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PREFACE.

Tai1s book is intended for beginners in the study of Physiology,
of whatever age they may be. It is a * First Book "’ for the adult
as well as for the child. There is more in common between
young and adult minds, in regard to a subject which is new to
them, than is commonly supposed. There is for both the same
need of simple, elear, and precise statement, with familiar illus-
tration. A book intended to instruet a child in any science should
be =0 written, that it will be just as instruetive to an adult unac-
guainted with the subject. Not only so, but it should be so written,
that it will interest and please a mind that has a full knowledge
of the subject, by its logical and clear development of simple fun-
damental facts and prineiples. '

It is a common error to suppose, that there need not to be as
logical a presentation of a subject in teaching children as in
teaching adults. A correct logie, in the true sense of that word,
1s necessary in either case. In teaching any science. no matier
what the age of the scholar may be, a natural, that is, a logieal,
arrangement of the faets and prineiples, is essential to success.
Indeed, it is more essential at the outset than it is subsequently,
for the beginner lays the very foundations of his knowledge, upon
which in his eourse of learning afterwards he builds up the super-
structure. It is the simple facts and prineiples of science, such as
should be taught to the beginner, that are fundamental. In order
that he may begin right, he must acquire a clear idea of these.
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This, it is obvious, cannot be done by a loose, partial, and ill-
arranged presentation of them, but only by a presentation that is
strietly logical. Commonly, this foundation-work, as 1t may be
termed, has to be done over and over again, bringing much unne-
cessary labor to both teacher and scholar, simply because it is not
done right at the outset.

There is another consideration bearing upon this point, which is
of great importance. It is essential to the successful study of
science that good habits of mind be formed, and the earlier they
are formed the better. I need not stop to show that clear logical
presentations of facts and principles tend to form such habits, and
that a loose, confused mode of presenting them tends to form habits
of an opposite character.

Let me not be understood to advocate that prominence of logical
framework, as it may be called, which is so common in books for
instruetion. With all this show of logical arrangement, there is
often much that is really very illogical. With the beginner, at
least, the less there is of the formalities of arrangement the better.
And yet there should in reality be a striet regard to the proper
logical order in introducing facts and prineiples to the mind of the
learner. If this natural order be observed, every page that the
student learns serves to prepare his mind for what comes after.
There is no point in which books for instruction so often fail as in
this,

Most books for the instruetion of beginners in science, present a
strange mixture of child’s talk, and language that the child cannot
understand, but can only learn by rote. Even the hard fechnical
terms of science often enter abundantly into the compound. It
seems to be forgotten that great simplicity of language may be
the vehicle of even a deep philosophy, and s consistent with an
elevated style. Clear, precise statement, logical order of arrange-
ment, and felicitous illustration, are the elements of such a siyle.
And these elements cannot exist, unless there be an appreciation
in the writer’'s mind of the attitude of the minds that he addresses.
He must not only see clearly the faets and principles of - science
himself, but he must know how o malke others see them clearly
also.
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It is obvious that in a “ First Book ”” there must be a less num-
ber of points infroduced than in a book iniended {Gr instruection
afterward. The field of vision should be gradually enlarged as
the learner advances. At first there must be a selection of such
points as he ean most readily understand, reserving the more diffi-
cult ones for another book. And while the second book should be
much more complete than that which is designed for beginners, yet
in the latter the really essential and fundamenial paris of the
science should be clearly presented.

The principles thus advanced I have endeavored to follow in the
construection of this litile work. It is intended prineipally for the
use of common schools, and yet, like my larger work on Physiology,
it is adapted for general reading. It will prepare the reader and
the scholar for the more full examination of the subject in the
larger work.

I need hardly say, that in order to teach from this book satisfae-
torily, it is necessary for the teacher to read both books. By doing
g0, he will see clearly in every case the reason of the selection that
I have made in this work from the facts that are presented =o fully
in the other, and will therefore be better prepared to teach according
to the plan that I have in view. The questions that I have placed
at the bottom of each page can be altered as the teecher thinks
best, to suit the different capacities of his scholars. For certain
general directions in teaching Physiology, I refer him fo the Ap-
pendix of my larger work. -
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FIRST BOOK IN PHYSIOLOGY.

CHAPTER I.

THE MACHWERY OF THE BODY.

1. Wuex you look at any machine made by man,
you inquire what it isintended to do. You find, com-
monly, that it is for some one purpose. Thus, a nail-
machine makes nails, and does nothing else ; a paper-
machine makes paper; a locomotive draws cars on a
track ; and so of other machines.

2. But the human body is not a single machine for
a single purpose. It is a complicated machine, and
serves many purposes. It differs very much in this re-
spect from the machines that man makes. While for
example, it is a machine that walks, walking is not the
only thing that it does. -It is not like the locomotive,
that does nothing but draw cars. It can perform a
great variety of motions besides walking. It can run,
jump, leap, climb, &e.

3. You see the same difference, if instead of look-
ing at the body as a whole, you look at any particular
part of it. Look, for example, at the hand, and com-

—

What is zaid of machines made by man? How does the machinery
of the body differ from these?

l*
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pare it with the most ingenious machinery that man

has ever made. The variety of things that it can do

is almost endless. So, too, if you open your mouth

before a lanhlng glass, and move about that busy little
machine, the tongue, you will get some idea of the

great variety of motion that it can perform.

4. But besides being a locomotive machine, capable
of all this variety of motion, the human body is also
a machine in which many things are made. Dlood is
made in it. This red fluid is made out of the food
which this machine putsinto its mouth and eats. And
then from the blood are made all the various parts of
the body.

5. In order that the blood may be used to construct
all parts of the body, it must be carried everywhere.
There is a wonderful set of machinery to do this. The
heart is pumping night and day, sending out the
blood through the pipes that branch out from it all
over the body.

6. Then the blood, when it has been used, is not fit
to be used again until it is changed. There is, there-
fore, a set of machinery in the chest for the purpose
of changing the blood. The blood is carried to the
lungs, and there it is exposed to the air that we breathe
into the lungs every time that we draw a breath. By
being aired in this way, it is fitted to be used again,
and it goes back to the heart that it may be pumped
nut aﬂ*ain all over the body.

Bul: the most wonderful machinery in the bﬁd}r

Mention some 1]'ut1mﬂ'11 parts of the body in which this difference is
geen. What 13 made by the machinery of the body ¥ By what ma-
chinery is the blood circuluted? How is the blood c]lﬂtlge after it has
been used #
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is that which we find in the nervous system. The
brain is the great central organ of this system. TFrom
it branch out white cords, called nerves, which are
found in every part of the body. This nervous system
is somewhat like a telegraph, though it is much more
perfect and mysterious. The brain may be consid-
ered as the central office, where the mind has its seat.
The nerves may be called the wires, by which mes-
sages are sent forth and received by the mind.

8. Messages are sent by means of the nerves to the
_ muscles, whenever the mind wills that any part of the
body move. Thus, when you wish to move your
hand, messages are sent from the brain to the muscles
that move this part. When the mind wills that the
whole body shall move, a great number of threse mes-
sages are sent 1n all directions at once.

9. The mind too receives messages through the
nerves. It receives them from the senses. When
we see, something is sent by means of the nerves of
the eyes to the brain, and thus reaches the mind, just
as electricity goes along the wires of a telegraph. And
the same may be said of the other senses.

10. Observe now how great a variety of machinery
there is in the body. The digestive machinery grinds
up the food with its teeth and mixes it with juices in
such a way that blood is made out of it. Then the
machinery of the circulation moves the blood about
everywhere in the body, so that all the parts may be
made out of it and be kept in repair. The breathing

What is the most wonderful machinery in the body? What is it
like? And how? Describe what is done when the museles act. How
and from what does the mind receive messages? Give what is stated
in % 10 about the variety of the machinery in the body.
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machinery continually purifies the blood after it has
been used, and so fits it again for use. Then by means
of the nervous machinery the mind uses the parts that
are thus constructed from the blood—viz., the mus-
cles, the bones, and the organs of the senses.

11. You see that some of the machinery of the
body is for the purpose of making other machinery.
This is the business of the machinery of the digestion,
the circulation, and the respiration. This machinery
makes nerves, and muscles, and bones, and the brain,
and the eye, and the other organs of the senses. The
object then of eating and drinking and breathing and
having the blood circulate, is to make machinery for
the mind to use.

12. There is one difference between the machinery
of the body and the machines constructed by man, that
I have not yet mentioned. When man makes a ma-
chine he cannot use it till it is completed. It he
wishes to alter it or repair it, he cannot use it at all
while he is doing this. But the machinery of the
body is constantly altered while it is in use. 1 will
illustrate this difference.

13. The machinery of the child’s body is small ma-
chinery, but every part of it gradually becomes larger,
and in manhood it is of its full size. But no machine
made by man can grow to be a larger one. Now, the
machinery of the body not only grows, but it is kept
in use while it is growing. A small telescope never
grows to be alarge one, but the little eye of the infant

Can the machinery that man makes be kept in use while he is altering
or repairing it? How is it with the machinery of the body ¥ What is
gaid of the growing of the machinery of the body ?
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grows to be the large eye of a man, and is used every
day while this is done. A cord does not grow to be a
rope, but the muscles grow as we use them.

14. The machines that man constructs cannot be
repaired while they are in use; they have to Zie by for
repair, as it is expressed. It is not so with the ma-
chinery of the body ; repairing is going on while it is
in use. In the machinery made by man it is done
only now and then, but in the machinery of the body
it is done all the time, every day, every hour, every
moment.

15. One thing is to be noticed, however, about this
repairing of the body. Some of its machinery must
have seasons of rest, in order that the repairing may
be thoroughly done. This is the case with the brain,
the nerves, and the muscles. When the mind has
worked these parts of the machinery during the day,
the rest of night is needed to repair fully the wear
and tear. Though the business of repairing them is
going on all the time, more of it is done while they
are at rest in the hours of sleep than when we are
awake.

16. Another thing to be remarked is, that when the
machinery is much deranged by disease, more rest
than is commonly taken at night is needed. There
must be some lying by for repair now. Thus, if a
limb be inflamed, it must be kept still. An inflamed
eye needs to have the light shut out from it. If the
brain be digeased, the mind must be kept from using

Does the machinery of the body lie by for repair? What parts of
the machinery of the body must have seasons of rest to have the re-
pairing well done? What is said of the need of rest for repairing in
disease?
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it as much as is possible ; that is, it must be kept from
thinking. And what is true of particular parts of the
machinery is true of it as a whole. When the whole
body is disordered, as in fever, all the machinery
must be kept as quiet as possible.

17. There is some of the machinery that never stops,
either when we are sick or when we are asleep; it
is the breathing and the circulating machinery. The
heart is always beating, and the chest is always heav-
ing ; they never rest from their work, and they are
stopped only by death.

18. In this chapter I have given you some general
views of the machinery of the body. In the follow-
ing chapters I shall describe particular parts of it, and
shall explain to you how they operate. I shall speak
of the machinery of digestion, of circulation, of respi-
ration, the nervous machinery, &e., each of them
separately.

CHAPTER 11:

THE DIFFERENT STRUCTURES OF THE BODY.

1. BerorE considering each subject particularly,
let us look in this chapter at some of the various
things or structures that make up the machinery of
the body. DBy doing this, these subjects will be more
clear to yon. For, as I shall mention different parts
of the body, as I proceed, you will understand me
better, if you have some knowledge of these parts at
the beginning.

What parts of the machinery of the body never rest?
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2. Notice first, the hayl bones which are the frame-
work of the body. These are very different in their
shapes in different parts of the frame. IFor example,
in the leg and arm they are long and slender, while
in the head they make a box to hold the brain. They
vary much in szze also.

3. The bones are composed partly of mineral and
partly of animal substance. When you see a pile of
bones near a slaughter-house, which have been a long
time exposed to the air, yousee only the mineral part
of them. The animal or soft part has been taken
away by the heat of the sun and the washing of the
rain. The same thing can be done, very quickly, by
exposing a bone to a very hot fire. A bone thus
deprived of its animal part
is wvery brittle, and breaks
easily.

4. The animal part of a
bone can be obtained also (7
separate from the mineral § ==
part. This can be done by ‘@ &
putting it into a mixture of
an acid, called muriatic acid,

nd water. The acid takes
the mineral part away, and
leaves the animal part in per-
fect shape. While the mine-
ral part is brittle, this soft
animal part can be bent so as

What is said of the shapes of the bones, and of their size? Of what
two parts is bone composed? How can the mineral part be obtained
.lc.;ep:u‘ate from the other part! How can the animal part be obtained

v itself?
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to be tied into a knot, if the boue be one of the long
ones. Fig. 1 represeuts a thwh«bﬂne thus tied, after
being deprived of its mineral part.

5. In the child, when the bones are growing, they
do not have as much of the mineral part as the bones
of old persons do. It is well that they do not; for if
they did, the frequent falls of the child would often
give him a broken bone. If an old person should
have as many falls as children commonly do, his brit-
tle bones would very often snap asunder. A fall
down stairs, which iu the child is generally followed
only by a momentary fright, a short crying-spell, and
perhaps a bruise, is apt to break some bone in the
old, and may even destroy life.

6. The bones are bound together by firm ligaments,
so that while they move on each other at the joints,
they are held in their places. The bones are moved
by museles. The muscles make up the bulk of the
fleshy part of the body. Their color is red. The
tendons are white and shining cords, by which the
muscles pull the bones, in moving them.

7. As I must refer occasionally to the action of
muscles before I come to the chapter on the muscles,
I will explain to you now the manner in which they
act. A muscle is composed of a great number of
very small fibres or threads. When it acts, each one
of these fibres shortens itself.

]

What is the difference between the bones of the old and those of the
young in regard to these two parts? What would happen to the child
if there were not this difference? By what are the bones bound
together? By what are they moved? What are the tendons? What
is a muscle composed of ¢
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8. I will show how this Fio. 2.
shortening of the fibres moves
the bones, by means of some , c %

figures. Suppose @, in Fig.
2, 1s a bone that is fixed so
that it cannot be moved, and
that 4 can be moved. Lete¢ c
be a fibre that extends from ¢
the one bone to the other. If
the fibre ¢ shorten itself, it will £, &
draw the bone § towards @, as
represented in the lower figure. -
The same thing is true of a
number of fibres, as represented
in Fig. 3. You see, then, how
it is true of a multitude of fibres,
as they are bound together in a
muscle.

9. Let d, in Fig. 4, represent a Hien. 4, 5.
bone that is fixed, and ¢ a bone
that moves on ¢, with a hinge-like
joint. If the fibres are relaxed,
the bone ¢ will be as in Fig. 4;
but if the fibres contract, the bone
will be as in Fig. 5. These two
figures show the action of the lower jaw, as it is
moved up and down by the muscleg, in eating. In
Fig. 4, ¢ is like the lower jaw when it is down ; and
in Fig. 5 it is like it when it is up, so that its teeth
press against those of the fixed upper jaw.

L.

[

(101

Explain by fizures 2 and 3, how the fibres of a muscle act. Illus-
trate the maoner in which the musecles move the lower jaw in eating.

-
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F::*S- Bt 10. Figs. 6 and 7 show you
mm—_u_ﬁqa,&m how the muscle that bends
= the elbow acts. In Fig. 6 the

bones ¢ and b are represented
as they are when the arm is
extended out straight. The

& muscle which is represented
e by the line ¢, is relaxed.
When it contracts or shortens itself, the bone & will
be bent upon «, as seen in Fig. T.

11. These two examples of muscular action will be
sufficient for the present. In some of the succeeding
chapters yon will see examples of other ways in
which the muscles operate ; and, in the chapter on
the muscles, the many various ways in which they
act will be fully illustrated.

12. I have thus spoken of the bones with their lig-
aments, and the muscles with their fendons. The
limbs of the body are made up of these four struc-
tures. They compose also all the outer parts or walls
of the trunk of the body and of the head. . Within
these walls are the three great cavities of the body,
containing its most important organs.

13. In the cavity of the /Aead is the brain. This
delicate and soft organ is shut in very securely by
that round box of bones, called the cranium or skull.
The cavity of the chest contains the heart and the
lungs. The walls of this cavity are the spinal column,
or back-bone, as it called, the ribs, and the breast-

Tlustrate the maoner in which the muscles bend the arm at the
elbow. Of what four structures are the limbs of the body eom pnsmi?
What other parts do they compose ?
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bone. These are strongly bound together by muscles
and ligaments. In the cavity of the abdomen are the
stomach, liver, &c. Its walls are the spine behind,
and at the sides and in front, broad flat muscles and
tendons. The organs contained in these three. cavi-
ties I shall speak of in other parts of this book.

14. In all the different structures of the body of
which I have spoken, there are blood-vessels, large
and small, circulating the blood everywhere. Nerves
too go everywhere, branching out from the brain and
spinal marrow. They are whitish cords, which by
dividing continually are distributed to all parts of the
body. The blood-vessels and nerves are everywhere
mingled together. For if you prick any part, the
nerves feel the pain, and the blood-vessels at the same
time let out their blood.

15. All the parts and organs of the body -are well
packed together. They are so arranged that there s
no loss of room. And there is a kind of packing
material made use of everywhere between all the
parts. It is a very fine and nice material. You can
see it if you look at a piece of meat from any animal.
If you pull the fibres of the meat a little apart, you
will see a delicate white substance between them.
You will also see different portions of the meat sepa-
rated from each other by considerable layers of this
substance. These are the different muscles with the
packing material between them.

16. This packing material, which is called the cel-

What are the three great cavities of the body? What are their
walls? What do they contain? What is said of blood-vessels and
nerves in the different structures of the body? What is said of the
packing of the parts of the body ¢
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lular membrane, is not only around all the muscles
and between their fibres, but it is around everything
and in almost everything in the body. Itis full of
little cells or spaces; and hence comes its name. In
some parts these cells are larger than in others. The
fat of the body is in cells of this substance, mostly
just under the skin. When the cells contain fat they
are larger than they usunally are.

17. This cellular substance is very yielding, so that
the motions of the body are not made less free by
their being thus bound together by this packing ma-
terial. When the muscles are performing some of
their motions this substance is very much moved and
stretched, but it always yields easily and is not torn.

18. The cells of this substance are kept moist by
a very little watery fluid. When this fluid is in
greater quantity than it shounld be, the disease called
dropsy is present; and it is because the cells every-
where open into each other, that the water in this
disease is so apt to accumulate in the lowest parts of
the lower limbs.

19. Over all the parts of the body is the skin cover-
ing them up from our view. It also defends them
from injury. While for this purpose it is very firm,
it is at the same time quite yielding, so that it may
not restrain the motions of the body. Underneath
the skin the cellular substance is very abundant, con-
necting the skin with the muscles and other parts.

20. There is a kind of skin, called the mucous

Describe the appearance of the common packing material. What is
said of the fat? What is said of the yielding character of the eellular
membrane? ‘What is =aid of its cells? What is said of the skin
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membrane, that begins in the mouth and nose, and
lines all the passages to the lungs, the stomach, and
other organs. It may be called the interior skin of
the body. It is termed the mucous membrane, be-
caunse it is moistened by mucus, a glairy fluid which
constantly oozes from it. The red covering of the
lips does not seem to be either skin or mucous mem-
brane, buf a texture somewhat like both of them.

91. The serous membranes are so called because
they are moistened with a watery fluid called serum.
They line the outside of some of the great organs of
the body, and also the inside of the walls of the cavi-
ties that hold them. Thus the lungs are covered with
a serous membrane, and the inside of the walls of the
chest is lined with it. You can see what the object
of this is : as the chest moves in breathing, the lungs
rub a little against the walls of the chest; but the
smooth shining serous membrane that lines them pre-
vents the rubbing from doing any harm. The same
thing is true of the organs in the abdomen. The rub-
bing of the stomach and the intestines against each
other and against the walls of the abdomen, would
make them sore and inflamed, if they were not all
lined with this smooth and moistened membrarne.

22, 1 have not described to you all the structures
in the body, but only those that it is well for you to
understand in the beginning. You will know more
in relation to these as I proceed, and I shall also de-
seribe to you in the succeeding chapters some other
structures.

= —_—— iz = —

What is said of the mucous membrane? What is said of the red
skin of the lips? What are the serous membranes? What do they
line { JOf what use are they in the chest, and in the abdomen {
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CHAPTER III.

DIGESTION.

1. I mavE already told you in the first chapter that
the blood, which is the common building material of
the body, is made out of the food that we eat. That
this may be done, the food must be digested, as it is
termed.

2. Digestion is not a single and simple process;
several things are done. First, the food is cut and
ground by a sort of mill in the mouth ; and while this
is going on the food is thoroughly moistened by a
liquid called the saliva. As fast as it is ground and
moistened it is passed through a tube that extends
from the back part of the throat down into the stom-
ach. There the food is mixed with another liquid
called the gastric juice. It is then passed on into the
intestines. There all that part of the food that can
be used to make blood is sucked up by a multitude of
little vessels. These vessels join together to form a
tube which empties itself into the blood. Having thus
described in a general way the manner in which the
nourishing part of our food is separated and extracted
from it, let us look at the different p'a.lts cuf the pro-
cess more particularly.

3. First, the food is cut and ground up by the
teeth. The teeth, in order to be ﬁtted for this work,

From what is the blood made? Is digestion one simple process?
What is first done to the food? By what is the food moistened ¢
What is done with it after it is ground and moistened ? W hat is mixed
with the food in the stomach { Into what does it pass from t.he stom-
ach? What 18 done with it in the intestines?
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“are made very hard. They are the hardest sub-
stances in the body. None of the bones are as hard
as they are. Their hardness is owing to the enamel.
This forms a thick coat over all the body of the tooth
down to the gum. It does not extend down on the
roots, for it is not wanted there. The roots and all
the inner part of the teeth are like common bone.
The roots are fitted into sockets in the jaws so firmly
that, as every one knows, it is véry hard to pull them
ouf. -
4. In Fig. 8 you see a representation of half of the
teeth of the upper jaw. Notice the difference in their

Fiq. B.

shape. At aa are the two front cutting teeth. They
have sharp edges. At ddd are the three large back
- teeth. These have, instead of cutting edges, broad
irregular surfaces, so that they can grind the food be-
tween them and the same teeth in the lower jaw. At
ce are two smaller grinders, At b is what is com-
monly called the eye-tooth. It is so shaped that it
neither cuts nor grinds, but tears. The tooth in the

‘What is said of the teeth? What is the enamel, and how is it ar-
ranged on the teeth? Describe the different kinds of teeth in mant
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lower jaw that is like it is called the stomach-tooth.
You see then that man has three kinds of teeth for
eating his different kinds of food, viz., cutting, tear-
ing and grinding teeth.

5. Different animals have
different kinds of teeth, ac-
cording to the kinds of food
which they eat. In Fig. 9
you see the teeth of an ani-
mal that lives on flesh alone,
called a carnivorous animal. -
The front teeth are tearing
ones, while the back teeth
have sharp edges for cutting. The flesh is first torn by
the front teeth, and then it is cut up by the back ones.
You can see these two kinds of teeth in the mouth of
the dog. The tearing teeth are long. When the jaws
are closed the ends of these teeth do not pressupon the
ends of the teeth that are opposite to them, but

the teeth pass by each other, as you see in Fig. 10,
Fia. 10.

Fig. 9.

Deseribe the teeth of carnivorows animals. What arrangement of
their tearing teeth gives them great power ¢
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which is a representation of the jaws of a tiger. Yon
see at once that this arrangement of these long tear-
ing teeth gives them great power in tearing flesh to
pleces.

6. Animals that live on vegetable food, called /iei-
bivorous animals, have no tearing teeth. The horse
and the cow are of this class. They have two kinds
of teeth. There are cutting teeth in front, by which
they crop the grass or draw the hay from the rack.
There are also grinding teeth by which they grind up
the food before they swallow it. In Fig. 11 you see
the rough surface of some of Frecli
these teeth. There is a pecu- 4 JEEN
liar arrangement of the enamel,
which admirably fits them to
grind up the fibres of the grass. The enamel is not
merely on the outside as it is in our teeth, but there
are ridges of it, as you see, standing up in the middle
of each tooth.

7. Those animals that live on soft Pre. 12:
fruits do not need such grinders as &2
the grass-eating animals do. They @557
therefore have rounded teeth which
serve to crush their food as repre-
sented in Fig. 12.

8. In the cutting, and tearing, and gundmg of our
food the lower jaw is moved against the upper one
by means of muscles. They are the workmen of the
mill, as we may say. These muscles work differently

Describe the teeth of herbivorous animals. What peculiar arrange-
ment of the enamel do they have? What are the teeth of animals that
eat soft fruits?

2
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in different animals, according to the kind of food
and according to the character of the teeth. Thus,
when an animal eats vegetable food and has grinding
teeth, the muscles have the power of making the
grinding motion. If it were not so, the grinding teeth
could not grind, but could only erush. You can see
the difference between the grinding and tearing motion
of the jaws, if you watch a dog and a cow while they
are eating. The dog, as he tears his food, moves his
lower jaw up and down against the upper jaw like a
hinge. DBut the cow, as she chews her cud, gives to
her jaw a sidewise motion, together with the hinge-
like motion, and thus grinds the food. The dog does
not need to grind his food as the cow does, and there-
fore he has no grinding teeth and no muscles that can
perform the grinding motion. :

9. Man eats all kinds of food, or is omnivorous;
he therefore has the various kinds of teeth. DBut ob-
serve, that his grinding teeth are not such thorough
grinders as the cow and the horse have. He does not
need the ridges of enamel to grind the vegetable food:
that he eats, most of which he softens by cooking it.
Observe, too, that his tearing teeth are not so long
and so powerful as those that you see in the mouth
of the dog and the tiger. The reason is, that he
knows how to invent and use eutting instruments, and
therefore divides his food very much before he eats
it.

10. As the food is eut and ground by the teeth, it

T — =

Ilustrate the difference in the working of the museles in the earnivor-
ous and herbivorous. Why is man called omnivorousZ Why are his
grinding teeth less poweriul than they are in animals?
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is well moistened by the fluid in the mouth called the
saliva. This fluid is made in some glands in the
neighborhood. The largest of these glands, or saliva-
factories, as we may call them, is just under the ear,
It is this gland that is so much swelled in the disease
called mumps. There are three pairs of these glands,
and they have ducts or pipes going from them, which
open on the inside of the mouth. They are always at
work making the saliva to keep the mouth moist, but
.they are especially busy while we are eating, in order
that the food may be properly moistened.

11. All these three pairs of factories do not make
the same kind of fluid. One pair make a flnid which
is a little thicker than that which is made by the other
two pairs. It is curious to see the reason of this dif-
ference. The thin fluid is mixed with the tood while
the mill is grinding it. The thick fluid is not poured
out at all while this is going on; but the moment
that we stop chewing, and the food is thrust back into
the throat to be swallowed, the thick fluid is poured
out and covers the food, so that it may slip down
easily into the stomach. :

12. The tube through which the food passes down
into the stomach is called the wsophagus, or gullet.
In Fig. 13 is represented the inside of the stomach with
the beginning of the intestines. At 3 is the left end
and at 4 is the right end. At 1 is the opening of the
gullet into the stomach. At 5 is a valve which is
sometimes shut, so as to prevent anything from pass-

By what is the saliva made? Where is the largest of these glands
situated ¥ How many of these glands are there? Are they equally at
work all the time? Do they all secrete the same kind of fluid? What
is the use of the thicker fluid made by one pair of these glands?
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ing from the stomach into the intestine. This valve
is called the pylorus.

13. While the food is in the stomach the gastric
juice oozes out from all the inside lining, marked 8,
and mixes up with the food. The mixture is very
thoronghly made, becanse the stomach keeps up a
sort of churning motion. After awhile the food,
although it is sometimes of so many different kinds,
is all changed into a greyish cream-like substance,
called clyme.

14. None of the food can pass by the valve into the
intestines till the gastric juice has acted upon it
enough and changed it into chyme. As the stomach
churns the food, some of it continually comes in con-
tact with the valve. But the valve will not open till
some of it comes along that is fit to pass. If the food

Deseribe the stomach as shown in Fig. 18. Where does the gastrie
juice come from? How is it mixed tlmlr;mghh with the food? What
1s the ehyme? Deseribe the operation of the valve called the pylorus.
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is not digested, as sometimes happens, then commonly
this sentinel after awhile gives up its resistance, and
lets the undigested food pass on. Or, if it holds out
in its resistance, the food is got rid of by being thrown

back by the stomach through the esophagus or gullet.

15. When the chyme passes through the valve of
the stomach it goes into the intestine, the beginning
of which you see in Fig. 13. There two other juices

Fig,. 14,
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are poured in and mingled with it. The duct from
the liver is represented in the figure at 6, and the duct
« Into what does the chyme pass from the stomach? What two juice;s

are here mingled with it?
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from the pancreas opens near it. These fluids come
from two glands. One of these glands is a very large
one, the liver. You see this gland in Fig. 14, which
gives a general view of the digestive organs. The
juice from this gland is called bile. ‘It is of a yellow
color and is very bitter. The other juice comes from
a gland called the pancreas, which you see in the
ficure, lying behind the end of the stomach. This is
very mild and is much like the saliva with which the
food is moistened while the teeth are grinding it.

16. There is a curlous arrangement of the bile duct
or duct from the liver, which I will notice. While it
goes direct from the liver to the intestine, like the
duct from the pancreas, a branch goes back from it
to the gall-bladder, as it is called. This arrangement
is represented in Fig. 15, in which ¢ is the intestine

Fie.15.  cut open, & is the duct which is made
by the joining together of many little
ducts from the liver, ¢ is the gall-blad-
der, and ¢ is the duct which goes from
the gall-bladder to join the duct from
the liver. The object of this arrange-
ment is plain. The bile is needed in
the intestine in considerable quantity
| whenever there is chyme there for the
/% bile to act upon. But the liver is a
a large organ, or a large factory, as we
may call it, and is all the time making
bile. The gall-bladder is a convenient place of de-
pr}sit, or 1-e5ervc-ir, where the bile is stored up until it

Lo——

From what glands do these juices come? Describe the arrangement
of the gall- ‘bladder and the ducts.
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is needed. When there is no chyme in the intestine,
the bile, as it flows from the liver in the duet &, takes
a turn by the branch d into the gall-bladder. In what
way it is made to take this sharp turn we do not
know. After we have eaten a meal, and the chyme
begins to be poured from the stomach into the intes-
tine, then much bile is needed, and it comes freely
both from the liver and from the gall-bladder.

17. We do not know exactly what the bile and the
juice from the pancreas do to the chyme. It is sup-
posed that they separate the nourishing part of the
chyme from that which is not nourishing, as the chyme
passes along through the intestines. As this chyle (so
called) is thus separated, it is sucked up or absorbed
by vessels scattered all over the inside of the intes-
tines. These absorbents are called lacteals, from lae,
meaning milk, because the fluid which they absorb
is a milk-like fluid.

18. The lacteals are exceedingly small, and cannot
be counted. They do their work very faithfully.
They will commonly take up nothing but the chyle.
Anything else that comes along they shut their mouths
against and let it pass on. .

19. The chyle is that which makes all the blood. It
must therefore in some way be poured into the circu-
lation, and I will tell you how this is done. The lit-
tle vessels that drink it up from the chyme unite to-
gether to form a tube about the size of a quill. This
tube runs up in front of the back-bone, and at the top

What is the office of the gall-bladder? What effect do the bile and
juice from the pancreas produce upon the chyme? Whatis the chyle?
What are the lacteals? :
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of the chest empties the chyle into the blood where
two large veins unite together. And now this whitish
milky fluid becomes blood, and is carried every-
where to nourish the body.

20. In Fig. 14 you see all the complicated apparatus
or machinery of digestion, except its mill or grinding
part where the process begins. The parts are not
closely packed together as they are in the body, but
they are represented as a little separated from each
other, so that you may see them more clearly and
fully. As this is a front view the left side of the
figure is the right side of the parts. The large end of
the stomach, which is at the right side of the figure,
is on the left side in the body. You see that the
great bulk of the liver is therefore on the right side.
The spleen, which lies against the large end of the
stomach, is an organ the use of which we do not
understand. Neither does any one know what is the
use of the little worm-like appendage at the beginning
of the large intestines.

21. The great object of all this apparatus is to ex-
tract the chyle, the nutritious part of the food, and
pouwit into the blood. It is in this way that blood is
made out of our food. The blood, the building mate-
rial of the body, is all the time used in building and
repairing. For this reason there must be a constant
fresh supply of blood. It is the chyle poured into
the blood by its little tube or duet that gives this sup-
ply. If this tube should beé cut off, or be blocked up,

= ———

Dederibe the way in which the ehyle gets into the blood. What does
it become? Describe the arrangement of the organs of digestion in
Fig. 14, What is the object of all the apparatus of digestion?
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the blood would constantly lessen, the body would
shrink or become emaciated, as we say, and death
would at length result. The same thing would hap-
pen if the stomach stopped digesting the food, for
then no chyle would be formed, and therefore no new
blood would be made.

22. There are many things that are very wonderful
in all this precess of blood-making, which is executed
by this complicated machinery of digestion. It is
especially wonderful that a simple milky fluid should
be separated from such a great variety of food as we
eat from day to day, and then that this whitish fluid
should be changed into red blood.

23. The apparatus of digestion differs in different
animals according to the kinds of food that they eat.
If the food that an animal eats is very much like his
body, the apparatus or machinery is quite simple ; for
the food in this case does not need to be changed
much to make his blood. But if the food which an
animal lives on is very much unlike his flesh, the
apparatus of digestion is very complicated, because
the food must be much changed before blood can be
made out of it. ;

24. For these reasons the digestive machinery in
such animals as the dog, the tiger, and the lion, is
simple, for they live on flesh, which is of course very
much like their own flesh. But in such animals as
the cow and the sheep, this machinery is complicated.

In what ways can the supply of chyle to the blood be stopped?
What things are there in the process of digestion that are especially
wonderful ? In what animals is the machinery of digestion most simple
In what animals is it complicated? Illustrate by referring to different
animals.

¥



24 FIRST BOOK‘IN PHYSIOLOGY.

The reason is, that the grass which they eat is not at
all like their flesh. It must therefore go through a
great change to fit it to make the blood and flesh of
such animals. And this cannot be done without con-
siderable machinery. The flesh-eating lion has a
single stomach, and the length of its intestines is only
three times that of its body. DBut the grass-eating
sheep has really four stomachs, and the length of its
intestines is twenty-eight times that of its body. Fig.
16 represents the four stomachs of the sheep. In man
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there is but one stomach, and the length of his intes-
tines is about six times the length of the body.

25. In birds that eat grains and seeds there is a pe-
culiar arrangement of the digestive machinery. They
have no teeth, and their mill for grinding their food,
instead of being in the mouth, is in the stomach. The
gizzard, which is the stomach, is truly a mill for
crushing the food to pieces. It has on the inside two

——— = —mar—a ———

How long are the intestines in the lion! In the sheep? In mant
How many stomachs has the sheep?
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very hard surfaces, which are rubbed and pressed
together by stout musecles. The grain is thus broken
up just as it is done between two mill stones. While
this is going on the gastric juice comes down from
above, and dissolves and digests the broken grain.

This arrangement is seen in Fig. 17, which represents

What is there peculiar in the digestive machinery of grain-eating
hirds? -
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the stomach of a turkey. At 6 is the gizzard cut
open, showing the two hard grinding surfaces, and at
@ above is the part from which oozes the gastric juice.
In those birds that live on flesh or fish there is no such
grinding machinery, but the stomach is a thin bag,
just as it is in all animals that live on such food.

CHAPTER IV,

CIRCULATION OF THE BLOOD.

1. Ix the last chapter you saw how the supply "of
blood is kept up in the body. In this chapter I shall
show you how the blood is circulated everywhere, in
order that it may be used in building and repairing.
The machinery that thus circulates the blood is called
the circulating system. 1t has its pipes everywhere.
There is no part of the body where the blood does not
go. And this machinery keeps the blood everywhere
in motian. It nowhere rests for a single moment.

. This circulating machmez'}r has a great central
mgan the Aeart, Sieuatod in the chest. This forces
the blood out all over the body throngh the arferies.
It receives it back again by the weins. It forces the
blood out through a large artery, called the aorta, and
from this go branches in every direction. These

Describe the arranrement of the digestive organs in the turkey
What kind of stomach have birds that eat flesh or }"-|1 What is thc
m: m]unm}; that cirenlates the blood ealled? Is the blood ever still any-
where ! What are the different partsof the machinery? '“nuun'h
what does the heart send out the blood? Through what does it receive
it back ?
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branches divide more and more, just like the branches
of a tree, till the extreme branches are exceedingly
small,

3. These small arteries end in a network of vessels
that are so small that they are called capillaries, from
the Latin word e¢apilla, hair. They are really smaller
than any hair. When you prick or cut your finger
you wound a large number of these capillaries, and

. they let out their blood.

4. The heart acts like a forcing and suction pump.
It pumps out the blood through the arteries, and by
suction it draws the blood back by the veins. It
forces out the blood by contracting itself, or making
itself smaller. It draws in the blood by dilating
itself, or making itself larger.

5. I will make these two actions of the heart plain
to you by certain comparisons. When you press the
two sides of a pair of bellows together by the handles,
as represented in Fig. 18, you contract the bellows—

* that is, you make the room in it smaller. A part of

What are the capillaries? Like what does the heart act! How
does it foree out the blood? And how does it draw it in? Illustrate
by eomparison with a pair of bellows,



38 FIRST BOOK IN PHYSIOLOGY.

the air is therefore forced out through the nose of the
bellows. It is in the same way that the blood is
forced out of the heart through the aorta. The only
difference is that the heart contracts itself, instead of
having it done, as in the case of the bellows, by hands
and handles. Again, when you move the handles of
the bellows apart, as represented in Iig. 19, you

Fi1a. 19,

enlarge the room in the bellows, and so the air rushes.
in to fill the vacant space. In like manner, when the
heart dilates, or enlarges itself, there is more room in
it, and the blood rushes in to fill it up.

-6. Another comparison, to illustrate the contraction
and dilatation of the heart, is this. Fasten a tube to
the neck of an india- rubber bottle, and fill it up ,
with water. Put the end of the tube in a vessel of

Mlustrate the action of the heart by the comparison of the india-
rubber bottle.
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water. If now yon press the sides of the ball together,
some of the water in it is forced out into the vessel,
just as blood is forced out through the aorta, when
_ the heart contracts. If now you stop pressing the
ball, and let it take its round shape again, the water
rushes into it from the vessel. For the same reason,
when the heart dilates or becomes larger, the blood
rushes into it.

7. I will now explain to you the manner in which
the heart contracts and dilates. The heart is made
up of muscular fibres, which have the power of short-
ening themselves, as you saw in chapter second, §7 and
§8. Now suppose one of these fibres, as seen at ¢, in
Fig, 20, shortens itself so as to be like &, the space that

Fra. 20.

({2

is inclosed in it becomes smaller, just as in the case
of the bellows. In ¢ and & you see the same thing
represented when several fibres are together. If the
fibres in ¢ become shorter, so as to be as in d, the
space they inclose is smaller. You readily see from
this, that when all the fibres of the heart are short-
ened, the space in it is lessened, and a part of the
blood is forced out.

8. You can see by the same figures how the heart

Explain by the Figures the action of the muscular fibres of the heart
when it contraects and dilates.
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dilates or enlarges itself. If the contracted or short-

ened fibre & lengthens so as to be as «, the space én-
closed by it becomes larger. And so also of any
number of fibres. It is supposed that, the enlarged or
dilated state of the heart is its natural state of rest,
when the fibres are not acting, but are quiet. That
is, the heart is really at work only when it contracts.
When it dilates it merely ceases to act, and lets itself
go back to its natural size by its own elasticity, as it
is termed. It is just as the india-rubber ball goes
back to its natural roundness when you stop press-
ing it.

9. The fibres of the heart are not arranged in the
regular form in which they are represented in the
above figures. They meet eaclvother, and cross each
other in various ways. DBut the effect of their contrac-
Fis.21 . tion is as described. You can see,

for example, by figure 21, that it

m will make no difference in the

effect, whether a single fibre go

U all around, as in @, or whether

two fibres lap on to each other, as

in b, and are fastened together. And the same can
be said of any number of fibres.

10.. When the heart beats, these fibres shorten
themselves, and the blood is forced out into the arte-
ries. Then, as the fibres relax, the blood comes into
the heart from the veins. And so the heart by turns

contracts and enlarges, just as you contract and enlarge
the bellows in working them, as you blow the fire.

e

Is the heart in aetion, or is it at rest, when it dilates? How are the
fibres of the heart arranged? Give the comparison made in §10 be-
tween the action of these fibres and the action of the bellows.
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11, Let us look now at some things in which the
arteries and veins differ from each other. You see
veins lying just under the skin in various parts of the
-body, but you do not see the arteries. They all lie
deeper than these veins that you see. The reason is
this. It would be dangerous to have the arteries so
near the skin as some of the veins are. For the heart
-1s pumping the blood directly into them with great
force. And’ therefore if an artery is cut, it bleeds
much more than a vein of the same size, and its bleed-
ing is not as easily stopped. - For this reason the
Maker of our bodies has, as we may say, laid the
arteries deep, so that they cannot often be cut in the
accidents that happen to us.

12. You can see that special pains are taken in
some cases to guard the arteries. Thus the large
artery of the arm, when it comes to the joint at the
elbow, does not pass over the bones, where it would
be apt to get wounded. It lies deep on the inside of
the elbow, under the stout tendon that you feel there.
So at the knee, the artery is deep in the ham at the
back of the joint, in a space between two jutting par-
~apets of bone, as we may call them.

13. There are only a few places in the body where
arteries of any size are very near the surface. In such
cases it is because they could not possibly be laid in
any better way. One of these is the wrist, where the
physician commonly feels the pulse. . Another is on
the temples. In some persons who are very thin you

—

How do the arteries and the veins differ from each other in their
situatton? What is the reasonm of this difference? Mention some
cases in which special pains are tuken to guard the arteries.
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can see the artery on the temples beating, and can
count the pulse there without being obliged to feel it.

14. As the heart pumps the blood into the arteries
with so much force, they are made much stronger than
the veins are. If they were not, they would often
burst, as you have seen the hose of a fire engine do.
But the arteries are made so strong that this is a very
uncommon accident.

15. What is called the pulse I will explain to you.
When the heart contracts it gives a sudden motion or
impulse to all the blood in all the firm arteries. The
blood all moves at once. The motion is not like a
wave, going from the heart in all directions. The
blood at a distance from the heart is moved at the
same time with the blood near the heart. It is this
motion or impulse that you feel when you put your
finger upon an artery.. The impulse thus felt is called
the pulse. You can feel the pulse wherever you can
feel an artery. It is everywhere. In a young infant
you can both feel and see the pulse in the open space
on top of its head, where the bones are not joined
together.  This is the pulse of the arteries of the
brain. When the heart beats very strongly, as it
does in a high fever, this pulse in the brain is very
manifest,

16. If a vein be cut, the stream from itis a steady
one, because the blood flows in the veins back to the
heart slowly and steadily. But if an artery be cut,
the stream is not steady but spouts out by jerks or

In what places in the body are the arteries very near the surface,
and why ¢ How do the arteries and veins differ in strength, and why ?
Explain what the pulse is. Where ean you feel the pulse?
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jets. This is owing to the impulse that is given to
the blood in the arteries when the heart beats or con-
tracts. There is a jet for every contraction.

17. It is well for every one to know how to stop
the bleeding of an artery when it is wounded. It does
no good to wind cloths around, as is very commonly
done. This only catches the blood, while the artery
is left to go on to bleed. If you bear in mind that
the blood comes from the heart in the artery, you will
see that pressing on the artery on the side of the
wound which is towards the heart will stop the bleed-
ing. Firm pressure with the thumb will do it if you
put the thumb in the right place. In order to find
the right place uncover the wound and press your
thumb here and there till you see that the blood stops
flowing from the wound. If you find that by pressing
in any spot the blood is stopped, hold your thumb
there till the surgeon comes to take care of the case.
If you cannot find the right spot, tie a slip of cloth or
a handkerchief around the limb above the wound,
and then twist a stick in it till the bleeding stops. A
child with this information may be able to save a life,
and yet for want of it many a person has died in such
a case, for few even among adults understand the
matter.

18. The object of the machinery of the circulation
is to get the blood into the network of the capillaries,
and then bring it back to the beart. It is when the
blood is in these capillaries that it is used for building

How does the stream of blood from a eut vein differ from the stream
from =2 eut artery ¥ What iz the reason of the difference ¥ How would
you stop the bleeding of an artery # '
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and repairing. It is by the arteries, as you have seen,
that the blood .is bronght to the capillaries, and it is
by the veins that it is carried back from them to the
heart.

19. As the blood comes from the heart by the arte-
ries it has.a bright red color. But when it passes
from the capillaries-into the veins it has a dark color.
The cause of this change is the use which is made of
the blood while it is in the capillaries. Something
has been taken from it for building and repairing, and
so it cannot be as good building material as it was

" before it was used. Not only has there something
been taken from it, but there has also been added to
it some of the waste matter that comes from the wear
and tear of the system. On becoming dark blood,
then, it has been changed from good blood to bad blood.

20. This dark blood, then, that goes back by the
veins to the heart is not fit to be used so long as it
remains dark. When it gets back to the heart it will
not do to have it sent all over the body by the arte-
ries. It would destroy life everywhere. The organs
of all the machinery of the body would stop their
operations. For example, if this dark blood should
be sent to the brain, the individual would become in-
sensible and fall down, and he would die very soon if
the good red blood could not be sent to his brain.
And so, too, wonld all the organs stop work, as we may
say, if dark blood instead of red were sent to them.

What is done with the blood in the eapillaries f What is the color
of the blood in the arteries? What in the veinge? What iz the canse
of the change ¢ What is done to the blood in the capillaries? What
would happen if the dark blood should be sent to the organs of the
body instead of red blood ¢
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21, This dark blood then, when it comes back to
the heart, must in some way be changed to red blood
before the heart sends it again all over the system.
~ For this purpose the'heart sends it to the lungs, where,
by exposure to the air that we breathe into those
organs, it is changed to red blood. After it is thus
changed it comes back to the heart, and is then sent
all over the body.

22. All this could, not be done by the heart if it
were asingle organ. It is not single. 1t is double, or
rather, there are really two hearts; one for the circu-
“lation all over the body, and the other for the circu-
lation through the lungs. The two hearts are so
" closely united together that they are spoken of as one
heart. DBut they are entirely separate, so far as any
communication between them is concerned. None
of the blood in one can mingle with that in the other.
The blood in them is different. In one heart it is
red, and in the other it is dark. I shall speak of them
as the two sides of the heart, the right and the
left side, as is common- Fio. 22,
ly done.

23. That you may
understand the course
of the blood in the two
circulations, I shall de-
seribe it by Figure 22.
Let @ represent the
right side of the heart,
¢ the left side, & the

—_

What is done with the dark blood ! Why iz the heart double ? Are
the two sides of the heart as separate as if they were two hearts? Is
the blood of the same color in the two sides ?
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lungs, and  the general system of the body.
The arrows point in the direction in which the blood
flows. In all the shaded partthe blood is dark, and
in the part that is not shaded it is red. Let us now
begin at some point, and trace the course of the
blood. We will start at «, the right side of the heart.
The blood received here from the whole body by the
veins is of a dark color. It is sent by this right side
of the heart to the lungs, . Here it is changed to
red blood, and then passes back by veins to the heart
—but observe, it is to the /¢f¢ side, ¢. It is now sent
by this left side of the heart to the whole system, d.
Here, in the capillaries, it is changed to dark blood,
and goes back by veins to the right side of the heart,
a, where we started. The blood is constantly going
the rounds of these two circulations, day and night, as
long as life lasts.

24. The blood in the right side of the heart, or the
heart for the lungs, is dark. The blood in the left
side of the heart, or the heart for the whole body, is
red. Soalso in the arteries that go out from the rig/s
side of the heart the blood is dark, while that which
goes out in the arteries from the /¢f7 side isred. And
while dark blood is brought in the veins to the right
side of the heart from the whole body, the veins that
come to the left side from the lungs contain red blood.
That is, in the circulation for the lungs the dark
blood is in arteries and the red in veins, but in the
circulation over the whole system it is just .the

—

Dezeribe the course of the eirculation as represented in Fig. 22. Tn
which side of the heart is the blood red, and in which dark? How is it
in the arteries and veins of the two eireulations §
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reverse—the dark blood is in veins and the red is in
arteries.

25. The heart is not only two separate hearts, but
each of these has two apartments in it. One of these
apartments is larger than the other. The smaller
apartment is called the auricle and the larger the
ventricle. This arrangement is represented in Fig. 23.

€n||'||| A1 'il' ':I'”:I

T
.......

The middle part of the figure represents the heart
with its two sides, that have no communication with
each other; ¢ being the right auricle, 6 the right ven-
tricle,  the left auricle, and e the left ventricle. The
blood is received in the right auricle, ¢, from the
general system, 7. It then passes into the right ven-
tricle, 4, and is forced by the contraction of it through
arteries to the lungs, ¢. From the lungs it comes back
to the heart, to the left side, and enters the left auri-
cle, . From this it passes into the left ventricle, ¢
from which it is sent all over the body, repre-
sented by 7.

Deseribe the apartments of the heart. Describe the cireulation as it
takes place through these apartments.
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26. In each half or side of the heart the ventricle
is the main apartment. It is much larger than the
auricle. The auricle is a sort of entrance-chamber
to the main apartment, the ventricle. There -are
valves, or folding doors, as we may call them, between
- these two apartments. These valves are so arranged,
that the blood can pass only one way. Take, for
example, the valves between the right anricle, ¢, and
the right ventricle, 5. The blood can go from @ to b,
but it cannot go from & to a.

27. I will describe to you the manner in which the
blood is made to go through these two apartments.
When the auricle ¢ dilates or” enlarges, it draws in
the blood from the veins of the body. It then con-
tracts and forces the blood into the ventricle &. The
ventricle now contracts, and sends the blood towards
the lungs, ¢. Now, when the ventricle b contracts, it
would force the blood back into the auricle @, as well
as forward towards the lungs, were it not for the
valves. When the ventricle contracts these valves
shut, and so none of the blood can go in that diree-
tion, but all of it goes towards the lungs.

28. These valves operate just as the valve of the bel-
lows does, as seen in Figures 18 and 19, pp. 37 and 38.
In Fig. 19 the hands are drawing the handles apart,
and enlarging the space in the bellows. Here the
valve is open and the air is rushing in, just as the
valves of the ventricle open and the blood rushes in
when the ventricle dilates or enlarges. In Fig. 18

—r . —— e e

How are the valves between these apartments arranged ? Deseribe
the action of the auricles and ventricles.  Compare the operation of the
valves between them to that of the valve of the bellows as represented
in Figs. 18 and 19.
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the hands are pressing the handles together, and the
valve is shut, and the air is forced out through the
nose ; just as, when the ventricle contracts, the valves
close, and the blood is forced out through the artery
that goes from the ventricle. Observe now, in what
way the valves are shut in both cases: In the case
of the bellows, when the handles are pressed together,
the air escapes wherever it can. If the bellows are
tight, it escapes only through the nose. If the valve
does not fit well some of it escapes there. The air,
pressing in all directions, shuts down the valve, and if
the valve is tight no air can get out there. * Now, the
blood does in the ventricle of the heart just as the air
does in the bellows. When the ventricle contracts,
the blood, in escaping from the pressure, shuts the
valves. If the valves fit well, as they commonly do,
none of the blood can go back into the auricle, but it
will all go out through the artery, just as all the air
goes out through the nose of the bellows, when the
bellows are tight. There are other valves in the
heart, which, with those that I have spoken of, are
fully described in my larger work on Physiology.
29. Having thus described to you the manner in
which the blood circulates, Inow show you in Fig. 24
a representation of the heart as it really appears. It
is a front view. At a is the right auricle. This re-
ceives the blood from all parts of the body by two
large veins / and 7, 4 bringing the blood from above,
and ¢ from below. At b is the right ventricle, which
receives the blood from the auricle, and sends it to

What shuts the valve in the bellows ? Whatlahuts the valves in the
heart ¢
a
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the lungs by the pulmonary artery /. At ¢ is the left
auricle, which receives the blood from the lungs by
the pulmonary veins ¢, ¢, g. At d is the left ventri-
cle. This receives the blood from the auricle, and
forces it out all over the body through the aorta e.
The, aorta, as you see, sends off branches upward to
_the head and arms, and then bends downward behind
the heart to send off branches to all the other parts of
the body.

30. You observe much irregularity in the arrange-
ment of the two sides of the heart, as they are called.

Deseribe the heart as it veally appears, by Fig. 24,
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The auricle ¢ and the ventricle & make the right side.
The auricle ¢ and the ventricle & make the left side.
In this front view of the heart you see only a part of
the left side. Muach of the left auricle and the left
ventricle are hidden behind the right ventricle. The
aorta, ¢, the large artery through which the blood is
pumped out by the left ventricle, is at first also behind
the right ventricle.

31. The heart, with its four apartments and its four
sets of valves, is a very complicated machine. Yet
commonly it works well and easily. One part does
not interfere with another. All the parts do not work
at the same time, and there is a time for each part to
act. In this way the whole machine works harmoni-
ously.

32. The two auricles act together, and the two ven-
tricles act together also. For example, the two ven-
tricles contract together, the right ventricle pumping
the dark blood into the great artery of the lungs at
the same time that the left ventricle pumps the red
blood into the aorta, the large artery of the body.

33. The heart, as it works-its four parts, the auri-
cles and the ventricles, makes two sounds. These von

can hear if you put your ear to any one’s chest on the
left side at its lower part in front. "You hear them
better here than at any other spot, because the heart
here comes so near to the walls of the chest. Yon
hear a heavy and full sound, followed by a quicker

What is said of the irregularity in the arrangement of the parts of
the-heart ¥ What is said of the mmplmttml a:,hat'mh:r of the heart,
and of its L armony io action ¥ What parts act together? Where ean

you best hear the sounds of the heart ? Wlx}'? Describe its two
sounds,
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and lighter one. The syllables lub-fup are a good
representation of these sounds.

34. The heart is almost wholly covered up by the
lungs. It is encased in a sack or bag, and around this
there is considerable of the common packing material
of the body, the cellular membrane, spoken of in the
second chapter. In Fig. 25 you see the heart between

Fia. 2

b a b

the two lungs. The lungs are re;:rresente*d as drawn
apart, so that you may have a full view of the heart
with its arteries and veins. The sac of the heart and
the packing material are also removed. At @ is the
trachea or windpipe ; on each side are the two arteries
that go to the head ; ¢ is the artery that goes to the arm ;
bl are the veins coming from the head, and dd the

- B

With what 1s the heart covered? Deseribe its situation as represent-
ed in Fig. 25.
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veins from the arms, all emptying, as you see, into a
large vein that goes to the right auricle of the heart, e;
£ is the large vein that brings the blood from below
‘to this auricle ; ¢ is the right ventricle, ¢ the left, and
% is the aorta as it goes down from the heart.

85. The heart is commonly about the size of the
closed hand of the individual. It is a very powerful
organ for so small a one. It is composed of mus-
cular fibres, and these are so nicely arranged that
each fibre contracts exacfly as it should to do its part
of the work. .

36. The amount of work that the heart does in a
lifetime is very great. In an adult it beats about
seventy times in a minute. This is over one hundred
thousand times in twenty-four hours. In the child it
beats much faster than this. And it is to be remem-
bered that every time the heart beats each of its four
parts contracts and dilates. Each beat of this organ
is therefore a complicated movement of a very com-
plicated machine. And this machine is always at
work as long as life lasts, alike while we are awake
and while we are asleep, keeping the blood in motion
in all parts of the body.

What is the size of the heart? Of what is it composed? About
how many times does the heart beat In a minute! How many times
in twenty-four hours? How is it in children? What is done in the
heart in every beat? Does the heart ever rest from its work ¢
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L CHAPTER V.,

RESPIRATION.

1. You saw in the last chapter that the dark blood
is sent to the lungs by the heart in order to be changed
into red blood. The great object of the machinery
of the respiration is to bring the air and the blood to-
gether, so that the air may produce this change. The
way in which this machinery operates in doing this I
will explain to you in this chapter.

2. The lungs fill up a large part of the chest. They
are on each side of the heart, as you have seen in Fig.
25. They are in common language termed the lights;
and you can see what they are in man by looking at
the lights of other animals. They are spongy bodies.
They are full of very small air-cells. These give to
them their spongy lightness ; and as a sponge is much
larger when its cells are filled with water than when
it is dry, so the lungs swell out when their cells are
filled with air. ~This can be shown to you with the
lungs of some animal, as a sheep or a calf. If a tube
be fastened to the windpipe, you can make the lungs
swell out very much by blowing-air into them.

3. It is in these air-cells that the air changes the
‘dark blood to red. DBut this is not done by mixing
up the blood with the air in these cells. The blood
is never mixed with the air except when in disease

What is the object of respiration? What is the situation of the
lungs? What is the cause of their lichtness? Mention the comparison
between the lungs and a sponge.  Is the blood mixed with the air in the
lungst
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blood is raised from the lungs. In such a case the
blood gets into the air-cells and air-tubes. DBut in
health this never happens. The thin membrane or
skin, that makes each air-cell, does not let the blood
come through it. The air acts upon the blood through
“the pores of the skin, and of the capillaries that branch
out upon this skin. It is by the airing that the blood
thus takes, that every drop of dark blood that goes to
the lungs is changed to red blood.

4. The great object of the machinery of respiration
is to keep the air going into and out of these air-cells.
In this way fresh air is continunally brought to the
blood. When you breathe in, the air is forced into
all these cells ; and when you breathe out, it is forced
out of them. It is not all forced out. The lungs are
never wholly empty of air. Enough is forced out to
keep the air in the lungs conatantlv changing.

5. Fig. 26 will give you some idea of the str uctme
of the lungs. At d is the right lung, and at ¢ are re-
presented the main branches of the windpipe that go
to the left lung, separated from the lung itself. At
the lower part,” at ¢, are represented the very minute
branches as they go to the air-cells. At b is the wind-
pipe, and at ¢ is the larynx, or Adam’s-apple, as it is
commonly called. It is through a chink in this that
thie air passes in and out as we breathe.

6. I will now show by what machinery the air is
forced into the lungs and out of them, and how it
operates. You see that as you breathe the chest.

How does the air act upon the blood in changing it? What does the
machinery of respiration do? Are the lungs ever wholly without air?*
Describe the structure of the lungs by Fig. 26,
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moves. No air would ever enter the lungs if this
movement of the chest were not made. If a bank of
earth should fall upon a man, and cover his whole
body but leave his head free, the pressure of the earth
upon his chest would prevent its moving. And so he
would die for want of air in his lungs, unless the pres-
sure were removed. -

7. When we breathe ¢n, or make an inspiration, as
it is called, the air rushes into the lungs, for the same
reason that the air rushes into the bellows when the
handles are moved apart. In inspiration the space in
the chest is enlarged, just as the space in the bellows
‘is enlarged when the handles are moved apart. And
because the space is enlarged air rushes in wherever

e —————— e ——,———— e as

What iz said of the motion of the chest in breathing? What is in-
spiration? Why does air rush into the lungs in inspiration ¢
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it can get in. In the bellows it comes in through
both the nose and the hole in the side. In the chest
it comes in only through the trachea or windpipe.

8. In expiration, that is, when we breathe out, the
air is forced out through the trachea, for the same
reason that the air is forced out through the nose of
the bellows when you press the sides together with

the handles. In forcing the air out of the lungs the
~ muscles about the chest do for the chest what your
hands do for the bellows.

9, If the bellows had no hole in the side, and the
space in them were filled with a soft spongy sub-
stance, so that the air coming in through the nose
would go into all the spaces in this substance, the
bellows would then resemble very much the chest
with the lungs. In Figs. 27 and 28 is represented a

Fie. 27. Fig. 23,

pair of bellows thus arranged. In Fig. 27 the sides
of the bellows are brought near together, and so some
of the air is forced out, and the spaces or air-cells are
small. So when expiration is performed by the chest

Give the illustration of the bellows. What is expiration?

a¥
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the air-cells shrink as the air passes out of the trachea.
In Fig. 28 the sides of the bellows are moved apart
and the air-cells are enlarged, the air rushing in
throngh the nose to fill them up. Just so, when the
chest expands in inspiration, the air-cells in the lungs
enlarge, and the air fills them by rushing in through
the trachea.

10. That you may understand how the movements
of the chest are made in inspiration and expiration, I

must deseribe to you the structure of the chest. Its
walls are made up of bones connected together chiefly
by musecles. The bones that form the framework of
the chest you see in Fig. 29. The spinal column 45
is the grand pillar that suppmts this barrel-shaped

s e — o — — - —— —— —_—— e e e

lee in full the illustr ﬂhnn of br e'lthmg presented in Figs. 27 and 28.
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framework. The ribs ¢ c ¢ are fastened very strongly
by ligaments to the spinal column. They are twenty-
four in number, twelve on each side. They extend
round towards the breast-bone @, in front.

11. The ribs do not join directly to the breast-bone,
as you can see in the Iigure. There are pieces of
cartilage, or gristle, as it is commonly called, that
connect them to the breast-bone. The object of this
is plain. If the ribs extended to the breast-bone,
they would break very easily, if they. were struck.
But the cartilages give a little, as it is expressed, when-
‘ever the chest receives a blow, and so the ribs are
geldom broken.

Deseribe the framework of the chest. How many ribs are there ?
How are the ribs conneeted with the breast-bone ¥ What is the object
of this arrangement?
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12. This framework of the chest is connected
together, as I have already said, chiefly by muscles.
It is these muscles that work the chest in the move-
ments of breathing. The principal muscle that acts
in breathing is called the diaphragm. It is a stout
muscular and tendinous sheet, extending across the
lower part of the chest. It is the wall that separates
the cavity of the chest from the cavity of the abdo-
men. Above it are the heart and the lungs, and
below it are the stomach, the liver, the intestines, &e.
It is represented in Fig. 30. Ilere you have the cav-
ity of the chest, C'¢, laid open, the ribs being cut
away in front, and the heart and lungs taken out; 2 D
is the diaphragm. If is fastened to the spinal column
behind, to the breast-bone in front, and to the lower
ribs all around the sides. You see that it is not flat,

Fic. 31. but is arched upward.

13. I will now show you
how the diaphragm acts in
respiration. You can see that
if the fibres of the diaphragm
contract or shorten them-
selves, it will not be arched
up so high, and so there will
be more room in the chest.
The air, therefore, will rush in
through the windpipe, just as
it rushes into the bellows when
you move the handles apart.
This I will make clear to you

How is the framework of the chest connected together 'é‘r Describe
the diaphragm? What are above and what are below it # To what is
it fastened? What is its shape?
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by Fig. 31. Let @ represent the spinal column, 4 the
front wall of the chest, (¢ the cavity of the chest,
and Ca the cavity of the abdomen. At d is repre-
.sented the diaphragm. You see that if the fibres of
the diaphragm are shortened, so as to flatten its arch
~ down to the line ¢, the room in the chest will be very
much inereased. This is what takes place every
time that you make an inspiration or draw in a breath.
When, on the contrary, you make an expiration, or
force out the breath, the diaphragm is pushed upward,
as at , and so the room in the chest is lessened.

14. If when you draw your breath in, you will
place your hand on the abdomén, you will perceive
that it presses outward. This is because, as the arch
of the diaphragm is flattened in inspiration, the con-
tents of the abdomen are all pressed down by it. But
when you force out the breath from the lungs the
abdomen moves inward. For in expiration, the stom-
ach, liver, &ec., are moved upward, and they push
up the arch of the diaphragm.

15. Commonly the diaphragm does most of the
work in breathing. Dut there are other muscles that
assist a little generally, and sometimes assist very
much. They are muscles that move the whole frame-
work of the ribs and the breast-bone forward and
upward. By doing this they enlarge the room in the
chest in front and at the sides at the same time that
the diaphragm does below. Whenever you see the

Deseribe by Fig. 31 the manner in which the diaphragm acts, Why
does the abdomen move outward in inspiration and inward in expira-
tion? What musecles assist in breathing? Do these musecles act much
ordinarily ¢ ~
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chest heaving from severe exercise, or from difficulty
of breathing, in disease, these muscles are acting
strongly, moving the ribs and the breast-bone upward
and forward.

16, I said in the first part of this chapter, § 3,
that the dark blood that comes to the lungsis changed
to red blood in the air-cells. And you can see, from
what you have learned in this and in the last chapter,
how important it is that this change in the blood
should be well and thoroughly accomplished. If the
blood is not changed at all, death results at once; for
the dark blood is a deadly poison to all the organs, if
it goes to them in the arteries and gets into the capil-
laries. Life cannot go on without red blood is con-
tinnally sent to the organs. This is the reason that
life is so soon destroyed in drowning. No air can get
into the lungs, and the air that is there is soon used
up. The blood that comes to the lungs very soon
therefore ceases to be changed, and so dark blood
goes to the brain and all the other organs, the ma-
chinery all stops, and life ceases.

17. Life is destroyed in drowning, then, in the same
way that it is when a cord is tied tightly around the
throat. It is destroyed by keeping the air from going
into the lungs, and not by having water get into them,
as is very commonly supposed. Disease often produ-
ces death by keeping the air from getting freely
into the air-cells of the lungs. The disease called
croup, sometimes so blocks up the windpipe that

Why is it so important that the dark blood should be ¢hanged to red
in the lungs? How is life destroyed in drowning? How does disease
often produce death ?
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very little air can get through it into the lungs, and
so it destroys life, because the blood cannot be
changed anything like as much as is needed.

.18. Life has been sometimes destroyed by confining
too many persons together in one apartment. The
difficulty here is really the same as in drowning. It
is the want -of air. Death occeurs, because from the
want of air the blood ceases to be changed in the
lungs. I could eite many interesting cases of this
character, but I will give you but one. A ship,
called the Londonderry, had a large number of emi-
grants on board. A storm arose, and all the passen-
gers were ordered to go below. They were very
much crowded, and all the air which they breathed
came to them through the hatchway, an opening in
the deck. But as the sea dashed over the vessel, the
water poured down this opening. The captain, there-
fore, had a tarpaulin (a cloth through which neither
water nor air can pass) nailed over it. The result was
that a large number of the emigrants died for want
of air. Their cries of distress could not be heard from
the noise of the storm, but a strong man at length
forced a hole through the tarpaulin, and told the cap-
tain that the people were dying. The tarpaulin was
torn off, and thus many of them were saved.

19. If fresh air is so absolutely necessary to life,
then the health of the body must be injured, when,
from day to day, the lungs do not breathe enough of it.
One sometimes feels very languid in a crowded assem-

What is said of death being sometimes produced by a want of ventil-
ation? Relate the case stated. How is the health injured by deficient
ventilation, suffered from day to day?
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bly. This is because enough good fresh air does not
get into the lungs, and the work of changing the
blood in them is therefore not well done. Now if
this work is poorly done in the lungs every day, the
blood, the building material of the body, will not be
as good as if the lungs did their work well. The con-
sequence will be that the building and the repairing .
will be poorly done. In other words, the body will
not be vigorous, and will be liable to disease. Living
in small or crowded apartments often does much
harm in this way.

20. There is another way besides those that I have
mentioned, in which the air can be prevented from
getting to the-lungs. The air-passages may all be
open, and there may be plenty of air, but if the
- muscles of the chest cannot act, no air can go into the
lungs through the windpipe. The air, yon remember,
goes in only because the space in the chestis enlarged
by these muscles. If then these museles are in any
way prevented from acting, the air will be kept out
from the lungs, and the person will die for want of
air, just as he does when water or anything else shuts
up the passages to the lungs.

91. Lifeis not very often destroyed in this way. It
is sometimes, however, and I have already alluded in
this chapter to a case of this kind. I mean the case
spoken of in § 6, of a man with a bank of earth fallen
upon him. In such a case death is caused very much
in the same way that it is in drowning. In both
cases air is prevented hmu getting into the lungs,

— e —

What happens if the musecles of the chest cannot act?! How does
death oeeur in such a case?
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though in a different way in each ; the blood is there-
fore not changed from dark to red ; dark blood goes
to the organs of the body; these organs stop work,
for want of red blood, and life therefore ceases.

22. Though life is not often destroyed suddenly by
pressure on the chest, it is in many cases destroyed
gradually by this pressure. A great pressure, as you
have seen, causes death at once, by keeping out the
air entirely ; but a small pressure prevents the lungs
from getting as much air as is needed, and, althcugh
this does but little harm at any one moment, by being
continued a long time it will injure the health and
shorten life. :

23. /That you may understand just how this contin-
ued small pressure does harm, call to mind the way
in which the blood is changed in the lungs. It is
done, as I told you in §3, in the air-cells. Each one
of these cells has to do its share of the work. It must
change the blood that comes to it. And that it may
do this, the air must go in and out of it freely. But
this cannot be if' the chest cannot be well expanded.
Pressure on it will keep the air from going as freely
into the cells as it should, and so the blood cannot be
as thoroughly changed as is necessary to make it good
material for building and repairing. The blood is
poor blood, and therefore the vigor of the body is
lessened and the health is injured.

24, Continued pressure around the chest does harm
in another way also. The lungs, like any other ma-
chinery, cannot keep in good condition unless they

— — ——

What effeet.is produced by a small but long-continued pressure on the
chest ! Explain how this effect is produced.
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work freely. If they are continually pressed upon,
so that they cannot expand freely as they take in the
air, the tubes and cells get clogged here and there
from time to time. The difficulty is not noticed per-
haps for a long time, but at length the lungs become
manifestly diseased. You see, then, that a continued
pressure of the chest does harm in two ways. 1st, It
does harm’ to the whole body, because it makes the
blood poor. 2d, It does special harm to the lungs
themselves. .

25. If' the chest is pressed continually while the
lungs are growing, they will not be large enough to
do the work that is needed. You have seen that in
~ the building and repairing of the body the digestive

machinery, the circulating machinery, and the ma-
chinery of the respiration, each has its own work to
do. Now if any one of these sets of machinery is
cramped and small, it will not do its share of the work
well, and the body will be poorly built. When the
chest is pressed upon during the growth of the body,
the breathing machinery is cramped and is made
small. There are not air-cells enough to change all
the blood that the body needs as it grows. It there-
fore will not grow well. It will not be strong.

26. The chest is often much pressed by tight
clothing while the body is growing. The lungs are
in this way made to be very much smaller than they
~should be. In Figs. 32 and 83 you see this illustrated.
In Fig. 32 is represented the chest of its natural size.

In what two wavs does pressure on the chest do harm? What
happens if the chest is pressed continually during the growth of the
body ¥ :
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In Fig. 33 you see the chest as it is in one that has
been girt round tightly all her life, so as to make her
waist very small. The ribs, you see, are brought
- very near together, so that they could hold only very
small lungs. Health and vigor cannot exist with
such small breat]:[ing machinery. They are sacrificed
in such cases for the sake of a small waist.

27. In China, instead of a small waist, a small foot
1s considered very desirable in a female. The foot is,
therefore, put under pressure while it is growing, just
as the chest often is among us. And it is astonishing
how small and into what a shape it can be made to

Fic. 34. Fie.35. grow. In Fig. 84 is a side

), view of aChinese lady’s foot.
In Fig. 35 is a view of the
sole of the same foot. You
see that all the toes but the
~ oreat one are turned in under

the foot. We laugh at the folly of the Chinese, but
the folly of one that cramps the chest, as represented

—

Compare the compression of the chest with the eompression of the
feet as practiced in China,
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in Fig. 83, is greater, because the Inngs are mmnch
more important organs than the feet.

28. I have told you that the blood is changed in
the lungs from a dark to a red color. You have been
perhaps curious to know what other change takes
place in it at the same time. It is very much changed
in its composition. And the air in changing the blood
is changed itself. The air that you breathe out is not
the same as that which you breathe in. When you
breathe in, it is fresh air that goes into the lungs;
but when you breathe out, the air that comes from
your lungs is partly a gas or air, called carbonic acid
gas. This gas you cannot live in as you do in the air
that is all around you. No animal can live in it.

29. If you should put a bird into a jar, and cover it
over with a bladder tightly, so that no air can get in
or out, the bird would breathe a little while and then
would die. The explanation is this: The bird uses
up the air in the jar, and the carbonic acid gas which
he breathes out takes the place of the air. So it was
with the passengers in the cabin of the Londonderry,
mentioned in §18. The cabin, with the tarpaulin
nailed down over the hatchway, was to them as the
jar with the bladder tied over it is to the bird. They,
like the bird, used up the air, and the carbonic acid
oas which they breathed out from their lungs, took its
place in the cabin, as the carbonie acid gas from the
lungs of the bird takes the place of the air in the jar.

80. This carbonic acid gas is earbon or charcoal

— e ———

What is said of the change of the blood in the lungs? What is the
difference between the air that you breathe in, and that which you
breathe out? Explain the experiment with the bird.
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united with a gas called oxygen. The amount of this
carbonic acid gas that you breathe ont from your
lungs in the course of a day is such that it contains
several ounces of charcoal. This gas comes from the
blood in the lungs as it changes from dark to red
blood. At the same time a part of the air that we
breathe in is united with the blood. The air i1s com-
posed of two gases, called oxygen and nitrogen. It
is the oxygen that unites with the blood.

31. You see, then, that a sort of exchange is made
in the lungs. The blood comes there from all parts
of the body full of carbonic acid gas. This it lets out
in all the air-cells, so that it can be breathed out
- through the windpipe. At the same time that it lets
out this gas it takes in a supply of oxygen. Itis this
exchange of carbonic acid gas for oxygen that alters
the blood from dark to red blood, and thus fits it to
be used again in nourishing the body.

32. Asall animals are throwing off from their lungs
carbonic acid gas, and are taking oxygen into the
blood, one would suppose that the oxygen in the air
would all be used up, and that we should have car-
bonic acid gas everywhere in its place. How is it
that it is not so? I will tell you. The carbonic acid
gas is all taken away by the leaves, which are the
lungs of plants. At the same time the leaves, give
out oxygen. The leaves then do just the opposite to
what our lungs do. They discharge oxygen and take
in carbonic acid gas, but our lungs discharge carbonic

What is the carbonie acid gas breathed out made of? From what
does it come? What part of the air unites with the blood ? What is
the exchange made in the lungs ¢ What is the effect of this exchange?
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acid gas and take in oxygen. An exchange, then, is
constantly going on between our lungs and the leaves.
Our lungs give them carbonic acid gas, and they give
our lungs oxygen.

33. The lungs vary much in different kinds of ani-
mals. The gills of the fish are its lungs. But how,
you will ask, does the fish get the air to his lungs
while he is in the water? I will tell you. There is
always some air in the water, and the air is made to
act upon the blood in the fish’s gills in this way: The
fish makes the water run through his mouth, and then
out through the feather-shaped gills. And as the
water is passing out through them, the air in it
changes the blood in the fine blood-vessels spread out
there, just as the air in the air-cells of our lungs acts
on the blgod in the blood-vessels that are in them.
The fish then may be said to breathe. air and water
together. We cannot do this, because our lungs are
not fitted, as the lungs or gills of the fish are, to sepa-
rate the air from the water. We should be drowned
if we should try to do it. And, on the other hand,
the fish dies when he is taken out of the water, be-
cause his lungs are not fitted, as ours are, to use air
alone. e must have his air mixed up with water,
or it is of no use to him.

34. It can be proved by experiment that it is the
air in the water that keeps the fish alive. If a fish
be put into a glass vessel filled with water, and covered
with a bladder tied over it, so as to make it air-tight,

Deseribe the exchange that takes place between the Iungs of animals
and the leaves of plants. What are the lungs of fishes? How do they
usge them . Why cannot fishes breathe air alone
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the fish will soon die, becaunse it will soon use up all
the air that is in that little quantity of water. When
we speak, then, of fishes living in water, it is not
strictly true—they live in water that has air mixed
with it.

35. The lungs of insects are mere air-vessels here
and there in different parts of the body. You can see
the holes opening into them on the sides of the insect.
The grasshopper has twenty-four of these holes in
four rows. .

36. There is a curious arrangement of the breath-
ing machinery in birds. They have sacs or bags in
different parts of the body that are connected by tubes
with the lungs. These they make use of in flying.
When they wish to fly upward, the lighter they make
themselves the better. They therefore force air from
the lungs into these sacs. But when they wish to
come down quickly they let the air out of  the sacs.
Birds that fly very high, or are long upon the wing,
have many of these sacs, and even some of the bones
are.made in them so that they can hold air.

37. The chief use of the machinery of the respira-
tion is, as you have seen in this chapter, to bring the
air to the blood in the lungs, that it may purify it and
fit it to be used again. But the Creator almost always
makes a thing useful in other ways besides the use
for which it is particularly designed. This is true of
the respiration. This is made use of in man and in
many other animals for the production of the voice.

How can you prove that it is the air in the water that keeps fishes
alive? What are the lungs of insects? What peculiarities are there
in the breathiug appm*ntus of birds? What is the chief use of the res-
piration # What 1s another use of the respiration?
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38. The breathing machinery, then, besides being
a chemical laboratory for changing the blood, is also
a musical instrument. I swill speak of the different
parts of this instrument. You feel in the upper part
of your throat, in front, a firm body, the larynx, com-
monly called Adam’s-apple. Thisis the music-box of
the instrument; that is, it is the .place where the
voice is made whenever youspeak or sing. The chest
is the bellows to this little organ in the throat. It
holds the air in its lungs, and blows it out through
the windpipe into this music-box to make the voice.

39. The voice is made in the larynx very much as
sounds are made in other musical instruments. It has
two flat cords stretching across it, and the air comes
out between them. When you force out the air from
the lungs, it strikes on these cords and a sound is made,
just as when you blow on a clarionet the air from
your mouth makes the sound by striking on the reed.
It is the vibration or shaking of the cords by the air
that makes the sound of your voice. You can see
this vibration in some instruments as they are played
upon. Yon can see it in the strings of a violin as the
player draws the bow across them. And the air does
to the cords of the music-box in your throat the
same thing that the bow does to the violin. It makes
them vibrate. You cansee this vibration, also, if you
look into a piano while some one is playing on it, and
observe the strings as they are struck by the keys.

40. The air is passing out and in through the chink

—— i ———— e e o

Deseribe the apparatus of the voice. How is the voice made?
Trace the resemblance between the apparatus of the voiee and musieal
1nstruments. '
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between the cords of the larynx continually as you
breathe. DBut it does not, as you know, always pro-
duce a sound. I will explain to you why it is that a
sound is sometimes made as the air passes through
this chink, and sometimes is not. When the cords

e loose they do not make any sound. They are
loose when you merely breathe. But when you speak
or sing, they are tightened. You know that the strings
of a violin must be stretched tight, or they will give
no sound. And so it is with the cords of your larynx.
When you whisper, these cords are loose, and the air
goes quietly by them, and the voice is made by the
mouth and lips. In whistling, also, they are loose,
and the sound is produced by the air as it passes
through the lips. ;

41. There are little muscles that tighten the cords
of the music-box in your throat when it is needed.
When you are merely breathing, these muscles do not
act. But when you speak or sing, they contract, and
thus tighten the cords. The different notes of the
voice depend upon the degree to which these cords
are tightened. When the note isa high one, they are
tightened very much; but when the note is a low
one, they are tightened but little. The working of the
little muscles in tightening these cords is regulated
by the mind in the brain, by means of the nerves that
go to them.

42. It is only animals that live in the air that have
a voice. Fishes have none. Some animals can live

Why does not the air always produce a sound as it goes back and
forth through the ecords of the larynx? By what are ﬂw eonrds of the
larynx t'[”ht'&lt?l’l? How are the different notes of the voice produeed ?

4
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both in the water and in the air. This is the case
with frogs. If you watch a frog, yon will see that he
makes no noise while under*water, but he does all his
croaking when he puts his head up into the air.

43. Man is the only animal that can talk to any
extent with his voice. e does it in this way : The
sound, being made in the larynx, is put into various
shapes, as we may say, as it comes out through the
mouth. The palate, the tongue, the teeth, the lips,
&e., give it these various shapes. This is what is
called the articulation of the voice.

CHAPTER VI
BUILDING AND REPAIRING.

1. W are so accustomed to see plants and animals
grow, that we do not think of the wonderful processes
by which growth is effected. We get the idea in our
childhood, that growth is a very simple thing. But
it is not so. It is very complicated, and there are
many things about it that are very mysterious.

2. Ever}'thmg which grows is made. Growing is
building. There must be, therefore, something to
build with—that is, a building material. In plants,
the sap is the building material ; and in animals, it is
the blood. Every part of the human body is buwelt ;
and, as you will see in this chapter, there are every-

What animals have a voice? What is the arficulation of the voice ?
Is growth a aimpIe process? What is growing? What is the build-
ing » material in plants, and what in animals ?
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where little builders, that are always at work in
building or in repairing.

3. All the various structures of the body are made
or built from the same thing, the blood. This ap-
pears very wonderful, when we observe how different
from each other some of these structures are. For
example, how different are the white hard teeth from
the soft red gnms that surround them, and yet both
are made from the blood.

4. That you may see how great is the variety of the
structures formed out of the blood, I will direct
your attention to some one part of the body. Look,
for example, at the eye. Observe how many and
how various are its parts. 1 will mention most of
them. They are, the bony socket ; the eye-lids ; the
eye-lashes ; the firm white coat of the eye; the clear
round window in front; the beautiful iris; the three
different fluids that are in the eye-ball; the muscles
that move the eye; the cushionp of fat in which it
rests; the nerves; the tear-gland, &e. All these
parts, so different from each other, are made from
the blood. And so it is with all the different parts
in every portion of the body.

5. Not only are all the structures of the body built
from the blood, but the vessels that carry the blood
to them, and the heart that pumps it into them, are
made from the blood that they contain. This is not
less wonderful than it would be to have the pipes of
an aqueduct made out of the water that is in them.

e —

From what are all the different structures in our bodies formed ¢ II-
lustrate the variety of structures made from the blood by the parts of
the eye. What is said of the blood-vessels and the heart ?
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6. The fluids of the body, as well as its structures,
are made from the blood. The glands that secrete
these fluids make them from the blood that flows
throngh them. Thus the tear-glands make the tears
that moisten the eye from the blood. The liver -
makes the bitter yellow bile from the blood also.
“And so of the rest of the glands. Observe, that the
glands are made from the same blood from which
their secretions are formed. Thus the tear-gland and
the tears are made from the same blood. That is, the
factory is built with the very material from which it
manufactures its product.

7. You can see better how wonderful it is that all
the parts of the body are made from one common
building material, if I compare the building of the
body to the building of a house. When a house is
built, there must be gathered together a great variety
of materials. There must be beams, boards, shingles,
&ec., and nails to fasten them together. * There must
be bricks made of clay. Lime must be obtained from
one place, sand from another, and hair from another;
and these mixed make the mortar to fasten the bricks
together. There must be stone for steps and founda-
tion, and various other purposes. Glass must be
obtained for the windows, and paper for the walls.
A variety of materials is required, to make paints of
different colors. All these and various other things
must be collected, to build a house. And then, to
finish the house after it is built, materials are needed-

What is said of the fluids and the glands that seerete them} Give
the comparison between the building of the body and the building of a
house.
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from every quarter, to provide the various articles of
furniture, as carpets, chairs, sofas, beds, bureaus, mir-
rors, lamps, &e.

8. Now, in the house which your spirit inhabits,
the body, there is a much greater variety of structure
and furniture than there is in the houses that man
builds ; and yet all of it is built of the same material.
Many of its parts differ from each other much more
than the different parts of a house. It would be pass-
ing wonderful if bricks and boards and nails were
made out of the same thing, but these articles are not
so much unlike each other as the hair, the skin, and
the teeth. Some of the parts of the body are totally
unlike the blood, and it seems impossible that they can
be made from it. It would seem comparatively easy
to make the red muscles out of the blood, but it is
not so with such structures as teeth, nails, tendons,
hair, &ec.

9. I will now show you how the blood is used as the
building material of the body, and what are the work-
men that thus use it. The blood is not used for building
and repairing while it is in the arteries, nor while it isin
the veins, but only while it is in the capillaries. The
heart sends it through the arteries to the capillaries,
that it may be used there. Then, after it is used, it
goes back to the heart through the veins. The heart,
and the arteries, and the veins are therefore simply
an apparatus or set of machinery for circulating the
building material. This apparatus may be called the

e —

What is said of the difference between the struetures of the body and
the blood from which they are made? Where is the blood when it is
used for buildieg? What is said of the apparatus of the circulation ?



78 FIRST BOOK IN PHYSIOLOGY.

common carrier of the body. It carries the building
material to the very door, as. we may say, of all the
little builders everywhere. -~

10. It is supposed that the building is not done by
the capillaries themselves. These merely hold the
blood, while some other small vessels, called forma-
tive vessels, use it to build with., These formative
vessels have the power of selecting from the blood,
while it is passing through the capillaries, just what
they need to make the different structures. Some are
bone-makers, some nerve-makers, some skin-makers,
&c. The bone-makers select from the blood what is
needed to make bone, the nerve-makers what is
needed to make nerve; and so of all the various tex-
tures of the body.

11. Sometimes the formative vessels fail to make
the right selection, as for example, when bone is formed
where it should not be. Thus, sometimes in aged
persons, the arteries become here and there bony.
In this case some of the artery-makers leave off' their
usual business and go to making bone. Sometimes
even the valve-makers in the heart do this. When
warts appear upon the skin it is because the skin-
makers at those places leave off their regular business,
and make something else. But such irregularities are
not common. Generally, the formative vessels very
faithfully adhere to their regular work, as we may
express 1t, and choose just the right material from the
blood, as it passes along by them in the capillaries.

By what vessels is the building of the body done ? What iz said of
the selecting power of these vessels? Illustrate the fact that they
sometimes err in their selection.
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12. Each set of formative vessels appear to work
together, as if there was some kind of agreement
between them. -If there were not this concert of
action there would be confusion. The different parts
would not be properly formed. If there was irregu-
larity, for example, among the bone-makers, the
bones would not be regularly made. There would be
bunches, and sharp points, and rough places, where
there is now smoothness and regularity.

13. This concert or agreement of action in the for-
mative vessels, is seen in the different shapes that the
same kind of structure takes in different parts of the
body. Thus, every bone differs in shape from every
other bone. That is, every set of bone-makers have a
plan of their own, which is different from the plan of
every other set. For example, the bone-makers that
make the knee-pan have a very different plan from
another set in the same neighborhood that make the
long thigh-bone. So also the makers of any muscle
have a different plan from the makers of any other
muscle. And so of other kinds of structures. The
formative vessels everywhere act upon some regular
fixed plan, just as if they thought it out, and agreed
together as to what they would do.

14. This concert of action is so perfect in each set
of the formative vessels, that the different sets do not
interfere with each other when working in the same
neighborhood. Each set keeps at work commonly
within its own bounds, and does not encroach upon the

= T = == s T

What would result if there were not a concert of action among the
formative vessels? How is this concert of action seen in the different
shapes given to the same kind of structure?
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work of another set. Thus the tooth-makers and the
gum-makers never interfere with each other. There
are, as you have seen, many different strnctures in the
eye, but there is no interference between the different
sets of workmen in constructing the eye and in keep-
ing itin repair. The builders, for example, that con-
struct the white part of the eye-ball never encroach
upon those that make the clear window in fromt, that
fits into the white part, as the crystal of a watch does
into the case. They only build up to the edge of this
window all around, as if they agreed to build along
this circular line.

15. You can see this concert of action very curiously
exhibited in the formation of the lips. I told you in
chapter II, §20, that the red covering of the lips is
somewhat like both the skin and the mucous mem-
brane that lines the mouth, and yet it differs from
either of them. The lip-makers then are between
two sets of workmen, that are making textures some-
what similar, and yet they keep their work very dis-
tinet from that of the workmen on either side. They
are always making the red delicate texture of the lip,
and never go to making skin with the skin-makers on
the one side, or mucous membrane, with the work-
men on the other.

16. This concert of action in the formative vessels
is beautifully shown in the increase of the size of the
different parts of the body, as the child grows up to
manhood. All the different structures in any part

How is concert of action seen in the fact that the different sets of for-
mative vessels never interfere with each other? Give the illustration
in regard to the lips.
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keep the same proportions as they increase in size.
For example, as the finger of the child grows to be
the large finger of the adult, all.the different sets of
builders do just the right amount of building. The
nail-makers make just enough nail, the skin-makers
enough skin, the bone-makers enough bone, &e. If
the builders did not work after some plan, there would
be too much of one structure and too little of another,
and the finger of the man would not be like the finger
of the child. And so of other parts.

17. There is another thing to be noticed about this
agreement of action in building the body. There are
two halves of the body, which are generally just alike.
The right hand is like the left, the right side of the
face is like the left, and so of the other parts. That
is, for every set of builders on one side of the body
there is another set on the other side, working after
precisely the same plan, as if they had agreed to do
so. Sometimes this agreement is not fully carried
out, and one part is not shaped exactly like its corres-
ponding part on the other side. Thus, the two sets
of nose-makers in-the two halves of this organ some-
times do not work exactly after the same pattern, and
there is some irregunlarity, perhaps one-sidedness.

18. What I have just said of the body, as being made
of two halves just alike, is not true of all the organs
within the body. While the brain has two halves just
alike, this is not true, as you have already seen, of the
lungs, the heart, the stomach, the liver, &e. But each

How is the concert of action in the formative vessels seen in the
regular growth of the body? How is it seen in the two halves of the
body? Is the concert always perfect ?

4%
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of these organs is constructed after a fixed plan of its
own, and the formative vessels, in constructing it
after this plan, must have an agreement in their ope-
ration.

19. From all that I have said in the last few para-
graphs, it appears that there is as much agreement of
action among the formative vessels of the body, as
there would be if they were intelligent workmen, and
worked under directing leaders. In what way the
Creator makes them to work together thus, we do not
understand. |

20. There is not only building going on in every
part of the body, but there is repairing also. And
they go on together. You remember thatT said in
the first chapter, that the machinery of the body is in
use all the time that it is building, or rather all the
time that it is changing from small machinery into
large machinery. There is therefore some wear from
this use, and hence repairing is needed all the time.

21. The way in which the repairing is done is this.
When any particles in any part become useless, they
are taken out of the way, and are carried off' in the
- dark blood. At the same time the formative vessels
take new particles from the red blood in the capilla-
ries, and put them in the place of those that are
removed. As you work the muscles, some of the par-
ticles get worn out and useless, and so they are carried
off, and new particles are put in their places. As
your mind uses the brain in thinking and studying, it

What organs of the body do not have two halves just alike? How
15 concert of action shown 1n eonstructing them ? Do Wwe know how this
concert of action in the formative vessels is produced ! What is said
of the repairing of the body ¢



BUILDING AND REPAIRING. 83

wears out some of the particles there, ‘and they are
taken away, and new ones are supplied. And so of
other parts of the body.

21. In this way there is a change going on continu-
ally in all parts of the body. There are probably
scarcely any particles in your body now that were
there when you was born. It is a very common no-
tion that the whole body changes once in seven years.
But this is not so. There is no such regular period
for the change. As long as any particle is useful in
its place it remains there; but when it becomes use-
less it is taken up and carried away.

22. The change is more rapid at some times than
it is at others. You know how very fast sick persons
sometimes become thin, and then how fast they gain
flesh when they begin to eat again. In such cases a
large portion of the body is entirely changed in a
very short timme. The change in young children is
sometimes very great. They become so poor in a lit-
tle time that the loose skin hangs upon their limbs like
clothes; and then when the disease is gone, and the
appetite returns, the limbs soon become plump again.
Now the changes which you see so plainly in such
cases are going on all the time slowly and quietly in
the body. Old useless particles are constantly taken
away, and new particles put in their places.

23. It is to effect these constant changes in-the
growth and repair of the body that the blood is in
motion everywhere. If these changes were not going

———————————
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Deseribe the way in which the repairing is done. What is said of
the change that is oceurring in all parts of the body? Is this change
going on always just alike? In what cases is it very rapid{
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on, there would be no need of having the blood
circulate. In some animals these changes are stopped
in cold weather, and the blood stops moving. Great
multitudes of such animals as frogs, bats, flies, spiders,
&e., go into retirement in the autumn to sleep through
the winter. -Their bodies remain without change all
this time. They are alive, but as still as death. The
machinery of life is still, and so there is no wear and
tear. There is ther efme no repairing to be done, and
so there is no need of having the blood circulate. And
as there is no circulation t.hue is no need of respira-
tion.

24. When the warm weather comes, these animals
wake up from this state of torpor. The blood begins
to move again, and they breathe, so that the air can
go into the lungs and change the blood. They begin
to eat, too, so that some new bluod can be made. A
gentleman who was curious on this subject, kept some
frogs and snakes in this torpid state in an ice-house for
three years and a half, and then revived them by
bringing them out into the warm air.

25. 1 bave said that the useless particles that come
from the wear and tear of the organs in their daily
use are taken up to be carried away in the dark blood.
I will now show you how this waste matter is disposed
of. There are various ways of carrying it off. Some
of it is discharged by the lungs. At every breath
some part of the waste matter of our bodies is thrown
off from the lungs in the form of carbonic acid gas, as

Why 1s the blood constantly in motion everywhere? What is the
situation of some animals in winter? What effect does the warm
weather of spring produce in them ¢
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you learned in the chapter on Respiration. Other
portions of the waste matter are removed by the skin,
others by the kidneys, others by the liver, &e.

26. The waste matter is all sent off by these differ-
ent organs, each doing its share, and in its own way.
Obseérve how it is done. The waste matter is in the
blood. Now as the blood goes to these organs, the
lungs, the skin, the liver, the kidneys, each does its
duty in cleansing the blood of the waste matter. And
in doing this each organ seems to have the power
of choosing just that part of the waste that it is its
business to throw off. And it never makes a mis-
take, and throws off good particles instead of bad
ones. But we know that these organs have no thought
nor knowledge, and therefore cannot choose. And
the perfect way in which they are made by the Builder
of our bodies to do their duty is a mystery which we-
cannot understand. Each organ, I have said, has its
own way of getting rid of the waste matter. For ex-
ample, it is thrown off in the lungs in the air that
we breathe out, while by the skin it is thrown off
in a very different form—in the perspiration.

27. The skin is so important an organ in throw-
ing off the waste of the body, that I will describe
its structure., There are really two skins—a thick
inner skin, and a thin outer one, called the scarf-skin.
The coloring matter of the skin is not in the inner
skin, but in the inner layers of the scarf-skin. When
the skin is rubbed off, as it is expressed, it is only this

In what various w ays 15 the "ﬁaﬂfe matter of the body disposed of?
Deseribe the manner in which it is done. What is said of the selecting
power of the different organs in getting rid of the waste? Isit thrﬂwn
off in the same form from the different organs {
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scarf-skin that is removed, and the inner skin, called
the true-skin, is laid bare. It is the scarf-skin that is
raised when a blister is applied.

28. The true-skin is very sensitive, for it has a great
number of nervous fibres in it. This is for the pur-
pose of having the skin act as a sentinel for the inner
organs. If the skin did not, by its nerves, warn of the
approach of danger, these organs would be much oft-
ener injured than they now are. The scarf-skin, which
is not sensitive at all, makes a soft delicate covering for
the inner sensitive skin. The true-skin, without this
covering, would look badly, and would feel too keenly.
I shall say something more about the skin as a sensi-
tive organ in the chapter on the Nervous System.

29. The perspiration of the skin is in two different
forms. When the skin feels soft, but does not look
moist, there is a moisture going from it all the time
in the form of vapor. This is called insensible per-
spiration, because we cannot see or feel it. If you
place your hand, when it appears dry, upon a glass,
and hold it there for some time, the glass will become
moist from the insensible perspiration. The skin is
sometimes covered with moisture, perhaps in drops,
as, for example, after brisk exercise on a warm day.
This is called sensible perspiration.

30. The perspiration 1s separated from the blood in
the skin by innumerable little glands. The pores
through which it is discharged are the outlets of the

Describe the structure of the skin. Where is the eoloring matter of
the skin ¥  What is said of the sensitiveness of the skin? What is the
use of the searf-skin? What is the difference belween sensible and
insensible perspiration? By what is the perspiration formed? What
arc the pores of the skin?
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tubes from these glands. There is another set of
glands in the skin that separate an oily fluid from the
blood. These oil-factories are most abundant wherever
the skin particularly needs oiling, as at the joints,
where one part of the skin rubs against another, and
‘where the skin is exposed to the air, as in the face.

31. The skin then serves several different purposes.
1. It is a firm, but soft and beautiful covering for the
body. 2. By its nerves it warns of the approach of
danger. 3. It also, by its nerves, as the organ of
touch, gives knowledge to the mind of objects around
us. 4. It discharges, in its perspiration, much of the
waste matter of the body.

32. The change that I have described in this chap-
ter, as going on in all parts of the body, produces to
a great extent the heat of the body. It does this by
a kind of combustion or burning. You remember,
that'in the chapter on Respiration I told you that the”
oxygen of the air enters the blood in the lungs, and
goes with it to the heart, and then is sent, with it, all
over the body. Now, this oxygen, when it comes to
the capillaries, is united to carbon, that is, charcoal,
and makes carbonic acid gas. This gas goes to the
heart with the dark blood, then is sent with it to the
lungs, and there is thrown off, as I have already told
you. At the same time, the oxygen also unites in the
capillaries with another substance, a gas called hydro-
oen. It is this union of the oxygen with the carbon
and the hydrogen that makes the heat of the body.

33. Now this is very much like what takes place in

What other glands are there in the skin, and where are they most
numerous? Mention the four different purposes which the skin serves.
Deseribe the process by which the heat of the body is chiefly produced #
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combustion. When we burn charcoal, that is, carbon,
in the air, it unites with the oxygen of the air; and
it is this-union that makes the heat that is given out.
So too, when the chemist burns oxygen and hydrogen
gas together, it is their union that produces the heat.
So it is in the capillaries of the body. The union of
the oxygen with the carbon and the hydrogen makes
the heat of the body. There is a fire, then, we may
say, in every part of the body in the fine blood-ves-
sels, although there is no flame.

34. Carbonic acid gas is produced by the burning
of charcoal in the air. So also it is produced by the
fire in the capillaries. It is carried from them with
the blood to the lungs, and there it is discharged
through the windpipe. The windpipe may then be
called the smokepipe or chimney, through which the
smoke of this general combustion in the body is let
off into the air. It will be interesting to notice here
that the windpipe answers three different purposes.
1. It conducts fresh air to the lungs. 2. It carries off
the bad air, or, as we may express it, the smoke of
the fire that is in the body. 8. While carrying off
the bad air it acts, when we speak or sing, as the con-
ducting pipe of the organ of the voice in the throat
from the bellows at work below, the chest.

35. Observe that in this combustion of the capilla-
ries a part of the fuel is furnished from the waste of
the body. The carbon and hydrogen that unite with
the oxygen are, to a great extent, produced by this
waste. As the oxygen comes in the red blood to the

Trace the resemblance between this and the process of combustion,
What three purposes does the windpipe answer#
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capillaries, the useless particles that are to be thrown
off furnish earbon and hydrogen to be burned with
the oxygen. And then what results from this burn-
ing is carried back in the dark blood in the veins.

36. When anything is burned up it is spoken of as
being destroyed, but this is not se. The burning
merely changes matter into some other form. Thus,
when carbon or charcoal is burned in air, the oxygen
of the air is taken away, and the charcoal disappears.
But there are ashes left, and a quantity of carbonic
acid gas has been formed. So, when oxygen and hy-
drogen are burned together, they both disappear, but
in disappearing they form water. The same thing is
true of the combustion in the body. The oxygen and
carbon are burned up together in the capillaries; but
carbonic acid gas results, just as when charcoal is
burned in the air, and this gas is earried to the lnngs,
to be thrown off through the chimney, the windpipe.
Oxygen is burned up also with hydrogen in the capil-
laries, and water results, just as when the chemist
burns them together. Much of this water thus form-
ed is thrown off by the lungs.in vapor. It issupposed
that a man discharges from his lungs in this way
about two quarts of water in every twenty-four hours.

37. You can see now why it is that exercise in-
creases the heat of the body. During exercise the
heart beats quicker than usual, and so sends the blood
more rapidly everywhere. More blood passes there-

From what does the fuel for the combustion in the body mostl
eome ! Is it strietly correct to speakof a thing as being desfroyed when
itis burned ¥ What are the products of the combustion in the capilla-
ries? What becomes of these products ?
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fore through the lungs. The breathing is quickened
also, and as more air is taken into the lungs, of course
more of the oxygen of the air unites with the blood.
But the oxygen is a part of the fuel that is burned in
the capillaries, and the more fuel there is the greater
is the heat. The other parts of the fuel, the carbon
and the hydrogen, are increased also. For these come,
as I have before told you, from the waste of the sys-
tem, and there is more wear and tear, and therefore
more waste, when the body is exercised than when it
is quiet.

38. You can see, also, the principal reason that
some animals are so much warmer than others. You
have often heard the expression, as cold as a frog.
The frog belongs to that class of animals that are
called cold-blooded. These cold-blooded animals
make but little exertion, and so there is but little
wear and tear of the system. There is therefore but
little carbon and hydrogen furnished for the fire in
the capillaries, and but little heat is made. As there
is so small a quantity of carbon and hydrogen to be
burned, there is not much oxygen required, and so
the breathing is performed in a very lazy manner.

39. If you watch a frog you will see that he exerts
himself but little in comparison with warm-blooded
animals, as birds, for example. He never seems to
take any pleasure in exercise. He never gambols.
He sits still when he can, and leaps only when he is
obliged to doit. He does not even croak but seldom.
But to the bird exertion is a pleasure. He is ever on

= _—

How does exercise increase the heat of the body? What is the chief
cause of the difference between warm and cold-blooded animals ?
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the wing. There is much wear and tear, therefore, in
his system, and an abundance of carbon and hydro-
gen is ready to be burned up with the oxygen. His
blood circulates rapidly, and he breathes quickly in
order to supply all the oxygen that is needed. And
the fire whieh thus burns so briskly in all his capilla-
ries makes him a warm-blooded animal.

40. A good supply of pure air is necessary to ena-
ble the system to keep up its heat. The reason is,
that when the air is impure, there is not a suflicient
quantity of oxygen supplied. This part of the fuel
being deficient, the fire is low, and there is too little
heat. :

41. The supply of oxygen is often deficient from
pressure on the chest. Those whose lungs are thus
prevented from becoming as large as they need to be,
are therefore much more readily affected by cold than
those who have chests-of the proper size. They
require more clothing to keep them warm. The
heat-making power in them is lessened, because the
lungs that take in that important part of the fuel,
oxygen, are not capacious enough. And this lessen-
ing of the heat-making power of the body is a great
source of disease.

42. It is only in a wigorous and active state of the
body that the proper amount of heat is produced. In
a state of vigor, the blood is rich and is well-charged
with that important agent of combustion, oxygen.
And when the body is active, the change that goes on

—

Give the ecomparison made in relation to the froz. Why is a free
supply of air necessary to keep up the heat of the body # What is said
of pressure on the chest in relation to animal heat?
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briskly everywhere supplies the proper quantity of
carbon and hydrogen to be burned with the Dx}rgen
in the capillaries.

43. The body needs to be well nourished in order
to maintain its heat. For its vigor depends to a great
extent upon its nourishment. The poorly fed are
weak, and are easily pinched by the cold. They
have not enough of carbon and hydrogen and oxygen
in them to keep up a good fire in the capillaries.

44. You see, then, that there are three things
needed to maintain the heat of the body. 1. A full
supply of fresh air; 2, suflicient exercise; and 3, a
due amount of food. If there be a deficiency of any
one of these three things the body will be weak and
easily chilled.,

45. There are some kinds of food that make more
heat than others, because they contain more carbon
and hydrogen ; that is, more fuél for burning with
the oxygen. Animal food, and especially that which -
is oily or fatty, is of this character. This is the rea-
son that more of this kind of food is needed in winter
than in summer. It is the reason also that the inhab-
itants of cold climates eat more meat, and especially
fat meat, than those who live in warm climates. The
fat and oil which the Greenlander devours in such
quantities are used up as fuel, to keep np the heat of
the body, in the midst of the intense cold to which it
is G}:PUEEd. By eating largely of such food, he can

Why are vigor and activity necessary to maintain the animal heat
properly? What is said of food? What then are the three things
needed for the heat of the body ¢ Ave all kinds of food alike in. furnish-
ing fuel for the animal heat? What is said of food in relation to dif-
ferent seasona and different climates ?
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get along with less clothing than he would otherwise
require, because it makes so much heat.

46, The carbon and hydrogen that are burned
with the oxygen, are not furnished wholly from the
waste particles of the body. Some of this fuel comes
directly from the food we eat, when the waste does
not afford enough of it. Some of it also comes
from the fat which is stored up here and there in the
cellular membrane of the body. When we are sick,
and cannot eat, the fat lessens very rapidly, being
burnt up, as we may say, to keep the body warm.
So also, when an animal goes into winter-quarters,
and becomes torpid, or Aibernates, as mentioned in
§ 23, in this chapter, he is kept warm in this state by
the fat in the body. He becomes very fat in the
autumn ; but when he crawls out of his quarters in
the spring he is very lean, because his fat has been
burned up, in keeping him warm through the winter,

47. In this chapter I have shown you what changes
are going on in the building and repairing of the
body. You have seen that waste particles are every-
where constantly taken away, and new ones are
deposited in their places. You have seen that in
doing this the blood is changed in the capillaries from
red to dark blood. I have shown you that this is a
chemical change, and so every little capillary is a
chemical laboratory. And finally, you have seen
that there is a fire in each one of these laboratories,
and that in this way the heat of the body is chiefly
maintained.

What two other sources for fuel for the combustion in the body, are
there besides the waste particles? Give the summary in §47.
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"CHAPTER VII.
THE NERVOUS SYSTEM.

1. 1 mave thus far told you only about building the
body and keeping it in repair. You have seen in the
previous chapters that the blood is the common build-
“ing material of the body—that it is the office of the
digestive machinery to separate from the food the,
nourishing part of it, and fit it to become blood—that
the circulating machinery circulates the blood every-
where, that it may be used as building material—that
the formative vessels, the real builders of the body,
everywhere use it to build and repair—and that the
machinery of the respiration keeps the blood fresh
and in good condition, by continually changing it
after it has been used by the builders.

2. Digestion, circulation, respiration, and forma-
tion, are then all engaged in building and repairing
machinery. In the remaining chapters of this book
I intend to explain to you the uses for which this
machinery is built.

3. The mind uses this machinery. First, it uses
some of it to learn what is going on around it. It
uses the apparatus or machinery of the eye to see
with ; that of the ear to hear with; that of the nose
to smell with; that of the mouth to taste with ; and
that of the skin to feel with. In all these cases the

———
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Give the summary of subjects treated of in the previous chapters.
What are to be the subjects of the following chapters as stated in § 2 ¢
What uses the machinery of the body? For what purpose does the
mind use the machinery of the senses? Illustrate.
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mind is acfed wpon. Light acts upon it by means of
the eye; sounds act upon it by means of the ear;
odors act upon it by means of the nose, &c. The
mind is in these cases passive. 1t receives impressions.

4. But secondly, the mind is in an acfive state, in
using some of the machinery of the body. That is, it
makes impressions upon the world around. It does
this by moving the muscles. For example, it moves
the muscles of the voice, and thus produces sounds.
It works the muscles of the face, to give it expression.
It sets in motion the muscles of the arm and other
parts of the body, when we work.

5. You see, then, that the purpose of all the ma-
chinery is to have a communication between the
mind and all that is around it. The mind, by some
parts of the machinery, makes impressions, and by
other parts receives impressions. And you see, also,
that all that goes ¢nfo the mind gets there by means
of the machinery of the senses, and all that comes
out from the mind comes by the machinery of the
muscles. That is, all the knowledge that enters the
mind enters by the senses; and the mind uses this
knowledge, in acting upon things and beings around
it, by means of the muscles.

6. Now the mind makes all thiz use of the ma-
chinery of the body by means of the nervous system.
The brain is the great centre of this system, and here
the mind has its seat.  And the mind is connected
with the organs of the senses by the nerves that

In what state is the miod in using this machinery ? In using what
machinery is-it in an acfive state? Illustrate. What is said of the
communication between the mind and the world around it? By means
of what does the mind make use of the machinery of the body ¢
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branch out from the brain, and go to these organs.
It receives impressions by the nerves that connect the
brain with the organs of the semses, and it makes
impressions by the nerves that go to the muscles.

7. The brain then may be considered the great
cenfral workshop of the mind. There it sits and ope-
rates by the nerves upon all the machinery of the
body. It receives messages by one set of nerves, and
sends out messages by another set. The nerves by
which it receives messages are called nerves of sen-
sation. The nerves by which it sends out messages
are called nerves of mofion. You can see how this is
by a single example. If you put your finger too near
the fire, you feel pain in it, and instantly draw it
away. Now see what takes place in this case. The
sensation made by the fire goes by the nerves of sen-
sation to the brain, so that the mind feels it; and
then the mind sends a message or order by the nerves
of motion to the muscles of the arm, and they draw
the finger away.

8. We know that the nerves are the means of this
connection between the mind and the various parts
of the body in this way. If the nerves of any part
are divided, the part cannot move, and there is no
feeling in it. For example, if the nerves of the hand
are divided, you can pinch or prick it without pro-
ducing any feeling, because the mind has lost its con-
nection with it. And the muscles of the hand will
not act if the mind sends a message to them, because

—_— e

What is said of the brain? What of the nerves of’sensation and
of motion? Give the illustration in §7. How do we know that the
nerves are the means of eommunication between the mind and the dif-
ferent parts of the body ¢
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the message can go no further than where the nerves
are divided, just as when a telegraph wire is broken,
the electricity can go only to the point where it is
broken.

9. The nerves are white cords. Each nerve is
made up of a great number of tubes. These tubes
are so small that they can be seen only by the aid of
a very powerful microscope. Each tube is altogether
by itself. It is never seen to communicate with any
of the other tubes that are bound np with it in the
same nerve. Each of these tubes then goes by itself
from the brain, where it begins, to the place where it
ends in the body. To every separate fibre of any
muscle there is probably one of these tubes. This is
the telegraphic wire by which the fibre is told by the
mind in the brain to act. As each fibre receives
a message by itself, whenever the muscle acts, what
a multitude of messages are sent to the whole muscle!

10. Some of the tubes in the nerves are for sensa-
tion, and others are for transmitting the messages or
impressions to the muscles. These two kinds of tubes
are very commonly bound up together in the same
“nerve to go to any part. And yet they are entirely
geparate in their office. For example, in the great
nerve that goes to the arm, the nervous tubes for the
muscles and the tubes for sensation are bound up
together. But as the nerve branches out to be dis-
tributed, the two kinds of tubes are separated. And
the same tube never transmits sensation to the brain
and brings back a message to a fibre or a muscle.

— e —— e B —— e e e s

Of what are the nerves composed? Do the tubes in them communi-
cate together? What two kinds of tubes are there in the nerveat
b5

1
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The sensation goes by one set of tubes, and the mes-
sages to the fibres of the muscles come by another set.

11. In the body and in the limbs the two kinds of
tubes are bound together in the same nerves. DBut in
the face the two kinds of tubes are in two separate
sets of nerves. There we have nerves of sensation
and nerves of motion separate from each other, while
everywhere else they are mingled together. DBut
where they are thus mingled, they are just as sepa-
rate in their office as where they are in separate
nerves.

12. Here, in Fig. 36, is a representation of the
brain and spinal marrow, with the nerves branching
out from them in all directions. At @ isthe cerebrum,
the upper large brain filling up a large part of the
skull, and at & is the cerebellum, the smaller brain
lying underneath the cerebrum. You see the spinal
marrow extending from the brain down the back. It
is very much like the brain in its structure, and
should really be considered as an extension of the
brain itself. You see that nerves branch out from
the brain and the spinal marrow all over the body.

13. You observe that the whole of this nervous
system has two exactly similar halves, just as it is
with the system of bones, and the system of muscles.
The cerebrum has two parts just alike, called the
two hAemispheres of the brain. So it is with the cere-
bellum. There are two sets of nerves also for each
half of the body that are just alike.

- ———

In what parts of the body are these tubes mingled together in the
same nerves? Where are they in separate nerves?! Describe the
arrangement of the nervous system represented in Fig. 36. Is the
nervous system single? What ave the hemispheres of the brain?
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14. In Fig. 37, you see the general arrangement of
the brain. It is a view of one of the halves or hem-
ispheres of the brain. It is the inside of the hemis-
phere that you see. At @ b and ¢ is the cerebrum ;
at /' is represented the white substance that joins this
hemisphere .to the other; at'd is the cerebellum,

Fia. 37.

showing a very beautiful arrangement, called the
arbor vite, or tree of life; ateis the beginning of the
spinal marrow j at ¢ is' the beginning of the nerve of
sight, and at / is the nerve of smell. Then there are
various other nerves, which go to the eye and other
parts of the face.

=

Deseribe the representation of the brain and its nerves, given in Fig.
37.
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15. You observe that the surface of the brain is
very irregular. The brain does not touch the inside
of the skull, but it is covered by three different mem-
branes, one of which is very strong and thick, so as to
protect this delicate organ from injury.
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16. The brain is soft, something like blancmange.
It is the softest organ in the body. It is composed of
two kinds of substance. These are quite well repre-
sented in Fig. 38, Here the upper half of the brain
is cut off, and you see the upper cut surface of the

What is said of the surface of the brain, and of its coverings? What
is the consistence of the brain?
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lower half. The outer shaded part is a grayish sub-
stance. All on the inside of this is a white substance.
You see the dividing line between the two halves or
hemispheres. In the middle of the Figure is repre-
sented a substance which makes a connection between
the hemispheres. It is probably by means of this
connection that the two halves of the brain act toge-
ther as one brain.

17. It is curious to observe that the white part of
the brain is just like the nerves. It is, like them,
composed of very fine tubes. It is indeed a great
central collection of the beginnings of nerves that
branch out all over the body.

18. The outer gray part of the brain is, on the other
hand, made up of cells, instead of tubes. This is sup-
posed to be the working part of the brain. The mind
acts directly upon the gray part when it moves any
of the body. Thus When you will to have your hand
move, the mind dnes sumethlnn‘ but what we know
not, to some part of this gray substance. Then an
impression or message is sent through those tubes in
the white substance which are connected with this
part of the gray substance. And as these tubes ex-
tend from the brain in the nerves to the muscles of the
hand, the hand is moved.

19; Insensation all thisis reversed. The impression
travels just the contrary way. It goes to the brain,
and not from it, as it does in motion. If any one
touches you, the impr ession is carried by the nervous

———— —

What are the two kinds of substance in the brain, uml how are they
arranged? What is the white substance? Of what is the gray sub-
stance composed ! What is supposed in regard to it? What happens
in motion, and what in sensation ?
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tubes to some pm'ti‘nn of the brain. The gray sub-
stance at this part of the brain receives the impression
from the tubes in the white substance, and so the
mind feels it.

20. You observe that I have used the words impres-
sion and message in speaking of the communication
-of the mind, by the nerves, with all parts of the body.
1 use them because they are the best words that I can
use in our present state of knowledge on this subject.
We do not know what it is that is sent along the
nerves. We only know that something passes through
these tubes whenever the mind feels anything, or ex-
cites the muscles to action. And not knowing what
it is, we speak of if as a message or an impression.

21. There have been many suppositions on this sub-
ject. Some have supposed that electricity travels
along the nerves just as it does along the wires of a
telegraph. They suppose that it goes from the brain
when the mind excites the museles to action, and that
it goes towards the brain when we feel any sensation.
Others have supposed that there was a vibration or
shaking of the substance in the tubes of the nerves
from one end of them to the other. But these are
mere suppositions, and there is no proof that they are
true. Whatever it is that passes through the nerves,
it must pass through each of the multitude of little
tubes separately, for, as you remember, each tube has
no communication with any of the other tubes with
which it is bound up.

22. Not only are there different nerves for sensa-

Do we know what is sent along the nerves? What has been sup-
posed in regard to it}
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tion and for motion, as you learned in §10 and §11,
but there are also different nerves for different kinds
of sensation. Thus, the nerve that informs the mind
of a tickling or a pain in the nose, is not the same
nerve that informs the mind of the odors that you
smell. The snuff-taker feels the tingling of the snuff
with one nerve, and smells it with another. So, too,
in the eye, the nerve with which the mind feels a
pain there is not the same nerve with which it sees.

23. There are also about the face different nerves
for different kinds of motions. Thus, the nerve
through which the lower jaw is moved, in eating, is
not the same nerve by which the mind works the
muscles of the jaw in langhing and in speaking.

94. There is no organ that has so many different
nerves as the eye. It has two different nerves for
sensation and four for its various motions. Its ma-
chinery of nerves and muscles is therefore very com-
plicated.

25. All parts of the body are not equally supplied
with nerves. Some parts are very scantily supplied,
and therefore have but little feeling, as it is expressed.
There are few nerves in the bones, and so when a
limb is cut off, the sawing of the bone occasions no
pain. There is not much feeling in the musecles, for
although they are well supplied with nerves, the tubes
in these nerves are the tubes for motion mostly, and
few of them are for sensation. The skin has a full

—

What is said in £ 22 of the different kinds of nerves? What is said
of the nerves of motion in the face ?  What organ has more nerves than
apy other? What is said of different parts of the body in regard to
their supply of nerves ?
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supply of the nerves of sensation. In cutting off a
limb, therefore, the chief suffering is in dividing the
skin.

26. The skin is fully supplied with nerves for two
purposes : 1, that it may act as the organ of the sense
of touch, and 2, that it may warn of danger. It is,
as I have said in another place, a sentinel to guard
the organs inside against injury. It feels the least
touch. Its nerves at once send their warning of dan-
ger to the mind, and the mind sends its orders for
action to the muqcles so that the danger may be re-
treated from. And as the skin stands guard so faith-
fully, there is noneed that the muscles and bones and
other internal parts should be very sensitive.

27. There is one office of the nerves that I have not
mentioned. The different organs of the body sympa-
thize with each other, and it is through the nerves
that they do this. Thus, when you have a headache
from a disordered stomach, it is because the brain
sympathizes with the stomach. When tears flow in
grief, it is because the tear-glands are excited to un-
usual action through the nerves. The sympathy in
this case is with the brain. The sorrowful mind, by
its thoughts, affects the brain. Then the tear-glands,
by means of the nerves which go from the brain to
them, sympathize with it, and so they make and pour
forth a flood of tears,

28. There are many actions in the body that result
from the connection of different parts by the nerves.

For what two purposes is the skin fully supplied with nerves? Why
is there no need that the muscles and bones should be very sensitive ?
By what is the 8y u1{mth_',r of the different organs of the body maintained ?

¥
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Thus, when there is something in some of the pipes
of the lungs, causing an irritation there, we cough in
order to throw it off through the windpipe. DBut the
muscles that perform the coughing motion are not in
the pipes. They are outside of the lungs in the frame-
work of the chest, and remove the irritating substance
by forcing the air out against it. Now the reason
that these muscles are excited to this action is that
they are connected by nerves with the pipes where
the irritation is felt. So it is in sneezing. If some-
thing irritate the lining membrane of the nose, the
muscles of the chest throw the air from the lungs with
great force up through the nose to expel the offending
substance. They could not act in this way if they
were not connected by nerves with the lining mem-
brane of the nostrils. A message, as we may say, is
sent from the irritated spot down to the muscles of
the chest through the nerves, telling them to send up
a blast of air to expel the intruder. '

29. From what I have told you in this chapter in
regard to the nerves, you can see that the nervous
system is a very complicated system. I have spoken
only of those things in it which you can easily under-
stand. In my larger work on Physiology I go into
this subject much more extensively, and what you
have learned in this book will prepare you to under-
stand fully what is contained in that.

Upon what do many actions in the body depend? Illustrate by the
acts of coughing and sneezing.
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CHAPTER VIILE.
THE BONES,

1. Tux bones of the body serve many different pur-
poses. The three principal of these I will notice. 1.
They form the solid framework of the body. In this
respect they are to the body what timbers are to a
building. 2. Some of the principal bones also form
cavities in which important organs are securely in-
closed. Thus, the soft delicate brain is made very
secure by being inclosed in that round box of bones
called the skull or cranium. So, also, the lungs and
the heart, as you saw in the chapter on Respiration,
are very carefully shut up in a barrel-shaped frame
of bones, united firmly by ligaments and muscles. 3.
-The bones serve another important purpose in being
moved by muscles. When they move upon each
other at the joints it is the muscles that make them
move. The bones are, therefore, a part of the ma-
chinery that the mind moves by means of the ner-
vous system. This use of the bones shows you why I
introduce this subject here.

I have told you in Chapter II, §3, of what two
substances the bones are composed, and shall, there-
fore, say nothing here on that subject.

2. The bones in our bodies are covered up from
view by the ligaments, muscles, tendons, and the skin.
But this is not s6 with tlie skeletons of all animals.
Some have their skeletons on the outside of the body.

What are the three principal purposes that the bones answer? Of
what two kinds of substance are the bones composed ?
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This is the case, for example, with turtles, erabs and
lobsters. With them the skeleton is a coat of mail to
~defend the soft parts from injury.

3. The bones, although they are so hard, grow
together with all the soft parts that surround them.
Thus, when the arm of a child grows to be the stout
arm of a man, the bones enlarge equally with the
muscles, tendons, &e. They enlarge, just as these
other parts do, from particles added by the formative
vessels from the blood; for, although they are so
hard, the blood cirenlates in them.

4. The teeth, which are so much like the bones,
differ from them in regard to growth. When a tooth
first shoots up out of the gum, its body is as large as
it ever will be. It cannot grow larger, as the bones
do, because the hard enamel can have no cireunlation
in it. If the teeth could grow larger there would be-
no need of having a second set to take the place of
the first. There would then need to be simply an
addition of more teeth as the jaw enlarged. But as
it is now, all the first set are removed, because they
would be too small for the large jaw of the adult, and
thirty-two large teeth take the place of the twentvy
small ones of the first set.

5. The bones are not perfectly solid. They would
be too heavy if they were so. Some parts of them
are made up of cells, as the large ends of the long
bones. The shafts of these bones are hollow. This
is for the purpose of making them=strong, and at

b=

By what are the bones in our bodies covered? Arve they covered up
in all animals? What is said of the growth of bones? How do teeth
differ from bones? Why are there two sets of teeth?
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the same time light. In Fig. Fie. 20,
39 you see thie thigh-bone and
the bone of the arm. In both
the shaft is hollow, while the large
ends are chiefly made up of cells.
In birds it is very necessary that
the bones should be ligcht while
they are strong, so that they may
not be burdensome in flying, In
them, therefore, the bones are
very hollow. They are so for the
same reason that the stalks of tall
grass and of grain are hollow. If
these were solid, and therefore
more slender, they would break
very easily as the wind bent them
over. And in constructing build-
ings, the architect very well
knows that a hollow pillar has
more strength than the same
quantity of wood in a solid form.
6. The bones have a great variety of shapes accord-
ing to their different uses. You see this to be true as
you look at the skeleton in Fig. 40. In the skull,
which holds the brain, you see the bones so shaped
and arranged as to form a somewhat round box. At
the under part of this box in front are bones of various
shapes to accommodate the organs of four of the
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Why are the bones not solid? How are the long bones at their ends?
Why are the shafts of these bones hollow ¥ W lw are they very hollow
indirds? What is said of the stalks of plants and the pillars of build-
ngs ¢
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senses, seeing, hearing, tasting and smelling. Then
there is the bone of the lower jaw, shaped-something
like a horse-shoe. The bones of the chest form a bar-
rel-shaped cavity for the heart and lungs. The spinal
column, k, made up of twenty-four bones, extends the
whole length of the body as its main pillar. To this
are fastened the slender ribs which are joined to the
flat breast-bone in front by means of cartilages. The
spinal column, you observe, stands firmly supported
upon a thick bone which is wedged in between two
broad flaring bones, / and m. This bowl-form collec-
tion of bones, called the pelvis, supports the contents
of the abdomen. You observe the large hones of the
thigh and leg, which are made for firmness, and the
lighter bones of the upper extremity, which are fitted
for quickness and variety of motion. I will now no-
tice some of the bones more particularly.

7. In Fig. 41 you see the bones of the head—that
is, all of them that are 1n b1 4,
sight in front. There are =
twenty-two bonesin the head,
but some of them are out of
sight. Fourteen of these be- ,r
long to the face. Eight be-
long to the ¢ranium, that is,
the part of the skull that
holds the brain. Of these
observe particularly the large
bone of the forghead, a,
called the frontal bone, the

What is said of the shapes of bones? Describe the skeleton as re
resented in Fig. 40. How many bones are there in the head? - How
many of them belong to the cranium  Describe these as seen in Fig. 41,
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parietal bone, b, and the temporal bone, or bone of the
temples, ¢ There is a bone in the rear, forming the
back of the cranium, as the frontal bone forms the
front. These bones, with two others on the under
part of the cranium, make the round box that holds
the brain.

8. The cranium is made round because it will not
break as easily as it would if it were of some other
shape. This is one reason also why it is made up of
so many different bones, instead of being one solid,
tight box. If a blow be received on the head, these
bones give a little upon each other, as it is expressed,
and so they are not often broken. They give more
in the child than in the adult, because, besides being
less brittle, they are less tightly put together. It is
well that it is so; for if it were not, the skull would
often be fractured, in the frequent falls which the
child has.

9. The bones on the top of the head are fastened
together by what are called sufwres. They are locked
together by little teeth of bone, which shoot by each
other, as you see in Fig. 42. Here b is the suture
across the top of the head between the two parietal
bones : @« is that between the two parietal bones and
the frontal bone in front; and ¢ ¢ is that between the
parietal bones and the bone at the back part of the
cranium. In the young child these joinings' by
suture are not formed, and in the infant the bones are
quite apart in some places, especially at the upper part
of the forehead, as you can perceive by the touch.

Why is the eranium round? Why is it made of so ‘many hones ?
What are the sutures of the skull? What is said of the joinings of the
bones of the ekuall in the child #
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10. The bones of the cranium, together with their
coverings, are well fitted to guard the delicate brain
from injury by the blows to which the head is so
much exposed. When a blow is received, its force is
broken by the hair, the skin, and the muscles, that
extend over the bones. And then the bones them-
selves, as I have before said, give a little upon each
other. It requires therefore a very hard blow to
break the skull. ‘

11. The spinal column is the most wonderful part
of the bony machinery of the body, because it serves
so many different purposes. It is the great pillar of
the body, and yet it is a chain of twenty-four bones,
that can be bent considerably, especially in some
parts of it. And besides, there is a canal moving
through all this chain of bones, in which lies securely
the spinal marrow, an organ as delicate and as essen-

Hcw is the delicate brain guarded against injury ?  Mention the sev-
eral uses of the spinal column? Of how many vertebrze is it composed ¢
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tial to life as the brain itself. Then there are nerves
branching out from the spinal marrow, between the
twenty-four bones, in such a way that they are never
pressed upon.

Fig. 43.

12. The twenty-four bones of the spinal column are
called- vertebre, (plural of vertebra.) In Fig. 43, you
see one of these vertebree; ¢ being the body of the bone;
b the hole through the vertebra which formsits part
of the canal for the spinal marrow ; and ¢ the spinous
process, as it is called. The hard ridge that you feel
in passing your finger up and down the middle of the
back, is the row of these spinous processes. Each ver-
tebra has six other processes, only two of which you
can see in the figure. The bones of the whole column
are so locked together by these processes, that they
cannot be separated from each other or dislocated
without being broken. In Fig. 44 you have a side
view of the same vertebra. As you look at the spinal

Deseribe the vertebrae as represented in Figs. 43 and 44. How many
processes or projections has each vertebra? What is the use of them?
By what are they covered ¢
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column in front, it is a round smooth: column ; but in
the rear the processes make it very jagged. These
are all, however, covered up by muscles, except the
row of spinous processes.

13. In Fig. 45, you see the whole col-  Fie- 45
umn, with the stout bone on which it ng
stands. It is represented as sawn down W
through its whole length, so that you see S

¥

but half of it. You see the bodies of the «-;4,"‘%
vertebra in front, and the spinous pro- -fﬂé?
~ cesses on the otherside. Between the row ,‘:ﬂf &
of the bodies of the verfebra and the row ;ﬁg
of spinous processes you see the canal in ﬁiﬁg

TRy
N
2

which lies the spinal marrow. You ob-
serve that there are spaces between the
bodies of the vertebre. These spaces
are filled with pieces of cartilage or
gristle. If it were not for these carti- 45
lages you could not bend the back-bone ﬁf
forward at all, but could only bend your . ;t‘“ |
body on the heads of the thigh-bones, ﬁﬂ
with a hinge-like motion, which would
be very stiff and awkward. As it is, A
when you bend forward, in addition to &g

80 Ien . | >
this hinge-like motion, the bodies of all jgcs#

the vertebree come nearer together. In {E

doing so the cartilages between them are \
compressed, and so are made smaller. %

And as you straighten up again, these :
cartilages, by their elasticity, return to their usumal

Deseribe the spinal column as represented in Fig, 45. Of what use
are the cartilages ¥
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size again. From the constant pressure on these car-
tilages, as you go about during the day, you are not
quite as tall at night as yon are in the morning. So
also in old age, one becomes less tall than in the vigor
of manhood, because these cartilages shrink. -

14. The spinal column can be bent not only for-
wards, but in other directions also—to either side and
backwards. This chain of bones can also be some-
what twisted, as we may express it, as you turn your
body one way and another. As you do this, each
bone moves with a rotary motion a very little. DBut
as there are twenty-four bones, all these little motions
between them together make a considerable twist of
the whole column. Now, as there is through the
whole length of this column a rod of very delicate
substance that must not be pressed upon, all these
motions have to be most carefully arranged. The
bones must be nicely fitted with all their processes;
they must be well fastened together with ligaments;
and then the muscles that move all these twenty-four
bones must all of them work exactly aright. All this
is done, and the back-bone, as we call it, is a set of
machinery vastly more complicated and more nicely
arranged than any machinery that man ever con-
trived. '

15. But the most wonderful part of this machinery
is at the top of the column. There the motions are
more free than in any other part of the column, as
you see when you bow your head, and bend and turn

e A e S S —— = — = e

In what part of the day are you the tallest? What is said of the
various motions of the spine? What is said of 1t as a piece of machine-
ry ¢ What is the most wonderful part of this machinery 1 -
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it in various directions. There are two different mo-
tions made by the head on the top of the column.
The first of these is when yon move the head back-
ward and forward. In doing this it rocks on the first
vertebra, the topmost bone of the spinal column.
For this purpose there are two smooth rounded sur-
faces, that work in two smooth, hollow places in the
vertebra.

16. The other motion is when you turn your head
to look at the one side or the other. In performing
this rotary motion the skull does not move alone, as
in the first motion, but it moves together with the
first vertebra. The first vertebra in this motion
moves on the second around a tooth-like process that
stands up from this second vertebra. This tooth
works in a smooth notch on the inside of the first ver-
tebra. It is bound very fast in this notch by a strong
ligament, so that it may not, in any of the quick mo-
tions of the head, be made to press F1c. 46.
on the delicate spinal marrow which
lies against it. In Kig. 46 you see
these two vertebra, and notice the
tooth-like process of the second
standing up on the inside of the
first vertebra.

17. You see, then, that when you move your head
backward and forward, you move it in a hinge-like
way on the first bone of the spine; and when you
turn the head to look to the right or the left, you

How many motions are performed by the head on the top of the
epinal eolumn? Describe the manner in which the first of these motions
is performed. Then the second.
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turn the head and this first bone together as one
thing on the tooth-like process of the second bone.
There is an arrangement somewhat like this in the
standard of telescopes. There is first a hinge-joint,
as in the case of the head, so that yon can move the
telescope up and down so as to look as high or as low
as you wish. There is, also, in the standard another
joint, with a refary motion, by which you can turn
the telescope so as to see as far to the one side or to
the other as you please. This is like the motion per-
formed between the first and second vertebra.

18. The vertebra vary much in different kinds of
animals. Here, for example, in Fig. 47, is the verte-
bra of a fish, which you see differs very much from
the vertebre of man, as represented in Figs. 43 and
44, Tt has but two processes, /. In man there is a

me a7, single short spinous process behind, while
the vertebra is round in front. But in the
fish there are two quite long spinous pro-
cesses, one in front and the other in the
rear; or rather, we should say, according
to the common position of the fish in the
water, one above and the other below.
There is a curious contrivance in the ar-
rangement of the vertebra of the fish for
making the spine flexible. Each vertebra has a cup-
like cavity on each side towards the next vertebra.
Each two vertebrae then put together make a cavity
of this () shape. This cavity is lined with a

Give the ecomparison between this arrangement and that of a stand-
ard of a telescope. Describe the vertebra of a fish and their arrange-
ment,
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-membrane making a sac, and in this is a fluid some-
thing like the white of an egg. These sacs, thus
filled with fluid, make soft cushions between all the
bones of the spine, upon which the bones rock in the
various motions of the fish. This arrangement you
can observe for yourself whenever you have fish on
the table. .

19. In snakes the spinal column is exceedingly
‘flexible. It is made so in two ways. First, there is
a great number of vertebrse. The result of this is,
~ that in a very extensive motion of the whole spine
the motion between each two vertebra is very little.
The motion is divided up, as we say. The rattlesnake
has over two hundred vertebrse, and the great boa-
constrictor has three hundred and four. Secondly,
the flexibility of the spine of these animals is secured
by having a ball and socket joint between all the ver-
tebree. A smooth round ball in each vertebra works
in an equally smooth cup-like hole in the one next to it.

20. The framework of the chest I have described to
you in the chapter on Respiration § 10. There are
two bones outside of this barrel-shaped framework
that I will now notice. First, there is the collar-bone
g, Fig. 40. This is fastened to the breast-bone at one
end, and at the other end is fastened to a process of
the shoulder-blade, and helps te make the top of the
shoulder. It is a sort of prop or brace, that keeps the
shoulder braced out in its place. |

By what two means are the spinal columns of snakes made so flexi-
ble! How many vertebra has the rattlesnake? How many has the
boa-constrictor .  What is the use of the collar-bone, and how is it
placed ?
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21. The shoulder-blade is a yery singular bone. Its,
back part, that which is towards the spine, is quite
thin, and is covered on both sides with muscles that
move it. It is designed to give freedom to the mo-
tions of the arm. When you draw your arm back
very much, you can see that there is considerable mo-
tion of the shoulder-blade. This 1s because the mus-
cles that are attached to it pull it- back, at the same
time that other muscles pull the arm in the same
direction. And as the shoulder-blade forms at its
upper part the shoulder-joint, these muscles in pulling
back the bone pull back the whole joint, and of course
the arm with it. You can see that the arm could not
be drawn so far back if the shoulder-joint were made
without any shoulder-blade. It could have been so
made, but it would have been awkward and stiff’ in
its motions.

22. Where the shoulder-blade forms the shoulder-
joint there is a shallow cup-like surface, lined with
cartilage, which is as smooth as the finest polished
ivory. The bone of the arm which fits into it has its
end in the form of a ball, which is also tipped with
cartilage assmooth as that in the cup. Observe what
keeps this ball in the cup as it moves about in it.
There is a thick skin attached all around the edge of
the cup and fastened down over the ball. Besides
this stout ligament, there is another remarkable con-
trivance for keeping the round head of the bone in its
place. The tendon of a large muscle works in a

Deseribe the arrangement of the shoulder-blade, How does it make
the motions of thearm free? Deseribe the shoulder-joint. In what two
ways is the joint guarded against disloeation?
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groove on the front of this head of the bone, and thus
holds it so as to keep it from slipping out of the cup.

23. It is necessary that the joint should be thus
carefully guarded, because the cup or socket is so
shallow. As it is, although it is so well guarded, it is
very often dislocated. It might have been made
more secure by having the socket deeper; but then
the motions of the arm could not be as free as they
are now, and freedom of motion you can readily see
is very important in this part of the machinery of the
body.

24. The arm-bone, 7z, Fig. 40, is jointed at the
elbow, with the two bones of the fore-arm (so called)
and seen at ¢ and n. The elbow-joint is different alto-
gether from the joint at the shoulder, for the motion
is in one direction only, back and forth like a hinge.
It is therefore called a hinge-joint, while that at the
shoulder is called a ball-and-socket-joint. In whirling
a skipping-rope, you use the joint at the shoulder; but
in striking with a hammer, you use the hinge-joint at
the elbow.

25. The hand moves on the fore-arm at the wrist
with a hinge-joint. The fingers have hinge-joints,
except where they are joined to the hand. There
they have, besides the hinge-like motion, something
of the motion of a ball-and-socket-joint. The motions
of the thumb are, as you see, quite different in some
respects from those of the fingers.

Why is this joint so carefully guarded? How eould it have been
made more secure? Why was it not? Describe the elbow-joint,
How does it differ from the shoulder-joint? Deseribe the joints of the
wrist and fingers and thumb.

¥
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Fad. 45, 26. Besides these mo-
¢ | tions that I have desecri-

&4, bed, there is a rotary

7 motion of the arm, as
you turn the palm of
the hand up and down.
This is done by a pecu-
liar motion of the two
bones of the fore-arm.
I will make this clear to
you by Fig. 48. You
see that the largest end
of the wina, a, is at the
elbow, while the largest
end of the radius, b, is
at the wrist. Now, the
hinge-like motion at the
wrist is performed whol-
ly with the large end of
the radius. The small
end of the ulna, marked

¢, has nothing to do with
it, but is loose, and has a rolling motion on the end of
the radius. It is just the reverse with these two bones
at the elbow-joint. The hinge-motion there is per-
formed with the large end of the ulna, @, and the small
end of the radius, b has nothing to do with it, but rolls
on the end of the ulna.
27. The effect of this arrangement is this. When
the palm of the hand is upward, as represented in the

How is the rofary motion of the fore-arm made?
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Figure, these two bones are, as you see, nearly paral-
lel. But when the palm is turned over, they are, as
we may say, twisted upon each other, the ulna, @, roll-
ing on b, at its lower end, and the radius, 8, rolling on
@, at its upper end. You can see these two positions
of these bones in Fig. 40. In the right arm you see
the palm of the hand towards you, and the radius and
ulna are parallel. In the left arm the palm is partly
turned from you, and these bones are twisted upon
each other by their rolling or rotary motion.

28. Observe now how many different motions there
are in the arm and hand. They are, the motion of the
ball-and-socket-joint at the shoulder, the hinge-motion
at the elbow, the rolling of the two bones at the fore-
arm upon each other, the hinge-motion at the wrist,
the hinge-motions of the fingers at their joinings with
the hand, together with something of a ball-and-socket-
motion, the hinge-motions of the other joints of the
fingers, and the free motions of the thumb differing
somewhat from those of the fingers.

29. In observing these motions you will see the rea-
son why there are different kinds of motion in differ-
ent parts of this complicated machinery. You can
see, for example, why there is a hinge-motion in one
place and that of a ball-and-socket joint in another,
and why the two motions are united in the joints
which the fingers make with the hand, while the
other joints of the fingers can perform only the hinge-
motion.

Mention the different mnotions of the arm and hand in their order, be-
ginning at the shoulder-joint. What is said of the two kinds of motion,
the hinge-like and the ball-and- socket-motion #
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~ 30. You see that there are
many bones in the hand—
twenty-seven in all. There
are eight small bones called
the carpal bones, represented
at d, in Fig, 48. These are
tightly packed together, and
lie next to the bones of the
fore-arm. The metacarpal
bones, ¢, make the frame-
work of the flat part of the
hand. They are very much
like. the first row.of the bones
of the fingers, /. DBut they
are firmly bound together by
ligaments. These ligaments
you can see in Kig. 49. At
d d, you see those that bind
the metacarpal bones together at their beginning, and at
e e, those that bind them at their ends, where the bones
of the fingers are jointed with them. Ata,d, ¢, and g,
are other ligaments that bind the carpal bones together..
31. You notice that there are twelve bones in the
frame-work of the hand, aside from the fingers—that is,
the eight carpal and the four metacarpal bones. The
chief reason for having so many bones thus packed
together is this. Although they are bound together,
there is some little motion between them, and this
makes the hand more light and springy than it would
be if these twelve bones were all in one.

How many bones are there in the hand{ Deseribe their arrangement.
How maoy bopes are there in the framework of the hand? Why are
there so many ?
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32. The bones of the lower extremities have not so
much freedom of motion as those of the upper. The.
chief object is firmness, as they support the weight of
the body in moving about. They are larger there-
fore than the bones of the upper extremity, as you see
in Fig. 40, and their joints are much more stout and
secure.

33. In Fig. 50, you have a rear
view of the thigh-bone. Its round
head, @, fits into a deep socket in
the pelvis, as represented in Fig.
40. Observe the reason of the dit-
ference in regard to the depth of
the socket between this joint and
the shoulder-joint. In the hip-joint
strength is especially needed ; while
freedom of motion is more needed
in the joint of the shoulder, and so
its cup or socket is.made shallow.
The head of the thigh-bone is held
in its socket by the same kind of
ligament that I have described in
§ 22, as securing the shoulder-joint.
It clasps the neck of the bone, ¢,
and 1s fastened all around the edge
of the socket. There is another
licament also. At byou see a little
hole, in which one end of this liga-
ment, which is short and stout, is
fastened. The other end is attached

What is said of the difference between the bones of the upper and
the lower extremities? Describe the thich-bone, Why iz the socket
of the hip-joint deeper than that of the shoulder-joint?  Describe the
lizaments of the hip joint.
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“ to the bottom of the socket. At d ﬂ‘ﬂd ¢ are two pro-
jections, to which are attached large muscles, that
move the thigh. Along the whole length of the bone
is a rough ridge, /4, for the attachment of muscles. At
¢ and £ are two smooth surfaces, which form with the
large bone of the leg, the hinge-joint at the knee.

34. There is a small thick bone fitting over the
knee-joint in front, called the knee-pan. This is seen
at 7, in Fig. 40. One of its uses is to shield the joint.
It wards off blows, and prevents the joint from being
injured by falls. It has another very important use,
of which I speak particularly in my larger work on
Physiology.

35. The leg has two bones. One of them, v, Fig.
40, is very large. It sustains the whole weight of the
body. It has two smooth surfaces at the knee-joint,
on which work the two smooth surfaces of the thigh-
bone, ¢ and Z, seen in Fig. 50. The other bone of the
leg, v, Fig. 40, is very slender. It isfirmly connected
with the large bone by ligaments and muscles. The
two chief uses of this bone are, to furnish a hold for
some of the muscles, and to make the outer side of
the ankle-joint. The inner side of this joint is made
by the larger bone. This joint is made by these two
bones projecting down over a bone in the foot repre-
sented at f, in Fig. 51. It is a hinge-joint. It is
made quite loose, however, so that the foot can be
turned inward and outward. And yet it is a very
firm joint, for the bones of the leg jut over strongly
on each side, and the hwamenta are very Stnut

What is said of the knee-pan f Describe the bones of the len' What
are the uses of the ::-l'ﬂ..ill boue of the leg? What is said of the ankle-
_II. int ?
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36. In Fig. 51 are represented the bones of the foot.
At edfgand A are the seven bones of the farsus ; at
@ are the five bones of the mefa-tarsus ; and at 6 and
¢ are the fourteen bones of the toes—twenty-six in all.

Fis. 51.

The reason for having so many bones in the foot is
the same as that stated in regard to the hand in § 31.
The springiness thus given to the foot is quite im-
portant in guarding against shocks. Yon can realize
this if in jumping you come down on your heels, in-
stead of coming down on your feet as is usnally done.
Some animals that leap much have special guards
against shoeks in the thick elastic cushions on the bot-
toms of their feet. You can see these in' the cat and
dog.

27. The arched form of the foot assists in giving
springiness to it. You can see that the tread is much
less elastic when the foot happens to be flat. Thig

T e —— e

How many bones are there in the foot? Why are there so many?
What is said of the importance of elasticity in the foot? What contriv-
ances are there in the feet of some animals ¢
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arched form is represented in Fig. 52, which gives a
side view of the bones of the foot. In this figure the
Fic. 52. bones of the tarsus ex-
tend from the heel to @ ;
the meta-tarsal bones
2 are at b; and the bones
of the toes are at ¢. In
every movement of the
L foot there is some little
motion bEtWEEH all these bones, and it is this that
gives ease and grace to its motions. Observe what
is the order of its movement in walking. The heel
first touches the ground, as represented in fthe figure.
Then, as the body moves forward, the ball of the
foot at O presses firmly on the ground as the heel
rises. Now, as the change of pressure is made from
the heel to the ball of the foot, there is a little giving
between all the bones of the tarsus ¢ and the meta-
tarsus &, and this makes the motion an easy one. If
all this part of the foot were one bone, the motion
would be stiff and awkward, and not elastic and
oraceful as it now is, *

38. The ends of all the bones are tipped with carti-
lage so that they can move easily upon each other.
And besides this, the ends thus tipped with this fine
but smooth substance are lined with a very fine mem-
brane, so arranged as to make a close sac. This yon
can understand by Fig. 53, in which ¢ and & are the
gods of two bones, the sac ¢ being represented as se-

What is eaid of the arched form of the foot? Deseribe the movement
of the foot in walking. How is it made easy and graceful !  With what
are the ends of the bones tipped ? :
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Ficves parated from the bones, in order that
the arrangement may be clear to you.
It is as if a little bladder .were placed
between the bones, fastened on all
over the two surfaces at their ends.
This bladder or sac has a little fluid in
it like the white of an egg. This fluid
is to our joints what oil is to the joints
of machinery. When a train of cars
stops at a station you see men with
their little cans oil the boxes of the
wheels both of the locomotive and the
cars. And great pains is taken with the joints of
all kinds of machinery to keep them oiled. But
the joint$ in our bodies keep themselves oiled, as we
may say. It is done in this way: The fluid in the
sac of a joint oozes from the inner surface of the sac,
just as the perspiration comes from the pores of the
skin. But the same fluid does not remain in the
joints year after year. Such constant rubbing would,
after a while, make it unfit for use. It is, therefore,
constantly renewed. There are all over the inside of
the sac little absorbing vessels that take up the fluid
as fast as it becomes unfit for use, and there are secre-
ting vessels that pour out fresh fluid to take its place.

What other provision is there for the easy working of the joints?
Compare with common machinery. How is the fluid in the saes of the
joints kept fresh ?

6'3‘5
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CHAPTER IX:

THE MUSCLES,

1. I mave already explained to you in Chapter II.
the manner in which the muscles act. You there saw
that when a muscle acts, its fibres all shorten them-
selves, Now, when a muscle contracts or shortens
itself, it swells out or becomes thicker. You can see
this if you watch the bare arm of some one who is at
work. You can feel this swelling of the muscles in
your own arm as you move it. Straighten out your
arm, and then grasp it with your other hand half-way
from the elbow to the shoulder. Now bend up your
arm forcibly, and you will feel the large muscle on
the front of your arm swell out and harden_as you
grasp it. It is just as it is with a piece of india-rub-
ber. If you stretch out the india-rubber, it becomes
smaller; and then if you let it go, it contracts like the
muscle, and as it contracts, it, like the muscle, becomes
thick again. ;

9. The muscle, however, contracts in this case from
a different cause than that which makes the india-
rubber contract. The india-rubber contracts because,
it is stretched—it merely goes back to its usnal state
by its elasticity, as it is termed. DBut the muscle has
a power of contracting which is something more than
elasticity. It contracts because the mind tells it to
do so by means of the nerves, the telegraphic wires

What is the state of a muscle when it contracts? Make the compar-
ison between the musele and india-rubber. How do they differ from
each other in the causes of their contraction ¥
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that go from the mind’s seat, the brain. The nerves,
~ as I have told you in the chapter on the Nervous Sys-
tem, branch out and distribute their fibres to all the
fibres of the muscles. And every fibre of a muscle
thus receives a message from the brain whenever the
muscle contracts. |

3. The muscles ‘have elasticity, just as the india-
rubber has, and there is a contraction in them by
means of this elasticity. This is seen when a muscle
is cut in two, by accident, or, as is sometimes done, in
the operations of the surgeon. In this case the two cut
ends separate from each other considerably, because
they are drawn apart by the contraction of the fibres
of themmuscle. DBut this contraction does not take
place from any message sent to these fibres from the
mind. It arises from their elasticity simply, just as
the contraction of the india-rubber arises from its
elasticity. Muscles, then, have two kinds of contrac-
tion. The one kind is from their elasticity ; the other
is when they are excited to action through the nerves.
I shall speak of these two kinds of contraction in an-
other part of this chapter.

4. Muscles commonly end in tendons. While the
muscles are red, the tendons are white and shining.
Tendons are the ropes or rigging with which the mus-
cles pull the bones and other parts. They are of dif-
ferent shapes. Some of them are long and slender.
" You can see tendons of this shape on the back of the
hand very plainly in thin persons. The muscles that
work them are in the full arm above. You can see

e ———

Show how the museles have two kinds of contraction. What are
tendons ¥ What is said of their shape @
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that this is_so, if while you work your fingers back
and forth, you take hold of the arm a little below the
elbow with the other hand. You feel very distinetly
there the movement of the muscles as they contract
and relax themselves.

5. The tendons are much smaller than the muscles
that pull them. - You can see this in the case of the
hand and arm. The muscles that move the hand and
the fingers make up the full part of the arm; but the
wrist, where their tendons go to the hand, is very slen-
der, because these tendons are so small. You can see
the same thing in the “drumstick” of a fowl. In the
slender leg are the tendons lying along the bone,
while the bulky muscles that work them are above.

6. While the tendons are so small, they are very
strong. It is exceedingly rare to have them break,
even in the most violent efforts. It is well that it is
so; for it is very difficult to heal a broken tendon.
When a bone is broken, the two ends can be held
accurately together, and therefore are easily united.
But when a tendon is broken the musele to which it
belongs draws the part that is_fastened to it away
from the other end. And, therefore, with the very
best of care, it is difficult to make them heal at all.

7. I will now speak particularly of some of the
muscles, that you may understand how they act. In
Fig. 54 is represented the lower part of the large
muscle that raises the heel when we walk. The large
bone of the leg and the bones of the foot are repre-
sented. P, the musele, makes up. mcmt of the bulk of

- R — =~ - mE—— e
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What is said of the size of the tendnna? ‘E‘.’h'a.t of their strength?
Why is it difficult to heal a broken tendon ?
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the calf of the leg. Fie. 54,
The weight of thebody r [ 1 ||

rests upon the bone W. il |
Now, in walking, as
we raise the body in
taking a step, we do
it first by raising the
heel with the muscle : el >
p, the pressure being ‘il SORL—
on the ball of the F

foot, 7. This muscle does here with the weight of the
body what the muscles of your arms do to the load in
a wheelbarrow when you raise it by the handles.

8. In Fig. 55 are represented two of the principal
muscles of the arm, 4 and 7. Between these is the
bone of the arm, 1, and at 2 are the bones of the fore-
arm, as the part of the arm below the elbow is com-
monly called. At 4 is the muscle that acts when you

Fig. 55.

bend the arm at the elbow. At 5 is its double attach-
ment at the shoulder-joint, and at 6 is where its ten-

Deseribe the arrangement and action of the musecle represented in
Fig. 54. Deseribe the musecles represented in Fig. 55.
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don is fastened to the radius, one of the bones of the
fore-arm. 1 have deseribed the manner in which this
. muscle acts in Chapter II. § 10. The muscle that acts
in opposition to this, and straightens the arm out, is
at 7, and is fastened at 8 to the point of the elbow.
When you bend and straighten your arm by turns,
these two muscles take turns in acting, like two saw-
yers that are working a long saw back and forth.
While one sawyer pulls, the other lets the saw go. So
it is with these muscles. When the muscle 4 contracts, -
the muscle 7 isrelaxed; and when 7 contracts, 4 is re-
laxed. And so it is with other muscles. Thus, when
you swing your leg back and forth, there are two sets
of museles that perform these two opposite motions,
and while one set are contracting, the other are relax-
ing. So it is with the motion of the lower jaw up
and down in eating. While the muscles that move
it up are contracting, those that pull it down are re-
laxed; and then, while those that pull it down
contract, those that draw it np are relaxed.

9. In Fig. 56 you see represented some of the mus-
cles of the face and the neck. At b is a large, spread-
ing, fan-shaped muscle, which, with another muscle,
¢, raises the lower jaw, in eating. You can perceive
the action of this musecle, if you place your fingers
on the temple of either side, while you move the
jaw up and down. This is quite a large and pow-
erful muscle. Observe, how well it is packed over
the side of the head, so as to make no uncomely

Give the comparison made in regard to their action. What other
illustrations are given of opposite motions in muscles? Describe the
museles represented in Fig. 56, and explain their operation.
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projection there. For this
purpose, it isshaped very
differently from the mus- i 0
cles of the arm in Fig. 55. @~/ ////
There aresome other mus- [l
cles in this figure, which o
I will barely notice.—
There is at ¢ a small mus- ...
cle, which, coming from ___
the bone at the top of the g.-.—- ‘i {7 :
nose, is fastened to the E L 7 . e
skin of the eye-brow.— =
When it contraets, it
wrinkles the eye-brow.—
At ¢ is a muscle that
draws up the corner of
the mouth, and at 7/ is a muscle that draws down
the lower lip. At & is a muscle which serves several
purposes. It pulls back the corner of the mouth j and
when we are eating, by pressing the food towards the
middle of the mouth, keeps it from getting outside of
the teeth. When one blows upon an instrument
strongly, this muscle gives firmness to the cheek, so
that the air shall not press it out too much. From
its doing this, it is called duccinator, from buccinare,
to blow a trumpet.

10. At A, in Fig. 56, you see a long muscle, which
begins just behind the ear, and goes down to the top
of the breast-bone. You see another muscle on the
other side of the neck exactly similar to it. This pair
of muscles is very plainly seen in the neck of a thin

Explain the action of two museles in the neck in bowing the head.
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person. When they contract together, you bow the
head forward. If they contract exactly alike, you
bow your head straight forward. But if one of them
acts more than the other, then you bow your head in
a one-sided way. If you observe persons as they bow
to those whom they pass, you will see that they often
bow more or less in a one-sided way. That is, one of
these musecles pulls upon the head harder than the
other does. In some, this unequal action of  this pair
of muscles becomes a habit.

11. Observe now what a variety of motions can be
produced by these two muscles alone. First, the
extent to which you bow the head forward can be
varied to any degree you please, by varying the
degree of the contraction of these muscles. When
you bow your head forward very much they contract
strongly ; and when you bow it forward but little,
they contract slightly. And their contraction can
vary in all degrees between the greatest and the
slightest. So also the direction in which the head is
bowed can be varied to any extent you please. You
can bow the head in any direction, either to the right
or left, by varying the inequality of the action of the
two muscles. If you bow your head very much to
one side, you make one of them contract much more
strongly than the other. Dut if you incline the head
only a little towards one side, the muscle of that side
contracts only a little more than that of the otherside.
And the inequality in their contraction can be varied
in all degrees between the smallest degree and the

Show the variety of motion that can be made by them in two ways
—in regard to the exfent and the direcfion of the motion,
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greatest. You will realize the truth of what I have
told you in this paragraph, if you try the experiment
on yourself, and observe how much you can vary the
bowing of your head both in extent and direction.

12. Now, it so much variety of motion can be pro-
duced by only two muscles, how great is the variety
when there are many muscles in action, each of which
can have its contraction varied in all degrees. You
see this well illustrated in the hand and arm. Raise
your hand, and think what the muscles do when you
perform this motion. Although it seems to you so
simple a motion, many muscles are engaged in per-
forming it. And each one of these muscles has its
particular part to do in making the motion, In doing
its part it must contract just enough. It it pull too
much, or too little, it will interfere with the action of
the other muscles, and there will be a failure in the
motion. DBut there is no such failure. All the mus-
cles contract just enough, and the hand is raised
exactly as the mind directs. Now, if you raise it
again in a little different position, all these muscles
act in a little different way. And youn can go on to
raise it in a great variety of ways, altering the height
and direction each time by altering the action of all
these muscles.

13. At the same time that you vary the motion of
the hand, you can also vary to almost any extent the
motions of the fingers, by the varied action of the
muscles that work them. You can get some idea of

What is eaid of the 'v.miet_'i' of motion when many muscles acl to-
gether? Illustrate by referring to the hand. What is said of the
exact manner in which each musele does its part ?
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the variety of these motions if you watch a person
that is writing, or one that is playing on a piano. For
every one of these exceedingly varied motions there
must be a variation of the action of a great number
of muscles. KEach muscle must in every motion per-
form its particular part exactly right, or there will be
an interference with the action of the other muscles,
and consequently a failure in the motion. DBut, com-
monly each muscle contracts exactly right, and so
each one of the motions that so rapidly follow each
other is performed just as the mind directs.

14. If you examine some of the motions performed
by the fingers, that appear very simple, you will see
that they are performed by a very complicated ma-
chinery. Take, for instance, that seemingly simple
movement made in buttoning your coat. If you
watch the fingers, as they put the button through the
button-hole, you will see that the movement is quite
a complicated one. It is so much so, that no man
could make a machine in the shape of the hand that
could perform it. And the same can be said of other
motions.

15. The tongue exhibits great variety in its motions.
If you stand before a glass, and, opening your mouth,
move about your tongue rapidly, it looks as if some
little tricksy spirit were in it playing on its fibres.
But each of these fibres is put exactly in its right
place, and contracts exactly aright in all the varied

What is =aid of the variation of the motions of the hand and fingers
in such actions as writing, or playing on a piano? What is said of
gome apparently simple motions of the fingers? What is said of the
movements of the tongue, and of the arrangement of its fibres?
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motions of this organ, as we use it in speaking, and
eating, and swallowing. :

16. The act of swallowing seems to you a very
simple thing, but it is really a complicated act of a
complicated set of machinery. There are many
muscles that work together in doing it, and if they
did not work right there would be failure in the
motion, and choking would result. Observe that dif-
ferent muscles work in different parts of the act.
When you first begin the act, the food is thrust back
chiefly by the muscles of the tongue. As it goes
back, the epiglottis, the lid of the larynx, is shut
down by its muscles, so that the food may slide over
it into the cesophagus that lies behind the windpipe.
This lid, which thus shuts over the top of the passage
to the lungs when we swallow, is raised up by its
muscles when we speak or breathe. It is like a little
tongue extending back from the root of the tongue
itself. After the food has passed over this lid it goes
down through the wsophagus into the stomach. But
it does not simply fall down. The cesophagus is a
tube, made in part of muscular fibres, so arranged
that the food is really pushed by their action through
this tube. So complicated is all this machinery, and
so nice is its operation, that it would be impossible
for any man to make a machine of the same shape
that could perform the act of swallowing.

17. It seems to you a simple thing to speak. But
every time that you speak there is a large number of
muscles brought into action. There are the muscles

e rm——r = —

What is said of the act of swallowing? Deseribe the different parts
of thie act.
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of the chest that force the air out through the wind-
pipe—the muscles that move the cords in the music-
box, the larynx—the muscles that move the epiglot-
tis, the lid of the larynx—and the muscles that move
the palate, the tongue, the jaws, and the lips. You
cannot utter a word without the action of all these
different muscles. And they must act just right, or
there would be something wrong in the sound of the
word. '

18. As the different acts of speaking, laughing,
breathing and swallowing follow each other so rapidly,
there is vast variety in the changing action of the
muscles. Especially busy are those little muscles that
work the lid of the larynx, opening it when we
breathe, or speak, or laugh, and shutting it down
when we swallow. So securely do these door-keepers
guard this door to the windpipe, that it is a rare acci-
dent for a crumb or a drop to get into it.

19. In performing the different motions that I have
alluded to, such as swallowing, speaking, and the mo-
tions of the hand, there must be a concert or agree-
ment of action among the muscles. The concert is
as real as it would be if the muscles, like men that
are pulling at ropes, understood each other, and agreed
together as to what they would do. It is, indeed, a
more perfect concert of action than ever occurs
among a company of men in pulling ropes, especially
when they pull upon different ropes. It is diflicult

What different sets of museles are engaged in the act of speaking ¢
What 1s said of the variety of museular action as we speak and breathe
and laugh and swallow almost at the same time? What museles are
then especially busy? What is said of the concert of action in the
museles {
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for each man to pull just enough and at exactly the
right time. DBut there is no difficulty of this sort
commonly with the muscles, however complicated
the action may be. Thus in swallowing, each muscle
acts just strongly enough and exactly at the right
time.

20. I will now give you a general view of the mus-
cles of the body. In Fig. 57 you have a side view of
the muscles, that is, of all those that lie directly under
the skin. There are many other muscles that lie un-
der these that you see. You observe that the muscles
are of various shapes and sizes, according to their
. sitnation and what they are intended to do. They are
round, flat, long, short, fan-shaped, circular, &e. 1
will notice some of them particularly.

21. At @ is a very large muscle at the top of the
shoulder, that raises the arm, at the same time carry-
ing it out from the body. At & is the muscle that
bends the fore-arm at the elbow. At ¢is the muscle
that acts in opposition to & and straightens the arm.
The muscles at b and ¢ are the same as those at 4 and
7 in Fig. 55. At d is a muscle that turns the fore-
arm in such a way that the palm of the hand is up-
ward, as seen in the figure. At ¢ is a very large mus-
cle. It comes from almost the whole length of the
back-bone, and its tendon is fastened to the back part
of the arm. Ifs office is to draw the arm back. Its
tendon makes the rear boundary of the arm-pit. At
* 7 is one of the large, flat muscles of the abdomen. At
! and £k are two muscles that move the thigh. At o

Deseribe the muscles of the body as represented in Fig. 57.
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Fie. 57.

and p on the right thigh, and at » on the left, are seen
three muscles that serve to throw the leg forward.

They do this by pulling on the knee-pan. At g is the
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tendon that forms the outer hamstring, and at » are
the two tendons that form the inner one. The mus-
cles that pull these hamstrings are on the back part
of the thigh. When they act they make the leg
swing backward, and therefore do just the opposite of
what is done by the muscles n, 0 and p. At s is the
muscle that makes the back of the calf of the leg. Its
strong tendon, which is fastened to the bone of the
heel, you can feel very plainly through the skin. It
is this muscle, a part of which is represented in Fig.
54, at p. _

22. The muscles differ greatly in seze. Some are
very large, and some are exceedingly small. Con-
trast, for example, the muscles of the arm that wield
the hammer and the axe, with the muscles that move
the cords of the larynx in speaking and singing.
These muscles of the voice are very delicate, and they
produce the various notes by motions so small, that
many of them could be measured by the breadth of
a bair. Birds that mount up so beautitully in the air,
have large muscles to work their wings. But the
muscles that move their little musical cords, as they
carol so sweetly, are so small, that it is diffieult to find
them when we dissect the larynx.

I will now notice some especial contrivances in the
muscles and tendohs.

23. There is a beautiful arrangement of the ten-
dons in the toes and the fingers. In Fig. 58 is a rep-
resentation of this arrangement in one of the fingers.
At a, 33 and ¢, are the three bones of the ﬁnger Atf

—————— —e e e — . — e

"ﬁ-hat is sald of the gize of the mnscles? Give the contrasts men-
tioned.
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Fia. 58.

is the tendon that bends the second bone, 5. This is
divided into two parts, as you see, just at its end,
where it is fastened to the bone. Through this divi-
sion the tendon.¢ passes, to go to the last bone, ¢. In
the Figure the tendons are raised up so that you may
see the arrangement clearly. This arrangement is
seen in each of the fingers and in each of the toes.
24. There is a very curious contrivance in the sole
of the foot. There is a muscle in the calf of the leg,
from which there comes down a tendon that is divided
into four, for the purpose of bending the toes. Now,
there is a short muscle in the bottom of the foot that
sends four tendons to join those that come down from
the muscle in the leg, so as to help them pull the toes.
The reason for this arrangement is this. If all the
muscle that is needed to pull the toes were to be put
into the sole of the foot, it would make the foot too
large at that part; so the thing is done with two mus-
cles, put in different places, instead of one muscle. It
is the same sort of contrivance with that to which a
man would resort, if he wished to move something
with ropes, manned by a company of men, but could
not conveniently get men enough into one spot to do
it. He would fix some other ropes in another spot, in

Deseribe the arrangement of tendons represented.in Fig. 58. Deseribe
the arrangement of muscle and tendons in the sole of the foot. Give the
comparison made in regard to it.
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such a way that a second company of men could help
the first® This short muscle in the sole of the foot has
received the singular name of masse carnea Jacobi
Sylviv—that is, the fleshy mass of James Sylvius, the
anatomist who first pointed out this arrangement.

25. We have many examples of tendons working
with a pulley-arrangement. This is the case with the
tendons that go from the muscles in the leg to the
foot. They are bound down by ligaments at the
ankle, and work under them, just as a rope works
through a pulley. If it were not for these ligaments
the tendons would fly out continunally when the mus-
cles acted, making projecting cords under the skin.
There are similar ligaments at the wrist.

26. There is a beantiful example of the pulley-
arrangement in the eye, which you see in Fig. 59.

Fia. o9.

There are six muscles that move the eye-ball. Five
of them are represented. There are four straight
muscles. Three of them are marked ¢, b and e. You
see just the upper edge of the fourth one behind b.
These muscles come from the back part of the socket
of the eye, and have tendons that are fastened to the

What is the pulley-arrangement at the ankle and wrist? Deseribe
the muscles of the eve-ball as given in Fig. 59.
7
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eye-ball. The muscle @, when it contracts, turns the
eve upward ; ¢ turns it downward ; & turns it to one
side, and its opposite muscle turns it to the other side.
But there are some other rolling motions of the eye
that are performed by two obligue muscles, as they
are called. One of these, s, is represented. It has a
long tendon, which passes through a ring in the car-
tilage in the roof of the socket, and then turning
back is fastened, as you see, to the upper part of the
eye-ball.

Fis. G0,

27. 1 will notice one more example of the applica-
tion of the pulley. It is in the case of the muscle
that draws down the lower jaw, represented in Fig.
60. It is in reality two muscles. One, @, is attached
to the bone behind the ear, and the other, b, is
attached to the inside of the chin. They join together
by a tendon ; and this tendon, as you see, works in a
loop, as a rope does in a pulley. You can see that
when these two muscles, @ and &, contract, they draw

— = -

_ Describe the arrangement of the* muscle that pulls down the lower
jaw, i
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down the jaw. Now observe, that the jaw could be
drawn down in a much more simple way than this.
It could be done by a muscle going straight from the
chin to the top of the breast-bone. DBut this would
make the neck look very ugly, and hence this pulley-
arrangement was adopted. The machinery that
draws down the jaw is in this way kept out of sight,
and so does not interfere with the beautiful shape of
the neck.

28. This regard to beauty of shape, so manifest in
the arrangement of this muscle in the neck, may be
observed in the arrangement of the muscles generally.
They are so arranged, for example, in the limbs, as
to give to them a graceful shape. The muscles
which move the hand and the fingers are mostly
placed in the arm, giving to it the full and flowing
outline which makes it so beautiful. If they were
placed in the hand, where they do their work, the
hand would be a very clumsy instrument. I could
give many other examples, but these are sufficient.

29. You see that there are in the body, in its two
halves, two sets of muscles that are alike, just as it is
with the two halves of"the brain and the two sets of
nerves. The exact equality of the two sets of muscles
is strikingly exemplified in the muscles of the mouth.
The mouth is held in the middle of the face, because
the muscles on each side of it are exactly alike, and
pull alike upon its two corners. If the muscles on one

What is the need of this peculiar arrangement? What is said of re-
gard to beauty in the arrangement of the muscles? What is said of the
two sets of muscles in the two halves of the body? How is the mouth
held in the middle of the face ¢
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side were stronger than those on the other, the mouth
would be drawn to the side of the strongest. Some-
times the muscles on one side of the face are palsied,
and then the mouth is drawn to the other side.

30. When the face is palsied upon one side, the
two kinds of contraction that I noticed in § 3 are well
illustrated. When the muscles of the face are quief,
the difference between the two sides is not very great.
For the muscles are then only under the influence of
their elasticity, and this is not much less in the pal-
sied muscles than in the opposite ones. But the
moment that the muscles are excited to contraction
by the nerves, as in speaking or laughing, the mouth
is drawn very much to one side, giving the face a
very odd appearance.

31. Sometimes muscles are for some reason perma-
nently contracted, and thus cause deformity. Squint-
ing is produced in this way. The straight muscle on
one side of the eye-ball contracts more strongly than
the straight muscle on the opposite side. Thus, if the
eye turns in towards the nose, the inner muscle con-
tracts more strongly than the outer one.

32. The expression of the countenance depends
entirely upon the action of muscles. The chief of
these muscles of expression are those that wrinkle the
eye-brows, and those that pull up and pull down the
corners of the mouth. When one laughs, the corners
of the mouth are drawn up, as seen in Fig. 61. But
when one cries or is very sad, the corners of the

What is said of the two kinds of contruction when the face is palsied
on one side?! How is squinting proeduced ¥ Upon what does the ex-

pression of the countenance depend ! What muscles are the chief agents
of expression ?
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Fiz. Gl.

month are drawn down. In laughing, the muscles
draw up the corners of the mouth so strongly as to
push up the cheeks and wrinkle the skin under the
eyes; but in smiling, the muscles raise the corners of
the mouth but slightly. The eyes seemn to smile, but
they do not. It is the effect wholly of the action of
the little museles that raise the corners of the mouth.

33. In Fig. 62 there is an action of the muscles of
expression entirely different from that in Fig. 61.
Here is an expression of jealous, peevish melancholy.
The corners of the mouth are drawn down, and the
eve-brows are wrinkled by the muscle a, repre-
sented in Fig. 56. This makes the eyes look cross.
Now, if the eyves remained just the same, and the
muscles that wrinkle the eye-brows and those that pull

Explain the action of the museles in Figs. 61 and 62,
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down the corners of the mouth were relaxed, the eyes
would look pleasant. This subject of the expression
of the countenance I treat in full in my larger work
on Physiology.

34. I have spoken mostly of those muscles that act
in obedience to our will. These are called voluntary
muscles, and they are excited to act through nerves
that come from the brain. The muscles of our limbs,
for example, are excited to act through the nerves
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that come to them from the brain when the mind
wills them to act. DBut there is another class of mus-
cles that act without our willing them to do so. They
are called ¢nvoluntary muscles. The heart, for exam-
ple, is a bundle of muscles, that are always acting
without being told by the mind to act. As the stom-
ach churns the food, as mentioned in § 13, in Chap-
ter IIL., the will has nothing to do with the contrac-
tion of its muscular coat. And so the muscles of
breathing keep at work without being told to do so by
the will.

35. These involuntary muscles, then, are parts of
the muscular machinery that do not depend upon the
mind to make them act. They act when the mind is
asleep as well as when it is awake. While the volun-
tary muscles are resting, some of the involuntary
muscles are ever at work. The heart is always pump-
ing the blood, and the muscles of breathing are always
working the chest to bring fresh air into the lungs.

36. You see at once the reason why such muscles
are involuntary. If they were voluntary, the mind
would have to attend to them all the time to keep
them at work, for life would cease if the respiration
and the circulation stopped. The mind, therefore,
not only could not have any time for sleep, but it
would have every moment occupied with keeping the
circulating, breathing and digestive machinery in
operation, and could not attend to any thing else.
But as it is, all this machinery keeps at work continu-

—

What is the difference between voluntary and involuntary museles?
Give examples of both kinds. What is their difference as to resting ?
Why are the heart and the muscles of respiration involuntary #
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ally without any superintendence on the part of the
mind, except the attention that is required to supply-
the digestive machinery with its material, the food
that we eat.

37. But the muscles of the respiration are not
wholly involuntary. Although they commonly work
without the mind’s superintendence, the -mind ean
regulate their action to some extent. We can, for
example, breathe quicker or deeper than usunal if
we wish to do so. DBut though the mind can regulate
the action of the breathing muscles, it cannot wholly
control it. No one ean stop his breathing, as he can
stop walking, by simply willing that it shall stop.

38. Now, there are two reasons why the mind has
this partial control over the muscles of respiration.
The first is, that it uses tliem in certain acts, as speak-
ing, singing, blowing, &e. Another is, that the mind
needs to direct in their use when the lungs are in any
way embarrassed. So long as there is no difficulty,
the breathing is performed by the muscles involunta-
rily, without any superintendence from the mind. So
long as the mind feels no inconvenience it scarcely
ever spends even a thought upon the breathing. DBut
as soon as there is embarrassment there is a disagree-
able sensation—that is, the mind is informed of the
embarrassment through the nerves. It, therefore, at-
tends now to the breathing machinery, in order to
have the breathing performed in the best manner
possible. For example, when a man is suffering with

. —— ke s ———

How much are the museles of respiration influenced by the will?
'ﬁthﬂt two reasons are there for this? How much notice does the
mind take of the working of the machinery of respiration #
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asthma, the mind directs the use of the muscles of the
chest, so as to get as much air as possible into the
lungs. But when the asthma is gone, the mind ceases
to superintend these muscles, and the breathing goes
on again by their involuntary action.

39. While the muscles of respiration are both
voluntary and involuntary in their action, the heart is
wholly an involuntary muscle or set of muscles. No
one can make his heart beat more guickly or more
slowly by determining that it shall. He may do it
by exercise, or by thinking of exciting subjects, but
he cannot do it by any direct action of the will.

CHAPTER X.
THE EYE.

1. Tue eye is one of the principal instruments that
the mind uses in getting a knowledge of the world
around it. Though it is a small organ, it is a very
complicated set of machinery. 1t has many struc-
tures in it differing much from each other, as you will
see as I proceed. It has six nerves, as I have before
told you, and four of these are the nerves by which
the mind works the muscular machinery of this organ.

2. You will see, in this chapter, that the eye is
an optical instrument. It is, therefore, constructed
somewhat like the optical instruments that man makes,

Iz the heart in any measure a voluntary musele? What is said of
the structure of the eye? What kind of instrument isit? What in-

struments is it like ?
ok
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but is much more perfect. For example, it is like a
telescope, and it is also like a camera-obscura. And
I shall show you, that in some respects it is like the
instrument used in taking daguerreotypes.

3. The eye is contained in a deep bony socket,
which you see in Fig. 41, on page 111. As you look
at the eye you see only its front, with a portion of its
sides, as it rolls in its socket. It is in shape like a
globe, but it is not perfectly round. Its front part,
where the clear window is, stands out a little. The
eye has a complete case enclosing all its soft and deli-
cate parts. DBut this case is not all alike. It has two
parts which are very different from each other. There
is a thick white part called the sclerotic coat, from a
Greek word, meaning hard. It is what is commonly
called the white of the eye. It is this coat that gives
the firm feeling to the eye when you press your finger
upon it. DBut this coat does not extend over the front
of the eye. There is there, as you see, a clear trans-
parent part of altogether a different structure. This
fits into the white coat very much as a watch-glass fits
into the case. It is called the cornea.

4. Looking through this window of the eye, you see
a little behind it a delicate colored curtain, called the
iris, with a round opening in it called the pupil. The
iris is differently colored -in different persons. And
we call the eye blue or brown or gray, &ec., according
to the color of this curtain. Through the pupil we
look into the very inner chamber of the eye. This

What is the situation of the eye ¥ What is its shape? What is the
sclerotic coat? What is the cornea! How does it fit into the selerotie
cont? What is the iris? What is the pupil of the eye? Into what do
we look through the pupil ¢ .
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always has a dark appearance, because, as you will
soon gee, this chamber has a lining of a dark color.

5. The iris makes the eye very beautiful. But it is
not a mere ornament. It is an important part of the
machinery of the eye. Its chief office is to regulate
the quantity of light that goes into the eye. You can
see how this is done. If you look into the eye of any
person while you hold a light at some distance, you
see that the pupil is quite wide open. Now bring
the-light near the eye, and you will see the pupil in-
stantly grow smaller. This is because the iris or cur-
tain has contracted its opening in order to keep too
much light from going into the eye. In the glare of
a bright sun this opening that lets in the light becomes
very small ; but in the dark it is very wide open, be-
cause the eye then needs all the light that it can get.

6. I will now explain the way in which the iris
acts in regulating the quantity of light that enters the
eyve. The iris has two sets of fibres, straight and cir-
cular. These are represented in Fig. 63. In a the
pupil is wide open. Here the Faa=08
circular fibres are relaxed, and
the straight ones are contract- 47
ed. In b the pupil is contract- &
ed. And here the fibres are
just the reverse of what they are in a—the straight
ones are relaxed and the circular ones are contracted.

7. The fibres of this round curtain must be very
nicely arranged, and be made to act with great exact-
ness; for the iris is always perfectly even as it en-

What is the chief use of the iris? How would you show its use?
Explain the manner in which the iris acts,
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larges or contracts its opening, and there are never
any wrinkles in it. If any person should attempt to
construct a curtain after this form, with a round open-
ing in it, he could not in any way fix the strings by
which the opening would be made smaller or larger,
so as to keep the curtain always smooth and its edge
always regular.

8. I will now give you a more full and particu-
lar description of the parts of the eye. In Fig. 64
you have a map of the eye. It has three coats, as
Fia. 64.

they are called. At o is the thick, strong, white
coat, the sclerotica. Into it the cornea, e, the clear
window of the eye, fits, as I have before told you,
like a crystal of a watech in the case. These two
parts, the cornea and the sclerotica, really together
make one coat. Inside of the sclerotic coat is the
choroid coat, b. This is of a dark color. Why

What is said of the regularity of action of the iris? Describe the
parts of the eye as represented mn Fig. 64.
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this is so I will tell you in another place. At ¢ is the
retina. This is very thin, and is chiefly composed of
the fibres of the opfie nerve, ¢, that enters the eye at
its back part.

9. The eye has three Awmors, as they are called.
There is the agueous, or watery humor, £, in the front
part of the eye behind the cornea. The iris, ¢ ¢, is in
the midst of this humor. It divides the chamber that
contains the humor into two parts. The part of the
chamber which is in front of the iris is, as you see,
much larger than that which is behind it. At 4 is the
crystalline humor, or lens, as it is more often called.
This lens is a substance like hard clear jelly. Then
behind this, filling up all the space, 7, is the vitreous,
or glassy humor, which is like sof¢ jelly. You see
that it is this vitreons humor that fills up a great por-
tion of the ball of the eye.

10. The object of all this apparatus that I have de-
seribed is to have images of objects formed upon the
retina, ¢. 'That these images are formed there can
be proved by an experiment. Take an ox’s eye, and
peel off carefully the thick rind at the back part, that
is, the sclerotic coat, so that very little but the retina
is left. If now you hold a candle before it, you can
see the image of the candle on the retina at the back
-part of the eye. 8o, if you place it in a hole in the
window-shutter, the images of objects, such as houses,
trees, &c., can be seen pictured on the retina,

11. This picturing upon the retina takes place with
every object that we see. If we look at a single ob-

— e

What is the object of the apparatus of the eye? How can you prove
that images are formed on the retina
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ject, as a candle, its image is formed distinetly in the
back part of the eye. And so, also, if we look at a
wide prospect, all the multitude of objects that we see
are pictured there in a space that a sixpence would
cover.

12. I will now explain to you in what way these
pictures are formed upon the retina. It is the light
that forms them. Tbe rays of light that come from
the sun are reflected from every object in all diree-
tions. And when you see an object, it is because
these rays reflected from it enter your eyes, and make
its image in them. For example, when you see a
tree, the light which is reflected from the tree passes
into the window of the eye, and pictures out a tree on
the retina.

13. In this formation of the pictures of objects on
the retina, the eye is like the instrument called the
camera-obscura. In this instrument there is a dark
chamber into which light is admitted through glasses
in a tube. The light that thus comes in, pictures in
the dark chamber of the instrument the trees, houses,
and other objects that are in front of the tube. And
as you look into this chamber through an opening,
you see the picture. That dark chamber in the eye,
that is filled with the vitreous humor, is like the dark
chamber of the camera-obscura, and the lenses and
humors of the eye serve the same purpose as the
glasses in the tube of this instrument do.

14, In this formation of pictures of objects, the eye
is also like the instrument used in taking daguerreo-

In what way are the images of objects pictured on the retina?
Trace the resemblance of the eye to the eamera-obseura,
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types. When your daguerreotype is taken, the rays
of light that shine upon your face are reflected or
thrown off from it into that round window that you
look at in the instrument. These rays enter through
this window into a dark chamber, just as they do in
the camera-obscura, or in the eye, and picture your
image on a plate of metal there. This plate of metal
is to this instrument what the retina is to the eye.

15. The metallic plate in the daguerreotyping
instrument differs from the retina in one important
respect. The image made on the retina does not
remain, but that which is formed on the metal does.
The surface of the metal is prepared in such a way
that the image made by the light is left there. It is
a beautiful idea that light should thus be the pencil
to paint your picture. And yet, whenever any one
looks upon you, the light paints your picture in his
eves upon the retina, just as it does upon the metallie
plate in the daguerreotyping instrument. Indeed,
every object that is seen, is for the moment daguerre-
otyped upon the retina. And as you look at object
after object, there is a constant succession of pictures
made there,

16. The eye is in some respects like a telescope. It
has lenses like this instrument. The pro- Fu. 6.
jecting cornea in front acts as a lens. But
the principal lens of the eye is the erystal-
line lens, which is represented in Fig. 65.
The rays of light are brought nearer together

How does the eye resemble the dnguem*en‘f}'ping ilmtrmnent-%‘_ W hat
-is the difference between the picture on the retina and that on the plate

of metal in the daguerreotyping instrument? How is the eye like a
telescope ?
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l}:, the lenses of the eye, just as they are by the lenses
of the telescope.

17. The lenses and humors of the eye must be very
exactly arranged, in order that the sight may be per-
fect. They must be so arranged that the images of
objects shall be formed dlstluctly on the retina. Nowin
near-sighited persons the {enses and humors are so ar-
ranged as to make the rays that form the images come
together too quickly, before they reach the retina. This

Fic. 66.

is represented in Fig. 66. The result is, that a confu-
sed instead of a clear image is formed on the retina.
If the retina could be brought forward to where the
figure of the cross is represented, the image would be
clear. The common remedy for the near-sighted is a

rie. 67, glass, that has an effect upon the rays of light

7 the opposite of that which is produced by the

| cornea and the crystalline lens—that is, a glass
which separates the rays instead of bringing
them nearer together, and so prevents the rays
from coming together in the eye too soon.
Such a glass is called a concave lens. Its two
sides are hollowed out more or less, as represented in
Fig. 67. The crystalline lens, seen in Fig. 65, is, on
the c:nthe1 hand, a convexr lens.

S

What is s-ud of t]m arrungﬂ,ment nf the lenses and humors of the eye?
What is the diffieulty in the near-sighted? What is the remedy ¢
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18. That large rear chamber of the eye, where the
images of objects are pictured on the retina, I have
told you, is a dark chamber. It is made so by a
coloring substance which is in the choroid coat. If
it were not dark our vision would be indistinet, from
the glare of light in the eye, just as it is when we go
into a room where the walls are all of a very light
color. In the albino there is none of this coloring
matter in the choroid coat, and therefore he cannot
see well in a bright light. Some animals, that use
their eyes only in the night, have none of this dark
matter in them, because it is only needed when the
bright light of day is shining into the eye.

19. I have thus shown you how the images of
objects that we see are pictured in the retina. But
this is not all the process that we call seeing. There
is something more needed besides the formation of
these images, in order to have the mind see the
objects. Now the mind does not look into the dark
chamber where the images are, as we look into the
chamber of the camera-obscura. The mind gets a
knowledge of the images in a different way from this,
It gets it by means of the optic nerve, the end of which
spread out forms the retina. The images pictured
there make impressions on the net-work of the nerve,
and these impressions go to the brain by this nerve,
and the mind feels them. In regard to the use of the
word ¢mpression, in speaking of the operation of the

What is the cause of the darkness of the large rear chamber of the
eve?! Why is it made dark? How is it in the albino? How is it in
some animals? In what way does the mind get its knowledge of the
images made on the retina ¢ '
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nerves, I refer you to what I have said in the chapter
on the nervous system, § 20.

20, The eye may be in perfect order, so that the ima-
ges of objects may be pictured accurately in its dark
chamber, and yet there may be no seeing. For the
nerve may not be able to pass the impressions on to the
brain. A tumor, for example, may press on it so that
nothing can pass through its little tubes. It is by
means of the nerves, then, that the mind makes use
of its optical instruments, just as is true of all the
other apparatus or machinery of the body.

21. There is one thing very curious in regard to the
pictures formed on the retina. They are always

inverted or upside down. If you look at a man, for -

example, he is pictured on your retina with his head
down. And o of every object. Accordingly, in Fig.
66 the image of the cross in the eye is represented
upside down. But although the images of objects
are thus reversed on the retina, your mind sees every-
thing right-side up. How this is we know not, but in
some way the matter is so fixed in the brain or the
nerves, that the right impression goes to the mind.
22. Observe another thing. There are two eyes.
Of course there are two images of every object that
you see, and two impressions are carried by the two
optic nerves to the brain. And yet the mind receives
but one impression, and so sees but one thing. This
is because the two eyes are alike, and work alike. If
this were not so, there would be confused and double

— S e ———————————————————————————————

What is #aid in regard to the optic nerve as being necess: ary to see-

ing? What is said of the position of the images on the retinal What
is said of the fact that we have two eyes?
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vision. If the eyes were not alike throughout, the
pictures in the two retinas would not be alike, and
two different impressions would be sent by the two
nerves to the brain, and then you would always see
two things instead of one—two faces, two trees, two
houses, and so on. So also, if the muscles of the eyes
did not work alike you would see double. Ior this
reason, if you press your finger on the side of one eye,
you see everything double; for you keep the two
eyes from moving together as they usually do.

23. There are several reasons for our having two eyes
or optical instruments for the mind to use, instead of
one. You could notlook in so many directions with but
one eye. You do not use both eyes together all the
time, but you use one or both, as you find most con-
venient. Then again, if you lose one eye by any
accident, you have another. And we cannot conceive
of any way of placing a single eye in the face so as
to look as well as two eyes do.

24, The eye is a very tender, and at the same time
a very important organ. It is, therefore, very care-
fully guarded against injury. Observe, how the
bones jut out all around it; the bone of the fore-
head, that makes the projecting roof of the socket,
the cheek-bone, and the bones of the nose. These
parapets of bone are so arranged that they receive
almost all the blows that are aimed at the eye. The
eve is therefore seldom injured, except by something
thrust straight into it, so as to avoid these jutting

e —

How is it, that with two eyes our vision is not confused or double ?
What reasons can be given for our having two eyes! How are the
bones about the eye arranged so as to guard it #
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walls around it. Then, too, the eye has a cushion of
fat, and does not lie against the hard bone of the
socket. Now, if the eye sees a blow coming, the
muscle that makes the motion of winking shuts the
lids, and pushes the eye back against this soft cushion,
This, of course, not only covers it up, but sinks it
deeper between the parapets of bone, and so puts it
more out of the reach of the blow.

25. The eyelashes serve to keep light things, flying
in the air, from entering the eye. The muscle that
so quickly shuts the eye-lids, however, does more at
this business of keeping out intruders. The eye-
brows, besides being an ornament, are of some use as
a protection. If they were not there, the perspiration
on the forehead would continually run down into the
eye, and would irritate and inflame it. The eye-

Fie. 63, brows are the eaves of
the roof of the eyes’ hab-
itation, and the perspira-
tion. drops from them
upon the cheek below.

26. There is a beauti-
ful apparatus for moist-
ening and washing the
eye. The tear-gland,
that makes the wash for
the eye,issituated above
the eye, a little toward
- its outside, as repre-

Does the eye lie directly against the bone of its socket? What is
done when the eye sees a blow coming? How is the eye protected by
the eve-lashes! How by the muscle of the eyelidst How by the
eve-brows ?
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sented at @, in Fig. 68. The tears are tarried from this
factory by little ducts, as seen at b, and are poured over
the surface of the eye. They serve to keep the eye moist,
so that it can be moved about in its socket easily by
the muscles. They also serve to wash out substances
that get into the eye, and when they are needed for
this purpose the tear-gland makes them abundantly.
Fishes have no tear-gland, for the water in which
they live answers the purpose of tears in their case.
Neither have they any eye-lids, as they are not expo-
sed to dust, or motes, or flying insects, as animals that
live in the air are. For the purpose of moistening
the eye, the tears come from the gland in a small
amount all the time. Of course, there must be some
contrivance for the passing off of the tears, or they
would continually run over the edges of the lids.
The contrivance is this. If you will look at the edges
of the eye-lids, you will see on each, near the end
toward the nose, a very little opening. Info these
openings, seen at ¢ ¢, in the Figure, the tears go, and
pass through two duets which unite in one, de. This
ends in the nose. This sink-drain of the eye, as we
may call it, is continually emptying its contents
there.

27. Sometimes this drain gets stopped up, and then
the tears overflow their banks, the lids, and run down
the chieeks. When one weeps, the tear factory makes

Describe the tear apparatus?  What two purposes do the tears servet
Why have fishes no tear-glands and no eyelids? Deseribe the drain
by which the tears are carried off. From what causes may the tears
overflow the lids?
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Fi6.69. teals so fast that the drain cannot take

£y b them all awa 7, and there is an overflow.
There is a curious contrivance for carry-
ing off the tears when the eyes are closed
in sleep. The lids close in such a way
as to leave a three-cornered canal be-
tween them and the surface of the eye-
ball, as represented in Fig. 69. In this
diagram the line 4 is the surface of the front of the
eye, and @ points to the edges of the two lids. The
little open space which you see shows you the form
of the canal. It is through this canal that the tears
flow, all the time that we are asleep, to the openings
that lead into the sink-drain.

28. There is still another contrivance, in regard to
the tears, which I will notice. Along on the edge of
each lid, among the roots of the eye-lashes, are some
little glands that secrete an oily substance. This,
besides oiling the eyelashes, serves to keep the tears
in the eye. It makes an oily line all along the edge
of the lid ; and, as water does not mix with oil, the
tears will not pass over this line unless they are more
abundant than usual. If it were not for this simple
but effectual contrivance, the tears would be con-
stantly diffused over the edges of the lids, and the lids
would therefore be all the time wet. This would
certainly be the case with the lower ones.

29. Such is the wonderful apparatus of the human
eve. It would be interesting now to show you how

—

What contrivance is there for carrying off the tears during sleep?
Mention the contrivanes for keeping the tears from moistening the out-
side of the eyelids.
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the eyes of different kinds of animals vary from the
human eye in their arrangements. I will speak,
however, only of the compound eyes found in insects.
They are made up of many eyes. Thus in the two
eyes of the common fly there are eight thousand little
eves, as the microscope shows us. In some insects
they amount to twenty thousand. Each of these is a
tube, at the bottom of which an image can be formed,
just as you have seen that there is on the retina of the
human eye. Each of these eight thousand eyes in the
fly sees perfectly of itself, having its own nerve of
sight. The fly therefore can see in various directions,
without turning its head, and it sometimes uses one
part of this extensive optical apparatus and some-
times another, according to the direction in which it
wishes to look or the number of things it wishes
to see.

30. It has been found by the microscope that the
little eye-tubes, of which the eyes of insects are made,
are not always of the same shape. In some they are
hexagonal or six-sided. This is the case with the eye
of the yellow beetle, or May-bug. A magnified view
of a small portion of the surface of this insect’s eye is
given in Fig. 70. In some butter- Fie. 70.
flies the little eyes are of a square EOIDIE
shape, as represented in Fig. T1.
Why there should be this differ-
ence in shape we know not. These
compound eyes of insects are

What is said of the eyes of insects? IHow many eyes has the eom-
mon fily? How many have some other insects? Ave the eyes of inzects
all shaped alike?
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among the most wonderful things
that the microscope has revealed to
us. We admire the gkill and power
of the Creator as we look at the con-
struction of the human eye ; but His
skill and power appear vastly more wanderful when
we think of the eye of a mere common insect, as made
up of thousands of optical instruments, each, though
g0 minute, being more perfect than any instruments
that man can make.

CHAPTER XI.

THE EAR.

1. Tue mind acqnires the knowledge of sounds by
the apparatus of hearing. This apparatus is very
complicated, and some of it is exceedingly delicate.
Before describing it I will say something of sound, in
order that you may better understand the operation of
this apparatus.

2. Sound is caused by a vibration or shaking of
some substance. You can perceive this vibration in a
bell if you touch it after it has been struck. If the
bell is quite large you can see as well as feel the
vibration. You can see it in the string of a piano or a
violin, It is the vibration of the cords in the larynx
that produces the sound of the voice. It is not solid
b{‘.}dms alone that produce sound by their vibration.

V# hy ave the Ltll‘l‘l}'.ll'il.]:IHi eves of insects more wonderful than the hu-
man eye ! How is sound produced? Give examples of sound made by
the vibration of air ?
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It is often produced by the vibration of the air. This
is the case in whistling. In the flute it is the vibra-
tion of the air in the instrument that produces the
sound. And so of other similar instruments.

3. When the vibrations are equal, the sound is a
musical one. DBut when they are irregular, the sound
is a noise, that is, a confused sound.

4. Sound passes through the air by vibrations. It
may be said to pass by waves in all directions, just as
waves go in all directions on the surface of water
when a stone is dropped into it. And as these waves
in the water lessen as they extend from the spot where
they begin, so the waves of sound lessen the farther
they are from where the sound is produced. That is,
the sound dies away in the distance, as it is expressed.

5. That sound is transmitted in this way through
the air can be proved by experiment. If a bell be
set to ringing under the glass receiver of an air-pump,
as you pump the air out of the receiver, the sound of
the bell becomes more and more faint, till at length
you cannot hear it at all. The reason is, that the vibra-
tions of the air lessen as the air itself lessens and be-
comes thin; and when the air is all pumped out,
there are no vibrations to convey the sound of the
bell. So, too, sounds made on the top of a very high
mountain are not as loud as when made in the valley
below, because the air at so great a height is very
thin.

What makes the difference between a musieal sound and a noise!?
How does sound pass through the air? Give the comparison in regard
to the diffusion of sound. How ecan you prove that scund passes
through air by vibrations?

b
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6. Other substances besides air transmit the vibra-
tions or motions of sound. If you put your head un-
der water, and let some one strike two stones together
under the water at some distance from you, you will
hear the sound. That is, the vibration will come to
your ear through the water. If you place a watch
between your teeth, you hear its ticking quite as dis-
tinctly as when you put it to your ear. In this case
the vibration goes to the nerve of hearing by the teeth
and the bones, and does not go round by the air into
the tube of the ear.

7. The vibration of sound passes more readily
through solids than through the air. If you put your
ear upon the end of a long log you can hear the
scratch of a pin made at the other end. And yet you
caunot hear it through the air at the distance of only
a few feet. A deaf gentleman, as he rested the bowl
of his long pipe upon his daughter’s piano, found that
he could hear the musiec much more distinetly than he
could through the air. In this case the vibration
went through the pipe to the teeth, sand then through
the bone to the nerve of hearing.

8. The vibrations or waves of sound are reflected
by objects against which they strike, For this reason
a sound can be heard further along a wall than in an
open field. If one speaks in an open field, the sound
is scattered in all directions. But the wall keeps it
from being thus scattered. For the same reason, a

— P

IMustrate the fact that other substances hesides air transmit the vi-
brations of sound. What is said of the transmission of sound through
solids eompared with its transmission through air¥ Illustrate in vari-
ous ways the reflection of sound.
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speaker can be better heard in a building than in the
open air. In this case the walls shut in the waves of
sound. So, also, a speaker can be heard better when
the ceiling is low than when it is very high. When
the ceiling is high much of the sound of the voice is
lost in the space above. In a speaking-tube, even a
whisper can be heard at a great distance, because the
waves of sound are so shut in by the tube.

9. In" hearing, the waves of sound are caught by
the outer ear, as it is called, and they go into the tube
which you see there. The purpose of this outer ear is
to collect these vibrations and direct them into this
tube. It is well shaped on the whole for this purpose,
but the ridges and prominences that you see on it do
not render any assistance in this respect. They
merely serve to make the ear a comely organ. Some
animals have ears which answer much better in col-
lecting the waves of sound than the ear of man does,
because they need them. Man could hear more
easily if his ears were larger, and were shaped more
like the open end of a trumpet, but such ill-looking
appendages are not necessary in his case. He some-
times assists the ear in collecting the vibrations of
sound by putting his hand up behind it. Very deaf
persons often use an ear-trumpet. The broad trumpet-
shaped end is turned towards the speaker, so as to
catch the waves of sound and direct them into the
tube of the ear by the pipe of the instrument.

10. The vibrations of sound in the air, entering the

What is the purpose of the outer ear? What is said of its shape,
and the irregularities on its surface? What is said of the ears of some
suimals ? In what way is the ear sometimes assisted !
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tube of the ear, strike upon a drum at the end of the
tube. This drum of the ear is a membrane fastened
to the bone, just as the drum-head of a conmon drum
is fastened to its wooden rim. The vibrations that
thus enter this tube as they strike the drum make it
to vibrate.

11. The vibration does not stop here. It is commu-
nicated to a chain of little bones on the other side of
the drum. The farther one of this chain of bones
rests on another membrane or drum. The vibration
is therefore communicated to this second drum. And
this drum covers an opening into some winding pas-
sages in solid bone. These passages are filled with a
fluid, and the vibration of the drum over the opening
makes this fluid to vibrate or shake.

12. The fine delicate fibres of the nerve of hearing
are in the midst of the fluid in the winding passages,
They feel the vibration of the fluid there, and an im-
pression goes by them through the trunk of the nerve
to the brain, and is received there by the mind. And
this completes the process of hearing. These winding
passages, where the nervous fibres are at their post
ready to feel the vibrations that come there, are the
real Aalls of audience, as we may call them. T will
now describe some of these parts more particularly.

13. The little bones in the ear are four in number.
They are connected together, and are commonly
spoken of as a chain of bones. In Fig. 72 they are re-

Upon what do the waves of sound entering the ear sirike? Trace
the transmission of the vibration ioward from the drum of the ear,
Where are the fibres of the nerve of hearing, and how are they affected
What completes the proeess of hearing ?
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presented separate and considerably magnified, so that
you can see their shape distinctly. They are named
from their shapes. They are the Aamaner, m ; the
anvil, ¢, the round bone, o, the smallest bone in the
body ; and the stirrup, s. The Fio. 2.
long handle of the hammer; ;
h, is fastened to the middle of
the drum of the ear, and its
blunt end fits on to the anvil.
The little round bone is fixed
between the slender end of
the anvil and the top of the stirrup. And the bottom
of the stirrup presses upon the second drum of the
ear. In Fig. 73 you have a repre- Fic. 73.
sentation of these bones, together with
the drum of the ear. When the vibra-
tion of sound comes to these bones,
the hammer receives it first and it
passes to the anvil, then to the little
round bone, then to the stirrup, which communicates
to the drum that is over the opening to the winding
passages.

14. In Fig. 73 is represented, much magnified, the
shape of the winding passages, which I have told youn
are in solid bone. The middle part of it, », is the
vestibule, or common hall of entrance to the passages.
From this go out on the upper side the semi-circular
canals, @, Y, z, and on the lower side the passages of
the cochlea, k. At o is the opening into the vestibule

Deseribe the little bones of the ear. In what order does the vibra-
tion of a sound pass through this chain of bones ! Describe the winding
passages.
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Fic. 7. that is covered by the se-
cond drum. This drum, you
will remember, is pressed
upon by the stirrup-bone.
At ¢ is another opening,
which is also covered by a
membrane or drum. The
cochlea is called so because
it is shaped like a snail’s
ghell. It is most curiously
arranged, having two spi-
‘ral passages, each taking
two turns and a half around
a pillar in the middle. This part of the ear represented
in this figure is called the labyrinth, because the
winding passages are so complicated.

15. Having thus noticed the different parts of the
apparatus Df hearing, let us look at it altogether, as
represented in a map of it in Fig. 75. At abc is the
external ear; at d is the entrance to the tube of the
ear f; at ¢ is the drum of the ear. At % is the cavity
beyond the drum where the chain of bones is, the
bones being left out that the arrangement of the appa-
ratus may be more clear to you. At £ is a tube
which comes from the back part of the throat to this
cavity., If you shut your mouth and close the nostrils
with your fingers, and then force the air strongly
from your chest into the mouth, you can feel the air
pass throngh this tube into the ear where the little
bones are. At/ is the vestibule of the labyrinth ; at

E——— —

Why are the winding passages aallf d the ]aby:auth? Deseribe the
various parts of the ear as represented in Fig, 75,
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Fisz. 75.

m are the semi-circular canals; at » is the cochlea;
at o is the trunk of the nerve of hearing as it goes to
branch out in the labyrinth; and at ¢ ¢ is the bone in
which the labyrinth is inclosed.

16. I will now describe to you the process of hear-
ing, tracing its successive steps by means of the map
of the apparatus. The vibrations or waves of sound
go into the tube of the ear, ¢ f, and strike on the drum,
g, making it to vibrate. This vibration is communi-
cated to the chain of bones in the cavity, A The
last bone in vibrating shakes the little drum that co-
vers the opening into the winding passages, / m n.
This sends a vibration throughout the fluid in all these

Trace the proecess of hearing in its suecessive steps on this map of
the apparatus. -
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passages. 'The nervous fibres scattered through this
fluid feel the vibration, and the trunk of the nerve, o,
passes on the impression to the mind in the brain.

17. Observe that there are five different vibrations
in succession before the nerve of the ear is reached—
the vibration of the air, in the tube of the ear, f—of
the drum, g—of the chain of bones in the cavity, A—
of the little drum over the opening into the winding
passages—and lastly, of the fluid-in these passages.
Every time that a sound is heard, these vibrations fol-
low each other, in the order that I have mentioned.
It seems a long process, as it is deseribed, but it takes
but an instant. And in hearing one speak, how rap-
idly does one vibration follow another, and yet how
distinet the different vibrations are as one sound sue-
ceeds another. The successive vibrations can be
exceedingly rapid, and yet be entirely distinet. You
can observe this in the rapid strokes of some kinds of
machinery. You can observe it also, as you strike as
rapidly as you can with a stick upon anything. For
every blow of the stick you have the succession of
vibrations that I spoke of in the first part of this par-
agraph. And you cannot strike fast enough to make
the vibrations mingle together,

18. I have described hearing as it commonly
occurs. DBut, as I have already told you in § 6, sounds
do not always go in through the tube of the ear.
They sometimes get to the winding passages by
another way; as for example, the sound of the watch

How many different vibrations ave there for every sound? What is
sald of the distinetness and rapidity of the vibrations as they follow
each other ?
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when placed between the teeth. In such a case, there
are not so many changes in the vibration as when we
Lhear in the common way. There are only three
vibrations to follow each other for every sound, viz.,
the vibration of the teeth, that of the bones between
the teeth and the winding passages of the ear, and
that of the fluid in these passages.

19. You see, then, by such cases that there can be
hearing without using the drum of the ear or the
chain of bones. Indeed these parts may be destroyed,
and yet if the winding passages are not at all injured,
the person can hear, though of course not as well as
when the apparatus is all there. The winding pas-
sages, the halls of audience, as I have called them, are
then really the essential part of the apparatus. And
so long as the vibration of sound can in any way reach
the fluid in them, and shake it so that the fibres of the
nerve shall feel it, there will be hearing. But if the
fluid be in any way let out of these passages there
will be no hearing, although the drum of the ear and
the chain of bones may be in perfect order, and may
vibrate regularly to the sounds that come into the
tube of the ear. The vibration in this case will stop
at the stirrup-bone, and will not reach the nerve.

20. This innermost and most important part of the
apparatus is very securely guarded from injury. The
winding passages are inclosed in the hardest bone in
the body. Itisso hard that it is called the pefrous
or rock-like bone.

-

May sounds be heard in some other way than through the tube of
theear? What is the most important part of the apparatus of hearing ?
Explain in full. How are the winding passages guarded from injury ?

Qi
i
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21. The outer passage into the ear is well gunarded,
and in rather a singular way. DBesides the hairs that
are in the tube, which serve to catch particles that
may fly in, there is also a waxy substance secreted
there. And this substance, though it is so different
from anything else in the body, is, like everything
else, made from the blood. It is made by some very
small glands situated in the lining of the tube. It is
very bitter, and the odor of it serves to keep out small
insects which might otherwise creep or fly in. It
answers this purpose so well, that although the tube
is always open, it is quite uncommon to have an insect
get into the ear. And when one does, it becomes so
enveloped in the wax that its struggles can do but lit-
tle harm. Commonly the insect soon dies—perhaps,
in part, from the bitter dose which he is obliged to
take.

22. I have thus, in this and the previous chapter,
treated quite fully of two of the senses. Of the other
senses I have spoken incidentally in other parts of the
book. The organs of the different senses differ from
each other, as they are fitted to inform the mind of
the different qualities of things around it. For exam-
ple, the organ of smell is very different from the
organ of hearing. IFine particles pass from bodies
that give out an odor; and these, coming in contact
with the nerve spread ouf in the nose, make an im-
pression, which is transmitted by the nerve to the
brain. DBut in hearing, no particles from the sound-
ing body come in contact with the nerve. A mere
shaking or vibration goes through the air to the drum

How is the tube of the ear guarded? Give the difference stated
between the organ of smell and that of hearing ?
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of the ear, and is passed on from this through the
chain of bones to the finid that surrounds the fibres
of the nerve of hearing.

23. In the sense of faste, the particles of the sub-
stance tasted are commonly applied in a coarser way
to the nerve than in the sense of smell. In the sense
of touch, the substances do not, as in smell and taste,
come into actual contact with the nerves. They are
felt through the cuticle ; for this, as I have told you
in § 28, Chapter VI, is not sensitive at all; that is,
it has no nerves, but is only a soft delicate covering
to the very sensitive true-skin.

24. In regard to the sense of sight, we know not
what it is that enters the eye and pictures the images
of things on the retina. Light is now generally sup-
posed to be a vibration of an exceedingly fine sub-
stance, finer than air, which is thought to exist every-
where. The vibration of this substance, which is
called ether, is thought to be like the vibration of air
in sound. Like that, it goes in waves, in all direc-
tions, from where it begins. If light and sound are
thus only motions, they are in some respects dif-
ferent motions. They never interfere with each
other, though they are continually mingled together,
and cross each other in all directions. They differ in
one respect very much. Light isa much faster vibra-
tion than sound. If you look at a cannon fired at a
distance, the flash comes to your eye much sooner than
the sound comes to your ear. The same is true also
of the flash of lightning and its sound, the thunder.

—

e

——

What is said of the sense of taste? What of the sense of touch?
What is light supposed to be? What is said of the vibrations of light
and sound
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CHAPTER XII.

CONNECTION OF THE MIND AND BODY.

I mave already said much of the connection of the
mind and the body. I showed you in the chapter on
the Nervous System that this connection is main-
tained by means of the brain and the nerves. You
there learned, that all the knowledge which the mind
gets of the world around it comes from the senses by
means of the nerves; and also that the only way in
which the mind communicates its knowledge to others
is by means of the nerves that excite the muscles to
action. In the chapters following that on the Ner-
vous System, we considered the instruments by which
the brain and nerves operate in thus connecting the
mind with the world around it. These instruments
are the muscles and bones, and the organs of the
senses, the eye, the ear, the nose, the mouth, and the
skin. In this chapter I wish to carry you on a little
farther, and show you more than I have yet done in
regard to the manner in which the mind uses these
instruments by means of the nerves.

2. The mind is connected with every part of the
body. It therefore feels what is done to any part,
and it can move the muscles everywhere by willing to
have them moved. Dut the mind, though it is con-
nected with every part, is not in every part. If you
pinch your finger the mind feels it as readily as if it

et

Give the summary, in §1, of what has been already said in regard to
the connection of the mind and the body. How do you know that the
mind is connected with every part of the body ?
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were itself in the finger. So, also, it can move the
finger as easily as if it were really there among the
muscles.  DBut if the hand be palsied, feeling and mo-
tion are gone in the part; and yet the mind may be
active, and move other parts that are not palsied, and
feel what is done to them.

3. The mind, then, is not, as life is, all over the
body. It is in the brain. This is its central oflice,
the nerves being its communicating wires. We seem
to know very early in life that the mind is in the
brain. The child is conscious that he does his think-
ing in his head. But besides this consciousness, we
know some facts that prove that the mind resides in
the brain. Thus, if a man be knocked down senseless
by a blow on his head, the mind feels nothing, and
can move no part, because the mind’s organ, the brain,
is so much affected by the blow. He breathes still,
and his heart beats, because the mind, as you saw in
§33 in the chapter on the Muscles, does not control
these operations. If the blow break the skull, and the
broken part be pressed in upon the brain, the man
will not think, and feel, and move, until the surgeon
remove the pressure by raising the broken piece.

4. The brain is shown to be the organ of the mind
by the manner in which the mind is affected by dis-
ease in the brain. Fever causes delirium by disordering
the brain, and a violent inflammation of the brain pro-
duces fierce delirium. We sometimes see the mind
blotted out, step by step, by slow disease in the brain,

How do you know that the mind is not in every part? What is said
of the eonsciousness that the mind has its seat in the brainf What
fact ean you cite that proves that it has its seat there?
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so that the strong-minded man becomes gr adually like
an idiot.

5. You see, then, that the mind or soul, so long as
it remains in the body, is dependent upon the brain.
It can act only by means of this organ. If the brain
be disordered in any way, the mind acts in a disordered
manner. If the brain be much pressed upon, the
mind cannot think, nor feel, nor move any part of the
body. The mind is still there, but it is torpid. When
the pressure is taken off, it comes out of this torpid
state.

6. As the brain is the organ with which the think-
ing is done, we find that those animals that think
much have larger brains than those that think but lit-
tle. A frog thinks very little, and he has a small
brain. An oyster thinks still less, and it would be
hard to make out where his brain is. DBut such ani-
mals as the canary-bird, the dog, and the horse, that
know so much, have brains of considerable size. Man
has a larger brain in proportion to his body than any
~ other animal, because he has to think so much more
than other animals do. And men that think much
have larger brains than the stupid and ignorant.

7. The mind in the infant is feeble, just like its
body. It knows.but little. DBut as the body grows,
the mind grows also, and continunally adds to its know-
ledge. I wish to show you now /Aow it does this.

8. If you look at a very young infant, you will

see that it does not know as yet how to use its mus-
cles at all well. It moves its hands about awkwardly.
lluw does diseasze sometimes show that the mind resides in the brain ?

What is sm | of the size of the brain in different animals and in mau?
What is said of the mind of the infant ?
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It cannot even hold any thing in them. It does
not use its eyes well. It cannot turn them so as to
look directly at any thing, but they roll about in
their sockets irregularly. It does not see any thing
clearly.

9. The mind, you see, then, has to learn to use its
instruments, the senses and the muscles. And the
more it learns how to use them, the more knowledge
it gets of the world around it. It learns, for example,
to use the muscles and the nerves of touch, so as to
know hard things from soft, rough from smooth, &e.
In these ways it is continually learning more and
more about the world of things with which it is sur-
rounded.

10. In learning to use the senses, the mind makes
one sense help another. Thus, the child sees a thing
held before it, but as he reaches out his hands to touch
it, it is plain that he does not know at first how far off
it is. DBut after a while, by touching it again and
again, he knows where it is. That is, by his sense of
touch he corrects the report which the sense of sight
makes to his mind. He makes many such corrections
every day, and after awhile becomes able generally to
estimmate at what distance objects are the moment he
looks at them. Just so the infant has to learn to use
its ears as well as its eyes. It knows nothing at first
of the direction of sound, or of the distance from
which it comes.

What is said of the use which the infant makes of the museles and
the senses? What is said of its learning to use them ? Illustrate the
fact that the mind makes one senge help another in learning to use the
senses !
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11. It i1s a long training that the mind has to go
through in learning to use the muscles. The hand of
the infant is of little use at first, but after a time he
learns to hold things in it. And from this the mind
goes on to use the muscles of the hand more and
more, till, in some cases, as in the skilful engraver or
penman, it acquires wonderful gkill in the movement
of these muscles. The child learns to perform many
different motions before he comes to try thaf very
general motion of the muscles of the body, creeping.
And then, in learning to walk, all the muscles that
move the body, the head, the legs and the arms, are
exercised in balancing movements, day after day, for
a long time, before he can acquire such skill in the
use of the muscles as to walk off readily and with
scarcely thinking of what he is doing.

12. In learning to talk and sing, the mind learns
how to use muscles, just as in learning to walk. These
are nicer and more difficult operations, and so it takes
the mind longer to learn them than tolearn to use the
muscles in walking. Especially is this true of learn-
ing to sing. The mind is obliged to practice a long
time on the muscles of the larynx, in order to use
them skilfully in singing.

13. In training the muscles of the voice in speaking
and in singing, the ear acts as the teacher. It is only
by the hearing that we know that we make the right
sounds. When the child begins to talk, he makes
various trials of the sounds that he wishes to utter, his

What is said of the time required for learning to use the musecles?
What is said of learning to talk and sing? Why does it take longer to
learn to do these than fo learn to walk ?
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ear all the time listening, that his mind may know
when he utters them correctly. So, when one is learn-
ing to sing, the ear listens to inform the mind when
the note is properly sounded. In learning both to
talk and sing, the ear is thus continually correcting
the mistakes which the mind makes in using the mus-
cles of the voice.

14. So necessary is the ear in the training of the
muscles of the voice, that these muscles are never
used in a child that is born deaf. In almost all the
deaf and dumb there is no defect in the organs of the
voice. The apparatus is all there—the articulating
parts, the tongue, palate, &e., the larynx with its vocal
ligaments, and the musecles that tighten them, so that
they may vibrate, and the muscles of the chest that
force out the air to strike upon them. And the mind
has its nerves running from the brain to all parts of
the apparatus. But the mind does not work the appara-
tus, or play on the instrument, as we may say, simply
because it has no guide in doing it. There being no
hearing, the mind has no means of knowing when the
richt sound is uttered, and therefore it utters none.
The deaf and dumb are dumb because they are deaf.

15. If a child, instead of being born deaf, becomes
deaf while it is learning to talk, he will remember the
motions of the muscles of the voice by which he
uttered some words, the names of common objects,
such as hat, watch, &e. He can therefore pronounce
these words, but he does it very awkwardly, because
there is no hearing to guide the voice.

“What acts as the teacher in learning to talk and sing? Ilustrate
this. What is said of ihe deaf and dumb? What is eaid of children
that become deaf and dumb while learning to talk ?
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16. I have thus told you how the mind uses the
muscles of the body. It is a very complicated ma-
chinery that the mind works. There are over four
hundred muscles in the body, and the mind works
them by a multitude of nerves that go from the brain
to them. ;

17. Observe, now, that the mind in most cases
knows nothing about all this machinery of the mus-
cles. ~ Your mind wills that your hand be raised, and
it is instantly done. You may not know what muscles
do this, and if you do you cannot perform the motion
any better than if you did not know. The anatomist
that knows the names of all the muscles, and under-
stands how they are arranged, cannot use them any
better than those who know nothing about this. The
skilful balancer would not be any more skilful, if he
had all the knowledge which the anatomist has. The
famous singer could not sing any better if he should
know how the little muscles in his throat work in pro-
ducing the different notes.

13. When man works any machinery that he has
made, it is necessary that he should understand its
various contrivances. Thus, the sailor cannot guide
the ship unless he knows all about its rigging. But it
is not so, as you have seen, with the machinery that
the mind works in the body. The mind does not
look at the hundreds of muscles that it works, as the
sailor looks at the various ropes with which he man-

What is said of the museular machinery that the mind works ¢ How
much does the mind know about this machinery # Could it work any
better if it knew all about it? State the comparison given in regard to
machinery made by man,
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ages his vessel. And when it wishes to perform any
motion, it is not obliged to consider what muscles it
must put into action. It simply wills that the motion
shall be done, and instantly something, we know not
what, goes along a multitude of nerves to a multitude
of muscular fibres, and they contract just enough to
perform the motion.

19. For every different motion a different message,
as we may call it, is sent along the nerves. If you
raise your hand, a message is sent through the nerves
to the muscles that doit. Now, if you raise it again,
but in a little different manner, a little lower or
higher, or a little more to one or the other side, a lit-
tle different message is sent along the nerves to those
muscles. And the same can be said of the muscles
of any other part of the body. You see, then, that
while any machinery made by man can perform but
a few motions, this machinery of the muscles can
perform motions of any variety.

20. I have already spoken of the variety of mo-
tion that the muscular machinery can perform, in the
chapter on the muscles, § 12 and §13, and therefore
will not dwell on it here. For all this variety there
is a corresponding variety in the messages or impres-
sions sent from the mind to the muscles. Even when
the muscles only vary in the degree of their action,
for every different degree there must be a different
message. Thus, if in playing on a piano, you press

What iz said of the different motions performed by muscles? Illus-
trate by referring to the hand. What is said of the great variety of
musenlar action. Illustrate this variety as produced by varying the
degree and the direction of the action of muscles ?
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on the same key twice in the same way, except that
you vary the degree of pressure, two different mes-
sages are sent to the muscles that make the pressure,
telling them in each case how hard to press. Much
more, then, must the messages of the mind to the mus-
cles vary, when their action is not only varied in de-
gree, but in derection also, as when the hand moves
from one key to another in playing on the piano.

21. In the chapter on the Muscles you saw that
generally many muscles act together in producing
any motion. For the different motions of any part,
then, there must be a vast variety of messages sent
along the nerves of the muscles in that part. You can
get some idea of this variety, if you move your hand
about in as many different ways as you can think of]
remembering what a number of muscles there is at
work while you are doing this.

22. In estimating the variety of the messages sent
to the muscles, you are to remember that a separate
message 1s sent to every fibre of a muscle by its little
nervous tube, as mentioned in § 9, in the chapter on
the Nervous System. How wonderful it is, that in
all this multitude of messages that are sent to the
fibres of the muscles, there should commonly be no
mistake in any of them. In every motion each fibre
gets its message correctly, and acts in obedience to it.
You will realize how wonderful this is, if you turn
back to the chapter on the Muscles, and read again

What is said in §21 of the variety of messages sent by the nerves to
the muscles of any part? What are you to remember in estimating
this variety # What is very wonderful in regard to this?{
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all that I say there of the variety there is in the action
of the muscles.

23. When the muscles in different parts of the
body are at work at the same time, in some general
movement, the variety of messages that go to and
from the brain is inconceivably great. When one is
walking, for example, the mind continually sends a
multitude of messages to all the muscles that together
perform this general motion of the machinery. At the
same time there are messages going to the brain from
some of the organs of the senses, perhaps from all of
them. But the variety in the messages is more strik-
ing when different motions are performed in different
parts of the body. Observe one who is playing on a
parlor organ, and at the same time is singing. Mes-
sages are sent in this case to many different parts for
different purposes—to the muscles of the tfoot that work
the bellows—to the muscles of the arm and hand and
fingers in playing on the keys—to the muscles of the
eves in moving them to look at the notes—to the
muscles of the vocal ligaments in making the different
notes—to the muscles of the throat, lips, &ec., in arti-
culating the sounds—and to the muscles of the chest
in forcing out the air through the windpipe. While
all this is going on, the ear is listening to discover if
there be any error in the sounds, the eyes are looking
at the notes, and the sense of touch is guiding the
muscles of the hand in regulating the degree of press-
ure on the keys of the organ. That is, while messages

What is said of the variety of messages that go along the nerves
when one is walking? In what cases is this variety most striking?
Give the illustration.
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are going from the mind with such rapidity and va-
riety to the muscles of the foot, the hands, the eyes,
the throat and the chest, messages are coming 7o the
mind from the ears, the eyes and the fingers, The
communications of the mind with the different parts
of the body are in such a case numerous and compli-
cated beyond conception.

24. I have thus shown you how the mind makes
use of its instruments, the organs of the senses and
the muscles. I have spoken of them as the machinery
of the mind, and you have seen that these instruments
contain mechanisms that are more perfect and beauti-
ful than any that man ever constructed. Youn have
seen that the body is mostly a collection of machinery
for the mind to use, and that the purpose of those
parts which the mind does not use is to build those
which it does use. The object of one portion of the
machinery of the mind, the organs of the senses, is, as
you have seen, to enable it to gain a knowledge of the
world around it. The object of the other portion of its
machinery, the muscles, with the.parts that they
move, is to use this knowledge gained by the senses in
making impressions upon the things and beings with
which it is surrounded. It works with the muscles,
and with them communicates its knowledge to others.

25. This machinery of the mind is fitted for our
present state of being. But this life is short. This
body, with all its ingenious and beautiful contrivances,
is to be dwelt in and used by the mind but a short
period of time. In the life which follows, its ever-

e ——— —

Give the summary in §24. What is said of the instruments which
the mind will use in another life?
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lasting life, it is to have, as the Bible tells us, a better,
a glorified body. It will, therefore, have better in-
struments to use then than it has now, and so will be
able both to kuow more and to do more than it can
in its present state.
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4 I} .Buffwns SE?‘EES of Works.

DESCRIPTION OF THE SERIES.

I.—Practical Lessons in English Grammar.

This little book contains a brief synopsis of the leading prin-
ciples of English Grammar, every part of which is illustrated by
a great variety of exercises, of the simplest character, adapted to
the capacity of pupils at an early age. New edition, revised and
improved.

II.—The Principles of English Grammar.

This work is intended as a School Grammar, for the use of
classes pursuing this branch of study in the common schools, or,
of the junior classes in academies. It embraces all that is important
on the subject, expressed with accuracy, brevity and simplicity,
and is peculiarly adapted to the purposes of instruction in publie
schools,

ITL.—Introduction to the Analytical and Practical Grammar.,

This edition has been prepared expressly to serve as an intro-
duction to the * Analytical and Practical Grammar of the English
Language.” The definitions and rules are the same throughout as
in that wm-k and are arranged in the same order.

IV.—The Analytical and Practical English Grammar,

This work, designed for the more advanced classes in schools
and academies, is prepared on a more extended plan than the pre-
ceding, though not essentially different from it. The arrangement
{except in syntax), the definitions and rules, are the same, but with
much greater fulness in the illustrations and exercises, intended to
lead the student into a thorough and critical acquaintance with the
structure and use of the English language.

V.—Ezxercises in Analysis and Parsing.

This little work consists of selections in prose and poetry from
standard writers, so arranged as to furnish a convenient and pro-
gressive course of exercises in Analysis and Parsing, in every
variety of style, with snch cccasional references to the grammars
as are deemed necessary to explain peculiar or difficult construc-
tions. To this is prefixed directions for the analysis of sentences,
and models both of analysis and parsing.

VI—The Principles of Latin Grammar.

This work is npon the foundation of Adams’ Latin Grammar,
20 long and favorably known as a text-book, and combines with all
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that is cmullunt in that wm'L many important eorrections and im-
provements, sugraested b‘ 8 1‘J-1|1Jeu wiiters, or the result of the

author’s own reflection and observation, durmg many years, as a
classical teacher.

VII.—Jacob’s Latin Reader, with Latin Idioms.

This work forms a sequel to the Grammar, and an introduetion
to the study of Latin classic authors. It begins with a series of
simple and plain sentences, mostly selected from classic writers, to
exemplity and illustrate the leading construction of the langnage,
followed by Reading Lessons, of pure and simple Latin, chiefly
narrative, by which the pupil, while he becomes familiar with the
construetion of the language, is also made acquainted with many
of the most prominent characters and mythological fables of an-
tiguity, as well as with the leading events of Roman history.
Throughout the work, references are ennanamlv inade, at the foot
of the | page, to the Grammar and Introduetion, ‘when necessary to
explain the constrnetion, or assist the pupil in his preparations.

VIII,—First Lessons in Greek.

This work is intended chiefly for those who begin the study of
Greek at an early age; and for this reason contains only the out-
lines of Grammar, expressed in as clear and simple a manner as
possible. It is complete in itself;, being a Grammar, Exercises,
Reading Book, and Lexicon, all in one; so that the pupil, while
studying this, needs no other book on the subject. The knowledge
acquired by the study of this work will be an important prepara-
tion to the young student for commencing the study of Greek
Grammar with ease and advantage,

IX.—The Principles of Greek Grammar.

This work is intended to be a comprehensive manual of Greek
Grammar, adapted to the use of the younger, as well as of the
more advanced students in schools and colleges. Both in Ety-
mology and Syntax, the leading prineciples of Greek Grammar are
exhibited in definitions and rules, as few and as brief as posgible,
in order to be easily committed to memory, and so comprehensive
as to be of general and easy application. This work is now more
extensively used than any other of the kind in the country.

X.—Greek Reader, with Greek Idioms.

This work, like the Latin Reader, is properly a sequel to the
(GGreek Grammar, and an introduetion to the study of the Greek
classic authors. It seeks to accomplish its object in the same way
as the Latin Reader. (See above, No. VIL) With these are con-
nected
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QPE\ CER'S LATIN LESSONS, with exercises in parsing, intro-
duetory to Builions’ Latin Grammar.

In this series of books, the three Grammars, English, Latin,
and Greek, are all on the same plan. The general arrangement,
definitions, rules, &e., are the same, and expressed in the same
Innouagce, as nearly as the nature of the case would admit. To
those who study Latin and Greek, much time and labor, it is be-
lieved, will be saved by this method, both to teacher and pupil.
The a =v1lnfvv and peculmr:tle-. of the different langnages being kept
in view, will show what is ecommon to all, or pecull i to e,-‘u:sh ; the
confusion and difficulty unneecessarily oceasioned by the use of
element ry works diifering widely from each other in lanzuage and
structure, will be avoided, and the progress of the student rendered
much more rapid, easy, and satisfactory.

No series of Grammars, having this objeet in view, has here-
tofore been prepared, and the arh"mta"ea which they offer cannot
be obtained in an equal degree by the study of any other Grammars
now in use. They form a ﬁufnplLte course of elementary books, in
which the substaice of the lafest and best Grammars in each hn-
guage has been compressed into a volume of convenient size,
beautifully printe:dl on superior paper, neatly and strongly bound,
and are put at the lowest prices at which they can be atforded.

The elementary works intended to follow the Grammars—
namely, the Latin Reader and the Greek Reader—are also on the
SAME PLAN; are prepared with special references to these works,
and contain a course of elementary instruction so unique and
simple, as to furnish great facilities to the student in these lan-
guages.

*

X1 —Cesar's Commentaries on the Galliec War.

In this work the plan of the Latin Reader is carried on through-
out. The same introdnciion on the Latin idioms is prefixed for
convenience of reference, and the same mode of reference to the
Grammar and introduction is continved. The Notes are neither
too meagre nor too voluminous. They are intended not to do the
work of the student for him, but to direct and assist him in doing
it for himself. It is embellished with a beautiful Map of Gaul and
several wood-cuts, representing the engines of war used by the
Romans.

XII.—Cicero’s Select Orations.

With Notes critical and explanatory; adapted to Bullions’
Latin Grammar, and also to the Grammar of Andrews and Stod-
dard. This selection contains the four orations against Catiline,
the oration for the poet Archias, for Mareellus, for Q Ligarius, for
king Diotarus, for the Manilian law, and for Milo. The Notes are
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more exte nﬂeﬂ than those in Cuesar's f_‘ ymentaries, especially in
historical and archsological notices, necessary to exg:l un the allo-
sions to persons and events in which the orations abound ; a know-
ledge of which is indispensable to a proper understanding of the
subject, and to enable the student to keep in view the train of ar-
gument pursned. In other respects, the proper medinm between
too much and too little assistanea has been studied, aud constant
reference made to the Grammar, for the explanation of common or
diificult construections.

XIII.—Sallust's Catiline and Jugzurtha.
On the same plan. The text of -this edition of Sallust is that
of C. G. Zumpt, as given in “Chambers’ Educational Course,”
This series will be continued.

X1IV.—Latin Exercises.
Adapted to Bullions’ Latin Grammar.

The publishers ref r with great satisfaction to the distinguished
names of some of the bestinsuruetors and edueators of the present
aze, whose names are appemlui who have long used some or all of
Dr. Bullions’ books, and who have recommended them either in
whole or in part.

NOTICES.

“ Bullions’ books, by their superior arrangement and accuracy,
their completeness as a series, and the references froim one to the
other, supply a want more perfectly than any other books have
done. Thu bear the marks of the instructor as well as the
scholar. It requires more than learning to make a good school-
book.” Professor C. 5. PENNEL,

Antioch College, Olio,

Dr. Nott, LL.D., N. Y.

Rev. Dr. Potter, LL. D., Pa.

Dr. Beck, LL. D., N. Y.

Dr. Proudfit, LL. I} N. Y.

Jozeph ‘nd-.m-rml .
R. M. Brown, N. ‘1

W. E, I’ieree* Ohio.

H. E Whipple, Mich,
A. MeDougall, N. Y.
M. P. Covert, N. Y.

J. F. Cady, R. L

M. G. McEKoon, N. Y.
J. W. Allen, N. Y.

B. Wileox, N. Y.
Salem Town, LL. D.
W. W. Benjamin, N, H

A. H. Lackey, Pa.

Prof. B. M. "".IucrlL [11.
J. E. Lattimer, N. II
B. P. Aydelott, Ohio.
'W G. l:lrlnm‘ CUhio.

8, MeCormick, Ohio.
chj:u].lin smith, N, Y.
M. Clanchy, Pa.

D. G. Frazer, N. Y.

W. 8. Boyart, Florida.
R. McMurray, Ohio,
Rev. Z. 8. Barstow, N. IL
M. Carpenter, N, H.
Thomas Leouard, Tenn.
John Kelley, Pa.

A. Holmes, N. Y.



8 Dr. Bullions' Series of Works..

Jas. E. Lattimer, N. H. E. J. Avery, Mass,
John Trembly, Ghio, Prof. H. Wheeler, Ind.
F. Crafts, Mass Prof. J Towler, N. Y.
C. Walker, Mass, W. L. Nicholas, Ohio,
A. Smyth, (J'mu Rev. George Loomis, Del
W. B. Bunnel] Y J. Reid, R. L

R. D. Van KIELL, R. I: W. E. Todd, N. H,

Jas, J. Helm, N. J. R. W. Finley, Mo.

Jos. J. Fravelli, Pa, Robert Thomson, N. Y.
R. H. Bishop, Ohio, David Parsons, Ohio,
B. C. Ward, Pa. Izaac Booth, Pa.

O. I1. Druminond, Ohie, J. A. Goodwin, N. Y.
Rev. J. McC fmlev Va. 0. L. Leonard, Ky.
Wm. M. Russell, Mage, E. C. Boyle, Ohio.

D. Harnris, N. J. M. H. Patten, Mo.

J. P. W. Jeuks, Mass. A. C. Roe, Conn.

A. Mong, Pa. Lewis Bmdlm, a.
Joel Whitney, N. Y. Chﬂ,rlea. A. Lord, Mo.
Lewis Vail, Pa, tev. AL A lewnmre N. H.
. L. Hazeltine, D. D., 8. C. Pliny Fisk, N. Y.

E. D. MebMaster, Ohio. Lyman Hm‘dmp; Ohio,
L. Strong, N. Y. Wm. Jones, Oregon.

And others from all parts of the Union.

From the Southern Repertory and College Review, for
December, 1852,

“ Bullions’ Series of Grammars and Elementary Classies, throngh the
kindness of the publishers, have been placed upon our table.  Although
we have been familiar with some of Bullions’ books for years, we have
not had until now the opportunity of examining the entire series of
grammars. This examination we have made with much pleasure, which
increased as we progressed. We think that these books ought to be in-
troduced into our primary schools, academies, and EUHE‘”‘E*-; forthwith,
even to the exclusion of others, which were good ‘in their day, but
11.'111{:!1 have got behind the times. Every teacher has E"“I“*“e““e{l the
inconvenience, and every student has felt the embarrassment, arising
from a Lhanﬂ'e of text-books from one author to another, on the same
subjeet. I'Iue_ principles may be ever the same; but E‘mh author has
his own mode of e‘:ljlf'“if)'] and illustration—each has his plan.

““ In the series one uniform plan is pursued through the grammars
of the English, Latin, and Greek languages. The young beginner who
masters ilm [’1 achdl Lessonsin Entrh-,h Gl ammar, is not {:rnl'l,r prepar ed
for the Analytical and Practical Gmmmm and the still higher Exercises
in Analysis and Parsing, but can take lmll of the Latin and Greelk
Grammars, with a good knowledge beforchand of the plan to be pur-
sned. We are for Bullm 15" boolks, as well as for some others, which we
hope hereafier to notice, issued from the press of those excellent book-
makers, Farmer, Brace & Co., late Pratt, Woodford & Co.”
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I use Bullions’ works—all of themm—and consider them the best
of the kind that have been issued in this or any other language.
If they were universally used we would not have so many super-
ficial scholars, and the study of the classics would be more likely
to serve the end for which it was designed—the strengthening and
adorning of the mind. J. B. Troxpsox, A. M.,

late Rector of the Somerville Classical Institute, N, i

Within the last few meonths, Dr. Bullions’ English Grammar
has been introduced into the Public and many of the Private
Schools, the Latin School, the English High School, the City Nor-
mal School, of the city of Boston ; Normal Schools of Bridgewater
and Westfield ; Marlborough Academ y; cities of Salem, Newbury-
port, &c., Mass;, Ports movth and several academies in New
Hampshire; and re-adopted in Alhan:f and Troy, New York,
They are used in over seventy academies in New York, and in
many of the most flourishing institutions in every State of the
Union.

Cooper’s Virgil, with Ensglish Notes.—(2 00.)

Having examined the Rev. J. G. Cooper’s edition of the w orks
of Virgil, I have no hesitation of giving my opinion, that the plan
which he has pursued is execellent, and the execution highly eredit-

able to his talents and scholar bhlp Such a work will greatly
fncilitnte the study of the poet, on the part of the youthful learner.
It will give him a correct idea of the meaning of the author in the
more difficult passages, and by its copious notes upon ancient his-
tory and mythology, will enable him to relish beauties that are
now rarely pereeived in the early course of elassical instruetion, I
have no doubt but that its appearance will be welcomed by the in-
telligent and discerning, as a publication admirably adapted to en-
list the feelings and stimulate the application of youth, in the
elementary schools of our country.
GeorceE P. Craryax, D. D,
Jormerly of Pennsylvania University.

Similar opinions have been expressed by the following literary
and scientific gentlemen:

James Ross, LL. D., John T. Kirkland, D. D.,
James Renwick, LL. D, Henry Ware, D. D.,

W. C. Wyatt, D. D, John 8. J. Gardner, D. D,
William Harris, D. D, Wm. Rafferty, D. D.,

John Bowden, D. ., Edward bp*ul-.a, M. }}.,
Janmes Kemp, D. D, E. D. Barry, D. D,

Gideon Blackburn, D. D., Prof. J, 5. Klugal&y, Yale Col.

And many others,
1‘.&
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A L‘umpa,ra.tlve English-German Grammar,—($1 ﬁﬂ)
Buased on the affinity of the two languages, by Prorw, Erias PEISSNER,
late of the University of Munich, now of Union College,
Schenectady.

From the New York Churehman,

Of all the German Grammars we have ever examined, this is
the most modest and unpretending—and yet it contains a system
and a prineiple which is the life of it, as clear, as practical, as effec-
tive for learning Grammar as any thing we have ever seen put
forth, with so much more pretence of originality and show of phi-
losophy. In travelling from England to Germany, a man might
commence his journey in England: he must first pass through
those parts which lie most contiguous to the land to which he is
going; he should cross the separating line at the point or points
where the two adjacent countries have most features in common,
and Lis first explorations in the new land will be in those quarters
which remind him most of the scenes and associations from which
Le is departing. This is the pervading principle of the Grammar
before us, and, truism as it may appear, it contains the secret of
the easy acquisition of a foreign language, especially one that has
many affinities both in words and idioms to our OWII,

The principle on which this book is grounded gives it a strong
claim to every teacher through examination, It will be tmmd
too, we think, that the author has not only presented a new idea
of much interest in itself, but has admirably carried it out in the
practical lessons and exercises of his work.

From Professor J. Foster, of Schenectady.

I have examined Prof. Peissner’s German Grammar with some
attention ; have marked with interest the rapid advancement of
students here using it as a text-book, and have myself carefully
tested it in the instruction of a danghter eleven years of age. The
result is a conviction that it is most admirably adapted to secure
easy, pleasant and real progress, and that from no other work
which has come under my notice can =o satisfactory a knowledge
of the language be obtained in a given time,

From the Albany Morning FEapress.
This is one of the very best treatises of its kind now extant.
Those who are acquainted with the science and practice of lan-

guage will need but a simple statement of some of its points, in
order to appreciate its superior merit.

From the Schenectady Feflector,

It seems to us to meet more successfully than any other Gram-
mar, the case of those who desire an accurate knowledge and prac-
tice of the German language, through a method at once easy, rapid,
and scientific,
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PROF. J. B. DODD’'S MATHEMATICAL SERIES

COMPRISES—

An Elementary and Practical Arithmetic, . : . 3045
High School Arithmetic, . ’ : s . ) 0 84
Elements of Algebra, . : ; : : . . . 084
Hizher Algebra, 2 : . . : : : : 150
Key to Algebra, . : : : - ‘ ; . : 84
Elsments of Geometry, . ; 2 : : : : 100

These Arithmetics are believed to be unrivalled in the follow-
ing particulars:

1. The philosophical acewrateness with which their topies are
arranged so as to show the mutual dependence and relationship of
tlieir subjects.

2. The seientific correctness and praetical convenience of their
greatly improved nomenclature,

8. The elear and conecise manner in which principles are stated
and explanations are given,

4, Brevity and eompleteness of rules,

5. The distinetness with which the true connection between
Arithmetic and its cognate branches is developed.

6. The excellent and thorough intellectual discipling super-
induced.

RECOMMENDATIONS.

From R. T. P, Allen, Superintendent of Kentucky Military
Lnstitute.

“Upon a careful examination of a manuseript Treatise on
Arithmetic by Prof. Dodd, I find it greatly superior to all others
which have coimne under iy notice, in system, completeness and
nomnenclature. The arrangement is natural, the system complete,
and the nomenclature greatly improved. Zhese improvements are
not slight ; they are fundamental—eminently worthy the attention
of the Mathematical Teacher, and give a character of unity to the
work, which at once distinguishes it from all others on this subject.

““ | believe it admirably adapted to the purposes of instruction;
in fuet, by far the most convenient and usable book for teacher and
pupil { have yet met with ; and will, with great pleasure, adopt it
in the Institute, and recommend its adoption by all.”

From John DBreeklesby, A. M., Prof. of Mathematics and Natural
Plilosophy, in Trinity College, Conn.

“ From a careful examination of the Arithmetic of Prof. Dodd,

I have been led to entertain a favorable opinion of the work. Itis
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philosophieal in its arrangement, and exact and clear in its rules
and explanations. The examples are such as to bring the mind of
the pupil into active exercise. I should select this book to place
in the hands of a child in preference to others npon the same sub-
jeet which have obtained a wide-spread circulation.”

From W. H. Du Puy, Teacher in the English and Normal
Departments of the (fenesee Wesleyan Seminary.

“ My attention was recently called, by Prof. Whitlock, to
Dodd’s Arithmetic. Upon examining it, I find it to be superior to
any other with which I am acquainted; and I design to introduce
it, as soon as I may, into both the English and Normal Depart-
ments of our Seminary.” Lima, N. Y.

Concurred in by Prof. WHITLOCK.

The work is now used there, with great satisfaction.
May, 1853.

From the Associate Principal of Mount Palatine Academy.

“T have examined Dodd’s Arithmetie, and am fully persnaded
that it is superior to any other with which I am acqguainted. I
could speak in detail were it necessary; but all that is required
to establish its reputation and introduction, is to have it known by
Teachers.” C. M. WrieHT, Inst.

From the Faecully of Rock River Seminary.

“ Upon an examination of Prof. Dodd’s Arithmetic, we have
come to the eonclusion that ifs superior arrangement, the elearness
of its rules and explanations, and ils Limproved nomenclature, entitle
it to the careful consideration of the Mathematical Teacher: that
these improvements distinguish it from all others that have come
under our notice. We therefore give it our cordial approbation,
and shall introduce it immediately into our Seminary.”

D. J. Pincexey, Principal.
5. M. Fervows, Prof. of Mathematics,
SILAS SEARLE, Prof. of Languages.

“ Dodd’s High School Arithmetic is better adapted to supply the
wants of High Schools and Academies than any other Arithmetic
which I have ever met. His rules are plain, concise, definitely
stated, and fully illustrated with examples.”

G. M. BARKER,
Baldwin Institute, Ohio.

“I have Dodd’s Higher Arithmetic, and unhesitatingly pro-
nounce it the best work for advanced classes I have ever seen.”
M. 8. LiTTLEFIELD,
Grand Rapids, Mich.
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Similar testimonials have been received from the f'o]]uwu o
gentlemen whose names are attached, in favor of one or both these
Authmetms

H. A. Wilson, Jonesville.

R. 8. Thurmer, Ind.

A. P. Chute, Mass

Rev. J. A. McCanley, Va.

W. Spindler, Ohio.

J. W. P. Jenks, Mass,

Rev. W. L. Harris, Wesleyan
University, Ohio.

A. K. sSlade, Mass,

W. P. Clark, Mich.

James Camphbell, Ohio.

W. W. Howard, Ky.

W. B. Slaughter, Pa.

W. A, Bacon, Mich.

L. Dickerman, N. H.
J. G. Hoyt, do.
M. L. Brown, N. Y.
W. E. Pierce, Ohio.
N. T. Allen, Mass.
N. MeDougall, N. Y.
A, Woeod, Maine.

J. R. Art, Indiana,
Al Murae, Nantucket.
G. C. Merrifield, Ind.
T. A. Benton, Ohio.
Isaiah Dole, Maine.
J. Estabrook, Mich.
J. Towler, N. YV

Rev. George Loomis, Delaware, M. F. Cowdery, Sandusky, Ohio,
C. B. Crump, N. Y.

Prof, Dodd’s Algebras have receivel the most flattering enco-
miums from teachers who have used them in the school-room.
They are, probably, the most clear and eomprehensive works on
Algebra in print,

TESTIMONIALS.

We have introduced Dodd’s Algebra into the Genesee Wes-
leyan Seminary, as a permanent text-book.,
Prof, W. H. D Puy.

Dodd’s Algebra possesses excellencies pertaining to no other
work. R. H. Moorg, Il

I am much pleased with Dodd’s Algebra, and will introduce it,
Rev. J. A. McCaxcEY, Va.

I use Professor Dodd’s Algebra, and shall continue it as our
regular text-book. Osoar Harris, N. J.

Froim Pror. A. L. HayivroN, Prest. of Aundrew College.

I have examined with some care Prof. Dodd’s Elements of Geo-
metry, and, so far as I am capable of judging, I conceive if to he
in man_*,' respects decidedly the best work of the kind extant. For
simplicity, exactness, and completeness, it can have no superior.
Like his Arithmetic ‘and Algebra, in many important particulars,
his Geometry stands pre-eminent, and alone.

A NEW COMMON SCHOOL ARITHMETIC, By Pror. Dopbp,
is in press,
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Schell's Introductory Lessons in Arithmetic,—($1 00.)

Designed as an introduetion to the study of any mental or written
Arithmetie. It contains a large amount of mental questions, toge-
ther with a large number of questions to be performed on the
slate; thus combining mental and written exercises for young be-
ginners, This is a very attractive little book, superior to any of
its‘class. It leads the pupil on by the easiest steps possible, and
yet insures constant progress.

RECOMMENDATIONS.

I have carefully examined the manuseript of * Schell’s Intro-
ductory Lessons in Arithmetie,”” and am convinced that it is alto-
gether superior to any text-book of the kind with which I am ac-
quainted. It is peculiarly adapted to the wants of beginners, the
language being simple, the definitions clear, the examples easy, and
the transition from one subject to another gradual and natural.
I cannot too much commend the system which the author has
adopted throughout, of fully illustrating every principle as he ad-
vances, by numerous mental and written exercises, rendering
thereh}' one rule perfectly fauulmr before he passes to the next.

It is unnecessary to do more than to ask the attention of teachers
to this work; they cannot examine it impartially without being
convinced of its superior merits, It will, no doubt, become one
of the most popular of school-books. -

GEo. PAYNE QUACKENBOS,
Rector of Henry st. Grammar School, N. Y.

I wish to introduce Schell's little Arithmetic. Itis just the
thing for beginners. Send six dozen. J. Margnam, Ohio.

I am highly pleased with Schell’s little book, and shall use it.

. O, \[FRRIFIEID, Ind.

Schell’s little book for children is a beau-ideal of my own, and
of course it suits. D. ¥. DEwoLF, Ohio.

The School Committee have adopted Schell’s Arithmetic for
our public schools, Send us three hundred.

D. G. Herrrox, Sapt, Schools, Utica.

An Intelleetual and Practical Arithmetie—(%0 25);

Ory First Lessons in Arithmetical Analysis. By J. L. Exos,
Graduate of the N, Y, State Normal Sehools.

The same elearness and conciseness characterize this admirable
book that belong to the works of Prof. Dodd. The natural ar«
rangements of the text, and the logical mode of solving the ques
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tions, is a peenliar and important feature belonging to this book
alone,

e —

RECOMMENDATIONS.

I have examined with care and interest, Enos’s Mental Arith-
metic, and shall introduece it at once into tlre Academy.
Prof. C. M. Wricnr.
We have examined an intellectual Arithmetie, by J. L. Enos,
and like it much. We shall immediately use it in our school.
Prof. D. I. PrxcENEY,
8. M. FeELLows,
S, SEARLE,
Rock River Seminary,

Having used Enos’s Mental Arithmetic in my school, I believe
it to be superior to all other works of the kind.
W. Bamey, N. Y.

—_—i i ————

Whitloek's Geometry and Surveying,—($1 50.)

Is a work for advanced stndents possessing the highest claims upon
the attention of Mathematical Teachers. In comparison with cther
works of the kind, it presents the following advantages:

1. A better connected, and more progressive methed of geo-
netrizing, caleulated to enable the student to go alone,

2. A fuller, more varied and awvailable practice, by the intro-
duction of more than four hundred exercises, arithmetical, demon-
strative and algebraical, so choszen as to be serviceable rather than
amusing, and so arranged as greatly to aid in the aequisition of the
theory.

3. The bringing together of such a body of geometrical know-
ledge, theoretical and practical, as every individual on entering into
active life demands,

4. A system of surveying which saves two thirds the labor re-
quired by the ordinary process.

This work is well spoken of universally, and is already in use in
some of the best institutions of this country. It is recommended
by Prof. Pierce, of Cambridge; Prof. Smith, of Middletown; Prof.
Dodd, of Lexington, and many other eminent mathematicians.

From E. M. Morsg, Esq:—I consider that I have obtained more
mathematical knowledge from Whitlock's Geometry, than from all
other text-books combined. Unlike too many treatises of a similar
nature, it is eminently calculated to make mathematicians,
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Prof. Palmer’'s Bookkeeping,—($0 67.)
KEY AND BLAKES,

This excellent book is superior to the books generally used:
because

1. It contains a large number of business blanks to be filled by
the learner, such as deeds, mortgages, agreements, assignments,
&e. &e.

2. Explanations from page to page, from Article to Article, and
to settle principles of law in relation to deeds, mortgages, &e., &e.

3. The exercizes are to be writften out, after being caleulated.
In other works the pupil is expected to copy, merely.

RECOMMENDATIONS.

Josepa H. ParMEr, Esq.;

Sig,—It has afforded me pleasure to read younr excellent
Treatise on Bookkeeping. The Perspicuity of its style is admirable,
and with its peculiar arrangement, with references and laconic defi-
nitions, makes it at once inealuable to the young accountant, as a
primary and practical work on the most approved method of keeping
acconnls, Hiranm Dixon,

Acecountant at Adams & Co., 16, 18, 19, Wall st.

Similar testimonials have been received from the teachers of the
Free Academy, and others, N. Y.

Horace Webster, LL. 1. N. W. Starr, Principal Ward
J. J. Owen, D. D. School No. 29, N. Y.
. B. Docharty, LL. D, J. E. Whitehead, Prinecipal
J. T. Bentdice, A. M. Ward School No. 23, N. Y.
J. Graef Barton, A. M. J. J. Anderson, Plluu!m,l Ward
D. Cartledge, Sehool No, lb N.
A. H. Wheeler. L. Hazeltine, Punulml Ward
W, Palmer, School No. 14, N. Y,
IJ. K. Bull, S.  Reynold, Principal Wil-
S. Kendall. liamsburgh Grammar School,
.Jr: weph Keen, "‘::uL::ei ‘'nt Com. N X.
=chools, N. e City. A. Mareceilus, Principal Wil-
J. J. Doane, Principal Ward liamsburgh Academy.
School No. 20, N, Y. H. D. Woodworth, Principal
Thos. Faulke, Principal Ward Ward School No. 2, N. Y.
No. 30, N. Y.
e iy ol f——— — ———
Dr. Comstock’s Series of Books on the Sciences, Viz. :
Introduction to Natural Philosophy. For Children. . $042

System of Natural Philosophy, \ewl} revised and enlarg ged
including late discoveries, : 1 00



Clomstocl’'s Series. 17

Elements of Chemistry. ..:luhlljtt}d to the present state of the

Seience, : " " : . , 1 00
The Young Bntamst New edltlun 0 50
Elements of Botany. Including Vegetable Pln smlns:v and a

Deseription of Common P]"lllt:: With Cuts, : I 25

Ouatlines of Physiology, both Comparative and Hmnfm ’lc}
which is added QUTLINES OF ANATOMY, excelleut for
the general scholar and ladies’ schools, . ! 0 80

New Elements of Geology. Highly Ijimtmted 1 25
Elements of Mineralogy. Illustrated with nuwerous Cuts, 075
Natural History of Birds. Showing their Comparative Size.

A new and valuable feature, : ; : ; : 0 50
Natural History of Beasts. Ditto, 0 50
Natural History of Birds and Beasts. Ditto. Cloth, 100
Questions and Iilustrations to the Philosophy, 0 30

All the above works are fully illustrated by elegant cuts,

The Philosophy has been republished in Scotland, and trans-
lated for the use of schools in Prussia. The many valuable addi-
tions to the work by its transatlantic Editors, Prof. Lees, of
Edinburgh, and Prof. Hoblyn, of Oxford, have been embraced by
the author in his last revision. The Chemistr v has been entirely
revised, and contains all the late discoveries, together with methods
of analyzing minerals and metals. Portions of the series are in
course of publication in London. Such testimony, in addition to
the general good testimony of teachers in this eountry, is sufficient
to warrant us in saying that no works on similar subjects can equal
them, or have ever been so extensively used. It is a remarkable
faet, that when interested persons have attacked these works, and
succeeded in getting in their own, a little time has dissipated the
mist, and they kave found their way back again. A new edition
of the Botany, with an enlarged Flora, is just ready.

RECOMMENDATIONS.
John Griscom, LL. D N. Y. A. C. Wright, D. C.
W. H. Seward. A, MeDougald, N, Y.
W. T. Bonte, Canada. G. C. Merrifield, Ind.
R. M. Brown, N. Y, Rev. J. P. Cowles, Mass.
A Wood, N. J. M. E. Dunham, N. Y.
M. P. Covert, N. J. J. M. Stone, N. H.
B. Hallowell, Va. W. R. White, Va.
A. L. Smith, Va. A. F. Ross, N. Y.
A. H. Drummond, Ohie. T. Valentine, Albany,
W, W. Benjamin, N. H, E. P. Freeman, *
T. 8. Bt 11‘@1 L. 8. Parsons, *

S, Steele,

The sale of 500,000 ecopies of the Philosophy would seem to
render notices superfluous,
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Human Physiology.—(51 25.)

Designed for Colleges and the Higher Classes in Schools, and for

General Reading., By WortmiNgToy Hnm{ER, M. D., Professor

of the Theory and Practice of Medicine in Yale Col ege.
Lllustrated with nearly 200 Engravings.

This is an original work and not a compilation. It presents the
sibject in a new lnrlnt and at the same time embraces all that is
valuable for its purpose, that could be drawn from the most emi-

nent sources, The highest encomiums are received from all quar-
ters; a few are 5uhj0'1nf3ﬂ.

Hooker’s Physiology was duly received. We propose to adopt
it as a text-book, and shall order in the course of a fortnight.
Alexandria High Sehool, Va. Cares J. HaLLOWELL.

We can truly say that we believe this volume is of great value,
and we hope that the rare merits of the diligent author will be
both appreciated and patronized.

Boston Medical and Surgical Journal,

Dr. Hooker writes with perspicuity, explains difficult points
with simplicity, and adapts the subjeet well to school instruction
and general reading. American Journal of Seience and Arts.

Here is the remedy for a want which is so evidently a want,
and that now we have it supplied, it seems an absurdity to have
lived on wanting it. The present work is a popular treatise, at-
tractive enough £0 be re: ul, and with compass enough to allow the
author's ie111htv of illustrative anecdote to come into play. There
is no need of commending the work to the attention of a com-
munity where Dr. Hooker is so well knowz as he is among us.

Norwich Courier.

I am ready to pronounce it ungualifiedly the most admirable
book or work on the human system that has fallen under my
notice, and they have not been few, If any one desires a complete
and thorough elucidation of the great science discussed, they can
nowhere be better satisfied than in the perusal of Dr. Hooker’s
most excellent work. B. F. TEwkssUry, Lenozville, Pa.

AN INTRODUCTORY WORK ON HUMAN PHYSIOLOGY,
by Prof. HooKER, is in press.

Elements of Meteurelegg —(%0 75.)

Designed for Schools and Academies. By Joux Broogersey, AN,
LProfessor of slathematics and Natural Philosophy in Trinity
College, Hartford,

The subject of Meteorology is of the deepest interest to all. Its
phenomena every where surround us, and ought to be as familiarly
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known by the scholar as his arithmetie or philosophy. This work
treats on * Winds in General, Hurricanes, Tornadoes, Water Spouts,
Rain, Fogs, Clouds, Dew, Suuw, Hail, lhunder-storma, tainbow,
Haloes, Metmutes, Northern Lights, &e.

TESTIMONIALS,
From Denison Olmsted, LL. D., President of Yale College.

“1 have perused your work on Meteorology, which yon were
so kind as to send me, and am much pleased with the manner in
which you have treated these subjects ; the selection of topics being
in my view judicious, and the style luminous, and well adapted to
readers of every age, whether learned or unlearned.

“ I should rejoice to see such a school-book introduced into all
our schools and academies. No natural science is more instructive,
more attractive, and more practically useful, than Meteorology,
treated as you have treated if, where the philosophical expla-
nations of the various phenomena of the atmosphere are founded
upon an extensive induction of facts. This science is more par-
ticularly interesting to the young, because it explains so many
things, that are daily occurring around them, and it thus inspires a
taste for philosophical reasoning. I think the work cannot
%ﬁl ktu be well received as a valuable addition to our list of text-

ooks.

From J. L. Comstock, M. D., Author of Natural Philosophy,

Chemistry, Bﬂttf?hj:, {rﬁﬂlﬂgj, Mineralogy, and Physiology.

“* Professor Brocklesby, of Trinity College, has submitted to my
perusal a ‘ Treatise on Meteorology,” written by himself, and with
the arrangement and science of which I am much pleased. The
‘Professor wishes to have his treatise published as a school-book,
and, considering the interest which the several subjects it em-
braces excites in the minds of all, both old and young, rich and
poor, I see not why such a book, when once introduced, should not
have a large circulation. I see no reason why Meteorology, in
many respects, has not as many claims as a sehool-book as Chem-
istry or Natural Philosophy. Indeed, I should like to see Pro.
fessor B.s book introduced into schools as-a companion of my
Philosophy.”

Recommended also by

P BexJs. Smumaxw, LL. D,
iev. T. H. GALLAUDET,
Rev. Horace HooKER,
vev. CHAS. A. GoobDRricH,

This work has proved highly satisfactory in the sclivol-room;
and is now the established text-book in a very Jarge number of our
best high schools and academies, where the natural sciences are
taught
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VIEWS OF THE MICROSCOPIC WORLD.—($1 12.)

Designed for General Reading, and as a Hand-book for Classes in
Natural Seiences. By Prof. BrockLESBY.

By the aid of a powerful microscope, the author has given us
highly instructive accounts of fanfusorial Animalenles, Fossil In-
Jusoria, Minute Aquatic Animals, Structure of Wood and Herbs,
Crystallization, parts of Insects, de., de.

To those who are necessarily deprived of the aid of a miero-
scope, and even to those who have it, this is a most valuable work.
It is clearly and pleasantly written. The sections on the Animal-
cules, Infusoria, and Crystallizations, are very beautifully illustrated
with large and expensive plates, The decriptions of the differént
kinds of these wonderful listle animals, many of which multiply by
millions in a few hours, are really very instructive. There is no
better school library bock in the world. It should be read by
every man, woman, and child.

—— =i e e s

PROF. BROCKLESBY'S ASTRONOMY.—($1 25.)

This work is printed in the first style of the art, being amply
illnstrated ; and the approval bestowed upon it by the most com-
petent judges is such as to entitle it to the careful examination of
- teachers.

.—_._._.__‘....._*—.

J. Olney’s Geographical Series,
Comprises the following Works :

Primary Geography. With Colored Maps, ; 4 : &0 25
Quarto Greography. With several New Maps. . . : 075
Cieography and Atlas. Do, do. g : : 100
Outline Iviaps. : : : . . . . ; i 6 00

It is believed these works excel all others, for the following
reasons :
The clearness and correctness of definitions,
The gradual arrangement of subjects.
Unity of design marks the series.
The use of initial letters only.
The fact that children delight in them.
Their cheapness.

The attention of teachers, whose range of subjects includes
geography, is respectfully and particularly called to Mr. Olney’s
Geographical Works. These works, more especially the School
Geography and Atlas, have been in use for several years, and so far
as the publishers have been able to ascertain, it is the general testi-

D S 8910 -
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mony of teachers that the * Praectical xs!'em n::rf 1"lJ:nzjlﬂlt:"l'l Geo-
graphy ? is the best work for practical use that has ever appeared.
But rec :nt works have been puf forth, elaiming to be made upon
superior prineiples, and modestly intimating that all previous stand-
ard works are so inferior in construction as to render them de-
servedly obsolete. Indeed it is elaimed that there has been no ad-
vance in geographiecal text-books for many vears, until suddenly a
new Daniel has come to judgment. In looking mref‘uﬂy over the
recent inprovements so boastfully claimed, we are unable to dis-
cover any which have not been Ellbﬂtﬂlltlﬂ"]? drawn from Olney’s
Geographies,

M. Olney commenced the plan of simplifying the first lesson
and teaching a child by what is familiar to the exclusion of astron-
omy. He commenced the plan of having only those things repre-
sented on the maps which the pupil was required to learn. He
originated the system of classification, and of showing the govern-
mult religion, &ec., by symbols, He first adopted the system of
carrying the ]mml over the earth by means of the Atlas. His
works first contained cuts in which the dress, architecture, animals,
internal improvements, &e., of each cmmtry are grouped, so as to
be seen at one view. His works first contained the world as
known to the ancients, as an aid to Ancient History, and a synopsis
of Physical L—:qurﬁpny with maps. In short, we have seen no
valuable feature in any geography which has not or iginally ap-
peared in these works; and we think it not too much to claim
that in many respects most other works are copies of these. We
think that a fuir and candid evamination will show that Olney’s
Atlas is the largest, most systematic, and complete of any yet pub-
lished, and that the Quarto and Modern School Geographies con-
tain more matter, and that better arranged, than any similar works,
The attention of teachers is again called to these works, and they
are desired to test the claims here asserted.

TESTIMONIALS.

From President Humprreys, D, D., dmherst College.

Mr. J. Orxev.—Dear Sir, I have examined both your improved
School Atlas and Modern System of Geography with more than
ordinary satisfaction. Your arrangement of topics appears to me
better adapted to the comprehension of the child, and to follow
more closely the order of nature, than any other elementary sys-
tem of the kind with which I am acqguainted. Instead of having
to encounter the diagrams, problems, and definitions of Astromony
as soon as he opens his Geography, the young learner is first pre-
sented with the elements of the science in their simplest and most
attractive forms. Iis ecuriosity is of course awakened. That
which would otherwise be regarded as an irksome task, is contem-
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plated with pleasure. The opening mind exults in the exercise of
its faculties, and in the ease with which it every day gathers new
intellectual treasures. The constant use which you ollige the
child to make of his Atlas, I consider of a great advantage, and
the substitution of initials for the names of countries, mountains,
rivers, &c., a valuable improvement. There is, moreover, a con-
densation of matter thronghout, combined with a eclearness and
simplicity which cannot fail, I think, of being highly appreciated
by all enlightened and judicious teachers. Your method of desig-
nating the length of the principal rivers is extremely simple and
convenient,
From the Connecticut Mirror.

As an elementary work, we certainly never have seen any of
the kind that will compare with it. Simplicity is its leading fea-
ture, and instruction its real object. It is adapted to the hnmblest
capacity, and may be studied in connection with the Atlas, almost
as advantageonsly by children as by those of a maturer age. We
are not acenstomed to speak in terms of praize of every new
school-book which appears, for it is countenancing the praciice
of taxing parents, no matter how heavily, for the sake of chanyge.
But in the case of Mr. Olney’s Geography, we are so well satisfied
that it is just what is wanted in our common schools, that we
really account it our duty to aid in introducing it.

I have long thought Olney’s Geography and Atlas a first-rate
school-book, and the publishers of it have certainly given to it an
attractive appearance to the teacher and pupil. I have nsed it, I
think, nearly ten years of my teaching, and alicays found the suc-
cessive editions reliable for accuracy, and well up to the times,

M. F. CowDERyY,
Supt. Schools, Sandusky,

Similar memorials have been received from the following gen-

tlemen :

Salem Town, LL. D. F. A. Brigham, Il
Pres. Lord, N. H. E. P. Barrows, N. Y.
Pres. Bates, Vt. P. Hardy, N. H.
Robert Vaux, Penn. R. 8. Howard, biass.
M. L. Brown, N. Y. E. Kingsbury, *
M 8. Hawley, Mich. E. Hall, Vt.

J. 8. Dickson, Mich. A. K. Slade, R. L

N. Brittan, N. Y.
J. N. =mith, lowa.

T. S. Bradley, Ohio,

A. D Wright,. *
N: 5. Scott, N. Y.

Isaac Clufton, IIL

J. Alwood, N, Y.

J. Estabrook, Mich.
A. D. Sturtevant, Ill.
A "l.'i-ildl.'i', o
R. C. Corey, Ark.

C: B. Crumb, N. Y.

And over 500 others.
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The Students® Series.
By J. S. Deruaxw, A. M.

The Students’ Primer, : ; ; : T
L i Spelling-boolk, : ) . 13
“ @ First Reader, : ; R 1
i i€ Second « : . . 25
“ L Third 3 . . : . 40
b “ Fourth . ; . 75
o o Fifth s 3 : . 94
i ik Speaker, . ! : > 31

This series of books excels all others in the following particu-
lars:

1. In the manner of teaching the alphabet and first principles
of Reading, as shown in the Primer, Speller, and First Reader,

2. In the beantiful classification and arrangement of the Speller,
by which pupils are easily tanght to spell and pronounce words
correctly. By the aid of suffixes and prefixes, they learn to form
derivative words, and may obtain at the same time a correct
knowledge of their signification.

3. The child is taught to read by beginning with words of one
and two letters, and advancing gradually to longer words,

4. The Primer is so arranged that each word is used in spelling
before used in the Reading Lessons,

5. The First Reader contains lessons of one syllable, composed
of natural objeets, such as birds, flowers, shrubs, &e., that greatly
interest children,

6. The same class of lessons in all the readers.

7. The lessons are peculiarly interesting and instructive.

8. The relation of one book to the other is very regular and
systematie,

9. The judicions use of plates to embellish the books and illus-
trate the text.

10. A judicious use of Questions, not so profuse as to embar-
rass the pupil, nor so few as to prevent the teacher from asking
them.

11. The Print is very distinet and clear, from the large type in
the Primer gradunally diminishing to the common, ordinary type in
general use.

12, The variety of style, and the variety of subjects.
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13. The adoption of Webster’s Royal Quarto Dictionary as a
standard in spelling,

14, In the sound moral tone pervading the whole series. No
extracts from novels—no low and wvulgar language has been al-
lowed to blacken their pages.

The Author was for a time the Editor of * The Student,” and
in that first produced the system on which these Readers is founded.
It received such high encomiums that the Author thought best to
reproduce it in book form for schools. Hence the series of Stu-
dents’ Readers. Prof. Page, late Principal of the New York State
Normal School, said of this system, * [t is the best I ever saw for
teaching the first principles of Reading.” Such testimony is of the
highest value, and none need be afraid to use the books on such a
recommendation.

We present a very few names of the great number which have
been received. '

RECOMMENDATIONS.

The Students’ Series is, in my opinion, the best in use. I believe
a class of young students will learn fwice as much, with the same
labor, as they would from any other system. The books of this
Series excel in the purity and attraction of their style. I have in-
troduced them. C. B. Crums, N, Y.

I am so well pleased with them, and find them so well adapted
to the wants of children, that I am determined to have them.
H. H. SexrEr, fI1.

The Students’ Series I think to be far superior to any extant.
S. O. Smoxps, L1,

Your Students’ Speller has been adopted by the School Board
of this city. J. R. WeBB, Indianapolis,

I like your Students’ books well, and shall introduce them,
Rev. M. S. HawLey, Mich.

I shall introduce the Students’ Speller. Send me several dozen.
O. A. ArcuER, Albany.

I think more of the Students’ Reading Books than any others
with which I am acquainted. Ira SAvLEs.

I will do all T can to introduce the Students’ Series of Books,
believing them to be the best for schools of any before the public.
J. L. Exos, Wis,
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I am highly pleased with the Students’ Series, and shall use my
exertions to introduce it as fast as possible.
J. MERRIFIELD, Ind
Concurred in by Geo. C. MerrIFIELD, { "%

We use the Students’ Books, and shall use no others,
E. LAHE, T\ B

I use the Speller. It is just ¢he book.
W. Al Jamzs, Ga.

I am using the Students’ Readers, and like them so well that I
urged their introduction at Monroeville, where they are now used.
D. F. Deworr, Nerwalk.

I have used the Students’ Speller, and am greatly pleased with

it. The Readers are excellent. N. B, BAREER.
We are using the Students’ Series, and like it better than any
other. A. PortER, N. Y.

We use, and admire the Students’ Series.
J. PooLEg, W, Y.

I have examined the Students’ Readers, and shall introduce

them, P. J. FARRINGTON.
We like the Students’ Books much. The Board has adopted
them. E. B. Coox, Covington, Ky.

I have adopted the Students’ Speller.
Oscar Harris, V. J.

We have adopted the Students’ Series because we like it better
than any other, A. L. Bixanan, Mich.

Your Students’ Books are introduced here, and are well liked.
Prof. H. WHEELER, Greencastle, Ind.

We have adopted the Students’ Speller.
Dr, J. Nionoras, Kirtland,

The Board of Education has adopted the Students’ Speller.
Send us five hundred. E. A. SaELpon, Syracuse.

il
-

Kirkham's Elocution.

This iz one of the best Elocutions ever printed. It contains a
varied and interesting selection of very useful matter, carefully ar-
ranged. It is a standard work, and now used in some of the best
schools in the country ; amnng which are the Normal School,
Philadelphia; Lower Canada College ; Toronto Academy, &c.
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Rev. T. H. Gallaudet’s School and Family Dictionary.

Is a work of inestimable value to the young learning to write com-
positions. It has received the approbation of such men as

Joux A. Dix, Giprox HawLEy,
Rev. W. B. SPrAGUE, A. C. Fraecs,
A. CRITTENDEN, S, STEELE.

.

Olney’s National Preceptor. A Reader and Speaker, : . 63

Greenleaf’s Grammar Simplified, : : - : - 35
Bentley’s Pictorial Spelling Book, - g - . 15
Southern Flirst Class Book, . . . F . . 75
L Second Class “ : : : i : - . 38
= Third Class : 2 : . . - . 25
“ Fourth Class : . : . - . 12
Robinson’s History of England ; ; : . . 90

Groldsmith’s Greographical View of the Worlﬂ ; ; . 90

LR

All these works are made in very neat and durable style, and
are sold as low as a moderate remuneration will allow. Copies
supplied to teachers for their own use at one-fifth off from the
retail price, and postage paid. Large Institutions are furnished
sample copies without charge.

FARMER, BRACE & Co.,
No. 4 Cortlandt street, New York.
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