquire what are the changes in the con-
stitution of the blood effected by respiration. We have seen
thatthe blood which comes to the lungs has a dark-re'd or purple
color, and that when it goes from the lungs it has acquired a
scarlet hue. In the lungs, the blood parts with carbonic acid
and absorbs oxygen. These are all of the changes of impor-
tance known to occur; and we might infer that in these
changes consists the conversion of venous to arterial blood. We
can, however, subject venous blood to more direct experiment,
by taking it from the system and exposing it to the action of the
atmosphere, under such circumstances as to exclude the influence
of other causes. It is still found to take the color of arterial
blood, while oxygen is absorbed and carbonic acid is given off.
The blood seems to undergo no change in chemical constitution
after leaving the pulmonary capillaries, till it reaches the nutri-
tive capillaries, and none after it enters the veins till it reaches
the lungs. Hence, the changes which take place in the nutritive
capillaries must be exactly the reverse of those in the lungs ; that
is, the blood must part with oxygen, and absorb carbonic acid.

The blood contains a small proportion of iron, amounting in
the whole system to two or three ounces. This is found in the
red globules. The most satisfactory explanation of these
changes (which is, however, to a great extent hypothetical)
consists insupposing that in the arterial blood the iron is in the
upon which this statement is made ? 231. What changes does the bloodundergo
in the pulmonarycapillaries by respiration? How may the proof be given out of
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state of a peroxide; that is, it is combined with one equivalent
and a half of oxygen. In its circulation through the nutritive
capillaries it meets with carbon, with which half an equivalent
of its oxygen combines, forming carbonic acid. The iron is
then reduced to the state of a protoxide. The carbonic acid
combineswith the protoxide, forming a carbonate of the prot-
oxide of iron. This carbonate gives to the blood its venous
character, and as such it leaves the capillaries and enters the
veins. When the blood reaches the lungs, the oxygen there
received decomposes this carbonate, sets the carbonic acid free,
which escapes in respiration, and combines with the iron, restor-
ing it again to the state of a peroxide. If this view is correct,
the office of the red globules is that of carriers, distributing the
oxygen from the lungs to every part of the body to TOhich the
circulating fluid is sent, and gathering up the refuse carbon and
conveying it to the lungs to be eliminated.

232. It remains to determine the purposes for which these
changes take place.

The nutritious substances are highly complex compounds,
such as are produced only by the processes of vegetable life,and
are held together by a very feeble affinity. Whenever they
become deprived of life, decomposition at once begins. We see
this in the spontaneous decay of meats, fruits, vegetables, and
even wood. But as long as they possess vitality, there is a
power which resists this tendency to decay. We cannot make
use of any other known power, such as heat, electricity, cohe-
sion, or gravitation to produce these results. We therefore give
it a distinct designation—the vitalforce. •

We have seen that, at short intervals, a certain amount of
nutritious substance must be supplied to the blood. Before it

the body 7 What changes takeplace in the nutritivecapillaries 7 Give the changes
whichare supposed to take place in the red globules. 232. What is meant by the
vital force7 Why can this not be considered as some otherknown force, (as elec-
tricity, for example,) acting to prevent the chemical changes 7 What change is
effected in the nutritive capillaries by the oxygenof the red globules 7 How does
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enters the system, it is identical in composition with living
tissue.74 It therefore brings into the system the force by which
it retains its complex composition. It passes without change of
chemical constitution through the digestive apparatus, and
through the organs of circulation. In the nutritive capillaries,
it is simply removed from the circulation and incorporated into
muscular and other tissues The first change in the constitution
of the nutritious substance takes place in the nutritive capil-
laries, by the combination of the oxygen which the red globules
convey with the carbon of the living tissues. We must conclude,
then, that this current of oxygen which enters the system by
respiration, has for its object the decomposition (the destruction
of vitality) of parts of the living body.

But when this decomposition takes place, it liberates the vital
force by which the combination was before retained. And this
force, no longer employed in the service of the nutritious sub-
stance, now becomes available for other purposes. The in-
voluntary motions the system claims, such as those of nutrition,
respiration, digestion, the contraction of the heart, etc. ; and
the brain controls and appropriates enough forcefor this purpose,
whetherwe assent to it or not. The surplus of this force we are
at liberty to employ, in thought, exercise, labor, etc.,at our
option. This is a man's physical strength.

233. This explanation of the mechanical power of the system
is in accordance with all of the known facts which bear upon it.

Thus, if a person breathes impure air, or has a contracted
chest, so that but a limited amount of oxygen is inhaled, but
little tissue can be decomposed, and his muscular powers are in
the same proportion enfeebled.

74 It is not intended to convey the idea that the several tissues, such
as muscle, membrane, cartilage, nerve, and brain, are identical in
composition ; but so nearly identical that, in order to give a correct
general view of the several vital processes, they may be so considered.
thevital force become available ? How is it used * What part of it can be em-
ployed in voluntary effort? 233. Whatis the effect of limited supply of oxygen
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If a person be confined to a scanty diet, but littlo living
tissue will be formed. But little, therefore, can be decomposed,
and his ability to perform physical labor is correspondingly
reduced.

When a person puts forth an extraordinary degree of muscular
effort, a large amount of decomposition must take place, and a
large amountof nutrition is required. Hence it is, that whenever
an unusual amount of muscular effort is demanded, therespira-
tory effort is increased, and the amount of air inhaled is increased
two or three fold. The immediate effect is the increased decom-
position of living tissue and the increased supply of physical
power.

A large amount of nutriment may be taken inlo the system,
but may be used principally to promote growth. As there ia
but a small proportion of it decomposed, there is but little
muscular power or ability to endure fatigue.

It would seem that the system is incapable of renewing these
tissues as rapidly as they are decomposed by the system in an
active condition. Hence it is made necessary that most of the
mechanical functions should be periodically suspended and res-
piration become less active. This is the period of sleep, and
only so much mechanical force is employed as is necessary to
carry on the circulation and reconstruct the tissues in which the
decomposition was becoming excessive.

When the decomposition of tissue goes on, and furnishes the
force necessary to perform the vital functions, and there is no
supply of food from which new tissue can be formed, extreme
emaciation takes place. When there is no tissue left which is
capable of decomposition, the vital force can no, longer bo devel-
oped, and life no longer exist. Such is deathby starvation.

234. We have seen that one effect of the combination of
and why ? What of limited supply of food, and why? What conditions are neces-
sary where great musculareffort is required? What is the effect of rapid growth
upon the strength, and why? In what consists the demand for sleep ? How does
vitality cease from starvation 7 234. Whatother effect besides the developmentol
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oxygen with these tissues is, to convert the vital force into avail-
able mechanical force. Another effect must be the development
of heat. The changes are as strictly a combustion as if they
took place in the open air—of precisely the same nature as the
combustion of ordinary fuel. They consist essentially in the
combinationof oxygen and carbon ; and it is one of the necessary
results of this combination to generate heat.

In ordinarycombustion carbon is supplied in the formof wood
or coal; the oxygen is derived from the air; carbonic acid is
formed and removed by the current of air; a residual ash of
earthy matter with which oxygen will not combine is left, and
heat is evolved. Within the system, the fuel is the living
tissue, the oxygen is furnishedby thered globules ; carbonic acid
is produced by the combination, removed by the venous blood,
and at length exhaled from the lungs; a residual substance with
which oxygen will not combine is dissolved in the blood, but fin-
ally removed by the action of the kidneys, and heat is evolved.

The amount of heat evolved must be in exact proportion to
the carbon consumed, and depends therefore upon the amount of
oxygen inhaled. The heat will be evolved not in the lungs
particularly, but in every part of the system to which the
oxygen is carried by the red globules.

235. We have thus far spoken of the food as composed of
nutritious substances ; that is, of substances which are identical
in composition with the tissues of the body, and which, in order
to effect the nutrition of the system, need only be rendered
soluble by the digestive process, absorbed by the lacteals, intro-
duced into the circulating fluid, and appropriated to the repairs
and growth of the several parts. All of these substances con-
sist essentially of four elements—oxygen, hydrogen, carbon, and
nitrogen. 75 They are called the elements of nutrition, or, as they

75 There are various other substances, such as soda, potassa, lime,
vital forceresults from these chemical changes 1 Compare these changes with or.
dinary combustion. How is the amountof heat limited? Where is; t produced
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are characterized by containing nitrogen, they may bo tailed the
nitrogenized constituents of the food.

The flesh of animals, cheese and eggs consist almost entirely
of these elements. The albuminous vegetables, such as beans,
peas, etc., and the gluten of wheat and other grains, contain
them in large proportion. Most other vegetable substances—
the grasses, roots, etc.—contain them but in smaller proportion.

The living tissues are built up from these elements, and by
the decomposition of these tissues and their elimination, the
forces of the system and animal heat are developed.

236. If the amount of heat required were in all cases
exactly proportioned to the vital force required, and if the
oxygen present were no more than sufficient to combinewith the
tissues for the production of this force, there wouldbe no occasion
for any other kinds of food. This, however, is by no means the
case. A part of the year, we are surrounded by a temperature
little inferior to that of the body. But little animal heat is lost,
and the supply required is very small, though the amount of
vital force required be considerable. In the winter season the
radiation of heat from the body is very rapid ; and, in order to
sustain the requisite temperature, heat mustbe rapidly developed
by the system, even though but little vital force is needed.
Moreover, if there were an excess of oxygen in the circu-
lation, it would probably continue to combine with the living
tissue, and produce emaciation and disease.

Hence the necessity of food which has a composition so
differentfromliving tissuesthat it cannot become a part of them.
Ofthis description are the oils, the fat of animals, sugar, starch,
phosphorus, sulphur, and iron, in very small quantities, in the ele-
ments ofnutrition.
225. What are the two kinds of food7 Whatis therelation ofthe elements ofnutri-
tion to the living tissues 7 What is their composition 7 How are they character-
ized 7 What are examplesof this kind of food7 What do theelements ofnutrition
accomplish in the system? 236. Under what circumstances maywe suppose no
other kinds of food would benecessary 7 What are the circumstances which ren.
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and all of the sacoharine and farinaceous parts of the grains,
roots, grasses, and whatever vegetable substances are ever used
as food. They are composed of oxygen, hydrogen, and carbon,
but contain no nitrogen, and are called the dements of respiration.
The oxygen and enough of the hydrogen to constitute water, will
not affect the temperature of the body. The excess of the hy-
drogen and the whole of the carbon may combine with the
oxygen of the inspired air. This combination must develop
heat in proportion to the amount consumed. The products,
after combination, are only carbonic acid and water, both of
which are given off in large quantity by the lungs.

237. It follows, in the first place, from the different pur-
poses to which the elements of nutrition and those ofrespiration
are subservient, that all persons, and in all circumstances, re-
quire some food which contains the elements of nutrition, and
that persons of sedentary habits need less of these elements than
those whose occupations require the exertion of more physical
force. Itneed not be animal food, forwe getthe same elements,
though not in so concentrated a state, in many kinds of vege-
table food.

Secondly. The kind and amount of food should vary with
the season and the climate. The inhabitants of warm climates
eat less than those of cold, both because they need to develop
less animal heat, and because they put forth less physical effort.
Every person needs more of the elements of respiration in his
food in winter than in summer. In the extreme northern
regions, the inhabitants consume large quantities of fat, oil, and
other substances which contain no nitrogen, but which are rich
in carbon. 76

76 With persons who indulge in free living, and who exercise but lit-
der another kind of food necessary? What are instances of this second kind?
Whatis their composition ? What are they called? Howare they eliminated from
the system? 237. Whydo all persons need theelements ofnutrition 7 Do seden.
fery or active persons need the most, and why 7 From what sources, animalor
vegetable, are these to be obtained 7 What effec t shouldthe seasons have in the
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If there is an excess of these elements of respiration ;n the
system, it is deposited in the form of fat.77

CHAPTER IV.—OF ABSORPTION.

238. The Lacteals are a part of the absorbent system,
designed for the absorption of the chyle from the small intes-
tine, and have been described in connection with the subject of
digestion.

239. Thereins are also absorbents. Most of the absorption
of the system is undoubtedly performed by them ; for the sixty
gallons of blood which they return to the heart every hour is
sufficiently charged with absorbed matter to change sensibly its
properties. They may absorb other substances ; but their
special office as absorbents is to take up the waste products
occasioned by the decomposition of the living tissues.

240. There is a third class of absorbents called lymphatic

tie, the oxygenreceived into the system is insufficient to consume
entirely thecarbon whichbelongs to the tissues, offered for decomposi-
tion. These tissues are decomposed, but the residuum is a nitrogen
compound containing an excess of carbon, and in consequence becomes
insoluble. It often accumulates in the bladder as stone or gravel, and
can be removed only by surgical operations.

77 Advantage is taken of this in the fattening of domestic animals.
They are furnished with an abundance ofsuch food as is readily trans-
formed into fat, that is, of the elements ofrespiration. To secure these
elements from being removed by respiration, every precaution is taken
to diminish the quantity of oxygen received into the system, by pre-
venting exercise, and by guarding them against exposure to a low
temperature.
selection of food ? Why is less food needed in warm climates? Whatis thecha-
racter of the food among the inhabitantsof the polar regions, and why?

Chapter IV 238. Whatis the office of the lacteals? 239. What is the office ot
the veins as absorbents ? 240. What is the third class of absorbents? Describe
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vessels. (Figs. 120,121, 122.) They commence by a network
of exceedingly minute tubes in all parts of the surface of the

Fig. 120.

A .Lymphatic vessel,magnified.

true skin, and ofall the free surfaces, such as the membranes
which invest the brain, and the serous membranes generally, the

Fig. 121.

A Lymphatic vessel laid open to show the valves.

mucous and synovial membranes, the surface of the eye and the
interior surface of the arteries and veins. The network of these

Fig. 122.

Lymphatic vessels passing through glands,

Fig. 123.

Aplexus of Lymphatic vessels in the
skin, magnified.

is so close (fig. 123) that when
injected, the surface looks like
a pellicle of quicksilver. As
they leave the surfaces inwhich
they originate, they are still
slender tubes, but abundantly
supplied with valves, occasion-
ally passing through glands,

and, though not uniting into large tubes like the veins, they
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oonverge towards the centre of the system, and finally unite in
the thoracic duct. (Fig. 124.)

241. In all parts of the body there are substances which
have performed the offices for which they were intended, and
being no longer useful, require removal. Of this nature are the
secretions within the joints, thorax, abdomen and cranium. In
like manner, particles of the body, either from its ordinary
motions or from accident, as in case of bruises, extravasation
of blood, etc., are continually losing their vitality and need to
be removed. The removal of such substances seems to be
specially the duty of the lymphatic vessels.

242. These vessels are found to contain a liquid generally
colorless and somewhat resembling the serum of the blood. It is
mingled with the chyle in the thoracic duct, by which this mixed
fluid is conveyed into the blood. Thus every substance which has
once been used, as the synovia or any of the lubricating fluids,
but which is capable of being appropriated again, is returned to
the circulation for that purpose. Whatever is incapable ofsuch
use will be separated from the blood by some seoreting process.

243. Several conditions of the body depend on the activity
or inactivity of this system.

When the absorbents of the head, thorax, abdomen, pericar-
dium or joints fail to absorb the fluids secreted into their
cavities, dropsy occurs in those parts.

When the quantity of refuse matter in any part of the body
is greater than the absorbents can remove, a tumor is formed,
which increases in size till it opens a passage to the surface and
the vitiated matter is discharged.

Eruptive diseases consist in the deposition of such matter near
the surface of the body as the absorbents will not act uptn.

them. 241. What substances are theyintended to absorb ? 242. Describe the fluid
which they convey. What is the objectof returning it into the blood 1 243. What
is the effect when theabsorbents of the closed cavities become inactive 1 Whatis
tie result when the refuse matterbecomes considerable1 What are eruptive- di*"
eases ? What substances are absorbed by these vessels from thesurface.

9'
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These vessels, though they do not reach through the cuticle,
are yet capable of taking up substances which exist on the sur-
face and conveying them into the blood. Unguents, poisons,
and contagious miasma,as well as moisture and liquid nutriment,
are sometimes in this way conveyed into the circulation. Refuse
and unwholesome matter is constantly thrown from the system
by perspiration, and if not removed by frequent ablutions, will
be reabsorbed and tend to generate disease.

CHAPTER V.—OF SECRETION.

244. The secretions of the system have several objects.
There is one kind of secretion the object of which is to lay up
in store substances which the system mayafterwards need. The
adipose matter, the fat of the system, is such a substance.
It comes from the elements of respiration. When there is a
residuum not needed at the time it is furnished, it is deposited
in the cells of the loose cellular tissue, for the purpose of being
removed whenever the condition of the system is such as to
need a larger supply of animal heat than the daily supply of
food will produce. It is this store of fat which enables hyber-
nating animals to sustain a feeble respiration during the whole
winter without taking food at all.

A second class of secretions is designed to accomplish parti-
cular objects in the system. When these are accomplished, the
secretion is again returned to the circulation. Such are the
secretions from the serous and some of the mucous membranes.

Secretions of a third class are also designed to accomplish
special purposes in the system, but having accomplished these

Chapter V.—244. What is the objectof thesecretionof fat 7 What is the second
kind of secretion7 The third 7 The fou-th 7 245. What is thenature of the secre-
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purposes are of no further use. Such are the tears, theearwax,
and the perspiration.

Afourthkind, of which the urine is perhaps the only example,
has no other known object except the separation of refuse
matter from the blood and the rejection of it from the system.

245. The nature of the secreting process is not understood.
It has, by some, beenregarded as a chemical process, by others
as a mere filtering process. But the facts are inexplicable on
either theory. We may consider it as a separation of sub-
stances from the system, so controlled by the vital force as to
make the selection always the one required, just as the proper
selection is made of the materials for the growth and repair of
the several parts of the body. 78

246. The organs of secretion are of two kinds—surfaces and
glands. Secretion takes place from all the surfaces of the body

The lining membranes of all of the closed cavities, such as
the joints, thorax, abdpaten, cranium and pericardium, secrete
fluids to lubricate them.

The membranes which line the nasal cavities, the mouth,
pharynx and esophagus and the intestines, secrete a mucous
substance for the lubrication and protection of these organs.
The internal surface of the stomach is a mucous surface, but the
object of its secretion is particularly the digestion of food.

The internal surface of the lungs secretes carbonic acid and
watery vapor. Perhaps this ought to be regarded rather as

78 An explanation of this process on physical principles would seem
tc be impossible ; it obviously involves something more than merephy-
sical agency. There is choice, a function of mind, the work of a
thinking Being ; and yet our thinking powers have no control over it.
This Being, our Divine Protector, exercises this choice for us without
cessation, and in all parts cf the body. Otherwise our life must cease
at once.

tingprocess 7 246. How many kinds of secreting organs are there7 Howare the
closed cavitieslubricated 7 What is the secretion from the several parts cf the
alimentary canal 7 YVha is the secretion from the lungs 7 247. Describe the fol
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transmission of these gasses, for the surfaces seem to have no
more agency in the process than lifeless membrane.

247. The skin furnishes two kinds of secretion, one from
follicles, and one from perspiratory tubes. The
follicles (fig. 125) are small cavities situated inFig- 12^'
the substance of the true skin, and opening at
the surface by narrow orifices. They are found
in all parts of the surface, but are most abundant
in the arm-pits, the groins, and on the face andsimpleandcom

mi n • v ± .• i • ipoundFollicles,nose. They furnish an unctuous secretion, whichmagnified.
Fig. 126.

Section of the skin of the finger,
magnified fourteen times its thick-
ness, g,g, The perspiratory glands,
situated in the cellular tissue/, be-
low the skin, ft,h, The perspiratory
tubes, passing through the several
layers of the skin, and opening upon
he surface, t, I.

Simpleand com
pound Follicles,

magnified.
serves to soften the cuticle and pro-
bably to prevent it from being affec-
ted by the dryness or moisture of
the atmosphere. 79 They are large
on the edges of the eyelids, and the
oily secretion probably prevents
the lachrymal fluid from escaping
externally.80 They are also abun-
dant in the ear, and produce the
earwax.

Follicles are also found in the
mucous surfaces ; but the secretions
from them are like the secretions
from the surfaces in which they are
situated.

248. rJ hemost important ac-
tion of the skin is that of per-
spiration. This function is per-
formed by small tubes, which

TO The orifices of the follicles areapt to become closed, and the secre-
tion within the enlarged opening becomes hardened, producing a black
speck; the contents of the follicle can be removed by pressure. These
substances from their form and hardness, have been called " worms."

80 The inflammation of these follicles constitutes the Msty."
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commence below the true skin in the perspiratory glands (g, g,
fig. 126.) These tubes pass by a spiral course through the
true skin and cuticle to the surface. The orifices of these tubes
are, in popular language, the pores of the skin. They are very
numerous, amounting in some parts of the surface to several
thousands upon a square inch.

249. One office of these tubes is to remove a certain
amount of refuse substance from the system. It is generally in
the form of insensible perspiration, that is, of vapor, which is
continually escaping from all parts of the surface ; but in warm
weather, or during severe exercise, it is abundant enough to
appear as moisture on the skin and sometimes in drops. The
perspiration consists of water slightly charged with saline ingre-
dients. The amount of daily perspiration must be exceedingly
variable ; but it is probably about one-fourth of the weight of
the solid and liquid substances which we take into the stomach.

250. Another important office ofperspiration is its influence
upon the temperature of the system. We have seen that heat
is produced by the combustion of the carbon of the decomposed
tissues, and that provision is made for increasing it by furnishing
certain kinds of food which have no other object. But we often
need the means of also reducing the heat. We may often be
surroundedby a temperature equal, or nearly equal, to that of the
system. Heat will continue to be generated, but there will be
none radiated. It is the office of perspiration to effect its
removal. Water at the temperature of the body must absorb
eleven hundred degrees of heat in order to become vapor. For
every ounce therefore of water given off in a state of vapor by
perspiration, enough heat has been taken from the system to
heat seventy pounds of water one degree. The apparatus of
perspiration has thence the power of abstracting heat with great

licles and their secretion, and its use. 248. Describe the perspiratoryapparatus.
249. What is theiroffice. How does the perspiration appear t How much is elimi-
nated in this wav 7 250. What other office has perspiration 7 Why is this neces
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rapidity; and as the temperature rises, the rapidity ofperspira-
tion increases So complete is this protection, that a person
may remain for half an hour in an oven sufficiently heated to
cook his dinner and not be injured, provided his perspiratory
system be in a state of great activity. 81

251. The follicular secretions are not of a nature to be
evaporated, and the saline ingredients of the perspiration are
also left on the surface. In order that these substances may
not obstruct the pores of the skin, and that they be not
absorbed by the lymphatic vessels, it is important that the
entire surface be washed daily with water and soap or some other
similar detergent. The method maybe by the water bath, vapor
bath, by showering or sponging, according to the convenience of
each individual.

Experience must teach us whether warm or cold water should
be used. If there is a healthy and vigorous reaction after using
iold water, then that is to be preferred. If the surface be-
comes shrivelled and pallid by the use of it, then warm water is
better. And in all cases sufficient friction upon the surface
should be produced by the towel or flesh-brush, to restore an
energetic circulation.

Lastly. The clothing and exercise should always be such as
to preserve the requisite warmth and keep open and active the
perspiratory orifices.

81 It is scarcely credible that the human system can endure a tem-
perature so high as, in perfectly well authenticated cases, it is known
to have endured. Sir Charles Blagden and others exposed themselves
to a temperature of 260°, that is, about 60° above the tempera-
ture of boiling water; without injury. Chauntry, the sculptor, often
entered his drying rooms when they were at a temperature of more
than 300°. It has been said that ovens heated to a temperature of
600° have been entered by some of the famous fire kings, without
injury ; but the accuracy of these statements may be doubted.
sary 7 Howdoes itaccomplish this object 7 251. Why is frequent ablutionneces-
sary 7 By whatshould we be governed in selecting warmor cold water7 What
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252. Secretion from glands. Most of these secretions are

subservient to other functions, and have already been described.
The principal of these secretions are from the lachrymal and
salivary glands, and from the liver and pancreas.

253. The kidneys (fig. 127)are two large glands situated in
the lower part of the abdomen, one on each side of the spine.

Fig. 127.

Section of the Kidney.

They receive a very large supply of blood, and secrete from it
the urine, which is conveyed by the ureters to the bladder, and
is thence expelled from the system.

The importance of this secretion consists in the fact that it is
the only one by which certain substances can be eliminated
The urea, that is the solid portion, which remains when urine
is evaporated, is derived from the decomposition of the tissues,
muscle, cartilage, etc. It is the nitrogenized compound left
when the oxygen of the red globules has combined with most of
conditions besides cleanliness arenecessary to the healthfulactionof the perspira-
tory system? 252. What glands have been before described7 253. Describe the
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the carbon. For the separation of this substance from the blood
there is no other provision but the kidneys ; and if it were not
removed, the blood would very soon be incapable of carrying on
the functions of nutrition.

254. In addition to the glands above named, there is the
spleen, situated at the left of the stomach, the office of which is
supposed to be to receive the blood, during the intervals between
digestion,which the stomach receives while digestion is goingon,
and thus the constant and injurious accumulation of the gastric
juice is prevented. There are also the thymus and thyroid

glands, situated in the neck, which are subservient to infantile
life, probably by receiving and returning the blood which in
maturer life is sent to the brain.

255. The healthy action of the secreting organs is of the
utmost importance. If the urine is not secreted, the blood is
soon poisoned. When this secretion is too copious, it becomes
a dangerous disease. If the gastric juice is deficient, digestion
ceases. Upon derangement of the biliary secretion arise some
of the most formidable diseases. If the synovia is not secreted,
the jointsbecome immovable; etc.

256. It is also important to observe that there is an inti-
mate sympathy between several of the secreting organs, espe-
cially the skin, mucous membrane of the nose, the intestines, the
lungs and the kidneys. If the action of one is interfered with
its office is assumed by another. Thus in cold weather, and
especially if a person is not sufficiently protected during sleep,
the pores of the skin become contracted and inactive, and the
urinary secretion is increased. But the sudden contraction of
these pores by a draft of air checks the perspiration, and deter-
mineseither an increased action of the mucous membrane of the
kidneys? In what respect are they important? 254. What is the situation and
use of the spleen ? Of the thymus and thyroid glands. 255. Illustrate the impor-
tance of the healthy action of the secreting organs. 256. Give instances of the
sympathy existing between the secreting organs. How shoul. this transfer of
functions be regarded ?
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nose, when we have a cold in the head, or the extra labor is
thrown upon the respiratory organs andwe have a cold upon the
lungs, or the mucous membrane of the intestines becomes active
to excess and results in diarrhoaa or dysentery.

When the surface of the lungs becomes diseased, or the
bronchial tubes become obstructed so that less oxygen is taken
up by the lungs, the amount of carbon consumed in the system
is too small, and an excess is therefore contained in the resi-
duum which it is the office of the kidneys to remove. But
with an excess of carbon this residuum is but slightly soluble.
Hence, the urine secreted when there is a cold upon the lungs
ishighly colored, and upon cooling deposits a thick sediment.
This insoluble substance may be secreted so rapidly that it
collects in a solid form in the bladder.

This transfer of functions is a condition of disease ; but it is
the effort of nature to relieve us from still greater danger. The
diseased action of the lungs, nasal cavities, or intestines is less
injurious than it would be to have in the system the substance
which should have been excreted by the skin. It would there-
fore be unwise to attempt to check this disease directly. Allow
it to continue to perform, in' place of the skin, a service which
is necessary to the general health of the system, and remove the
disease only by reestablishing that function which has been
suspended.

GENERAL QUESTIONS ON THE REPAIRING SYSTEM.

Give the analysisof the repairing system.
Chapter I.—Describe the peritoneum. Of what do thesectionsof this chapter,

in their order, treat? Section 1.—Describe themodeof development of the teeth.
How are they divided? In thecase of the teeth, whatare tr.e three precautions to
be observed ? Describe the salivary glands. The tongue. The pharynx. The
esophagus. Thephysiology of mastication and deglutition. Section 2.—Describe
the stomach. Give the physiology of the stomach. Why does the digestive sys-
tem require special care? What are the two objects for which food is taken 1
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Whatcircumstances require the mostconcentrated, and what theleast concentrated
food7 What are thegeneral principles for the selectionof food in health 7 What
in dyspeptic disease 7 Why are liquid substances required in the system 7 How
are they received into the circulation7 What modifications in food are effected by
cooking, andhowdo these changes affect the system. How are we tojudgeof the
quantityof food needed7 What are thepracticalrules in reference to the timesof
taking food, and whatare the groundsof them7 What are the conditions favora-
ble to digestion7 Section 3.—Describethe duodenum. The liver. Thepancreas
Give the physiologyof theseorgans. Section4.—Describethe small intestine. The
mesentery. Give thephysiologyof the smallintestines. Describe the largeintestine

Chapter II.—Describe the blood. The pericardium. The heart. Its valves.
The arteries. Their valves. The distribution of the arteries. The veins. The
course of thecirculation. The forces by which it is sustained. The amountof
daily circulation. How is the pulse produced. Whatrules are to be observed
when an artery is wounded 7 For what purpose is the anastomosing of the ar-
teries7 Howmay we estimate the amountof nutrition performed 7 Where does
nutrition takeplace 7 Describe the capillaries and theiruse.

Chapter III.—Describe thepleura. The larynx. How is the voice pro uced ?
Describe the trachea. The lungs. How isrespirationproduced 7 What 5 i the or-
dinary amount of respiration 7 What circumstances affect the amount7 What
proportionis oxygen7 What circumstances may vary the amountof oxygen re-
ceived 7 From what sources is carbonic acid derived7 How is it injurious ?
Why should rooms intended for a large number of persons be well ventilated7
How is the oxygen received into the blood 7 How much is received in compari-
son with the amount ofblood circulated 7 What changesare effected in the blood
by respiration 7 In what way are thesechanges made7 What is the vital force 7
Howdoes itbecome mechanical force 7 Give the facts whichcorroborate thisex-
planation7 What is the secondobject of respiration 7 Howis theheatproduced 7
What are the two kinds of food7 What is the composition of each7 Give ex-
amples of each. Whatis the object ofeach in the system 7 Under what circum-
stances should eachkindbe used 7

Chapter IV.—For whatare the lactealsdesigned7 Howisit shown that the veins
act as absorbents 7 Describe the third class ofabsorbents. Their office. What
conditionsof the system dependupon their activity.

Chapter V.—What are the four classes of secretions 7 Describe the secreting
process. What are the organsof secretion7 What secretions are performed by
surfaces 7 Describe the follicles and their physiology. The perspiratory appara-
tus. What is its physiology as an excretory system, as connected with the tempe
rature of the body 7 What are the principal glands7 Describe the kidneys and
theiruse. The spleen and thymusand thyroid glands. The relation existing be-
tween the secreting organs.
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Plate I. Back view of the Muscles of the system. 1. The com-
plexus. 2. The splenius. 3. The trapezius. 4. The rhomboideus.
6. The deltoid muscle. 6. The longissimus dorsi. 7. The three
origins of the triceps extensorcubiti. 8. The supinator radii lon-
gus. 9. The extensor digitorum communis. 10. The flexor carpi
ulnaris. 11. The extensor longus pollicis. 12. The gluteus me-
dius. 13. The gluteus maximus. 14. The gracilis. 15. The semi-
membranosus. 16. The biceps cruris. 17. The semi-tendinosus.
18. The plantaris. 19. The gastrocnemius. 20 The peroneus.
21. The tendo Achillis.

Plate II. Front view of the muscles of the system. 1. The sterno-
cleido-mastoideus. 2. The platysma myoides. 3. The deltoideus.
4. The pectoralis major. 5. The serratus magnus. 6. The obli-
quus externus abdominis. 7. The pronator teres radii. 8. The
biceps flexor cubiti. 9. The flexor carpi radialis. 10. The flexor
digitorum sublimis. 11. The sartorius. 12. The rectus femoris.
18. The vastus internus. 14. The. vastus externus. 15. The
gastrocnemius. 16. The extensor pollicis pedis. 17. The exten-
sor digitorum pedis. 18. The tendo Achillis. 19. The tibialis
anticus.

Plate HI. The Heart and Lungs. 1, 1. 2, 2. The lungs. 3. The
larynx. 4. The trachea. 5, 6. The bronchi, distributed by mi-
nute divisions to 7, 7, the lungs. 8, 8. Air cells of the lungs. 9.
The ascending vena cava. 10. The descending vena cava. [The
right auricle is nearly concealed.] 11. The right ventricle of the
heart. 12. The pulmonary artery, which carries the dark blood
into the lungs, distributes it upon the air cells, 13, 13, when, be-
coming changed to arterial blood, it is taken up by the pulmonary
veins, returned to the left auricle, and passing to 15, the left
ventricle, is sent by 16, the aorta, again to the system generally.
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Plate IV. Fig. 1.—TheHuman Heart. The vessels containing venous
blood have the purple color; and the vessels for arterial blood
are colored red.

Fig. 2.—The Capillary Circulation in the Lungs. 1, A bronchial
tube, opening by its branches into three air cells, 4, 4, 4. The
dark blood from the pulmonary artery (2) is sent through the
capillaries of the air ceils. The oxygen of the air cells passes
through the membranous partition, combines with the dark blood,
and changes it to arterial, and thus it is returned by the pulmo-
nary vein (3) to the heart.

Plate V. The Circulation. 1, The right auricle. 2, The right ven-
tricle, p, a, The pulmonary artery, a, a, a, a, The various parts
of the lungs through which blood is sent, p, v, The pulmonary
veins. 3, The left auricle. 4, The left ventricle, a, o, The aorta.
b, b, b, The various parts of the system through which the blood
is sent. The arrows indicate the direction of the circulation.
The Circulation is here represented to be effected by two hearts.
If we conceive these two hearts to be brought together, and made
to constitute one organ, our idea of the circulatory apparatus will
be correct.

Plate VI. The Arteries. H, The heart, a, b, The arch of the
aorta. 1, The coronary arteries. 2, The carotid arteries. 3,
The subclavian arteries. 4, The phrenic arteries. 6. The coeliao
arteries. 6, The mesenteric arteries. 7, The emulgont arteries.
8, The iliac arteries.

Plate VH. The Veins.



INDEX AND GLOSSARY.

THE NUMBERS REFER TO THE TARAORAPHJI.

Abdomen. 172.
Abduc'tor oc'ui. (L. abduco to

lead away). The nerve which
goes to the external straight
muscle of the eye.

Absorp'tion. 238.
Acromion. (Gr. aicpoc, the high-

estpart, andufwc, theshoulder.)
The prominent part of the shoul-
der.

Acetab'ulum. 43.
Adaptation in the nerves of gene-

ral sensibility, 122.
Adaptation of the eye, to different

distances. 132.
Ad'ipose, fat.
Albu'men, a nutritious substance

which hardens by heat, of which
thewhite ofan egg isan example.

Al'cohol, 189.
Amount of thecirculation, 216.

" " respiration, 227.
" " sleep, 166.

Anas'tomose. (Gr. ava, through,
and crofia, a mouth.) The open-
ing of arteries and veins into
larger ones, 216a.

Anatomy, object of. 1.
Anfrac'tuosities. 97.
Animal heat, 234.
Animal and vegetable food, 187.
Antag'onism of the muscles, 73.
An'trum maxillare. (L. antrum,

a cave,) a cavity in the upper
jaw, 24.

Aor'ta. 212.
Aqueous humor, 127.
Arach'noidmembrane, (Gr. apaxvq,

a spider, resembling a spider'sweb,) 93.

Ar'bor vitae. (L. Tree of life.)99.
Articulation. (A joint.)
Arrangement of muscles, 71.
Ar'teries, 209.
Aryte'noid. (Gr. apvraiva,a ewer,

ewer-shaped.) 222.
Astrag'alus, 51.
Au'ditory nerve, 140.
Au'ricle. 207.
Ax'illary. (L. axilla, the arm-pit.)
Ax'is, 33.

Ball and socket joints, 65.
Bathing, 251.
Belly of the muscles, 68.
Bile. 195.
Blood. 202.
Bones of the cranium, 11,12.

" " «« ear, 138.
" " " face, 22.
" " " foot, 54.
u «« «< forearm, 47.
" « " hand, 48.
" " «« head, 11, 12.
" " " lower extremities, 60.« (i <« peivi8) 4i,
" " « spine, 31.
" " " thorax, 38.« « « Upper extremities, 46.

Brain, its agency in mental opera-
tions, 105.

Brain, as a means of manifesting
volition, 104.

Brain, an organ of the mind, 102
" a repository of force, 100.

Bron'chi, the divisions of the tra-
chea 223.

Ca'nine. (L. canis, a dog.'; The
name of the third tooth.
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Capillary systems. (L. capillus, a
hair.) 219. 226.

Capsule. (L. capsula, a casket.)
The membrane which encloses
the cavity of a joint, 68.

Carbonic acid in the air, 229.
Car'diac. (L. cardiacus,pertaining

to the heart.) The orificeof the
stomach on the left.

Carnese. (L. caro, flesh.) Fleshy.
Carniv'orous, living on flesh.
Car'pal. (L. carpus, the wrist.)

Pertaining to the wrist.
Car'tilages of the joints, 57.
Cause of deafness, 146.
Cellular membrane. Note 20.
Cerebellum, the lower and back

part of the brain, 96.
Oere'brum, the upper and front

part of the brain, 95.
Cer'vical. (L. cervix, the neck.)

Pertaining to the neck.
Changes effected byrespiration 231.
Choice of food, 188.
Cho'roid. (Gr. x°Pl0V') The se-

cond coat of the eye, 126.
Chyle. 197.
Chyme. 184.
Ciliary, (L. cilium, the eye-lash,)

consisting of filaments.
Cineri'tous substance, (L. cinis,

ashes,) the ash-colored substance
of the brain, 99.

Circulation. 202.
Clavicle, (L. clavis, a key.) 45.
Coag'ulum, the clot of blood. 218.
Coc'cyx, the lowest bone of the

spine. 81.
Cochlea, (L. a snail shell,) part of

the labyrinth, 139.
Combined action of muscles, 74.
Composition of bones., 7.
Conditions of digestion, 193.
Conductors of sound, 142.
Con'dyle, (Gr. novdvXoc, a button,)

a protuberance.
/Condyloid joints, 64.
Conjunctiva, (L.) The transparent

membrane which covers the front
part of the eye, 125.

Contents of the lymphatio vessels,242.

Convolutions of the brain, 97.
Cooking of food, 190.
Cornea, (L. cornu, horn,) the trans-

parent coat of the eye under
the conjunctiva, 126.

Coracoid, (Gr. Kopaf, a crow, re-
sembling a crow's bill,) applied
as the name of several processes.

Coronal, (L. corona, a crown,) su-
ture. 20.

Coronoid processes.
Cor'pus callo'sum,(L. a hard body,)

the fibrous mass between the
hemispheres of the brain, 98.

Course of the blood, 214.
Convolu'tions of the brain. 97.
Cra'nial nerves, 113.
Cranium, form of the, 19.

" uses of the, 21.
Cri'coid, (Gr. kqikoc, a ring,) car-

tilage. 222.
Crystaline lens, 127.
Cutaneous secretion. 248.

" absorption. 243.
Cuticle. (L. cutis, skin.) 161.

Degluti'tion, the act ofswallowing.
Denta'tus, (L. dens, a tooth,) a

tooth-like process. 38.
Development of bones, 6. *"
Digestion, 172.
Diet, rules of, 185.
Diplofi, (Gr. dnrXovc, double.) 12.
Direction of visible objects, 128
Distribution of nerves, 116.
Dorsal (L. dorsum, theback,) per

taining to the back.
Double circulation, 217a.
Dreaming, 170.
Duode'num, (L. twelve,) the com-

mencement of the small intes-
tine, 194.

Dura mater, (L.) the outer mem
brane which encloses the brain
92.

Dyspepsia, treatment of, 188.
Ear tube, 137.
Education of the muscles, 75.
Effect of oxygen in respiration

230.
Elements of nutrition, 286.
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Elements of respiration, 237.
Enamel of the teeth, 174.
Epiglot'tis, (Gr. over the glottis,)

the cartilage that covers the
glottis in swallowing. 222.

Epiph'ysis, (Gr. em,upou, and <pvu,
to grow,) a prominence ofbone.

Esoph'agus, (Gr. oieo<j>ayog, the gul-
let, 181.

Eth'moid, (Gr. TjBfioc, a sieve,) a
bone of the cranium, 18.

Eusta'chian tube, 138.
Excessive activity of thebrain, 109.
Exercise of the brain, 107.
Excrementi'tious, that which is

useless in the system.
External ear, 136.
External parts of the eye, 125.
Extrav'asation of blood, the es-

cape of blood from its proper
vessels into the cellular tissue.

Expiration, the act of expelling
air from the lungs.

Eyelids. 125.

Farina'ceous, consisting of farina,
starch.

Fas'cia, (L.) a band of tendinous
substance.

/acial, (pertaining to the face,)
nerve. 113.

Fasci'culus, (L. a small bundle,) a
collection of minute muscular
fibres.

Falx, (L. a pruning hook,) applied
from their form to two folds of
the dura mater.

Fe'mur, 50.
Fenes'tra, (L. a window,) the open-

ings into the labyrinth. 138.
Fib'rin of the blood, 204.
Fib'ula, 52.
Flexion, the act of bending.
Follicles, 247
Fora'men, plural, foramina, (L.)

an aperture.
Forces of the circulation, 215.
Form of the bones, 8.
Formation of chyle, 197.
Forms of the muscles, 70.
Fos'sa, (L. a trench,) a depression

in the base of the cranium, 19.

Frontal bone, 13.
Frontal sinnses, 13.
Function—office or duty—purpose
Functions of the brain, 100.

" " " nerves, 118.

Gang'lion. 115.
Gastric juice, 184.
Gel'atine, an animal product, sol-

uble in water, glue.
Gland, an organ of secretion.
Glosso-pharynx, belonging in com-

mon to the tongue (glossa) and
the pharynx.

Glot'tis, the opening into the la-
rynx. Fig. 113.

Glu'ten, the tough substance ob-
tained from wheat by chewing
the kernels.

Great sympathetic nerve, 117.
Growth of the body, 233.
Growth of bones, 10.

" " the teeth, 174.
Hand, as an organ of prehension,

49.
Hearing, 136.
Heart, 206.
Hemispheres of the cerebrum. 95.
Hepat'ic, pertaining to the liver.
Herbiv'orous, a term applied to

animals which require vegetable
food.

Hinge joint, 63.
Hu'merus, 46.
Hydraulic, relating to the convey-

ance of liquids.
Hy'drogen, one of the elements of

water.
Hyoid (U-shaped) bone, 30.
Hypo-glos'sus, (Gr. vtto, under,)

under the tongue, one of th«
cranial nerves.

Immovable joints, 61.
Incisor, (cutting,) the sharp fron.

teeth. 174.
In'cubus, (night mare.) 169.
Incus, (L. an anvil,) the name o3

one of the bones of the ear.
Injury of the arteries, 218.
Insertion of the muscles, 68.
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Intestines, 198.
Internal parts of the eye, 126.
Intervertebral foramina, 35.
Involuntary muscles, 66.
Iris. 126.

Joints, 56.

Kidneys, 253.
Kinds of food, 186.

Labyrinth, 139.
Lachrymal bones, 23.
Lachrymal glands, 125.
Lacteals, 238.
Lacteal absorption, 200.
Large intestines, 201.
La'rynx, 222.
Ligaments, 59.
Liquid food, 189.
Liquor of Cotun'nius, 140
Liver, 195.
Lobes of the brain, 95.

" " " lungs.
Locomotion, motion from place to

place.
Long-sightedness, 133.
Lower maxillary bone, 29,
Lower spongy bones, 21.
Lumbar, pertaining to the loins.
Lungs, 224.
Lymphatic vessels, 240.

Mag'num fora'men (L.) the larger
aperture in the base of the cra-
nium through which the spinal
cord enters, 15.

Malar, (L. Mala, the cheek,) per-
taining to the cheek, 25.

Malleus, (L. a hammer,) the first
bone of the tympanum.

Mastication, (L. mastica'tio, the
act of chewing,) 173.

Mastoid (Gr. /xaaror, nipple,) for-
amen. 16.

Maxillary, (L. max'iUa,) or jaw-
bone. 24, 29.

Mechanical System, 5.
" " whynecessary, 3.

Medias'tinum, (L. rnedius, the mid-
dle, and Gr. reiva to stretch,)
a double partition through the
thorax from the spine to the ster-
num. 221.

Medul la oblongata, (L. the pith,
prolonged,) the portion of the
spinal cord, within the crani-
um, 96.

Medullary substance, 99.
Mes'entery, (Gr. fieaevrepiov,) the

membrane to which the small
intestines is attached. 199.

Metacarpel, (Gr. fiera, beyond, and
nap"nog, the wrist.)48.

Metatarsal, (Gr. beyond the heel,)
pertaining to that part between
the instep and the toes. 54.

Mias'ma, (Gr.) Infecting substance
in the air.

Mitral valves, the valves in the
second ventricle of the heart. 208.

Mo'lar, (L. mola, a mill,) a grinding
tooth. 174.

Mo'tor oc'uli, (L.) the name of the
third cranial nerve. 113.

Moveable joints, 62.
Mu'cus, a viscid secretion from mu-

cous membranes.
Muscles, 66.
Muscular fibre, 68.
Muscular power dependent on the

circulation of blood, 78.
Muscular power dependent on the

nervous influence, 79.

Nasal, pertaining to the nose.
Nasal bones, 22.
Nature of muscular power, 76.

" secretion, 245.
Nerves, 112,
Nerves ofspecial sensibility, 118.

" general sensibility, 119.
" voluntary motion, 123.
" involuntary motion, 124

Nervous system, why necessary, 3.
Nitrogen, a chemical element, a

constituent of the atmosphere.
Nitrogenized constituents of the

food, 235.
Nutrition, 218-20.
Nutrition, elements of, 235.
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Object of the bines, 5.
" •« lymphatics, 241.

Objects ofperspiration, 249.
" secretion, 244.

Oc'ciput (L. ob. and caput,) the
back part of the head

Occipital bone, 15
Olec'ranon, (Gr. the elbow.) 47.
Olfactory nerve. 113.
Optic, pertaining to the eye.
Orbicular muscles.
Orbit of the eye, the bony cavity

in which it is lodged.
Origin of the muscles, 68.

" " spinal nerves, 115.
Oxygen consumed by respiration,

230.
Os, (L.) bone.
Osseous, relating to the bones.
Ossification, the act of becoming

bone, 6.
Js'sa innominata, (L. bones not

named,) the bones of the pel-
vis, 42.

Ovoid, resembling (ovum) au egg.

Palatine bones, 26.
Pan'creas, (Gr. itav, all, and npeac,

flesh,) 196.
Papilla, (L.) a small elevation.
Parietal, (L.paries, a wall,) bones,

14.
Parotid, (Gr. 7rapa,nearandot(£, the

ear.)
Partial sleep, 168.
Par vagum, (L. the wandering pair

of nerves.) 113.
Patella, (L.) the knee pan, 53.
Pelvis, (L. a basin.) 41.

" objects of the, 43.
Penniform muscles. 70.
Pericar'dium, (Gr. heart enve-

lope,) 206.
Perios'teum. 11.
Peritono'um, (Gr. mpi, around,

and reivu, to extend,) the lining
membrane of the abdomen. 172.

Perspiration, 248.
Petrous, (Gr. ireroog, stone,) hard,

like stone.
Phal'anx, (Gr. a row, a portion of

an army, pi. phalanges.)

Pha'rynx, (Gr.) the upper part of
the esophagus, 180.

Phenomenon, (Gr.)pi. phenomena,
■what is observed.

Phosphate of lime, one of the con-
stituents ofbone. 7.

Physiology, objects of. 1.
Pi'a mater, (L.) the inner mem-

brane of the brain, 94.
Pitch of sound, 144.
Plates ofthe cranium, 12.
Pleura, (Gr. the side,) the mem

brane which lines the thorax and
covers the lungs, 221.

Plexus, (L. a network,) 115.
Pons, (L. a bridge,) Varolii, the

upper part of the medulla ob-
longata, 96.

Pronation, (L.pronus, having the
face bent downwards,) the act
of turning the hand so that the
palm will be downwards.

Prehension, (L. prehensio, laying
hold of,) the act or the power of
holding.

Process, (L.) a prominence on the
bones.

Pter'ygoid, (Gr. irregov, a wing,)
wing-like.

Pulmonary, (L.pulmo, the lungs,)
pertaining to the lungs.

Pulse, (L.pello, to beat,) 217.
Punc'ta lachrymalia, (L.) the ca-

pillary tubes through which the
lachrymal secretion escapes.

Pupil, (L.) 126. [183.
Pyloric, (Gr. TTv'krj, a gate,) orifice.

Quantity of food, 191.

Ba'dius, (L.) a bone of the fore-
arm, 47.

Red globules of the blood, 204.
Regimen, (L.) the regulation of

diet.
Relation of the secreting organs

to each other. 256.
Repairing system, 171.

" whynecessary, 8
Respiration, 221.

elements of. 236. [40
" upon what it depends,
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Re'te niuco'sum, (L. mucous net-
work,) that portion of the cuti-
cle in which the coloring matter
is found. 161.

Re'tina, (L. dim.ofrete,) 128.
Ribs, 39.

Sacrum, the principal bone at the
base of the spine. 31.

Sacral, belonging to the sacrum.
Sali'va, the viscid secretion of the

mouth. 178.
Salivary glands, 178.
Scap'ula, (L.) 44.
Sciatic, pertaining to the hip
Schneide'rian membrane, 148.
Sclerotic, (Gr. firm,) coat

of the eye, 126.
Secretion, 244.

" from glands, 252.
" " surfaces, 246.

Semi-circular canals, 139.
Semi-lunarvalves 210.
Sensation, 103.
Sense of feeling, 160.
" «« hearing. 136.
" *« sight, 125.
" " smell. 147.
" " taste. 154.

Se'rum, (L.) an ingredient in the
blood, 204.

Se'rous membrane, one which se-
cretes a fluid resembling serum.

Short-sightedness, 133.
Sighing, 227.
Sigmoid, (crooked like the Greek

letter f )
Sinus, (I a bag,) a cavity.
Skeleton, the bones of the body

arranged in their proper order.
Sleep, 165.
Small intestine, 199.
fjpherical aberration, 131.
Sphenoid, (Gr. a wedge,), bone, 17.
Spine, 81.
Spinal canal, 36«« cord, 111.

" nerves, 114
Spleen, 254.
Squinting, 184.

Sta'pes, (L. a stirrup,) the last
bone of the tympanum

Starvation, 238.
Sternum, 38.
Stomach, 188.
Structure of the bones, 9.

" " hair, 161
" " heart, 206
" " nails, 161.
" " skin, 161.

Styloid, (L. stylus, a writing
stick) resembling a stylus

Suture, 20.
Subcla'vian, (L. sub. under,) name

of organs under the clavicle.
Sublingual, (L. lingua, the

tongue,) gland. 178.
Suboccipital nerve. 114.
Submaxillary gland. 178.
Supination, (L. supinus, with the

face upward,) the hand so
turned as to bring the palm up-
ward. 49.

Synovia, (Gr. cvv, like, and L.
ovum, an egg,) a fluid like the
white of an egg, 60.

Synovial membrane, 60.

Tarsal, (Gr. rapcoc, the middle
andback part of the foot,) bones,
those which form the tarsus.

Tea and coffee, use of, 189.
Teeth, 174.

" care of the, 177.
Temporal bones, 16.
Tendons, 69.
Tento'rium, (L.) the membrane

which separates the cerebrum
from the cerebellum. 92.

Thorax, the upper cavity of the
trunk. 221.

Thorax, objects of, 40.
Thoracic,(contained in the thorax,)

duct. 200.
Thymus gland, 264.
Thyroid gland, 254.
Thyroid cartilage. 222.
Tibia, (L. a flute,) large bone of

the leg, 51.
Times oftaking food, 192.
Tissues, any of the organised sub-

stances of the body.
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Tongue, 179.
Tonsils, a mass of follicles on each

side the entrancecf the pharynx,
note 57.

Trachea, rough,) the air
passage to the lungs, 223.

Tricuspid, (L. tres, three, and cus-
pis, a point,) the three pointed",
valves at the orifice between the
right auricle and ventricle, 208.

Trigem'ini, (L.) nerve, 113.
Trochan'ter, (Gr.) the large pro-

cesses of the femur, 50.
Trochlea'ris, (L. trochlea, a pul-

ley,) a nerve which goes to the
superior oblique muscle of the
eye, so named because that mus-
cle passes through a pulley near
the inner corner of the eye.

True skin, 161.
Tym'panum, (L. a drum,) part of

the ear, 138.

Ulna, (L. the arm,) the principal
bone of the arm.

Unguents, 243.
Upper maxillary bones, 24.
Use of the red glubules, 231.
Uses ef the cranium, 21.
" ' foot, 56.

Uses of the pelvis, 43
" " spine, 37.

Valves of the arteries, 210.
" " heart, 208.
" " veins.

Veins, 213.
" as absorbents, 239.

Ve'lum pala'ti, 182.
Ventricles of the brain, 98

" " glottis, 222.
Vermicular motion of the intea-

tines, 200.
Ver'tebra, 32.
Ver'tebrse, processes of the, 32.

" cartilages of the 34-
" differences in, 33.

Ves'tibule, 139.
Viscus, (L.) an organ contained in

any of the cavities of the body,
plural viscera.

Vital force, 232.
Vitreous humor, 127.
Vocal cords, 222.
Voice, 222.
Voluntary muscles, 67.
Vomer, (L. a ploughshare,) 28.

Yawning, 227.
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ment, concise and clear in its solutions and demonstrations, and abounding
with exercises and practical questions of original combinations, it will be
found a desirable addition to the text-books on this subject now before the
public.

The University Algebra, containing an extensive collection of practical ex-
amples, is the most extensive treatiseon the subject everpublished inAmerica.
It is an encyclopaedia ofAlgebraic Science, the authors having consulted, inits
preparation, upwards of twohundred works of the best French, German, and
English authors.

Every teacher should possess a copy of this work, whatever other works he
may use.
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A New Method of learning the French Language. By Jean
Gustave Keetels, Professor of French and Germanin theBrooklyn Poly-
technic Institute. 12mo. Price $1.00.
This is a later work than the Collegiate Course in French by the same au>

thor. It contains a clear and methodical expose of the principles of the
language, on a plan entirely new. The arrangement is admirable. The
lessons are of a suitable length, and within the comprehension of all classes
ofstudents. The exercises are various, and well adapted to the purpose for
which they are intended, of reading, writing and speaking the language.
The Grammar part is complete, and accompanied by questions and exercises
on every subject. The book possesses many attractions for the teacher and
student, and is destined to become a popular school book. It has already
been introduced into many of the principal schools in the country.

The following testimonials have been received during the past week
From Daniel Lynch, S. J., Director ofStudies in Gonzaga College, Wash-

ington :—" I have examined' Keetels' New Method of learningthe French Language,' and find
it admirablyadapted forconveying a thorough knowledge of theFrench language. It
is an easyand sure method of both writing and speaking French with accuracy and
elegance."

From M. M. Haliman, S. J., Prof, of French at St. Joseph's College, Phila-
delphia, Pa:
"I havecarefully examined'Keetels' French Grammar,' and foundit admirably well

adapted to conveya knowledge of the Frenoh language. It will, I doubtnot, supersede
many of thegrammars now used inour schools."

From Oswald Seidensticker, Principal of the Commercial and Classical
Institute, Philadelphia:
" The' New Methodof Learning theFrenchLanguage, by ProfessorKeetels,' appearsto be exceedingly well adapted as an Introduction into the study of French. It Is em-

phatically a practicalbook, and bears themark that it has resulted from the author'iown experiencein teaching. I shall take pleasure in soongiving it the test of a trial in
my own Institute."

From S. A. Farrand, Trenton, N. J.:" I have examined severalworks designed forpupils studying theFrench language,and
among them 'Keetels1 New Method of the French.1 The last workI consider superior
toany other whichI have examined, and shall use it in my classesas the best text-book
upon thesubject."

From F. L. Barbier, Teacher of the French Language:
" I fully conour in the above testimony."
From Joseph McKie, Teacher ofFrench, Newark, N. J.:
" I take great pleasure in adding my testimonyto the value of 'Keetels' New Method

of learningthe FrenchLanguage' as a schoolbook. It will make its way, successfully,
among the multitudeof similar books, as wellby its typographic,as its scholastic merits,
I shall introduceit next term into my school."

From John Early, President Georgetown College:
"Ihave examined 'Keetels' New Method of learningthe FrenchLanguage,' and take

pleasure in recommending it as a work admirably adapted for thepurpose."
A Key to the New Method in Frenoh. By J. G. Keetels. i vol.

12mo. Price 40 cents.
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A Collegiate Course in the French language. By Jean Gus-
tave Keetels, Professor of French and German in the Brooklyn Poly-
technic Institute. 12mo. Price $1.00.
Beginning with the first principles of the language, this book develops and

Illustrates its whole structure in a course of lectures, supplying every thing
necessary to the French student—grammar, reading, exercises, phrases, con-
versations, dialogues, and numerous skillfully arranged vocabularies. The
plan is entirely original; the order and distribution are admirable; the
method, as explained by the author, can not fail to make the student speak
the language. The book is suitable forall classes of scholars, and admirably
adapted to the class-room.

Professor Augustus Simon, Principal of Academy of Modern Languages,
PMladelphia, writes:—

"Your two volumes of Prof. Keetels' New Method and Collegiate Course,
I deem superior in arrangement and grammatical precision to any other
French class-books extant, and shall introduce theminto myclasses."

Maaame Chegary, Madison Avenue, New York City, says:—
"We are using Keetels' Collegiate French Course in our Seminary with

pr .feet satisfaction."

Mr. C. Baquet, Prof, of theFrench Language in Burlington College and
St. Mary's HalL says:—

"I have carefully examined Keetels' ' New Method' and ' Collegiate
French Course,' and do not hesitate to give them the preference over all
the methods I have met with. The Course of Mr. Keetels combines with
the best features of the preceding ones, a new one which must win for it a
.asting success, I mean the re-union in the same lesson of the feminine sub-
stantives corresponding to the masculine ones, so that themind of the pupil
may receive without confusion the rules for the gender of substantives, rules
bo difficult for foreigners to acquire."

FromW. E. Jillson, Prof, of Rhetoric and Modern Languages, Columbian
College, D. C. :—

"From the examination I have been able to give to Keetels' New Method
of Learning the French Language, I consider it a most valuable grammar
for beginners. It advances by regular and progressive steps from the sim-
plest constructions to the most complicated idioms. The memory of the
learner is not burdened with idiomatic expressions wholly differing from
those of his own language, before he is able to analyze and comprehend
them. I shall introduce it into the classes commencing the study of French
the coming year in our college."
A Key to Collegiate Course in the French I-anguage. in Press.
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The Speller and Deflner. By E. Hazen, A. M. Price 20 centa.
Symbolical Spelling Book. With 653 Cuts. Price 20 cents.

" " " Part 1st, 288 Cuts. Price 10 cents.

" " " Part 2d, 265 Cuts. Price 12£centa.
Miles' United States Speller. A new work, containing upwards of

fifteen thousand of the most common English Words. Price 13 centa,

The author of this work is an old Practical Teacher. The arrangements
and classification are original and strictlyprogressive; and in Orthography
and Pronunciation, the best Standard Authors, Writers and Speakers, have
been consulted.

These Spelling Books are designed to accompany Webb's Series of Normal
Readers.

Primer of Geography. A new and elegant Illustrated " First Book"
in Geography. Price 20 cents.

Parley's Geographyfor Beginners. New Edition, with Catechetical
Introduction and Colored Maps. Price 30 cents.

Any number of testimonials, from the highest sources, could be
added, ifthought necessary.

This complete Series of Geographies, by S. G. Goodrich, Esq., is not sur-
passed, if equaled, in beauty, interest, and cheapness, by any now published.

Pitch's Mapping Plates; designed for Learners in Geography, being
a collection of Plates prepared for Delineating Maps of the World,
and Countries forming its principal subdivisions, viz;—I. The World. 2.
United States. 3. North America. 4. South America. 6. A State. 6.
Mexico and Guatemala. 7. Great Britain and Ireland. 8. Europe. 9.
Southern Europe. 10. Germany. 11. Africa. 12. Asia. 13. Atlantio
Ocean. 14. Pacific Ocean. By George W. Fitch. Price 30 centa
The attention of the public are respectfully called to the above Plates, and

to the advantages they are calculated to afford in the study of Geography.
They are prepared with the suitable and requisite lines of latitude and longi-
tude, for maps of the world, and the countries forming its principal subdi-
visions, and are designed to be used in connection with the school atlases in
common use, as well as with outline maps. With these Plates, the pupil is
able to commence, at once, the delineation ofmaps, without the difficult and
perplexing labor of drawing the meridians and parallels—a labor which
generallyconsumes the time ofboth teacher and scholar, to an extent entirely
disproportionate toany good which maybe derived thereby.
Peterson's Familiar Science; or, the Scientific Explanation of Com-

mon Things. Cheap edition, 40 cents. Fine edition, 75 cento. Mow
thaa 80,000 copies of this work have been sold.
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GOLDSMITH'S SYSTEM OF PENMANSHIP.
Goldsmith's Copy Books, with Instructions, complete in fire numbers,

•viz., No. 1, containing the Letters of the Alphabet, with words suitably ar-
ranged for beginners. No. 2, Letters, with words alphabetically arranged;
days ofthe week, months ofthe year, and States of the Union, etc. No. 3,
Sentences, alphabetically arranged from the letterA to Z. No. 4, Names
and addresses of well-known city firms. No. 6, Fine hand for ladies.
Price, 12 cents each.

Goldsmith's Gems of Penmanship; a fine exhibition of the author's
skill and geniua One quarto volume, price (reduced) $2.
Mr. Oliver B. Goldsmith, the author of this System of Penmanship, stand*

preeminently at thehead of his profession. For twenty years he has pursued
successfully the teaching of Penmanship at his Academy on Broadway, New
York, receiving for five years the award of the American Institute, for thfe
best specimens of off-hand penmanship, with numerous testimonials of nilskill and genius from all parts of the country.

His System, the result ofhis twenty years ofpractical attention to the Art
ofPenmanship, is now first offered for the use of Public and Private Schools,
Academies and Families, and the Publishers are confident that thenumerous
teachers and friends of education throughout the land will be glad to receive
and adopt for practice the beautiful and practical hand-writing of so accom-
plished a penman.

The Copies are exact fac-similes of the author's own hand-writing, en-
graved in the best manner on steel, and the quality of the paper, and clear-
ness of print, are intended to be superior to that of any books of the kind in
use either in America or Europe.

The Series iscomprised in five books, a number fully ample for theuse of
schools for either sex. It isproposed at somg future time to add two or three
books expressly for the use of ladies in the higher classes of our schools and
seminaries.

Teachers are requested to send for sample Copies for examination. They
will be forwarded by mail, post-paid, on receipt of ten cents each in postage
stamps.

The following critical notices will give some idea of the high position which
Mr. Goldsmith has attained, and of the superior excellence ofhis system:

Mr. Andrew <T. Rickoff, President of the National Teacher's Association,
writes from Cincinnati:
"Having recently had occasion toexamine theseries of copybookspublished byyour-

selves, and tocompare it thoroughlywithothers in common use, I am prompted tovolun-
teera testimony of my unqualified approval of thewholeseries. It isbetter adapted to
make goodpenmen thanany withwhich I amacquainted. The beauty of the copiesrec-
ommend themat first sight. The simplicity and correctness of the rules are worthy of
the high reputationof Mr. Goldsmith as a teacherof penmanship. I should like to see
these books used in thepublic schoolsof this city. Itwould be a guarantyof improvement
in theart ofpenmanship."

The NewYork Courier and Enquirer says:
" The chirographicart is much more importanttomankind thanit is generallyconsidt

ered, and Mr. Goldsmithmayvery well claimtobe consideredat its head."
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The N. T. Sunday Dispatch says:—

"Mr. Goldsmith is par excellence the penman of America. He certainly
stands alone unapproached in this country, both in the executive department
ofhis art and as an instructor. His pupils rank among the finest Penmen in
this community; and wepresume that the same may be said of other citiea
and townswhich he has visited in hisprofessional tours."

Mr. W. C. Bryant writes:—
"A few hints from a perfect master are often of more service in developing

the capacities of a pupil, than the most protracted lessons of an inferior
teacher."

The following notices speak of" Goldsmith's Gems ofPenmanship," a new
edition of which is now ready at a reduced price.

The New York Tribune says:—

"This work embraces the author's mercantile system, and contains various
examples of the art executed by Mr. Goldsmith in a style of masterly ele-
gance and beauty."

The N. Y. Commercial Advertiser says:—
"It is illustrated with numerous fac-similes ofMr. Goldsmith's pen, which

for freeness of style ofhand-writing, beauty of the flourishing and general neat-
ness of the design, we think excel anything of the kind we have ever seen."

The Pennsylvania Inquirer says:—

"It is really a verybeautiful effort and proves Mr. Goldsmith to be apen-
man of the veryhighest order."

The N. York Sun says:—
"We have seldom examined a work of greater beauty. Its utility as a

complete instructor renders it peculiarly serviceable to persons who desire to
improve theirhand-writing."
Goldsmith's System of Double Entry Book-keeping 1, by Oliver

B. Goldsmith and Willis J. Renville ; a full and clear exposition of
the principles of the science, withpractical examples and illustrations ofthe
rules and forms required in keeping books in all descriptions of business.
Comprehending also a complete Key to Journalizing, and a business Lex-
icon, containing definitions of various mercantile terms and phrases. One
octavo volume, price 75*centa
The System developed in this volume is clear enough to be readily under-

stood, practical enoughto be applied with perfect facility by all persons, and
sufficiently comprehensive to cover all the varieties of business and all the
transactions involved in domestic and foreign commerce. It also exhibits all
the best formsofapplying them. It embodies in fact, the plan which ispur-
sued in the Writing and Bookeeping Academy of Mr. Goldsmith, an institu-
tion which has numbered among its students some of the most accomplished
accountants in the country.

The work is couched in plain mercantile language, and greatpainshasbeen
taken to show tho shortest and straightest road to every desiredresult.

It is hoped that the manner in which this volume has been prepared, will
convince all who examine it, that no speciality of talent is necessary to con-
stitute a good practical bookkeeper.
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Elements of Anatomy, Physiology, and Hygiene. By Pro*
J.E. Loomis, President ofLouisburgh University. Price 75 cents.
This is a new work, beautifully illustrated with colored plates, and inanj

original drawings.
Prom Rev. M. B.Anderson, D.D., President ofRochester University.

Rochester, June 30th, 1858.
"I have examined with some care thePhysiology ofPresident Loomis. It seems to mi

clear, concise,well arranged, and inallrespects admirablyadapted for the purposescf *text-book in schoolsand colleges. It has beenused by the classes in thisUniversity with
entire satisfaction."

Racine High School, March 1,1858."Wehave used Loomis's Physiology in our school, and cheerfullyrecommendit as a
work of real merit. Its arrangement is superior, and the author has anticipated the
wantsof theschool-room. He has donemuch to draw the attention of teachers tothe im-
portanceof the study, and the general adoption of his trsatise,as a text-book in our
schools, wouldbe an advance in theworkof Education.

" Jno. G. MoMynn, Prin "
Prof. J. T. Champlin, ofWaterville College, Maine, writes:—
" I am happy to commend to the public the work of Prof. Loomis on Phy-

siology. Though notprofessionally engaged in physical studies, I have yet
read the work attentively, and am satisfied that it is one of the very best
treatises which has been produced on the subject The known ability and
experience of Prof Loomis in this and kindred departments, are a sufficient
guaranty for the excellence of the work."

From P. Douleavy Long, Principal of the Spring-Garden Academy, Phila-
delphia:

"I have examined 'Elements of Physiology' by Justin R. Loomis. Also
Stoddard's ' Arithmetical Series.' I am much pleased with their appearance
and adaptation to the wants of our Common and Academical schools.

"The work on Physiology is a work much needed upon a study which is
by far too much neglected inall our schools. In forming new classes I shall
introduce the work into my Academy."

From A. J. Prosser, Cambria Co., Penn.:

" I have carefully examined Loomis' Physiology, and consider it the best
work which has yet been published for the use ofschools. I shall commend
ftat the next meeting ofthe teachers ofour district."

The Elements Of Geology; adapted to Schools and Colleges. "Withnu-
merous Illustrations. By J.R. Looms, President ofLewisburg Univer-
sity, Pa. Cloth. 12mo. Price 75 cents.
" It is surpassed by no work before the American public."—M. B. Ander-

son, LL.D., President Rochester University.
"This is just such a work as isneeded for our schools. We see no reason

whyit should not take its place as a text-book inall theschools in the land."
—2f. T. Observer.

" It gives a clear and scientific, yet simple, analysis of the main features
of thescience. It seems, inlanguage and illustration, admirably adapted for
use as a text-book in common schools and academies; whileit is vastlybet*
ter than any thing which was used in college in our time."-—Congregation-
alist. Boston.
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