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18 ORGANS OF VOLUNTARY MOTION. [CHAP. I

Fig. 1.—Skeleton, Front View.

86. Composed of bone, cartilage, ligaments, with some
minor adjuncts, the frame is perfect in all these respects; I
know not which to admire the most—the perfection of the
bones, the elasticity of the cartilage, or the strength and beau-
tiful arrangement of the ligaments. Our hearts are moved
with adoration when we read the handiwork of the Creator
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Fig. 2.—Skeleton, Back View.

in the superlative form and texture of the skull ; but not less
are they moved with gratitude as we view the cushion-like
cartilages supplied to the back, or the powerful bands which
unite all parts into one.
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Fig. 4.

39. The proportions of the two parts to each other vary
much under different circumstances.

40. In earliest life the soft parts only would be found ; at
a certain time a few particles of the hard part are deposited
in one or several points of the soft part, called ¢ points of os-
sification ;”’ additions are then made, till throughout the soft
part the hard part would be found, but in very small propor-
tion ; this, however, is gradually increased by fresh additions
throughout, till at last the bone has sufficient strength to bear
the weight of the child. The hard or earthy part continues
to increase till old age, in mature years giving the bones the
greatest degree of strength, and in advanced life making
them extremely brittle.

41. In some bones the deposit is made much earlier and
more rapidly than in others of the same body.

42. In some children also than in others.

43. These statements will account for the bones of chil-
dren bending easily and breaking with difficulty, while those
of old people break easily and do not yield to pressure. The

and people will say the bone is gone. I have seen one such case, the
upper arm bone of a young man, 18 years old: the cause I could not
learn ; the ultimate effect % have not yet heard. In other respects he
seemed to enjoy usual health.
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produced by feeding the child with arrow-root and the like,
especially as it will be hereafter shown that such things
tend to increase the weight of the child by fat, an end not
desirable, and cannot strengthen the bones, which is of pri.
mary importance. |

48. The forms of the bones are so various, and the bones
are so exceedingly irregular, it would at first seem there
could be no general plan by which they were all made.
Quite the reverse opinion will be formed on examination.

49. The numerous indentations upon the surface of the
bones, are evidently for the purpose of obtaining a greater
extent of surface for the attachment of soft parts ; the promi.
nences serve the same purpose, and also act as levers (Fig. 5).
Many times a ridge is seen upon a bone (Fig. 6), which adds
greatly to its strength and scarcely any thing to its weight.

Fig. 5.—r, A resistance. p, A power acting on the lever (r p), of which the skul.
is a part. From r 1o the skull, and from p to the skull, represent prominences upon
the bones : the longer these are, the greater the effect of any force acting upon them.

hnngig' 6.—Section of a bone, with a ridge (B) to strengthen it. A, The hollow of the

50. If the bones be examined in almost every exposed
position, the form will be that of the arch, the strength of
which is seen in the stability of the bridge supported by
arches. See the beautiful form of the Skull, which has been
demonstrated to be the most perfect possible.

51. The bones being hollow (Fig. 7), is an exceedingly
ingenious arrangement, as thereby they may be large and
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strong, and yet light. At first it does not seem consistent
that the bones are as strong, being hollow, as they would be
if solid. But if a green twig be broken, the outer layers will
be seen to give way first, when the inner layers immediately
break. Notice also how heavy a head of grain a single straw .
will support, even when the wind is blowing furiously, and
it will be evident the hollowness of the bone is as it should be.

Fig. 7.

52. The outer surface of the bone is more solid or dense
than the part within, which grows more and more spongy-
like in appearance, though it is firm to the touch, till in the
centre of the long bones a perfect hollow would be found.

53. The bones are also able to resist the effect of blows
and weight, by the assistance of the soft parts, which being
attached to the bones, act sometimes as stays, and being
elastic, at first yield, but gradually resist, and at last very
firmly.

54. All the bones are covered by a very thin but strong
ski. or membrane ; when dry and peeled from the bone, it
appears like tissue parchment. It is called the Periosteum
(about bone). Upon particular bones, however; it is called
by specific names, as that upon the skull is called the Peri-
cranium (about cranium).

55. Wherever the bones are hollow, a similar membrane
exists lining the cavity.

56. Upon the healthy condition of these membranes de-
pends the healthy state of the bony layers under their imme-
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Fig. 12.

Fig. 12—C L, Capsularligament. R L, Round lizament. F, Thigh or femor bone.
B H, The same sawn open, exhibiting the marrow-filled cells composing the internal
parts of many bones, as at PPalso. PP P, Hip bone. 8§, Space filled with ?rm-
vial fluid, but here represented as much greater than in reality, the surfaces of the
synovial membrane in fact being closely in contact.

exudes from the free surface as the minute drops of perspi-
ration, when scarcely perceptible, on the face.

75. But the fluid would accumulate, or remaining, would
be liable to the same fault as even the most delicate oils which
human art has obtained: viz., would thicken, and render a
“ cleaning” of the joints necessary, were it not for another
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Fig. 14,

Fig. 14.—The bones of the skull separated. 1, Frontal, only half seen. 2, Parietal
(wall). 3, Occipital (back), only half 1z seen. 4, Temporal. 5, Nasal (nose). 6, Ma-
lar {cheek). 7 Euperinr:uﬁpcr maxillary (jaw). 8, Unguis (nail form, being about
the size and thickness of the ngernail). 9, Inferior (lower) maxillary (jaw). Be-
tween 4 and 6, a part of the spenoid or wedge-shaped bone 15 seen. Another bone
assisting to form the skull, but not here seen, is called the ethmoid (sieve-like, from
being full 0" holes) and situated between the sockets of the eyes, and forms the roof
of the nose 2 4, 5, 6, 7, 8, are double, The small bone, and others like it, seen in a
line between 3 and 4, are called ossa triquetra.

79. Each of the eight is composed of three layers differing
from each other in their structure.

80. The outer layer is quite tough, and called the fibrous
or external table of the skull ; its edges are notched very
irregularly to appearance, but so that each bone of the skull
perfectly corresponds with its neighbor, into which it is lock-
ed, or dovetailed, as the expression is; hence it must be

formed upon some uniform and general principle.
2*
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121. When the foot strikes the ground, the joints of the
body are more or less flexed, and the force which acts upon the
lower parts of the body is more and more dispersed in the diree-
tion of the dotted lines, Fig. 3. This, together with the nature
of the cartilages furnished to the joints, especially the cushions
of the spinal column, gives to the delicate and easily injured
brain the most perfect security.

Fig. 3, B.

Fig. 3, B.—Represents the outline of Fig. 3. The dotted lines represent how the
foot, when walking, is Pm u]pnn the ground. The force acting on the heel, at a, ia
scattered, viz: a part of the force acts through the ankle and is Jost in the direction
a &, only a part of the force acting in the direction of the line a ¢; of this, only a small
part will act in the line ¢ f: and of this, only a part will act in the directione &; of
thiz, only a part in the direction & & ; and of this, only a part in the linez . In i"ucr.,
these lines represent but a small part of the directions in which the force is scattered ;
for by the curve of the thizh bone, it2 neck and the connection of the hip bones with
the back bone, as well as the continiued curvature of this, the head is saved from the
sudden jar produced when the body is as erect as it can be ; for instancg, when a mis-
tep is made, or a person falling strikes upon his feet.
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moved through a long distance. Extent and celerity of mo.
tion is what the muscles are usually called to prodfice. But
the muscle must be much more powerful than if the arm had
extended in the dotted line (A E), and the muscle had been
situated in the dotted lines (A 8). But as a muscle can
only shorten to a given degree, viz. about one-third its
length, the motion of the hand would have been very limit-
ed. What an awkward thing the arm would have been !

Fig. 31.

Fig. 31.—Represents, at S, the ball of the upper-arm bhone, which extends to the el-
bow at E, from which the two bones (radius and ulna) extend to the wrist, to which
the hand is attached, supporting the weight (W) T, T, represent the tendons, and B,
the belly of the muscle upon the front part of the arm, attached at L to the lower-arm
and at O to the shoulder. On the back of the upper-arm is scen the muscle attache
to the shoulder above, and to the Frnj:ef.:ing point of the elbow below  This point, it
will be remembered, is a part of the lower-arm bone—the ulna. When, therefore,
the muscle on the front of the arm contracts, the muscle upon the back must lengthen.
When the muscle upon the front part of the arm contracts, the third kind of lever is
represented ; for the fulerum is at the elbow, and the power, viz. the muscle, acts be-
tween the Mlcrum and weight, and the nearer the wei%rhi the power acts, the easier is
the weight raised. If, therefore, the power or muscle should act in the dotted line
above the arm, a very emall muscle would be sufficient to accomplish what is now
done by O, 1. But it would require as long to shorten the muscle an inch in one po-
gition as in the other; but the contraction of O, I, one inch, will produce extensiva
motion of the hand, while an inch contraction of the dotted Jine would raise the hand
but ene inch. When the muscle on the back of the arm is contracted, a lever of tha
first kind is represented. The elbow is the fulcrum, and is between the power and
weight ; the action of the power, viz. the muscle on the back of the arm, draws the
projecting part of the elbow up; and the other extremity of the same bone, viz. the
wrist, must be carried down. 1t the point of the elbow projected to A, and the muscle
acted in the direction of the dotted lines (S, A), it would have greater “ pu:rphm Hig
but if it contracted an inch, it would move the hand an inch only, while now, if it con-
tract an inch, it will sweep the hand through great space, and of course, NM“HJEHF.
The muscle also acts with greater power in the first part of its contraction, when
its degree of contraction is near its limit.

171. An example of the second lever is seen when a person
attempts to raise a barrel of flour on to its head, by lifting at one
end while the other is on the ground. The muscle acting upon

IJ*
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Fig. 33.—A small portion of cellular substance or flesh, stretched so as to show its

cells.

223. This fluid is continually formed and removed, as is
the synovial fluid, and like it sometimes is wanting or accu-
mulates ; in this last case producing a kind of dropsy called
anasarca, for which sometimes medicines, sometimes an ope-
ration called tapping, is required. The result of this shows
the communication of the cells with each other; as an open-
ing being made through the skin, the fluid from the entire
limb is drawn off. It makes its way from one cell to another.

224. The rapidity with which this is formed is shown by
the swelling of the feet, which will sometimes become quite
“ puffy ”” in a very short time, and again be reduced as quick-
ly, though this is partly from the enlargement and diminution
of the veins.

225. The cellular substance is seen and understood by the
butcher who thrusts a tube into a piece of meat and blows the
air into its cells, for the purpose of giving it a better appear-
ance. The French, for a disease of the joints of horses, pass
a tube through the skin and blow the air into the cellular sub-
stance of the entire body.* When accident sometimes injures

* One physiologist proposed to inflate the cellular substance of the
body with hydrogen gas, that its buoyancy might enable a man to fly.
A somewhat « flighty " idea.
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Fig. 34.—In the upper part of the liead isseen the large brain. In the lower and back
part, the small brain 1 represented.  Below this, is seen the commencement of the
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SEC. 3.] THE BRAIN AND NERVES. 85

arachnoid, and keep the two surfaces of the two arachnoids
in contact, affording admirable protection to the cord.

261. Still another protection is found in the pia mater,
which is the name of a membrane which immediately covers
the cord, closely adhering to it, indeed rather compresses it,
as when the membrane is cut, the cord protrudes.

262. From the sides of the pia mater, a portion called a
process projects, and from this certain points reach as far as
the dura mater. These form what are called the ligamenta
dentata (Fig. 42). These support the cord, or retain it in a
central position, allowing it, however, a certain degree of mo-
tion. The same purpose is subserved by a process, as it is
termed, of the pia mater, which is attached to the lowest
point of the rachidien canal.

Fig. 42.

49 A represents (3, 2) a horizontal section of the cord and pia mater covering
it ﬂjaﬁ, 1:{ rn&nﬂ 1o th?’li:Eing (4) of the bony canal. 1,1, are called the ligamenta
dentata, one u]rm\;hic]m is represented in I3; which, by 1, represents a perpendicular
gection of the cord; 2,2, the pia mater; 3, the ligamentum of one side, which at ter-
tain places extends to the wall in the form of points or tooth-like; hence the name

dentata.

9263. The cord extends from the skull to the lumbar ver-
tebrae, when its large divisions form the ¢ cauda equina,” or
horse-tail (Fig. 34). The position of its lower extremity
varies with the posture of the back. In a stooping posture
it is not as low as when the attitude is erect. The cord is
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Fig. 48.
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Fig. 48.—S represents the scalp, next to which is seen the skull or cranium (s, ).
M, m, A part of the membrane hning the skull and covering the brain. L H,
hemisphere of the brain. R F, A small portion of the right hemisphere seen beyoad.
F, The deep fissure in which the falx is situated.

the ventricles will be brought to view (Fig. 49.) These are
frequently spoken of as cavities, which expression is apt to
convey a wrong idea—as the sides of the ventricles are al-
ways in contact, except they are separated by unhealthy
collections, which sometimes are to be found within them.
The ventricles are lined with what is like, and called, a serous
membrane—some consider it a continuation of the pia mater
and arachnoid; some consider it has no connection with
them. The ventricles have also several branches, called
horns, leading off into different parts of the brain.

302. Forming the bottom of each ventricle, are found
various parts of divers forms, sizes, and colors, helping to
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called a sensation is produced on the mind ; if a finger be cut, a gen-
eation is caused ; if the finger be pinched, a sensation of another kind ia
caused ; if the finger be cold, still another sensation is produced. If
disease attack any part, it produces peculiar sensations, differing accord-
ing to the disease and the part affected. Thus, by the different effects or
sensations produced, the mind learns every thing it knows about the
condition of the body, and of course, the more perfect the effects or sen-
gations are, the better does the mind know the condition of the body.

But again, it is evident to the reader that there is a book before him,
his mind knows that there are letters upon its pages; his mind also
knows the color, form, and odor of a rose ; his mind knows that sugar is
sweet and vinegar sour. How is this? His mind is at the brain. Does
he say that light comes from the book, and from its pages, &nd from the
rose, into his eye, and thus he sees? But this does not explain the
whole operation. The light only comes into the eye, it does not go to
the brain. Does he say, that he smells the odor of the rose, because it
comes up into his nostrils? But the odor does not act on the brain.
How then does the odor produce an effect on the mind? Does he say that
he tastes the sugar, because it is put in his mouth? But the sugar dis-
golves in the mouth and remains there, except he remove it by swallow-
ing or otherwise. How does he know that the ice he touches is cold ?
How does he know his foot is tickled ? There must be means of con-
necting all parts of the body with the mind. Thus, when light acts on
the eye, there must be something which produces a corresponding effect
on the mind. There must be something which makes the mind know
when sugar is placed in the mouth, when ice touches the hand, or any
part of the body. The mind knows these things by means of the organs
of sensation. By the same means it knows all the effects which objects
around us, both at a distance and near at hand, produce upon the body ;
thus,

315. The second duty of the organs of sensation or
feeling is, to cause surrounding objects to produce on the
mind effects, called sensations.

316. The roll of thunder and the flash of lightning, produce effects |
on the organs of sensation ; and they then produce effects, called sensa-
tions, on the mind—which inform it of the approaching storm. Through
the organs of sensation, or feeling, a piece of ice placed on the hand pro-
duces an effect, called a sensation, on the mind—which informs of its
coldness: at the same time it produces another kind of sensation, which

B¥
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124 ORGANS OF SENSATION OR FEELING.

Fig. 50.

Fig. 50.—Represents one half of the cerebrum, A, and cerebell um, B, and medulla
oblongata, C  An enlareement called a ganglion ig seen at D. 1 is a nerve represented
as terminating in a, &, ¢, d, e, just below a at the surface of &, in the litile eminences
or ille there found. a, bJ_. ¢, d, &, 1s an ideal representation of an organ of sense,
anc whatever acts upon the surface of a will affect the commencement of the nerves,
1, 2 represents nerves commencing in any part of the body below the surface. 3 re-

resents a plexus by which it i= seen that iseqase may exist at certain parts and not
affect all the fibres passing between any point and the brain, 4 represenis the sec-
tion of certain nerves. Ii the cut end at 4 be touched, a sensation will be supposed
to be produced where the ends of 4 naturally are.

division, all the other parts of the body are grouped together
and called organs of common feeling.

Though some distingnish the ekin as the organ of touch, and all
other organs as organs of common feeling or eensation, others make
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Fig. 53.

Fig.53.—3, Represents the outer coats of the back part of the eye. 1, The optic nerve
composed of millions of fibres. 2, An ideal respresentation of the commencement of
the fibres. Between the nerves and outer coats 18 seen the pizmentum nigrum.

hole in the same direction it had while coming from the candle to the
pin-hole, and he will quickly see which spot the light from any candle
produces, by blowing out a candle, for its spot will instantly vanish,
and reappear if the candle be lighted. He will also see that the light
from one candle crosses that from another at the pin-hole, without any
interference. How or why this is, cannot be told, but it is an evident
fact.

If now he look at lithograph Plate 5, Fig. 1, he will notice a repre-
sentation of the eye in outline,as a box of a spherical form, with an open-
ing in front ; just back of this is a partition with a hole in it correspond-
ing to the pin-hole in the pasteboard, and in the back part is seen the
commencing extremities of a great number of nerves, each one of which
extends back to the brain. In front of the eye are placed three candles,
producing red, yellow, and blue light. When the light coming from
each is mingled, as it is in passing through the hole in the partition, a, it
would cause the sensation of white light, if a nerve were there to be
acted on ; but when the red light has gone through the hole, it, like the
others, pursues its straight course, and therefore acts on its own nerves at
the same time the blue and yellow light act on their nerves.

427. The more light there is acting on any nerve at the
same time, the more intense will be the sensation produced.
This is almost self-evident. When we go into a nearly dark room,

there is so little light acting on the nerves, that objects can hardly be
discerned ; while if we go out doors, of a bright winter's day, the light










150 ORGANS OF SENSATION OR FEELING.  [CHAP. IL

money to the edge of the bowl, when there was no water in the bowl,
passes in the same line as far as the surface of the water, but as soon as
it enters the air it is bent and strikes against the bowl, while the light
which left the money in the line @, b, before the water was poured into
the bowl, follows the same course as far as the surface of the water,
when it is bent so as to take the line «, d, e, which passes into the eye
and produces an impression. This is the reason why pouring water into
the bowl enables a person to see the money, though the bowl and eye
are not moved.

432. The more slanting or obliquely the light enters from
one object into another, the more is it bent.

This is represented by the lines in Fig. 55, between a, b, and a,

433. It is also seen that the light passing from the water into the
air, in Fig. 55, bends from the perpendicular ¢, a, to the surface of the
air. This is true of the light passing out of the water on each side
of the perpendicular. Now the air into which the light passes, is not
as dense as the water out of which the light passes into the air. There-

fore as this is always the case,

434. Itis a rule or principle that light passing from a
denser or more solid object into a less dense or less solid ob-
Ject, is bent from the perpendicular to the surface it is enter-
ing. "

435. In Fig. 56, light is represented as passing from air into water,

thence into glass, thence into air again. In passing from air into
the water, the light is seen to be bent, but is now bent towards the
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439. If now light pass in straight lines through the flat piece of glass
C (Fig. 57), it does not change its course because it falls upon the glass
perpendicularly to the surface, but when the light passes to the piece of
glass L, made with rounded surfaces, the light will be bent as it enters

the glass, because it does not strike upon the glass L, perpendicularly to
its surface. It will of course be bent towards the perpendicular to the

surface it is entering. When it has passed through the glass and enters
the air it will be bent from the perpendicular, because it is entering a
less dense object than it is leaving. The result is seen from the figure.

Fie. 57.

Fig. 57.—a, b, ¢, represent rays of lizht which pass through the piece of glass e
without being bent as they fall perpendicularly upon the glass ¢. But f; they faﬁ upm:
the lens L, in a direction not perpendicular to 1ts surface, they are bent in such a man-
ner that they all cross each other at the point m, which 1s called the focus, beyond the
focus the rays spread farther and farther from each other.

440, The principle is perhaps better illustrated by Fie. 58 :—a j-ep-
resents a candle, with the ray of light (a, d) passing to a piece of glass
(d, k) called a lens. As soon as the lizht enters the lens, it is bent
towards the perpendicular (e, d) to the surface it is entering. When the
light passes from the lens, the light is again bent, and is now bent from
the perpendicular (A, g) to the surface of the air it is entering, and passes
on in the straight line (&, 7) until it shall meet some object which will
absorb it, reflect it, or transmil it. Again, the light (e, X), as it enters
the lens, is bent toward the perpendicular, and when it leaves the lens
is of course bent from the perpendicular, and goes on in the straight line
(k, 4) till it meet some object. Observe now an important thing : the
light (a, d, k, #) crosses the light (e, k, ) at a point (i), which is called
a focus ; and it will be seen by F]g 57, that all the light passing 1o the
lens between the outer rays (a, and e) will, by the application of the
principles just mentioned, be bent so as to eross at the same point or

focus (m).
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Fig. 53.—a, b, ¢, are three rays of light falling upon a lens; (4,f) falling per-
pendicularly upon its surface is not bent upon entering, and as it leaves in a line per-
pendicular to the surface it iz not bent. The line a, falling at d upon the lens to which
e, d is perpendicular, is bent toward that part of the erpendicular within the lens
which the lizht is entering. When the light leaves the lens at k, instead of passing to
Jh it is bent from the perpendicular &, g, to the point 7. It is understood that the light
is passing from the lens into a less dense substance.

L4

441. The problem is then solved, viz., if the light coming
from any point be made to pass through a substance of proper
nature and form, it will be gathered to a point.

In proof of this, let the reader try the effect of a sunglass, which is
a simple lens, the surfaces of which are rounded or convex. If the light
of the sun be allowed to shine upon the sunglass, and a piece of paper
or any object be held upon the other side of the lens, by moving the ob-
Ject nearer or farther from the lens, at last it will be seen that the lens
bends all the light falling upon it in such manner that the light crosses at
a point. For if an object should be held in the light at the points 1,2, 3,
Fig. 57, it would make a smaller spot at 2 than at 1, and a smaller one
still at m,and a larger one again at 4, just as the light passing through the
lens does upon the object held in it course ; for if this be held quite near
to the lens, and then withdrawn slowly, the light will produce a smaller
and brighter spot, till at last there is a mere point, when the spot will in-
crease in size and diminish in brightness. If the experiment be tried
with the light of a candle and sunglass, the result will be the same. _

442. Suppose now, there are two points at a little distance from
each other, as in Fig. 59, A, B, from which light is passing to a lens.
By the application of the before-mentioned rules, the light will be found
mingled on the front surface of the lens, but so bent as it enters the lens
and passes from it, that all the light from A, which falls upon the lens,
crosses at the point b, and all the light from B crosses at @. If an ex-
periment be tried with a sunglass and two or more candles, the same
thing will be proved, for it will be found that all the light from each can-
dle will cross at the same spot it will if that candle only be lighted. Of

T*
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course, if the object receiving the light be held in the right place, the light
passing through the lens will produce as many spots as there are candles.

Fig. 59.

Fig. 59.—A, B, represent two points, of which there may be millions From A, B,
the light falls upon the cornea, ¢, ¢, and is bent as it is passing into the eye. D, is the
iris; B, E, the lens, the small spot at which the central rays or axes from A and B
pass, being called the centre of the lens. After the light leaves the lens it is observed
10 croes at the retina (a, d), while if the retina had been as far distant as G, or only as
far distant as H, the lig}n‘, would have acted over considerable space.

443. If, now, we go back to the subject of T428, we shall readily see
how to gain the desired end, viz., by placing a lens, as in Lith. Pl 5,
Fig.2, so that all the light passing through the pupil of the eye shall pasa
through the lens ; for by that means the light coming from any point of
an object will cross at a certain point within the eye, and if the nerve be
there, it will be acted upon by all the light coming from the given point
of the object, and entering the pupil.

444. There are now two difficulties to overcome ; the first is, what
is called the * spherical aberration.” It is produced as explained by
Fig. 60 ; the light falling upon the surface of the lens near its edges, is
bent more than the central light, because from the shape of the lens the
light falls more obliquely or slanting upon the surface near the edges than
upon the more central parts of the lens. Of course, the light passing
through the outskirts of the lens will cross at a point or focus nearer the
lens than the central light will ; but it is desirable to have all the light
eross at the same point, and it must be go arranged that all the light
coming from any point of an object, and falling upon the lens, may ac
upon the nerve. This end is gained in three ways:

445, 1st. The iris (rainbow), or colored part of the eye,
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Fig. 60.

Fig. 60.—Exhibita the fact that A, O, falling per‘pﬂendicularllf on the lens, i3 not
bent. B, b, are bent somewhat, and cross at 0. C, ¢, are bent still more, and cross at
fi; while D, d are bent most of all, and crost at H.

represented by the partition a, in Lith. P1. 5, Figs. 1, 2, pre-
vents light from falling upon the edges of the lens.

446. 2d. The form of the lens, as found in the eye, is
peculiar, and such (Fig. 61) as is adapted to the purpose
desired, being more round, or more convex on the back or
posterior surface than on the front surface.

447. 3d. By the peculiar structure of the lens, it is
adapted to its purpose. It is composed of layers like an
onion, and as represented in Fig. 61. The outer layers are
almost liquid, the next like jelly in consistence, the middle
of the lens being almost like gum-arabie for density.

The light, therefore, which passes through the central part of the
lens, will, on account of its greater density towards the centre, be bent
more than otherwise, and cross at the same point as the light passing
through the outer parts of the lens.

448. The second difficulty to overcome is this: the different kinds
of light are not bent equally by the same substance. If the light
passing from the point @, Fig. 62, be white light, that is, composed of
the three kinds, red, yellow, and blue, as it passes through a common
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Fig. 62.

Fig. 62.—Shows that some of the light is bent more than the rest.

from the dazzling rays of the sun, and from the perspiration
flowing from the forehead. They are nourished and caused
to grow by the bloed which flows around their roots. To
insure a good supply of this, the skin at the eyebrows should
be daily rubbed.

451. The evelids close over the eye to exclude dust, to
wipe off the dust which has been admitted, and to spread the
fluid, called tear-fluid, over the eye. The movement of the
lids is accomplished by two muscles. One is called the an.
nular, orbicular, or ring muscle of the eyelid. It passes
around the opening of the lids, as in Lith. Fig. 1, PL. 1.
When it contracts, it gently closes the eye. When foreibly
contracted, it slightly draws inward the outer corners of the
eyelids, as the muscle is connected to the edge of the orbit
near the nose. The eyelid is raised by a muscle which
commences at the back part of the eye socket, and passing
over the eyeball, terminates in the upper lid just beneath the
skin, and above the edge of the lid, as seen in Fig. 63. The
form of the edge of the lid is preserved by cartilages, called
the tarsi. They are curved to the form of the eyeball, but
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Fig. 72.

Fig. 72.—B, C, concavo-concave lens. Light in passing through it is observed to be
bent from the axis A, E, as in case of A, D, A, F.

therefore remove an ohject from the eye, till at such a distance that its
light will form a focus at the nerve.

Fig. 73.

_Fig. 73.—A, A, a lens by which the light passing from a, is bent to a, while if the
object producing light be moved to d, the light coming from a more distant point is
bent to a nearer point on the opposite side, as shown by the dotted lines.

479. It cannot be, therefore, that the eye remains the same when
looking at a near object, in case of one who sees equally well objects
at a distance. How the eye is altered is not however known. There
are many hypotheses. If an experiment be tried with the lens and
candle, such that the object upon which the focus falls remains perma-
nent, as does the retina in the eye, and while the candle is removed from
the lens, the lens be also removed towards the retina, if I may call it so,
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between the mirror and eye. For at any such point, the light exists in
the same relations as when it left the object. And wherever the light
from an object exists in the same relations as when it left the object, Zkere
is an image in an optical sense. It is not known to be there, till the
eye be placed there, or an object which shall reflect the light to the eye
without altering its relations, any more than the place of the focus of the
light from a candle, passing through a sun-glass, is known till the eye
be placed where it is, or an object be so placed as to bend the light to
the eye ; for the eye must either go to the focus or the focus must be
brought to the eye that it may produce a sensation, without which its
existence is unknown. But it will be said, perhaps, that the image
appears to exist behind the mirror. Very well. It is readily seen that
the light reflected from the mirror should appear to be prodiaced in that
direction, for it is so with all reflecting objects in nature. They reflect
the light of the sun, for instance, yet the mind thinks nothing about the
sun, and till taught, knows nothing where the light was produced, but
believes it came from, and was produced, by the object that last reflected
if. It may have been reflected a thousand times before, or not once;
the mind is not influenced thereby.

Fig. 4.

]

_Fig. 74.—Represents light passing from the points A, B, fo the mirror m, from which
it is reflected or turned backward more or less, according asit strikes perpendicularly
upon the mirror or in a slanting direction.

493. In the next place I have endeavored to show, that from experi-
ence the mind learns, or is constituted so as to believe, that when ona
adaptation of the eye produces a sensation, the object seen is distant ;
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such a manner that a large amount of light may so fall upon the cornony
that the refracting apparatus of the eye may cause it to act ona single

nerve and produce a distinct impression, which will cause a distinct sen-
gation.

I". The Sense of Hearing.

495. The ear is the organ of this sense. By means of
the ear, distant objects cause sensations.

For if the ear be perfectly closed, sound is not caused by surrounding
objects. By experiment it has been found, that if a bell be shaken in a
glass from which the air has been removed, sound is not caused by the
bell, but the instant the air is admitied the usual ringing is heard. It
follows therefore, that,

496. Surrounding objects act upon the air, and cause the
air to produce effects upon the ear.

These effects are called fmpressions, and acting through the nerve of
hearing and the brain, they cacse sensations.

497. Four things are necessary that sound may be pro-
duced. 1. An object to act upon the air. 2. The air to be
acted on by the object, and then to act on the ear. 3. The
ear, including all its connectives of nerve, brain, &ec. 4. The
mind.

498. The sensation produced or the quality of sound will depend,
therefore, on the nature of the object, the character of the air, the nature
and condition of the ear and its connectives, and the mind.

499. So far as we can learn, the nature of objects is always the same

under similar circumstances. It is exceedingly different in case of dif-
ferent objects, or the same objects under dissimilar circumstances, Al.
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Fig. 76.

Fig. 76.—I= an ideal representation of some of the principal parts of the ear. The
dark dotted part corresponds to the bone. A, represents the tube leading inward from
the external ear. ‘The skin which covers the ear is een lining the passage, the mem-
brane at the bottom of the ear-tube, and also the pouches, sacs, or cryptz, on either
gide. The sacs are not, however, in the bone as here shown, on account of being so
much magnified. The sacs are thousands in number, and form the ear-wax. B, rep-
resentg, but not in form or size, the drum of the ear. At the lower part a tube, repre-
senting the Eustachian, is seen leading into the nose, and lined with a continuation of
the lining of the nose. a, b, ¢,d, The four bones connected upon one side with the ex-
ternal membrane, and on the other side to the membrane (2) leading into the labyrinth,
Jy 18 a muscle, the use of which is not well determined. = C, may be taken to repre-
sent the labyrinth filled with fluid and containing the sac D, which is also filled with fluid.
The nerve of hearing is seen coming through the wall of bone surrounding the Iagﬁ
rinth, and dividing and uuhdi\-idinﬁ:fhh its points towards the inner surface of
sac, as seen at the exiwremities of the lines with which 7 is connected.
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Fig. 81.

Fig. 8l.—Section of the labyrinth, drum of the ear, and external tube a—closed by
& membrane, to the inner surface of which the hammer ¢ is attached ; d, the anvil ; e,
the round bone connecting the anvil with the stirrup: £, the semicircular canals ; A,
the cochlea ; 4, the passage of the nerve.

and as it seems very near the surface, in delicate papille,
represented by z, in Fig. 76.

531. The movements of either or both membranes, will
produce waves in the fluid of the labyrinth and its inclosed
bag ; which dashing upon the surfaces containing the points
of the nerves, will cause impressions as various as the pro-
ducing causes.

532. The minute circumstances to be regarded in producing perfect
hearing, are not understood. It is however evident enough that a proper
aupply of proper fluid is necessary. It is probable that this, like most
if not all other fluids in the body, is undergoing constant change by fre-
quent removal and as frequent formation by the lining of the labyrinth,

and the covering and lining of the bag. Ifit be either removed or
9
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549. Various kinds of food, and indeed, the whole manner of liviug,
will either exalt or depress the state of the nerves in such manner that
the sensations will be easily or with difficulty produced. Thus it is in
our power to produce, within limited bounds, such a state of the nerves,
that the causes acting upon them shall produce such sensations as are

desirable.
Let us now give our attention to the kinds of nerves, viz., those

which produce similar sensations.

550. a. The first pair of nerves of sensation is called
the olfactory. They extend from the brain forward over.
the nose, where little branches pass down through the sieve-
like holes in the bone forming the roof of the nose, and ter-
minate, or rather commence in the lining of the nose, as
heretofore described, and represented at Fig. 82.

Fig. 82.

Fig. 82.—Represents a section of the nose parallel with its natural division. From
4, a line reaches down to the olfactory nerve, or what is sometimes called the olfac-
tory lobe of the brain. From it the nerves are seen passing through the eribriform
(sieve-like) portion of the ethmoid bone. The other portions do not need mention.

Properly speaking, however, that which extends from the brain over
the roof of the nose, should be called a part of the brain, or the olfac-
tory lobe of the brain. It is in fishes the largest portion of the brain.
‘The branches which come down into the nose should be considered as
the nerves of smell.

551. b. The second pair of nerves of sensation, are the
nerves of sight, called the optic nerves. When they leave
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the eyes, they seem as if composed of millions of fibres col-
lected in one bundle, and covered with a sheath, which is con-
tinuous on the one part with the dura-mater of the skull, and on
the other extremity with the white of the eye. It is supposed
that every nervous point in the retina is the commencement
of a nervous fibre, which assists to compose the optic nerves.

452. A little back from the eyes, the nerves from each
eye meet, and a part of the fibres from each pass across, viz.,
that half of the fibres towards each other vass acass between
each other, when the nerves go on to the brain, with which
they do not immediately unite ; but as if there were a neces-
sity for them to produce effects at a certain part of the brain,
they wind around and terminate at the inner, middle and
lower parts of the brain (Fig. 83).

Fig. 83.

Fig. 83.—1, The external or sclerotic coat of the eye with the cornea at the front
part. 2, The choroid coat with the ciliary processes at the front part. &, The com-
missure of the optic nerve, showing the crossing of the nervous fibres. The lower
portion of the brain—the commencement of the spinal cord, and the
nerves, are easily recognized.

o+
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558. Immediately after the nerves commence, they begin
to unite with each other in such way that they are found by
the side of each other, but yet distinct from each other ; and
in the same manner, they unite with any nerves of motion in
their vicinity till at last large trunks are formed, which may
be traced into the back-bone, or through the skull into the
head, as the case may be.

959. Within the back-bone, the nerves divide into two
parts called the anterior (front), and posterior (back) roots,
(Fig. 84). Here, but a few years ago, Sir Charles Bell and
Magendie, by experiment, discovered the double nature and
duties of the merves. If the front root of the nerves of a
frog’s leg be cut, he ‘cannot move the leg, because he has no
means of communicating a contraction-causing-influence to

the muscles of the leg; but the frog appears to suffer pain,
if the leg be pricked.

Fig. 84.—Represents the double roots of a spinal nerve, with a ganglion D on ;-flﬂ
back or posterior root.

560. If the back root of the nerve be cut, while the front
root is entire, the animal can move the leg, but feels no pain
when the foot is even burned. These things show that the
front roots are the agents through which motions are pro-
duced, and the back roots the agents through which the sen.
sations are produced.
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the suspension, that if every thing remained in the same place,during the
pressure, without the person's anticipating it, he would neither know it
had been made, nor suppose any time had elapsed, but as if nothing had
happened continue the sentence in the midst of which he was inter-
rupted.

592, 3d. The sensation produced, is always, so far as we can learn,
in accordance with the state of the brain and nervous system. If the
nerve of a tooth be touched, we can anticipate what sensation will be
produced. If the eye be inflamed in eertain parts, we can anticipate
that a little light will produce a sensation of dazzling,and the skilful physi-
cian, by taking into consideration the econdition of his patient’s nervous
system, can usually judge what kind and degree of sensation he feels.
If the eye, nerve, and brain, be perfectly healthy, we know what colors
will produce agreeable sensations. The world over, a combination of
blue and orange colors are pleasing, so are red and green, or any colors
a mixture of which will produce white light ; blue and red, red and yel-
low, are disagreeable (Fig. 85).*

* Those colors which mingled produce white, are called harmoni-
ous, or complimentary when spoken of in reference to each other.
The combinations not producing white, are called disharmonious. In
Fig. 85, the simple colors are placed at the angles of a triangle, in a
circle. They are of course harmonious and complimentary of each other,
At intermediate points of the circle and at extremities of diameters are
placed colors formed of those at the nearest corners of the triangle, and it
will be seen that colors at the extremities of diameters are harmonious or
complimentary ; so will be all shades of the same colors which would be
forined at the extremities of any diameters. In consideration of this
Muller remarks, “ Women of good taste, when they have a single pre-
dominant color in their dress, select a dull one; or if they wear pure
colors, combine those which harmonize from being complimentary of each
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must drag his weary steps to reach the summit, and then be
satisfied with—what ?—a wreath bestowed upon his ambition!
knew not the nature of man nor how to open before him the
gates to the smooth and sunny paths of science, where flow-
ers and fruits abound on every hand, not as delicious near
the entrance, as farther on, for every step proves more se-
ductive, but such as are well adapted to the relish of the
mind commencing its progress. Commend me to the teacher
whose scholars will ery if kept at home, and save my chil-
dren from one who thinks he must drag the unwilling votary
to bend in worship before the shrine he has wrongly learned
to hate. Disgust of thinking will be produced when the
mind is compelled to apply itself against every law of nature,
when the body, the brain of which the mind is to think with,
1s so placed that it must constantly warn by aches and wea-
riness, of the harm it is suffering, when the buoyancy and
playfulness of youth are denied their action, and after all,
not that the mind may be caused to think, but made to con
something, to “learn by heart” what is not understood, in
short, to encounter all the drudgery, but not arrive at the
pleasure of thinking.

644. Every thing about the student should, on the other
hand, be pleasant, and every agreeable sensation of sight,
sound, &c., should in its place, for it has a place, be
made to add to the delight of fulfilling this important duty
of man—cultivating a desire to obtain knowledge, cultivating
a pleasure in the exercise of the mind and brain. School
houses should be in pleasant situations, should be comfortably
and attractively furnished, and abundant opportunity allowed
for physical recreation, and the grand principle, acted upon,
that The human mind can better be led than driven to the
acquirement of knowledge, or another still more excellent but
embracing the same idea: “ To please is the first step to-
wards instructing.”
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than otherwise. A swarm of bees will not eat so much of their honey
if their hive be kept in a proper place, as they will if it be exposed.

20. But when we take another view of the tiger, it is found that
though he eats plenty of food, his furry coat exhibita that only a little
heat is produced in his system. It will then be inferred that the kind
of food that an animal eats, has something to do with the warming
of his bedy. If we notice, we shall see that the tiger lives upon lean
meat ; and if the experiment be tried of throwing a piece of lean and
fat meat into the cage of a tiger, he will be seen to carefully gnaw
off the lean, and leave the fat. The polar bear, on the other hand, lives
upon fat with delight; for, though he be warmly clothed within and
without, his native region is the birthplace of ‘the iceberg, and he re-
quires much food of a kind that will make him warm.

21. It will also be noticed, that man is inclined to live upon one
kind of food in summer and another kind in winter. Buckwheat cakes,
with an accompaniment of syrup and butter, are highly relished in win-
ter, but set aside in warm weather. In cold climates man finds the
animals which he uses for food, fat; while in warm climates, they are
lean : there also, fruits are more abundant, while in cold climates almost
his only food consists of meat. The Esquimaux drinks the oil of the
whale by the gallon.* -

22. The squirrels also are plump and fat in the fall of the year, when
they enter their holes; so also are the bears, when they go into their
winter dens—but in the spring they are lean, That the fat is used on
account of the cold weather, is evident from this; that the colder the
winter, the more lean are all such animals when spring comes. Indeed,
if the winter be very cold and long, bears frequently come out from their
dens in the mountains of Russia and Switzerland, and driven by neces-
gity for food to keep themselves warm, they will attack even man whom
they otherwise shun. Bees also keep themselves warm during winter,
by the use of honey. Cows and other such animals when driven by
hunger in cold weather, “ browse "—as the expression is—that is, feed
upon the tender buds of trees. These contain gum in abundance. We
are told also, that travellers in Arabia supply their wants while passing
from one village or city to another, by a small guantity of gum. Gum is

* This, when fresh, is much like lard. In the summers of the tem-
perate zone, vegetables are abundant; if the weather be hot, they will

also be more watery ; while, if the weather be cold, vegetation is less
luxuriant and more solid.
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and causes more heat. It might be inferred that the greater the quantity
of air acting on the blood in the lungs, the warmer would a person be.

27. Thus it may be considered as certain, that the heat of the body
is produced by the food on the one hand, and by the air on the other.
But in the next place, how shall it be distributed through the body? This
could easily be accomplished by having a fluid continually moving through
every part of the body, for if any part were warm the fluid would be-
come warm, and if any part were cold the fluid would warm it.

28. But it is evident, that if the heat of the body should e contin-
ually produced, the body would grow too warm, and much harm would
follow, as in case of fever. In this case it might be observed that the
skin was dry, harsh, and hot, the brain delirious, &ec¢. But as soon
as a gentle perspiration breaks out, the skin becomes cool and flexible,
the delirium subsides, and the doctor expresses hopes of his patient. In
warm weather a person perspires freely, while in cold weather, perspi-
ration ceases. An animal that sweats freely suffers but little from heat.
The horse, intended by nature for active exercise and to produce much
heat, sweats, and bears hard driving in summer weather while he sweats,
but if the skin become dry, he will be injured except cooled by artificial
means.*

The ox is easily killed, “ melted” as it is termed, by over-exercise
on a hot day. That animal does not sweat except by its tongue, which
is kept moist and thrust from the mouth, as it will be by the horse if the
case be extreme.

2). The dog is easily killed by over-exercise in hot weather, espe-
cially if fed upon food that tends to produce heat and fat, while if he be
fed upon the tiger's food and kept lean, there is no danger. The dog is
remarkable for “lolling,” as the term is, and also for panting, which is
merely a fanning operation. The air which he draws into his mnuth,
does not pass deeply into his lungs so as to produce much heat, but is
merely drawn in and thrown out, to assist in cooling him by carrying
away the moisture more rapidly from the tongue,

30. The effect of the perspiration in cooling the body is evidently the
same as the effect of the water thrown upon the floor in swmmer: the

* If a horse driven upon the road on a hot day, be observed to be-
come dry, which intense heat will frequently cause (it seeming to produce
such a feve:-}ah state of the skin that it cannot sweat), it will greatly re-
lieve the animal to dip some twigs with leaves upon them in water, and

wprinkle the animal pretty effectually. It eools him.
11+
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Fig. 89.

Fig. 89.—Partof a cn}mfuund gland, with tubes and crypte laid open. The bleck
lines represent the larger bloodvessels of the part. The causes and appearance of the
lobules are also seen

tion between the glands and the organic nervous system, be-
cause the saliva being formed from blood and formed very
freely, when we are eating, and at other times, in accordance
with the wants of the body, there must be some cause for the
increased circulation of blood required under such circum-
stances. | '

75. The tube and erypte or a gland, whatever forin they may have,
are in fact nothing more than the lining or skin of the part into which
the tube opens, slightly and but slightly changed in its texture, and ex-
isting in that form for the purpose of presenting much surface in a small
space ; for instance, the skin lining the mouth is formed into a tube
commencing at the centre of the cheek, at a slightly roughish place easily
felt with the tongue. It leads to the back part of the_jaw, being readily
felt like a cord beneath the skin upon the outside of the cheek. At the
back and side of the jaw, just before the ear, it forms branches. These
subdivide, and about the twigs, crypt® are formed. PBetween these is
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diet, seeds, roots, &c. ; while in the full-grown frog it is comparatively
ghort, as he supports his life by using meat diet, bugs, worms, &ec.

241. In the human species it will probably be found almost universal,
that those persons who are fond of, and live upon meat chiefly, have
ghort second stomachs ; while those fond of breadstuffs, vegetables, and
fruit, have longer second stomachs. It might be a question, whether the
change of diet in case of man or animals, would tend to alter the length
of the second stomach. It is eaid, and probably with truth, that the
use of concentrated food tends to lessen the size of the first stomach.

242. The reason why this difference should exist in the
length of the second stomach, will be evident if its use be
considered, viz., in the first place, to cause the food to under-
go a change ; and in the second place, to remove the proper
parts of the food into the bloodvessels.

The more waste substance found in the food, the longer should the
food remain in the second stomach, and the greater must be its length ;
as while the food is in the second stomach, it is gradually moved along
by the action of the muscular coats; if the food require to be acted
upon for a long time, the tube through which it is passing, must be corre-
spondingly large. -

243. The food, which in the first stomach has passed
through the first process of digestion, and been formed into
chyme, passes into the second stomach through the pylorus;
but undergoes no change till it has been mingled with three
fluids,—the pancreatic juice, the bile, and the gall.

244. The Pancreas, in which the pancreatic juice is
formed, has in the calf the name of ‘sweetbread.” It is a
gland (Fig. 95), in color, external surface, and internal struc-
ture, resembling the salivary glands. It is situated across
the body in front of the back-bone, separated from it by
large bloodvessels, having in front of itself the lower portion
of the stomach when distended. It is from six to ten inches
in length, weighing about four to six ounces. Its larger
extremity, called the head, is toward the right, near where
its tube or duct opens into the second stomach.

14*
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Fig. 102.

. 102.—The letters exhibit the same paris as before, ex that V, represents
ﬂﬂgﬂgﬂll valves. No piece of the heart is removed, the heart E:g; Ilm'ai'jr cut open.

Fig. 103.

Fig. 103.—The dart shows the direction of the current. By the sides of the dart re-
presentations of the open semi-lunar valves are seen. When closed, the edges overlap
cach other, while between the edge and the side of the vessel the valve * bags ™ down,

sure upon their inner or under surface, and the blood passes through be-
tween them ; but vice versa, when the contracted heart begins to relax
or enlarge and open the tricuspid and mitral valves, the semi-lunar valves
are immediately closed by the pressure upon their upper surface of the
hlood agtempting to pass back.
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Fig. 105. Fig. 106.

Fig. 105.—2, 2, Divided ends of “tailor's muscle.” 1, 1, Femoral artery.
Fig. 106.—Arm, with parts removed to show the situation of the main artery.

320. The arteries which enter the head pass through a canal winding
in the bone, as if there were danger to be apprehended from allowing
the blood to rush with great force to that grand nervous centre contained

in the skull.
321. There is one thing exceedingly interesting, and
very important, in respect to the arteries. They are
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upon the nervous system that it can be increased and diminished, if not
entirely removed, as the case may require.

421. In the second place, there are two classes of mus-
cles, which co-operate with the elasticity of the lungs in
throwing out the air ; one class acts upen the ribs, to draw
them down ; the other class presses upon the organs of the
abdomen, causing them to press upon the diaphragm and
move its arches upward.

It is evident that the muscles which raise the ribs, as also the sides
of the diaphragm, must relax when the air is thrown out.

422, To understand perfectly the manner in which the air is caused
to pass in and out of the lungs, it must be noticed that the air-passages
and cells, and air in them, together with the substance of the lungs, the
bloodvessels, and the blood in them, fill the sides of the chest in such a

manner that the outside of the lungs is constantly in contact with the
inner surface of the chest and the upper surface of the diaphragm.

423. That no harm may be pruducaﬂ by the contact, the inside of the
ribs and muscles between, is lined with a beautifully delicate membrane

16*




































































































































