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PREFACE

FroM a considerable experience with both very elementary
and more advanced classes, the author has been led to certain con-
clusions in regard to the teaching of elementary physiology and
hygiene. It is not proposed to enter here into a discussion of
the correctness of these conclusions, but a brief statement of a
few principles that seem fundamental may perhaps be allowable.

The chief object of teaching physiology in the public schools
is to train the pupils to keep their bodies in health. The mere
teaching of anatomy and physiology will not accomplish this, for
the pupil cannot master the structure and workings of the body
in a way that will enable him to frame the laws of health and
apply them. Neither can the desired end be reached by teach-
ing rules of health without an anatomical and physiological
basis ; for without such a basis, hygiene is an intangible and an
elusive subject. The author has therefore concluded that a
conservative middle course is wiser than either of the extremes
of method mentioned above. An elementary text in physiology
should be a dalanced text, containing sufficient anatomy to make
clear the broader outlines of the structure of the human body,
enough physiology to make plain the great laws according to
which the body lives, and a full discussion of how a violation of
these laws may be avoided.

For the introduction of certain new matter, as, for example,
the cell idea, the work of enzymes, and matter relating to germ
diseases, there is little need for explanation. The groundwork
of physiology and pathology has in recent years so shifted and
extended. itself, that the subject-matter of an elementary course

must to a considerable extent be altered if it is to furnish a
iii



iv PREFACE

proper basis for hygiene. The importance of teaching the
known facts in regard to parasitic diseases and of training
American citizens to apply measures for the prevention of these
diseases, is now recognized, and the reason for the rather full
treatment of communicable diseases will be understood.

One other point in connection with the teaching of physiology
has constantly obtruded itself upon the writer. This is the age
of science, but instead of teaching elementary science in our
public schools, we are teaching unrelated fragments from differ-
ent parts of the field of science. Physiology more than any
other subject is the people’s science, and it should be related to
the nature study and the agriculture of the public school course.
In a few places in this book an attempt has been made to lead
the pupil into some of the byways that connect his physiology
and nature study, and special emphasis has been given to cer-
tain facts that are necessary to an understanding not only of
physiology, but of other subjects in the public school curriculum.

For counsel and very great assistance during the preparation
of this text, the author must thank his friend, ‘Professor J. S.
Caldwell of Peabody College for Teachers. He is also under
obligation to Mr. J. C. Freeman, who made the calculations for
the table on pages 350-351; and for many suggestions and cor-
rections he is indebted to the following persons: Dr. William H.
Park, Research Laboratory of New York City; Dr. F. H. Pike,
University of Chicago; Dr. O. P. Jenkins, Stanford Univer-
sity ; Dr. C. M. Hazen, Medical College of Virginia; Dr. E. G.
Williams, Virginia State Board of Health; Dr. S. O. Mast,
Johns Hopkins University ; Dr. J. A. C. Chandler, Virginia
Journal of Education; Professor C. W. Hetherington, Univer-
sity of Missouri; Miss Virginia Jones, Williamsburg, Virginia,
Public Schools; Edward Hughes, Stockton, California, Public
Schools; and W. I. Chapman, Natick, Massachusetts, Public
Schools.
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INTRODUCTORY

Dip you ever get up in the morning and find that all the
world seemed bright? And did you ever get up on another
morning and find that all the world was dull? Do you
remember how on the one morning you sang over your work
and ran on your way to school? And how on the other
morning you blundered and fretted over your work and did
not care to play? On the one day you were so happy that
every one was pleased to see you. On the other day you
were not a pleasant companion for any one. On the one
day the world seemed a beautiful place, and work was easy.
On the other day all the world was dull, and every task was
hard and disagreeable.

Why were you happy and joyous one morning and misera-
ble and unhappy the next? Why did you cheerfully do your
work one day and hate the same work the next day? Was
it money, clothes, or education that made you happy? Was
it a lack of them that made you unhappy ? All these things
are important, but there is something else much more im-
portant than all of them, — something that causes happiness to
bubble up within you no matter what the world is like; some-
thing that keeps the heart beating strong with hope, and
makes you laugh at hard work ; something without which all
the wealth of the world cannot make you happy, and with

which any sound-minded person can lead a useful and a
1



2 INTRODUCTORY

successful life. 7hkis something that can so change all the
world for you is the health of your own body.

It is not possible for every one to-be always in perfect
health. Sickness is bound to come to some of us, for there
are many things about the human body that we still do not
understand and there are certain ailments that as yet we have
not learned to escape or cure. It is possible through the
knowledge that we now have, however, to be set free from
the greater part of the sickness that at present burdens us.
In this book we shall, therefore, study the human body and
how to keep it in health.



CHAPTER 1

THE HUMAN BODY A COLONY OF CELLS

WHEN you view a brick house from a distance you do not
see the bricks of which the house is built; but if you look at
the house through a telescope or come close to it, you see
clearly the bricks in the walls of the house. The house which
from a distance appears to be one object is seen to be com-

[

FIG. 1. Cells. A is a single cell as it appears under the microscope; B is a cell
showing that it has length, breadth, and thickness; and Cis a group of cells. A cell
found alone usually has a somewhat spherical shape, as shown in 4. When cells grow
in groups they press against each other and usually have an irregular shape, as shown
in C.

posed of a great number of smaller objects built together to
form one whole.

The human body is composed of many small parts called
cells. 'When we look at the body we cannot see the cells;
but when a small portion of flesh or skin or other part of the
body is examined under the microscope, the little parts which
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make up the body can be distinctly seen. As the walls of the
house are built of bricks, so the human body is built of cells.

The Cell. A cell is a small portion of a transparent,
jelly-like material called prozoplasm.! Usually a cell has a
thin wall about it, so that it is like a little sac filled with a
clear, half-liquid substance. In each cell is a nucleus, which
is a denser portion of the protoplasm. Both the nucleus
and the less dense material? around it take in food and
grow ; both of them are alive. Taken together they are the
protoplasm, the living substance of the cell.

Living Things composed of Cells. As a heap of sand is
composed of small grains, so are living things composed of
very tiny cells.2 Every blade of grass, every weed, every
flower, and every tree is made of cells. Every animal,
whether it be large or small, whether it live in the water, on
the land, or in the air, is composed of cells. Dead materials,
like earth, stones, water, and air, are not made of cells, but
there is nothing living that is not composed of cells.

How Cells are formed. The ancient Egyptians thought
that crocodiles and frogs came from the mud of the river
Nile, and a great Grecian philosopher believed that insects
sprang from the dew. A wise old German once told the
people how mice could be created from wheat and stagnant
water. Two hundred years ago, it was commonly believed
that maggots came from meat and cheese, and that worms,
insects, snails, and eels came out of decaying matter and

11n the back of the book the pupil will find a glossary that gives the pronun.
ciations and meanings of many of the more difficult words.

2 The lighter portion of the protoplasm is called cytoplasm.

8 A few cells, for example, a frog’s egg, are large enough to be seen with the
naked eye. In general, however, cells are very small; so small that it would
require twenty-five hundred cells from the human body to make a row an inch
long.
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mud. Fifty years ago, many physicians and other scientific
men believed that disease germs and other little microbes
were formed from unclean and decaying matter, and many
persons still think that this is true.

We know now that all these ideas are incorrect. All living
things, from the smallest germ to the greatest whale, are
made of cells, and a cell can come, not from dead matter,
but only from another living cell.

FIG. 2. Cell division. The nucleus of the cell divides and part goes to each end
of the cell. A wall is formed across the cell, dividing it into two parts, each of which
is a cell. All new cells are formed in this way.

The nucleus of a cell divides, and part of it goes to each
end of the cell. Then a wall forms across the cell, and
divides it into two parts. Each part is a new cell with its
own nucleus, and each part grows as large as the parent
cell. All new cells are formed in this way. “Every cell
comes from a cell.”

One-Celled and Many-Celled Animals. In a drop of stag-
nant water many hundreds of little animals may sometimes
be found,—animals so small that you can see them only
with a microscope. One of these little animals has only one
cell in its body. The animal is a single cell that swims
about alone and lives by itself. When this cell divides, the
two new cells separate, and each one forms a new animal.
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The bodies of all the larger animals (for example, the
body of the chick in an egg) begin with a single cell, but
when this cell divides, the new cells do not separate, like
those of the one-celled animals. The cells remain together
and keep on dividing and dividing until, in the body of a
large animal, like a man, there are millions and millions of
cells, — more than you could count in many years. The

FIG. 3. A one-celled animal dividing. This cell swims about in the water by
means of small hair-like cé/ia which beat the water. When it divides, the new cells
separate instead of remaining together as they do in the many-celled animals.

difference between the little one-celled animals and the larger
many-celled animals is therefore this: in one-celled animals,
the cells separate after they divide and each cell lives alone.
In the many-celled animals, the cells remain together after
division, and live in a great colony.

Your body, therefore, is a great colony of cells, and each
cell in it corresponds to an entire one-celled animal. You
might almost think of yourself as made up of a great com-
munity of little animals, yet this idea would not be wholly
correct. The cells of our bodies have learned to live to-
gether. They would die if separated. and it takes them all
to make one complete animal.
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Different Kinds of Cells do Different Kinds of Work. The
single cell of a one-celled animal must do many different
kinds of work to live. It has no hands to get food for it,
no teeth to chew the food, and no stomach to digest it. It
has no lungs to breathe in oxygen, and no kidneys to throw
off its poisonous wastes. It lives all alone, with no other
cells to help it, and it must do everything for itself. Each
cell in the human body has the same needs as the little
animal cell which lives alone. Each must have food, must
get oxygen from the air, and must get rid of its poison-
ous wastes. Many of our cells are shut up in the center
of the body, where they can get neither food nor oxygen for
themselves, and their waste matter would poison both them-
selves and their neighbors if there were not some way of
getting it entirely out of the body. Each cell cannot
take care of itself, as does the little animal in the drop of
water.

You can easily see how much it would be to the advantage
of all the cells in the body for each one to give up trying
to do everything for itself, and for all of them to unite and
work for the good of the whole community. This they have
done. They have divided the work, and
each cell has taken for its own some special
task. The cells of the stomach digest the
food; the bone cells build up a strong frame-
work to support the body ; the muscle cells N Cellsom
move the body; the kidney cells throw out , g,an‘d‘;f the stom-
wastes ; the lung cells take in oxygen from ach. The function
the air; and the cells of the blood (red blood g‘;ﬂé)ig‘;’;:':;i’f?o’:
corpuscles) carry oxygen through all the
body to the cells. Each cell is a skilled workman doing
some particular work for the body as a whole, and not

1)
R A3



Connective tissue. In its first stage
connective tissue is a group of cells
which build around themselves a mass
. of jelly-like material, as shown in A.
‘This material hardens into the fibers
that are seen between the cells in B.
All through the body a framework of
connective tissue runs, holding the cells,
organs, and tissues in place.

N

One of the
nerve cells
from the
brain. These
cells are asso-
ciated with
thought.

layer of the skin.
These cells form a
protective covering
for the body. The
outer cells die and
dry up until they are
mere scales.

—

A muscle cell from the stomach. The
muscle cells have the work of moving the
body.

Bone cells. These much-branched cells
deposit around themselves bone material
(4), thus building bones to support the body.
The bone cells build a network of fibers like
dense connective tissue and then fill the
spaces between the fibers with hard mineral
matter. a4 is a cavity from which the bone
cell has been removed.

Fat cells, Food for the body is stored in
these cells. Large quantities of fat collect
in the cell, and crowd the protoplasm (a
and 4) to one side. A fat cell is little
more than a bag of oil.

FIG. 5. Cells from the human body. Each kind of cell in the body has a
particular work to do for the body as a whole.
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an unskilled laborer trying to do all the many different kinds
of work necessary to provide for its own wants.

The Cells Dependent on Each Other. You will now under-
stand that the cells in the body must depend on each other for
many things. If the stomach fails to digest the food, there
will be a lack of food in all the cells. If the kidneys do not
throw off the wastes, all the cells will be poisoned. If the
lungs stop taking in oxygen, all the cells must die for lack

of oxygen.

If part of the cells fail in their work, all the

cells must suffer, and death usually comes to the body because

part of the cells have ceased to work.

The Body compared to a Community. The resemblance
between the body and a community of people must now

be very clear to you.

In both the body and the com-

munity we have individuals, each leading his own life and

yet making a part of a greater whole. In
the community we have individuals of dif-
ferent occupations, — doctors, teachers, car-
penters, blacksmiths, grocers, and milkmen.
In the body we have, as we have seen, cells
of different kinds,—muscle cells, bone cells,
digestive cells, and many others. In both
the body and the community the individual
does not provide everything that he uses,
but depends on others for many things.
The carpenter builds houses for the milk-
man and the grocer, and these persons
bring the carpenter his food. The stom-
ach cells digest food for the cells of the
lungs, and the lung cells take in oxygen
for the stomach cells.

FIG, 6. Cells from
the lining of the tra-
chea. ais a cell that
manufactures  sticky
mucus (4) in which dust
and germs from the air
are caught. The cilia
(¢) on the other cells
beat upward and sweep
the mucus, dust, and
germs up out of the
air passages and lungs.

Communities are prosperous and the body is healthy only



10 HUMAN PHYSIOLOGY

when the individuals do their work faithfully and well; for
no person in a community lives to
himself, and no cell in the body lives
to itself, but each has a share in the
life of all. New individuals from time
» to time are born into the community
FiG. 7. Cells from theblood. 51,4 gther individuals die. New cells
A is a white corpuscle whose . .
functionistokill diseasegerms; are constantly being formed in the
Bisanedgeviewand Cisaside hody, and every day millions of cells
view of the red corpuscles that
carry oxygen through the body, 11 the body are destroyed. Com-
munities increase in size when the
number of births in them exceeds the number of deaths, and
the body grows when the number of new cells formed in it is
greater than is the number of the cells that die. Thus in
many ways the body resembles a community of people where
each individual is doing something for the good of all.
Tissues. If you have now in mind what has been said
about cells and their work, you will have no difficulty in
understanding what is meant by #issues. In a factory we
usually find the workmen who do the same kind of work all
collected in one part of the factory. So in the body we
usually find grouped together the cells which do the same
kind of work. The great group of nerve cells is in the brain.
The muscle cells are collected in the muscles, and the kidney
cells in the kidneys. Where cells of one kind are grouped,
a tissue is formed, so we may say that a tissue is a group of
cells whick do the same kind of work. Muscle tissue is
made of muscle cells, fatty tissue of fat cells, and nerve
tissue of nerve cells. Each tissue is a group of cells which
do some particular work for the body as a whole, and in
return have many things done for them by the cells of other
tissues.
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Organs. An organ is a part of the body that does a special
work. The kidney is an organ for throwing out wastes, the
lungs are organs for taking in oxygen, the eye is an organ
for seeing, and the stomach is an organ for storing and digest-
ing food. Some organs, like the liver, the kidneys, and the
heart, are chiefly of one kind of tissue. Other organs have
in them many kinds of tissues. The hand is an example
of an organ of tiis kind, bone, connective tissue, muscle, and
skin all being united in it to form an organ for grasping.

Why you should understand the Cell. It is very impor-
tant for you to understand the cell, decause a clear idea of
the cell will give you a new way of thinking about all
living things. Having an understanding of it, you will
not only think of an animal as a living thing, but you will
also think of the millions of cells in its body, each filled
with living protoplasm. When you see a plant cut down,
or an insect, or a frog, or a bird killed, you will not only
think of how the plant or animal dies, but you will think
of how all the little cells in its body also die; and from
thinking of the living objects about you in this new way,
you will become interested in many things which you do not
now notice, and will understand much that now seems strange
to you. When you see a rose living for several days after it
has been cut from the bush and placed in water, or when
you see a branch of a plant living and growing when placed
in the soil, you will know that when a part of a plant is cut
off from the body of the plant, its cells need not always
die. If you read that when a starfish, or certain kinds of
worms, are cut into pieces, each piece grows into a complete
animal, you will see that in these animals, as in plants,
the cells are more independent than in the human body,
and that a group of them is able to live without the rest of
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the body. Also, when you learn to think of animals as groups
of cells, you will not wonder that a frog’s legs should twitch
and jerk in the skillet; or that after the head has been cut
off, a snake’s tail can live and move, and a turtle can walk
about. For you will understand that in these animals, as
in the rose, part of the cells can live for a time without the
others, and that the muscle cells are living and moving after
the brain cells are dead. All these things*and many others
you can clear up for yourself, if you will think about the
cell instead of about the body as a whole.

A second very important reason why you should under-
stand the cell is 2kat you may intelligently care for your own
bodies. Each of the great multitude of cells in your body is
following out its own little life, and each is industriously work-
ing for the good of the community in which it lives. We
hope that you will understand that your cells must have
proper food, oxygen, exercise, and rest, and that they must
get rid of their waste matter. You should realize that any
medicine you take can act on the body only by being carried
by the blood through the body and entering the living proto-
plasm of the cells. If it helps the cells, it is beneficial to the
body, and if it injures the cells, it injures the body. You
should understand how reckless it is to take in among all these
delicate cells patent medicines, headache remedies, alcohol, or
tobacco, unless you are perfectly certain that these things will
not harm the cells. For the cells of your body are the most
important things in all the world to you. If they become
diseased, you will fall sick ; and if they fail in their work, your
life must cease. When the bricks crumble, the house falls;
and when the cells are dead, the body is dead, for the life is
in the cell.

There is a third reason why you should understand the
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cell, and that is because in physiology we constantly study the
work of the different kinds of cells. 1If you did not under-
stand the figures 1, 2, 3, and 4, you would get very little
pleasure or profit from trying to solve problems in arith-
metic; and if you do not understand what a cell is and
how the body is made up of cells, you will think that physi-
ology is a dull subject indeed, and it will never mean much to
you. But understanding the cell, you can study the differ-
ent parts of the body intelligently, and in all the world you
will find nothing more wonderful or interesting than your
own body.

Anatomy, Physiology, and Hygiene. Anatomy is the study
of the structure of the body,—the study of the way all its
organs are composed of tissues and its tissues made of cells,
and of how all the organs and tissues are joined together to
make one body. Physiology is the study of the function of
the different cells, tissues, and organs, — the study of the work
which all the different parts of the body do. Hygiene is the
study of how to keep the body in kealth. These three subjects
we must study in this book.

Summary. The human body, like all other living things,
is composed of cells. Each cell is a little piece of protoplasm
that takes in food and grows and is alive. Cells are formed
only by the division of other cells, and living things can come
only from other living things of the same kind. They can-
not come from dead matter, although this has often been
believed.

When a one-celled animal divides, the new cells separate.
In many-celled animals the cells remain together after divi-
sion, and the bodies of the larger animals are great colonies
of cells. Each cell of the human body corresponds to an
entire one-celled animal. Each cell in the body, like a one-
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celled animal, must have food and oxygen and must get rid
of its wastes.

It would not be possible for a cell in the body to supply
all of its own wants, so each cell spends all its time in one
kind of work, and depends on other cells for many things
that are necessary to its life. It follows, therefore, that when
part of the cells in the body fail in their work the whole body
must die. The division of labor among the cells causes the
body in a striking way to resemble a community where the
people have different occupations and each one has many of
his wants supplied by others.

As the workmen who do the same kind of work in a fac-
tory are often found together, so the cells that do the same
kind of work in the body are found in groups. Such a group
of cells—cells that do the same kind of work —is called a
tissue. An organ is a part of the body that, like the hand or
the eye, is fitted for some special work. It may be composed
chiefly of one or of many kinds of tissues.

A clear idea of the cell is a very great help in understand-
ing all living things, in caring for our own bodies, and in the
* study of physiology. Anatomy is the study of the structure
of the body, Physiology is the study of the function of the
different organs of the body, and Hygiene is the study of
how to keep the body in health.

QUESTIONS

Of what is the human body composed? Describe or draw a cell.
What kind of objects are composed of cells? How are new cells
formed? Where do living things come from? Give some of the
beliefs that have been held by different people in regard to the ori-
gin of animals and plants. Describe the process of cell division.
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In a one-celled animal what do the cells do after division? What
do the cells do after division in a many-celled animal? What in the
human body corresponds to an entire one-celled animal? What are
some of the needs of a cell?

Explain why a cell in the body could not provide for all its own
wants. Name some of the different kinds of cells in the body and
explain the function (work) of each. What happens to the body if
part of the cells fail in their work? Give examples of cells that
must do their work to keep the body alive. Mention some ways in
which the body corresponds to a community of people.

What is a tissue? Name some of the body tissues. What is an
organ? Name some organs of the body and give their functions.

Give three reasons why it is important to understand the cell.

What is Anatomy? Physiology? Hygiene?

If a cell and a peach were compared, what part of the cell would
correspond to the seed of the peach? to the flesh of the peach? to
the skin of the peach?

In an egg there is one living cell lying on the side of the yolk.
What is necessary to make this cell grow and divide? Of what use
are the yolk and white of the egg to the cell within the egg? Into
what have the yolk and the white been changed by the time the egg
hatches? ,

Does the cell in a duck’s egg grow into a duck and the cell in a
hen’s egg into a chick because the food supply in the eggs is different,
or because the living cells in the eggs are different? Are the cells of
your body always composed of the same materials, no matter what
kind of food you eat?

Can a branch be transferred from one tree to another and still
live? Can a piece of tissue be transferred from one person to an-
other? Ask a physician if cells from the body of an animal can be
transplanted to the human body.

What happens in a wound when it heals? Ask a physician how
the cells in a scar differ from the cells in other parts of the skin.



CHAPTER 1II

THE PLAN OF THE HUMAN BODY

THE human body is com.
posed of a head, a trunk, and
two pairs of limbs. It is sup-
ported by a skeleton, the most

" important part of which is the

F1G.8. The cavities of the body. The
dorsal cavity is in the head and the spinal
column, The ventral cavity is in the front
of the trunk and is divided by the diaphragm
into an upper and a lower part.

spinal column, or backbone.
In the head are eyes, ears, a
nose, and a mouth. The body
has in it two cavities, a dorsal
or back cavity, and a ventral
or front cavity. In these two
cavities are found most of the
organs of the body.

The Dorsal Cavity. In the
head is a great cavity, and
opening out of this cavity at
the base is a long passage-
way that runs through the
spinal column from top to
bottom. The cavity in the
head and the canal in the
backbone, taken together, are
the dorsal! cavity. In this
cavity lie the great centers of

the nervous system, the é»a7n and the spinal cord.

1 The name dorsal comes from dor'sum,the Latin word for back. In the lower
animals it is easy to see that the cavity in the head and the canal in the spinal
16
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~ The Ventral Cavity. The ven-
tral cavity is a great hollow in
the front part of the trunk.
Stretched across it is a thin
sheet of muscle, called the Jia-
phragm, which divides it into an
upper and a lower part. The
upper part is the c/kest or thoracic
cavity. It contains the heart
and lungs and many of the great
blood vessels. The lower part
is the abdominal cavity. Inthe
left side of this cavity, its outer
end close up under the dia-
phragm, lies the stomach. On
the right side of the body and
partly covering the  stomach
is the liver. The intestine is
very long and is coiled again
and again in the abdominal cav-
ity, filling most of it. Attached
to the back walls of the cavity
are the two kidneys, which FIG. 9. Section of the body show-
take waste matter out of the ing.t.he positions of the organs in the
body. At the left end of the *""**
stomach is a dark red organ called the spleen. Along the
lower back part of the stomach is the pancreas, a very im-
portant digestive organ, whose work we must take up in
another chapter.
Man’s Place in the Animal Kingdom. Man has a spinal

column are all part of one long cavity that runs along the back of the body and
widens out at the head end to make room for the brain,
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column, and therefore

belongs among the ver-

tebrates! or backboned

animals. He has hair,

and when young lives

on milk, and therefore

he belongs among the

mammals, the highest

class of the vertebrates.

The five classes of ver-

tebrates are the fishes,

amphibians, reptiles,

birds, and mammals.

By studying Figure 11,

you can learn some of

the animals that belong

in each class, and which

) . animals are closely
F1G. 10. The o;rg:.;s ﬂn‘: :;:n\:‘entral cavity, seen related to man.

The Bodies of Verte-

brates Similar. A fish, a frog, a lizard, a bird, and a cat do

1The vertebrates differ from worms, insects, and other lower animals in having
backbones. The five classes of vertebrates have the following distinguishing
characteristics :

Fishes live in the water and breathe by means of gills.

Amphibians have sticky skins, and both lungs and gills. Some salamanders
have lungs and gills at the same time and can breathe either in the water or in
the air. Other salamanders have gills at one time and lungs at another, Frogs
and toads have gills in their early life and lungs in their later life.

Reptiles have scaly skins and breathe by means of lungs. Like the fishes and
amphibians, reptiles are cold blooded.

Birds have wings and a body covering of feathers.

Mammals have the body partly or entirely covered with hair and feed their
young with milk. The mammals and birds are warm blooded.




FIG. 11. The vertebrate animals. Man stands at the head of the mammals, the
highest class of the vertebrates,

19
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not seem much alike; and because man walks upright, the
human body seems very different from the bodies of all these
animals. Yet man and all other vertebrate animals are built
on the same general plan.

Like man, all the vertebrate animals have a head and trunk,
with eyes, ears, and a mouth in the head. All of them have
a dorsal and a ventral cavity in the body, with in general the
same organs in these cavities as are found in man. All have
skeletons resembling the human skeleton, not only in the
spinal column, but also in many other parts, as we shall see
later. All of them have two pairs of limbs corresponding to

the arms and the legs of man. In a fish, the limbs are the two
" pairs of fins found on the sides of the body. In the seal
and the whale, they are paddles for swimming. In most
other animals, they are the fore and hind legs, but in bats
and birds the fore limbs are wings, and in man they are arms.
Most snakes have lost their limbs, but in some of the great
snakes the remains of little legs can be found, and in other
reptiles the limbs are well developed.

How Man differs from Other Vertebrates. The brain of
man is better developed than is the brain of any other animal,
and in many ways the human body differs to a certain extent
from the bodies of other vertebrates. But the great difference
between man’s body and the bodies of other animals is that
man is built to walk erect. Instead of carrying the head
in front of the body and walking on all four limbs in the
position that a fish is in when it swims or a cat is in when it
walks, the human body stands on the hind limbs, with the body
erect and the head above the body. When the body stands
upright the fore limbs do not touch the ground. Therefore, in
map the fore limbs are not fitted for walking, but are arms
and have hands for grasping.
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Summary. The human body is composed of a head, a
trunk, and two pairs of limbs. It has in it a dorsal and a ven-
tral cavity. The dorsal cavity contains the brain and the
spinal cord ; the ventral cavity is divided by the diaphragm
into the thoracic cavity and the abdominal cavity. The tho-
racic cavity contains the heart, the lungs, and many great
blood vessels. The abdominal cavity contains the stomach,
intestine, liver, spleen, pancreas, and kidneys.

Animals with backbones are called vertebrates. Vertebrates
are divided into five classes,— fishes, amphibians, reptiles,
birds, and mammals. Man has a backbone, and is a verte-
brate. He has hair, and when young lives on milk; he is
therefore a mammal.

The bodies of other vertebrates are built on the same plan
as the human body. Every vertebrate has a head, trunk,
eyes, ears, and a mouth. In the body are a dorsal cavity and
a ventral cavity. It has a skeleton with a backbone, and has
two pairs of limbs corresponding to our arms and legs.

Man’s body differs from other vertebrate bodies chiefly in
that it stands erect. The fore limbs do not touch the ground
in walking, and are arms with hands.

QUESTIONS

Name the principal divisions of the human body. How is the
body supported? What two cavities are in the body?

Where is the dorsal cavity? What does it contain? Into what
two parts is the ventral cavity dividled? What is the partition be.
tween these parts called? Name the organs in the thoracic cavity ;
in the abdominal cavity. Locate the stomach. Locate the liver.

Name the five classes of vertebrates. To which class does man
belong? How does this class differ from other vertebrates?
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Give four ways in which the bodies of all vertebrates are similar.
Mention some different kinds of vertebrate limbs. How does man
differ from other vertebrate animals?

What animals do you know that are not vertebrates? Can you
name an animal that has no head? one with no mouth? one with no
eyes? one with no ears? Name some animals that differ from verte-
brates in the number of their limbs.

How does a fish differ from other vertebrates? What is the dif-
ference between a shark and a true fish? How does an amphibian
differ from other vertebrates? a reptile? What are the four reptile
groups? What do you know about the reptiles that lived in former
ages of the world?

Which is the lowest mammal shown in Figure 11? In what way
is this mammal like birds and reptiles, and different from the mam-
mals of other groups? How do marsupials differ from other mam-
mals? In what country is the sloth found? Name some mammals
that live in the water. Do these mammals have lungs or gills? On
what do the ungulates (hoofed animals) feed? On what do the
carnivora feed? the primates?

Can you name some relative of the seal? Where do most of the
weasel family live and what is obtained from this group of animals?
Name some members of the cat family not shown in Figure 11 ; of
the dog family. What small North American animal is closely
related to the bears? Name some rodents (gnawers) that are larger
than any of the rodents shown in Figure 11. Draw in a larger form
the ungulate branch of the vertebrate tree, putting on it all the
hoofed animals that you know. Do you know any families of mam
mals not shown in Figure 11?



CHAPTER III

THE RULER OF THE BODY

ALL parts of the body must be controlled and made to
work together. Over them all a ruler must be set. Not
only must the different organs be kept at work, but each
must be made to do the proper amount of work, and to do
it at the right time. If the digestive organs should begin
to work when nothing had been eaten, their work would
be useless. If the sweat glands should begin to pour. out
sweat on the skin when the body was not hot, their work
would be not only useless, but even harmful. If all the
muscles should begin to pull and jerk without any order
or system (as they do in convulsions), they would succeed
only in throwing the body to the ground.

The ruler of the body is the nervous system. When we
walk, it is the nervous system that causes the right muscles
to move. When we eat, the nervous system sets the diges-
tive organs to work. It keeps the heart and lungs going,
and governs all the body. 7ke function of the nervous sys-
tem is to govern all the organs of the body, and to cause them
all to work together for the common good.

The Divisions of the Nervous System. The nervous sys-
tem has two great divisions, —the central nervous system
and the sympathetic nervous system. The great centers of
the central nervous system are the brain and the spinal
cord. The central nervous system controls the voluntary

23



F1G. 12. The nervous system. From the brain and spinal cord, nerves run
to all parts of the body.
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muscles (those which we can move when we wish), and s
kigher centers act as the organ of the mind.

The sympathetic nervous system controls the glands! of
the body and the involuntary muscles (page 226), —the
muscles which we cannot control by the will, as those of the
stomach, intestine, heart, and blood vessels.

The Brain and the Spinal Cord. The brain has three divi-
sions, — the cerebrum, the cerebellum, and the medulla oblon-
gata. The spinal cord is the soft white substance that you

F1G. 13. The brain.

may have seen in the backbone of an animal. In the back-
bone of a man it is a little thicker than a lead pencil. At the
base of the skull is a great opening, through which the spinal
cord enters the cranium (Fig. 14) and joins the brain.

The Membranes of the Brain and Cord. Around the brain
and cord are three connective tissue membranes. The
outermost membrane, which is thick and tough, is called

1The salivary glands, glands of the stomach and intestine, the pancreas, liver,
kidneys, and sweat glands are some of the glands in the body.
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the dura mater. It lines the entire dorsal cavity of the

body, both the cavity of the cranium and the cavity in the

spinal column. The innermost membrane, which is thin and

delicate, is called the pia mater. It lies close to the surface

of the cord and brain and dips down into all the wrinkles

and folds in the surface of the brain. In it are the blood
vessels that nourish the outer parts
of the brain and cord. Between
the dura mater and the pia mater
is a third membrane, the aracknoid
membrane.  These membranes?
hold the very soft and delicate
brain and cord in place and keep
them from being shaken about
within the dorsal cavity.

The Cerebro-spinal Fluid. The
brain and spinal cord are still
further protected by a layer of
liquid around them called the cere-

FIG.14. Thebaseoftheskull, &ro-spinal flutd. This fluid is on
showing the opening through hoth gides of the arachnoid mem-
which the spinal cord enters the ’ .
cranium. brane — that is, between the dura

mater and the pia mater — and en-
tirely surrounds the cord and brain. It acts as a cushion
inside the walls of the dorsal cavity and keeps the brain and
cord from striking against the walls of the cavity.

Nerves. From the under surface of the brain and from the
spinal cord, shining white nerves pass out to every part of
the body. If you should examine one of these nerves under

1The three membranes taken together are called the meninges of the brain
and cord. Cerebro-spinal meningitis is a disease caused by germs growing in
these membranes and in the cerebro-spinal fluid.
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a microscope, you would find that it is made of many hun-
dreds of very fine fibers, bound together by connective tissue.
Although these fibers are so slender that they cannot be seen
without a microscope, some of them are of great length, the
longest reaching from the spinal cord to the hands and feet.
In the larger nerve trunks the fibers are bound up in a
number of bundles, which are all wrapped together in a com-
mon sheath (Fig. 15). The larger nerves divide into smaller

FIG. 15. A is a cross-section of a nerve, showing the bundles of nerve fibers that
make up the nerve, wrapped in the connective tissue sheath. B is one of the bundles
of nerve fibers shown in 4, enlarged to show the individual fibers,

branches containing only a few bundles, or sometimes only
one bundle. In the finest nerve branches, the bundles of
nerve fibers finally break up into the separate fibers, many
thousands of which end in the skin and muscles, and in the
other organs of the body.

The Function of Nerves. 7/e function of the nmerves is to
carry messages between the different parts of the body and the
brain and spinal cord.

Some nerves carry messages Zo the brain and cord. By
these messages we learn when anything touches the body,
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when the body is hungry or thirsty, or hot or cold, when it
is in pain, and about the things that we see, hear, taste, and
smell. Other nerves carry messages outward from the brain
and cord, causing the muscles to move, and making all the
parts of the body to work together in harmony. The power
by which we feel, think, and will lies in the brain. The
commands that we send out, causing voluntary movements
of the muscles, start from the brain. The nerves are useful
only to carry to the cord and the brain messages which tell
us about the body and the outside world, and to carry com-
mands outward from the brain and cord to the muscles and
to the other organs of the body.

The Telegrapher and the Telegraph Wires. The brain and
spinal cord are often compared to a telegrapher in an office,
and the nerves in the body to telegraph wires that run out
in all directions from the office. Over the wires the tele-
grapher receives messages that tell him what is going on
about him, and he sends out messages commanding that cer-
tain things be done. So through some of the nerves the
brain and cord receive messages which tell them about the
body and the things going on around it; and over other
nerves they send messages out commanding the muscles to
move the body, and the different organs to do their work
according to the body’s needs.

Necessity for a Nervous System. From this you will under-
stand that the nervous system connects all parts of the body
and causes all the organs to work together for the good of
the body as a whole. Without a nervous system, the human
body would not be one body at all, but a mass of flesh and
blood and bones, the different organs working not at all, or
working without plan or system, and the whole body certain
todie in a few minutes. With a nervous system it is the living,
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moving, speaking human body, the most wonderful thing
in all the world.

Summary. The nervous system controls all parts of the
body and causes them to work together. The great divisions
of the nervous system are the central nervous system and the
sympathetic nervous system. The central system controls
the voluntary muscles; its chief center (the brain) is the
organ of the mind. The sympathetic system controls the
involuntary muscles and the glands of the body.

The brain has three divisions —the cerebrum, the cere-
bellum, and the medulla oblongata. Around the brain and
cord, and protecting them, are three membranes — the dura
mater, pia mater, and arachnoid membrane —and a layer of
cerebro-spinal fluid.

Nerves are composed of nerve fibers. Nerve fibers carry
messages between the different parts of the body and the brain
and spinal cord. Some fibers take messages to the brain
and cord, and some fibers carry messages away from the
brain and cord. The nerve centers (brain and cord) may be
compared to a telegrapher, and the nerve fibers to telegraph
wires. The incoming messages bring information about the
body and the world around the body, and the outgoing
messages are commands from the nerve centers to the
muscles, glands, and other organs.

Without a nervous system the different organs of the
human body would work without system, or would not work
at all, and the body would die. By the nervous system, all
the body parts are made to work harmoniously together, —
all are united into one wonderful body.
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QUESTIONS

What is the function of the nervous system? Name the two
divisions of the nervous system. What are the chief centers of the
central nervous system? What is one of the great functions of this
system? With what part of the nervous system is the mind associ-
ated? What is the function of the sympathetic nervous system?

Name the three divisions of the brain. Name the three mem-
branes that are around the spinal cord and brain. What is the
function of these membranes? What is between the arachnoid mem-
brane and the pia mater? What is its function?

Describe the structure of a nerve. How long are the longest
nerve fibers in the body? What is the function of a nerve?

In comparing the nervous system to a telegrapher and a tele-
graph system, what part of the nervous system corresponds to the
telegrapher? What is the function of this part of the nervous
system? What part of the nervous system corresponds to the tele-
graph wires? What is the function of this part of the nervous
system? :

To what part of the body are the incoming messages carried?
What is the effect of these messages? To what organs are the out-
going messages taken? What is the effect of these messages?

Why is a nervous system necessary in the body?

Why is it possible for a tree to live without a nervous system,
when a man cannot do so? If the cells in the human brain should
become cold, would they die? Do the cells in the feet or ears die
if they become cold? If a fish should be frozen in the ice, would
the cells of its brain be killed? Are little one-celled animals killed
by cold water? Ask a physician which cells in the body are most
affected by such poisons as strychnin, opium, nicotine (the poison in
tobacco), and alcohol.



CHAPTER 1V

THE SKELETON

Tue skeleton is the framework on which the body is
built. The shape of the body, therefore, is determined prin-
cipally by the skeleton. Examine your own body, and you
will readily understand that this is true. Feel your head,
and under your hair and skin you will find the bones which
give the head its form. In the fingers and toes are bones
which determine whether they shall be long and slender, or
short and thick. Down the middle of your back you can
feel a row of bones under the skin, and so through all the
body you will find bones under the skin and muscles, out-
lining the forms of the different parts.

The Functions of the Skeleton.  7e first function of the
skeleton is to support the body. Without a skeleton, the body
would be weak and soft, and the head, arms, legs, and trunk
‘would fall together in a confused mass. But the bones
are hard and stiff, and form a strong framework, so that
each part of the body stays in its proper place, and the whole
body can stand upright.

The second function of the skeleton is to protect parts of the
body that are easily injured. The bones of the head form
a strong box to protect the brain; the spinal column holds
the spinal cord safe in the cavity in its center; and the bones
of the chest protect the heart and lungs.
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The third function of the skeleton is to provide a system of
levers, by means of whick the body can be moved. Moving the
body is the special function of the muscles, and we shall
take up this subject in the next chapter. But you can easily
understand that without a skeleton such movements as walk-
ing or raising the arm would be impossible.

THE PRINCIPAL BONES OF THE SKELETON

INFERION

F1G. 17. The skull.

There are two kundred and six bones in the human skeleton.
They are divided naturally into three groups. The first group
contains the twenty-eight bones of the head, the second group
the fifty-eight bones of the trunk, and the third group the one
hundred and twenty bones of the limbs.

The Skull. The twenty-eight bones of the head taken to-
gether compose the sk«//. Eight of these bones are solidly
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united to form a box (the cranium) for the protection of the
brain. Six little bones are in the ears (Fig. 120), and the
other fourteen bones of the skull form
the skeleton of the face. All the bones
of the face are in pairs except the lower
jawbone and the thin bone which forms the
partition between the two sides of the nose.

The Spinal Column. The spinal column
is composed of twenty-four vertebre (sin-
gular, vertebra), the sacrum, and the coccyx.
1t supports the parts of the body above the
hips, and protects the spinal cord. When
it is broken, standing or walking is im-
possible, because the trunk has no support,
and because the spinal cord, through which
the muscles that keep the body erect are
governed, is injured.

To do its work, the spinal column must
have strength enough to carry the weight
of the trunk, head, and arms, and must
bend easily in all directions, yet not sharply
enough at any one point to crush the deli-
cate spinal cord within it. If it were com-
posed of long bones, either it would be stiff
and allow little movement of the upper
parts of the body, or it would bend sharply
at the joints as the arms do at the elbows
and the legs at the knees, and injure the
cord at these points. But because the

FIG. 18. The spinal X .
column. spinal column is composed of many short

bones, and has many joints, it allows the body to bend freely
forward or backward, or from side to side, yielding a little at
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each joint, but not enough anywhere to crush the cord. Also,
because the spinal column is flexible, bending at so many
different points, it rarely happens that it is broken, as would
be the case if the trunk were carried on a stiff support.

FI1G. 19. The bones of the trunk.

The Sternum and Ribs. The stermum, or breast bone, is
a flat bone lying in the front of the chest. The 7¢s are
long, slender bones, which curve around the chest. They are
twenty-four in number, —twelve pairs. All theribs are joined
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to the vertebrae at the back. The seven upper pairs are
joined to the sternum in front, and are called zrue ribs.
The five lower pairs of ribs are called the fa/se ribs. The
three upper pairs of false ribs have their front ends attached
to the lowest pair of true ribs. The two lowest pairs of false
ribs are called floating ribs, because their front ends are free.
The ribs protect the heart, lungs, stomach, liver, and other
organs lying in the upper part of the ventral cavity, and form
a framework to which the muscles that are used in breathing
are attached.

The Bones of the Shoulder. The clavicle (collar bone)
and the scapula (shoulder blade) form the skeleton of the
shoulder. The scapula lies in the back of the shoulder. In
its outer end is a socket for the upper end of the arm bone.
The weight of the arm, and of anything which is lifted by the
arm, pulls downward on the scapula. The scapula, therefore,
has powerful ligaments and muscles attaching it to the ribs
and to the vertebrae, and holding it in place.

The inner end of the clavicle is joined to the sternum, and
the outer end is propped against the point of the scapula,
thus bracing the shoulder. When the clavicle is broken, as
often happens when one falls on the shoulder, the point of
the shoulder drops downward and forward. By feeling your
own shoulder, you can easily lgcate the clavicle running
out from the sternum to the point of the shoulder, and the
scapula, with its bony ridge, in the back of the shoulder.

The Pelvic Bones. Place your hands on your sides, and
you will feel the two large, irregular, wide-spreading pelvic
bones. They are firmly joined to the sacrum behind and to
each other in front. These three bones with the coccyx form
the pelvis, which balances on top of the thigh bones, and gives
a firm support for the upper parts of the body. The lower
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abdominal organs lie within the bowl-shaped pelvis, and are
partly supported by it, and many great muscles are attached
to the sacrum and to the pelvic bones.

' The Bones of the Limbs. Each limb has in it thirty bones,
and the bones of the arms and the legs are very similar (Fig.
33). Each has a large bone in the upper part, the Zumerus
in the ‘arm, and the femur in the thigh. Each has two bones
in the lower part, the radius and the #/na in the forearm, -
and the #bia and fibula in the leg below the knee. In both
the wrists and the ankles we find a group of small bones, the
eight carpal bones in the wrist, and the seven zarsa/ bones in
the ankle. In the hand beyond the carpals are five meza-
carpal bones, each bearing a finger, and in the foot beyond
the tarsals are five mezatarsal bones, each bearing a toe. In
the fingers are fourteen phalanges, and in the toes are four-
teen plalanges. The arms and legs have the same number of
bones in each, and in their general plan differ only in this, —
the wrist has one more bone than the ankle, and at the elbow
there is no bone like the pazel/la (knee-cap), which protects
the front of the knee.

SHAPES AND STRUCTURE OF BONES

Shapes of Bones. The bones of the human skeleton may
be classified as long and skort, flat and cylindrical, and irregu-
lar. This gives us a great variety of shapes, but it is usually
easy to see some connection between the shape of a bone and
its function.

Long bones give motion to distant parts of the body, and by
means of the long bones great rapidity of motion through
long distances can be brought about. The bones by which
the hands and the feet are moved so quickly and so far are
the best examples of long bones.
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S%ort bones give free movement in various directions
through short distances, and at the same time give great

FIG. 20. The scapula. This flat bone
has many muscles attached to it. The
ridge strengthens the bone and its end
provides a point against which the
clavicle can be propped.

bones of the cranium are flat,

strength. The bones of the
wrists and ankles and the ver-
tebrae are the best examples of
short bones.

Cylindrical bones are found
where supporting some portion
of the body is one of the main
functions of the bone. The
bones of the limbs, of the
hands and the feet, and the
clavicles are cylindrical bones.

Flat bones are usually either
protecting bones or bones to
which many muscles are at-
tached. The sternum and the
protecting bones. The pelvic

bones and the scapulas are
bones which are spread out flat
to give room for the muscles.
Not only are the flat bones made
so as to give as much room as
possible for the muscles, but the
heads of the long bones are ex-
panded for the same purpose,
and nearly all bones have eleva-

tions and processes (Fig. 21) to
which muscles can be fastened.

FIG. 21. Vertebrzee.

This is necessary, for there are over five hundred muscles
in the body, most of which are attached to the skeleton.

Irregular bones usually have several functions.

A good
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example of a bone of this kind is a vertebra. This has a
round portion which supports the weight of the body; it has
a flattened ring of bone inclosing and protecting the spinal
cord; and it has a flat spine behind and processes on the
sides, to which the muscles of the back are attached.
Materials in Bone. A dead and dry bone is composed of
a great network of tough fibers and of hard mineral matter
that fills in the spaces between the fibers. A bone, there-
fore, has in it two kinds of matter, animal matter (the fibers)
and mineral matter. About two thirds of the weight of the
average bone is mineral matter and one third is animal mat-
ter. In childhood there is a smaller proportion of mineral
matter in the bones, and in old age the amount of animal
matter is very small. By the following experiments you can
find out for yourself the proportion of animal and of mineral
matter in a bone, and the function of each kind of material:

Weigh a piece of dry bone. Then burn it in a hot fire. Notice
the smell. The animal matter in the bone is
burning. When all the animal matter has been
burned out, the bone will have a grayish color.
When this is the case, take it out of the fire and
weigh it again. Of what kind of matter is the
bone now composed? What proportion of it
was animal, and what proportion mineral matter?
Try to bend the bone, and notice how easily it
crumbles and breaks. What do you think is the
function of the animal matter?

Dissolve the mineral matter out of the drum-
stick of a chicken or turkey by soaking it in
weak hydrochloric acid.! Then examine the bone,
and note that it is the same size and shape as be-
fore. Try to bend it and you will find that it is “
as limber as a piece of rubber. Of what is the wiﬁ:(‘;‘ 2. A i
bone now composed? What is the function of the remzv':‘;nm
mineral matter of the bone? )

1 Any weak acid, or strong vinegar, may be used in this experiment.
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From these two experiments you will understand that zZe
mineral matter gives lo the bones the stiffness and firmness
whick enables them to support the body, and the animal
matter gives the toughness which keeps them from breaking.

Structure of Bones. The shafts of the long bones and a
thin layer on the surface of all the bones are composed of

FIG. 23. A is a portion of the shaft of a long bone. 2B is a cross-section of a small
portion of the same bone more highly magnified, showing more clearly the canals in
the compact bone and the small cavities (Jacune) in which the bone cells lie.

compact bone. The remainder of the skeleton is composed
cf spongy bone. The spongy bone is filled with small cavi-
ties, like the holes in a sponge. The compact bone when
looked at with the unaided eye appears solid, but when
examined under the microscope even this hard bone is seen
to be full of very small canals. Through these canals the



THE SKELETON 41

blood vessels reach to every part of the bone, carrying nour-
ishment to the bone cells.

The Cavities in the Long Bones. To provide room for the
attachment of all the muscles and to have sufficient strength
for the support of the body, the bones must be large. At
the same time it would be objectionable to have very heavy
bones, for the muscles would find great difficulty in moving
them about. The small cavities in spongy and compact bone
assist in decreasing the weight of the skeleton. To lighten

FIG. 24. Experiment showing that a hollow cylindrical bone is strong.

it still more, large cavities are hollowed out in the long bones
of the limbs. That a hollow cylinder is stronger than the
same material in a solid form, you can prove by the follow-
ing experiment :

Set a sheet of paper on end and lay a book on it. Will it
support the book? Fold the paper as tightly as possible, so that it
will be in the form of a small, solid bone. Will it now support the
book? Now roll the paper into a hollow cylinder and place your
book upon it. Will it support a heavier weight than it would before
it was rolled into this form? Does it contain any more material or
is it any heavier? v

Nature uses a hollow cylinder not only in the skeleton,
but in other structures where she wishes to combine strength
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and lightness. Stalks of grasses and grains are hollow, and
so strong is a wheat stalk that it has a height four hundred
times as great as its diameter, and carries the heavy head of
grain without breaking, although it is blown about and bent
by the wind. Man also uses hollow tubes in the framework
of bicycles, and in other places where he wants strength
without great weight.

Bone Marrow. The large cavities of the long bones and
the smaller cavities of the spongy bone are filled with bone

« marrow. The marrow in the larger cavi-
ties contains blood vessels, nerves, connec-
tive tissue, and fat. The marrow of the
spongy bone contains less fat, and in it the
red corpuscles of the blood are formed.
Because of the large quantity of fat which
it contains, the marrow of the larger cavi-
ties is yellow in color; the marrow in the
spongy bone, because of the large number
of red corpuscles which it contains, usually
has a reddish hue.

The Periosteum. Pick the surface of a
fresh bone with the point of a knife, and
you can lift a thin covering or membrane.
This is the periosteum. It is made of a
network of connective tissue fibers, closely
- woven together over the surface of the
FiG.25. Longitudinal bone. Among the fibers of the periosteum
section of the humerus. are many of the blood vessels which carry
nourishment to the bones, and if ke periosteum is destroyed,
the bone under it will diel

1 A bone grows in thickness by having layers of new bone material laid down
on the surface of the bone under the periosteum.
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Summary. The bones support the body, protect delicate
organs, and act as levers by means of which the muscles move
the body. There are 206 bones in the human skeleton, — 28
in the skull, 58 in the skeleton of the trunk, and 120 in the
skeleton of the limbs.

In respect to their shape, bones are classified as long and
short, flat and cylindrical, and irregular. Long bones give
" rapid motion through long distances. Short bones combine
strength and freedom of movement. Cylindrical bones are
supporting bones, and flat bones protect delicate organs or
have many muscles attached to them. Irregular bones usually
have several different functions.

Bones are one third animal matter, which makes them
tough, and two thirds mineral matter, which gives them
their stiffness and rigidity. The cavities in the bones help to
lighten them and at the same time permit them to retain
sufficient strength to support the body.

Bone marrow contains fat, blood vessels, connective tissue,
and nerves. The yellow marrow has in it much fat. Thered
marrow contains less fat, and in it the red blood corpuscles are
formed. The periosteum carries many of the blood vessels
that nourish the bone.

QUESTIONS

Give three functions of the skeleton. How many bones are in the
body? Into how many groups are they divided? How many bones
are there in each group?

How many bones are in the skull? in the cranium? in the ears? in
the face? Name some of the bones of the skull.

How many and what bones are in the spinal column ? Give two
qualities that the spinal column must have. Give two advantages
that come from having the spinal column composed of many parts.
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Where is the sternum ? How many ribs are ‘there? What is a
true rib ? a false rib ? a floating rib? Give two uses of the ribs.

Name the shoulder bones. To what is the scapula attached?
What is the function of the clavicle? What bones compose the
pelvis ? Give three functions of the pelvis. Compare the skeletons
of the arm and of the leg.

Give four shapes of bones, with the functions of bones having each
of these shapes. Give examples of bones of each shape.

What two kinds of material in bone ? What proportion of a bone
is mineral matter ? animal matter? What is the function of the
mineral matter ? of the animal matter ? At what time of life is there
little mineral matter in the bones ? little animal matter ?

Where in the skeleton is the compact bone found ? spongy bone ?
How do compact and spongy bone differ?

Why is it necessary that the bones should have considerable size ?
What would be the objection to having large solid bones? How
have the large bones been lightened without too greatly weakening
them ?

Of what is bone marrow composed ? Where is red bone marrow
found ? yellow bone marrow ? How does one kind of marrow differ
from the other? What is the periosteum? What happens to the
bone when the periosteum is destroyed ?

Of what is the animal matter in a living bone composed (page 8)?
Do the bones of an old person or of a little child bend more easily?
Why? Which breaks more easily? Why? Which heals more
easily after it is broken ? Why ?

Is a hollow iron post as strong as a solid iron post of the same
size? How many times as high as its own diameter is the tallest
smokestack or tower that you know ?

What part of the skeleton is incomplete in a little baby?



CHAPTER V

THE SKELETON (Continued)
JOINTS

EAcH bone can support the part of the body in which it
is located, but to form a skeleton for the support of the body
as a whole, the bones must be joined together. The places
where the bones come together are the joints. These are
divided into two great classes, — immovable and movable
joints.

Immovable Joints. Immovable joints are found in portions
of the body where movement between the bones is not neces-
sary, and where great strength and firmness are required in
the skeleton. In the cranium all the bones are solidly joined
to protect the brain, and the joints are immovable. The joint
between the two pelvic bones, and the joints between the
pelvic bones and the sacrum, are other examples of immov-
able joints. All the bones of the pelvis are thus firmly united
in one solid support for the body. In our own bodies we
overlook the immovable joints because there is no movement
at these places, but in a skeleton this kind of joint may easily
be observed.

Necessity for Movable Joints. Most of the joints in the
skeleton are movable. It is necessary that they should be,
for it is only at the movable joints that the body can bend.
Without movable joints you could not close your hand; you

45
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could not bring your hand to your mouth; you could not sit;
and you could not walk. Without movable joints it would
not be possible for one part of the body to be moved without
moving the whole body. You will understand, if you think
about it, that with the whole skeleton united solidly in one
piece, our muscles could not move the body at all. With a
skeleton having movable joints, they lift the body about, one
part at a time; but without the bending at the joints, the
muscles would have no more power of lifting the body than
you have of lifting a chair in which you are sitting.

Kinds of Movable Joints. Movable joints are of three!
principal kinds,— ball-and-socket joints, hinge joints, and
gliding joints.

In ball-and-socket joints a ball, or rounded end, of one bone
fits into a socket, or cup-like hollow, in the other bone. The
shoulder joint and the hip joint (Fig. 27) are good examples
of ball-and-socket joints. This kind of joint allows motion
freely in any direction, as you can observe by swinging the
arm about at the shoulder, or the leg at the hip.

Hinge joints do not allow motion in all directions, but only
in two opposite directions, — the same movement that a knife
blade has in opening and closing. The elbow and knee joints,
the first two joints of the fingers and toes, and the joints of
the lower jaw are examples of hinge joints. What kind
of a joint is at the base of the metacarpal bone that bears the
thumb ?

In gliding joints the bones move or glide only a little
on each other. The joints between the small bones of the
ankles and the wrists are good examples of gliding joints.

1 The joints between the bodies of the vertebre are intermediate between im-
movable and movable joints. In them the bones do not slide on each other, but
the thick and elastic cartilages (Fig. 21) permit considerable bending.
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CARTILAGE AND LIGAMENTS

Cartilage. By far the greater portion of the human skele-
ton is bone, but a small part of it is composed of cartilage! and
ligaments. Cartilage (Fig. 26) is
a smooth white substance always
found covering the ends of the
bones at the joints. In a movable
joint each bone has its own carti-
lage, and the surfaces where the
two cartilages rub together are
kept moist by an oily liquid. The
smooth cartilage and the oily fluid
keep down friction in the movable
joints and cause them to work
smoothly and noiselessly.

 In immovable joints, a piece of
cartilage grows in between the
two bones and firmly unites them. g 46  Cartilage. Cartilage
Cartilage is found also in the front has a connective tissue covering
portion of each rib(Fig 19). This i”{):"l:""a{.l:: z:;ill’:g':’sc'::;“ (‘;;'
makes the ribs more springy and build around themselves a whitish,
less likely to be broken by pressure elastic substance (c) which forms

the ground material of cartilage.

or by a blow on the chest. .

Ligaments. Around the joints are tough bands of con-
nective tissue called /igaments. In parts of the body like the

1 When the skeleton is being formed in the body, it is at first composed of
cartilage. This changes to bone until only a thin layer of cartilage on the ends
of the bones remains, As long as a bone is growing, however, there is some
cartilage in it. Thus, in youth, there are in the shaft of a long bone one or more
narrow rings of cartilage. This cartilage grows and keeps turning to bone on
each side, causing the bone to increase in length. Finally the rings of cartilage
turn to bone and there is no more growth in the length of the bone.
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knee, elbow, ankle, and wrist,
the number of ligaments about
the joints is astonishingly great.
Their function is to kold the bones
of the skeleton together.

HOW THE SKELETON PROTECTS
THE BRAIN

In all ordinary circumstances

the cranium shields the brain

FIG.37. The ligaments of the hip from outside injury, and the

joint. whole skeleton is arranged to

protect the brain from injury by jarring. This is necessary

because the brain is so soft and delicate an organ that not-

withstanding the protection given to it by the membranes

and fluid about it (page 26), it is shaken about and injured

by any violent jarring of the head. When you have a head-

ache after having bumped your head, the brain has been

injured; and death sometimes follows a blow on the head,

even when the skull has not been fractured, because of injury
to the brain.

FIG. 28. Pressing on an arched stick. FIG. 29. The arch of the foot.

If the head were jarred every time the feet strike the
ground in walking and running, it would surely be harmful
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to the brain. To prevent this jarring, the skeleton has in it
three devices that give springiness to the whole frame.

The Arch of the Foot. Press on a curved stick or a piece
of barrel hoop as shown in'Figure 28, and notice how much

springiness the arch gives it. The bones of
the human foot form an arch on which the
; weight of the body falls when

— the body is in a standing position.
In walking and running, there- 17
fore, the arch of the foot acts as .
a spring under the body.

The Curves of the Spinal
Column.  Strike the floor with
a straight stick held as in Figure
30 and your hand will be jarred.
But strike the floor with a curved
stick held in the same way, and
you will find that the curve will
give a springiness to the stick
that prevents the hand from being
h jarred. The double curve of the

spinal column (Fig. 18) makes it
springy, and so protects the head
from the jar when the feet strike .
. F1G.31. This
——=e=—_ theground. You cangetanidea cyved stick
FIGh- 30. Thi: of the usefulness of these curves SPr;nis down
straight  stic . I and does not
jars the hand. by imagining how much worse jar the hand.
your brain would be shaken up
when you run and jump if your head were carried on the
end of a straight, stiff bone instead of on your spinal column.!

1 Jump with the legs held straight and stif. Then jump with the legs bent
at the knees, and notice the difference in the amount of jar the body receives.
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Cartilages. The cartilages between all the joints, but
especially the thick cartilages between the vertebrae (Fig. 21),
act like rubber pads in giving elasticity to the skeleton. If
you have worn shoes with rubber heels, or have walked on a’
rubber mat, you will know at once how these cartilages pre-
vent jarring of the brain.

These three devices, along with the half-bent joints of the
legs, give springiness to the skeleton and protect the brain.
How well this work is done, you may know from the fact
that boys and girls in their play run
about and jump, and sometimes fall
so hard that the bones of the body
are broken, and yet it is not often
that the brain is injured.

THE SKELETONS OF OTHER VERTE-
' BRATES

Similarity of Human and Other
Vertebrate Skeletons. In the skele-
tons of all vertebrates, a spinal
column and skull are found. All of
them except the amphibians have
ribs. Shoulder and pelvic bones to
which the limbs are attached are
found in almost all of them. The
limbs of vertebrates are built on the
same general plan, but they are used
in so many different ways that the
skeletons of the limbs may seem to
be very different. Certain bones may be much longer than
they are in man, as the phalanges in the wings of a bat.

Skeleton of an orang-utan.
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Often bones may be united as are the tibia and the
fibula in the frog, and the carpal and metacarpal, and the
tarsal and metatarsal bones of many animals. Sometimes
we have the wrong idea of a limb until we study it closely.
Thus, in the front limb of the horse, the foot corresponds
to one finger on our hand, the hoof to a finger nail, and the
one metatarsal is very long, so that what seems to be the
knee is really the wrist. In birds the tarsal and metatarsal
bones are united and elongated and in a chicken the ankle
joint is often thought to be the knee. In some ways the
limbs of these animals are very different from the limbs
of man, but all the principal bones in them correspond to -
the principal bones in the human arms and legs.

Differences between the Human and Other Vertebrate
Skeletons. Of all the vertebrates, monkeys and apes have
skeletons most nearly like the skeleton of man. Butalthough
an ape’s skeleton has in it every bone that is found in the
human skeleton, yet there is no difficulty in distinguishing
between the two.

An ape has less intelligence than a man, and its brain and
cranium are much smaller. The jaws of an ape are much
longer and heavier than they are in man, the teeth are
larger, and the front teeth slant forward.

The human spinal column has a backward turn at the
top that causes the skull to balance on top of the spinal col-
umn when the body stands upright. The spinal column of
an ape lacks this backward curve, and when an ape stands
up its head sticks out forward. The muscles of the neck,
shoulders, and back, therefore, have heavy work to keep the
head from falling forward when the body stands erect.

The pelvis and femurs of man are also fitted for an upright
carriage of the body. Man is a very tall animal for his size,



FIG. 33. Vertebrate limbs, 4 is the human leg; B, the human arm; C, the fore
leg of a horse; D, the wing of a bird; £, the foot of a bird; £, the hind leg of a frog;
G, the wing of a bat; 4, the fore leg of a tortoise.
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and he has only two feet to balance himself on. The human
pelvis is, therefore, wide, and the heads of the femurs are
turned inward. The feet are thus spread apart, making it
easier to keep the balance of the body. Shut your eyes and
stand with your feet wide apart. Then shut your eyes and
stand with your feet close together, and you will understand
the advantage of this arrangement.

The arms of the ape are proportionately much longer than
the arms of man, and the legs are shorter. In man the arms
reach about halfway between the hip and the knee. In apes
they reach to the knee, and in some species even to the
ground.

In apes all the metacarpal and metatarsal bones are very
long except the first one, which is very short. This sets the
thumbs and great toes far down on the sides of the hands
and feet, and in reality gives the apes neither true hands
(with thumbs opposing the fingers) for grasping, nor feet for
walking, as we find in man; but long organs halfway between
hands and feet, with which the ape holds to large branches
as it climbs among the trees.

HYGIENE OF THE SKELETON

As the body grows, mineral matter is gradually deposited
in the bones and the skeleton becomes harder. During child-
hood the bones are flexible and it is easy to bend them and
change their shapes; but after the skeleton has hardened, it
is exceedingly difficult to change the shape of the bones.

It is very important, therefore, that the skeleton be kept
in proper position during childhood and youth. The general
carriage of the body cannot be well understood until we
have studied the muscles, so here we shall point out only
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a few ways in which different bones of the body may be
bent out of their proper shape.

Allowing a baby to stand up and walk too soon may cause
him to become bow-legged, and lifting or carrying heavy loads
may have the same effect on older children. Heavy work
done by the young is likely to pull the points of the shoulders
downward and forward, causing round shoulders. Anything
carried habitually on one side may cause the spinal column to -
be bent over to that side. It has been found that many
school children have slight curvature of the spine, from
always carrying their books on the same arm, and very
many people have one shoulder or hip a little higher than
the other. Boys sometimes wear belts that are drawn too
tight around the waist, instead of resting on the hips. These,
or any tight clothing around the waist, may bend in the
lower ribs. This is very injurious, for it presses on the
organs which are packed in the abdominal cavity.

You should avoid all these unhygienic practices, and others
which you will think of for yourselves, such as stooping
over your desk, or sitting sideways in your seat with one
shoulder higher?! than the other, while you study or write.
You should take especial care to form the habit of carrying
the body erect; for if the bones are permitted to harden in a
stooping position, it is almost certain that you will go through

1To THE TEACHER: Much real damage as well as a great deal of discomfort
may be caused by having seats and desks that are too low or too high for the
pupils. Writing on desks that are too high will throw one shoulder higher than
the other and cause lateral curvature of the spine. Bending over a desk that is
too low will give a stooping carriage to the body. Sitting in seats so high that
the feet cannot touch the floor causes stooping and very great weariness,
Where the school authorities fail to provide proper desks, the teacher should see
that the younger children have foot rests and should do everything in his power
to have all his pupils properly seated. i
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life with a stooping carriage, your sternum and ribs dropping
down and crowding your heart and lungs. If you have any
work that compels you to stoop as you do it, stop once in a
while, straighten yourself up, and take several deep breaths;
in addition, make a special point of holding the body erect
while not at work.

Broken Bones. If the two ends of a broken bone are
placed together, the bone cells soon cover the surface of the
broken ends with a jelly-like, white material. In a few days
this begins to harden, and soon the two parts are firmly
united. The only thing we can do to help nature in this
process is to put the broken ends together, and keep them
together until the fracture is healed. Of course a physician
must be called to set a broken bone, but the patient needs
intelligent care until the physician arrives. If an arm or
a leg is broken, stretch it out straight on a pillow. If the
person must be moved, tie a pillow about the limb, or wrap
a blanket or a coat around it, and then tie umbrellas or canes
about it to keep it straight. Often there are sharp points on
the broken ends of bones. In lifting the person, zake care
that the limb is not bent at the fracture, or the sharp ends of
the broken bone may cut the muscles, blood vessels, or
nerves.

Dislocations and Sprains. When the ligaments (and some-
times the muscles and nerves also) around a joint are broken,
and the bones slip out of place, we have a dislocation. A
few people have some joints with sockets so shallow that the
bones may be dislocated without breaking the ligaments, but
such joints are not common. When a bone is dislocated, it
must be put back into its place and kept there until the liga-
ments grow again about the joint. Usually only a physician
can get a dislocated bone back into place without danger to
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the patient, and he should be called before the parts become
swollen. .

When a joint is sprained, some of the ligaments around it
are broken and torn loose, but the bones are not dislocated.

Treatment of Dislocations and Sprains. Until a physician
can be called, both dislocated and sprained joints should be
bathed in either hot or cold water, or, better still, in hot and
cold water alternately. This will help to keep the injured
part from swelling and becoming painful.

A dislocated or sprained joint should not be rested all the
time, but should be exercised, even if the movement causes
great pain. If the joint is not exercised, it will become much
swollen with liquids from the blood, and will be very painful.
Exercise helps to keep up a good circulation of the blood
through the part, and this carries away the broken tissue and
dead cells, and helps in every way to hasten the healing of
the injury. But after a dislocation, great care must be used
that, in exercising, the injured parts are not again dislocated.
A dislocated joint should be well bandaged to keep the bones
in place, and then exercised in such a way that there will be
no danger of dislocating it again.

Tobacco and the Skeleton. The bones are built up and
grow through the manufacture of bone materials by the cells
(page 8). Tobacco seems to injure the cells which do this
work, for young persons who use tobacco are usually stunted
in their growth. We know that tobacco injures the heart and
the digestive organs, and it may be that it injures the bone cells
by preventing them from getting a good supply of food and
oxygen. Possibly the tobacco itself injures the bone cells.
However the harm is done, we are sure that it is done, for
the bones of young tobacco users do not grow as they should.

Summary. There are two great classes of joints, im-
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movable and movable. Immovable joints are found in the
skeleton where motion is not necessary, but firmness and
strength are required. Movable joints are necessary that the
different body parts may have motion. The three principal
kinds of movable joints are ball-and-socket joints, hinge joints,
and gliding joints.

The ends of the bones are covered with a smooth, white
substance called cartilage. In the movable joints this is
kept moist with an oil-like liquid, which causes the joints to
work smoothly. At the joints the bones are tied together
with strong connective tissue ligaments.

The arch of the foot, the curves of the spinal column, and
the cartilages in the skeleton and the half-bent knee joints
keep the brain from being jarred as we walk and run.

The human skeleton resembles other vertebrate skeletons
in having a spinal column, skull, ribs, shoulder and pelvic
bones, and two pairs of limbs. The bones in other vertebrate
limbs often differ markedly from the bones in the human
limbs, but in all these limbs the same general plan of the
skeleton is present. Man's skeleton differs from an ape’s in
the skull, spinal column, pelvis, and femurs, the length of
the arms, and in the hands and feet.

During childhood and youth the bones are easily bent, and
it is very important that they be kept in proper position. A
broken limb shauld not be allowed to bend at the fracture.
In a dislocation or a sprain the ligaments about the joint are
broken. A joint that has been injured in this way should be
treated with hot or cold water and carefully exercised.

Tobacco keeps the bones of the skeleton from reaching
their full growth.
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QUESTIONS

What is a joint? What are the two great classes of joints? Where
are immovable joints found? Give examples of immovable joints.

Why are movable joints necessary? Name three kinds of mov-
able joints. Explain what movement each kind of movable joint
allows. Give examples of each kind.

Where is cartilage found? What is its use in the movable joints?
What is a ligament and what is its function?

Why is it important that the skeleton should have springiness?
Name three devices for giving springiness to the skeleton.

Mention some ways in which the human skeleton resembles other
vertebrate skeletons. Mention five ways in which the human skeleton
differs from the skeleton of an ape.

Why is it important that the skeleton be kept in proper shape dur-
ing early life? Mention four ways in which parts of the skeleton may
be deformed.

How would you care for a person with a fractured limb? What is
a dislocation ? a sprain? What is the best treatment for a dislocation
or a sprain?

What effect has tobacco on the skeleton?

Carefully measure your height in the morning. Then measure it
again at night after you have been moving about all day. Are you
taller in the morning or in the evening? Why?

Do you know any animals that have the skeleton on the outside of
the body? What great advantage is this to these animals? What
do crabs, lobsters, crayfish, and many insects find it necessary to do
when the body increases in size? An earthworm has no skeleton.
How does it cause its body to move in crawling?



CHAPTER VI

THE MUSCLES

THE skeleton supports the body. Thke muscles move it.
When we think of a living animal, we think of it as having
the power to move. Yet without muscles we and all the
animals we see about us would lie quiet, like dead matter.
It is by the power of the muscles that the giant whale is
driven through the sea, and the wild bird is carried through
the air. Muscles cause the wings of the mosquito to vibrate
faster than the eye can see; they move the creeping snail.
The muscles carry our feet along, they lift our arms, they
keep our hearts beating night and day. 7%e power by which
a muscle causes movement lies within its cells?

The Muscles. The skeleton is the framework of the body,
and the muscles are stretched on the framework, sliding
smoothly and noiselessly over one another in their move-
ments. They form the chief part of the flesh which rounds

1 The tissues that we have studied up to this time are the supporting tissues of
the body, and the pupil should get clearly in mind the difference between them
and the other tissues. The function of bone, cartilage, and connective tissue is
to support the body. Since this work is too heavy for soft cells, the cells of sup-
porting tissues become builders and construct a great framework to support the
body. The bone cells build bone fibers and hard mineral matter. The con-
nective tissue cells build tough connective tissue fibers, and the cartilage cells
build the groundwork of cartilage. Supporting tissues are composed of cells and
materials whick the cells have built.  Other tissues are composed entirely of cells.
Muscle tissue is composed of muscle cells, the largest and most active cells in -
the body.
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FIG. 34. The outer muscles of the body.
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out the body. They number more than five hundred, and
more than two fifths of the entire body weight is muscle.
Thelean meat of animals is muscle, and by examining the
body of an animal in a butcher shop, you can see that a
great portion of the entire body is composed of muscles.

The Functions of Muscles. 7%e first and chief function of
the muscles is to move the body. The muscles cause the move-
ments when we walk or run, when we turn the head or eyes,
when we swallow, when we breathe, or when the heart beats.
The body cannot move in any way except by means of the
muscles. :

The second function of the muscles is to help the bones tn-
close the body cavities, and thus protect the delicate internal
organs.

The third function of the muscles is to assist the ligaments
in binding the skeleton together at the joints. Nearly every
muscle in the body stretches across a joint and is attached
on each side of it, and the strong muscles are a great aid in
holding the skeleton together.

How the Muscles move the Body. Muscle cells?! are so
long that they are often spoken of as muscle fibers. They
have the power of contracting, or of drawing up and becoming
shorter and thicker, as a worm does in crawling. When the

1 The cells of voluntary and involuntary muscles are very different in appear-
ance. Involuntary muscle cells (Fig. 5) are spindle-shaped, and are several
times as long as the average body cell. Voluntary muscle cells (Fig. 35) are
slender fibers often two and a half inches long, which is many hundreds of times
longer than an ordinary cell (see footnote on page 4). An involuntary muscle
cell, like an ordinary cell, has only one nucleus. A voluntary muscle cell has
thousands of nuclei. The reason for this is that the nucleus is the part of the
protoplasm that enables the cell to take in and use food, and one nucleus would
not be enough fora cell containing the great amount of protoplasm found in a
voluntary muscle cell.
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cells in a muscle contract, the whole muscle is shortened.
This causes a bending at the joint over which the muscle
passes, and a movement of some part of the body, since
the muscle pulls on the bones to which it is attached. From
Figure 39 you can understand how, when the biceps muscle
contracts, the arm is bent at the elbow gnd the hand raised.

Voluntary and Involuntary Muscles. Muscles are divided
into two great classes, — voluntary and involuntary muscles.
Voluntary muscles are under the control of the will. They are
governed by the brain, and we can contract them when we

FIG. 35. A is a portion of a muscle
showing the connective tissue cover-
ing (perimysium) and the connec-
tive tissue partitions which divide
the muscles into bundles of muscle
cells (fasciculi). In B a part of a
bundle of cells is shown more highly
magnified. The length of the mus-
cle cells is so great that only a small
portion of any one cell can be shown.

wish. Try to raise your hand
and you can do so, because it
is moved by voluntary muscles.
Nearly all the voluntary mus-
cles are attached to the skele-
ton.

Involuntary muscles are mnot
under the control of the will.
They are governed by the sympa-
thetic nervous system, and over
them the will has no control. If
food were started down your
throat, you would be compelled
to swallow it even though you
knew it contained poison, for the
muscles of the throat are invol-
untary muscles. The involun-
tary muscles are found chiefly in
the blood vessels, walls of the
heart, digestive organs, and in
other internal parts of the
body.
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The Connective Tissue Skeleton of Muscles. The muscles
are held together by connective tissue, and the arrangement of

this tissue in a voluntary muscle is very
similar to its arrangement in a nerve.
A muscle has a connective tissue
sheath, which covers it like a thin
skin (Fig. 35). Connective tissue
partitions ! run in from the sheath all
through the muscle, dividing the mus-
cle cells into groups and tying them
up into bundles. Fine fibers of con-
nective tissue are woven in among the
individual muscle cells, so that the
muscle has around it, and running all
through it, a framework of connective
tissue.2 The connective tissue passes
out at the ends of a muscle and, be-
coming entangled and interwoven with
the fibers of the periosteum, attaches
the muscle to the skeleton (Fig. 36).
Tendons. The connective tissue may
pass directly from the muscle into the
periosteum of the bone. Often, how-
ever, the connective tissue from a mus-
cle unites and forms a tough white

11n a piece of meat cut “across the grain” (i.e.
across the muscle cells) the connective tissue parti-
tions in the muscle may easily be seen,

2 Not only the muscles, but the whole body has
a complete framework of connective tissue. If all
materials of the body except the connective tissue
were removed, there would still remain the form
of the whole with all the organs in place.

FIG. 36. Diagram show-
ing how the connective tis-
sue passes through a muscle
from bone to bone. The
muscle cells are shown
many times larger than they
would actually appear.
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cord called a zendon.

The tendon passes to a bone — some-

times to a bone at a considerable distance from the muscle —

FIG. 37. The muscles
of the forearm and the
tendons and ligaments of
the hand and wrist,

and attaches itself to the bone by spread-
ing out on its surface and sending its
fibers in among the fibers of the perios-
teum. A

Uses of Tendons. Certain parts of the
body (the hands, for example) need to
have great strength and to be capable of
making a variety of movements, without
at the same time becoming so covered
with muscles that they will be large and
heavy. In such parts of the body, the
muscles are placed at a distance and
joined to the bones by tendons. There
are nearly thirty muscles for moving the
fingers of each hand. If all these mus-
cles were on the hand, it would not be
very beautiful, and would be too clumsy
to do any fine work. The muscles that
move the fingers are, therefore, placed
on the forearm, and only slender tendons
run down to the hand. Open and close
your hand, and you can see and feel the
muscles working in your forearm, and in
the wrist and back of the hand you can
see the movements of the tendons which
close and open the fingers.

Tendons held in Place by Ligaments.
In Figure 37 you can see that the tendons

pass under strong ligaments which surround the wrist. In
many other parts of the body there are ligaments forming
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bands and loops, which hold the tendons down close to the
bones. You can learn the necessity for these ligaments by
an experiment, and the same experiment will teach you
something about tendons.

Tie a piece of string about the tip of the first or second finger.
Run the string back along the front of the finger, across the palm,
and up the wrist to the forearm. This string is to represent a tendon.
Now get one of your schoolmates to tie strings around your finger,
hand, and wrist, as you see in Figure 38. These strings represent the
ligaments which hold the tendons in place. From up on the fore-
arm pull on the cord which represents the tendon. What effect has
it on the finger and hand? Cut the cords which represent the
ligaments, and pull on the cord representing the tendon as before.
Does the cord follow the curves of the fingers and hand, and lie
down flat along the bones? What difficulty would we-have in the
hand if the tendons were not tied down to the bones? Now turn
the string about and run it down the back of the finger and hand,
and note how a tendon pulling on the back of the finger will open it.

From this experiment you will understand the use of the
ligaments in the hand and wrist; you will also realize that
without the ligaments around the
ankles, the tendons would rise and
run straight from the toes to the
muscles below the knees ; and that ¢
all through the body it is very
necessary for the tendons to be tied
down close to the skeleton.

Constant Contraction of Muscles.
Lay the back of your hand on the
desk, stiffen your arm at the elbow,
and bear down on the desk. Now
feel the muscle on the back of your FiG. 38. Tllustrating how a ten-
upper arm. It is hard and con- don bends a finger.
tracted. It is keeping your arm from bending by pulling on




66 HUMAN PHYSIOLOGY

the point of the ulna at the elbow. Now stand on one leg
with the knee of that leg slightly bent, and feel the muscles
both above and below the knee. They are tightly contracted
because they are holding the knee and ankle joints from
giving way under the weight of the body.

You know that if a man goes to sleep
when sitting up, his head falls forward.
The muscles which support the head must
keep a constant contraction to hold it erect,
and when the man goes to sleep these
muscles relax. A dead body will not stand
up, but will give way at the joints. The
living body can stand up because the mus-
cles keep the body
from bending at
the ankles, knees,
hips, and in the
back. Not only
when the body
moves, but when
any part of it is
held erect or ex-
tended, the mus-
cles must be con-
tracted to hold it
in position. Try holding the arm extended for five minutes,
or standing perfectly still for some time, and you will soon
find that some of your muscles are doing heavy work, al-
though there is no movement of the body.

Antagonistic Muscles. Many of the muscles of the body
are in pairs, each muscle of the pair working against the
other. Muscles which oppose each other in this way are

FIG.39. ‘The antagonistic action of the biceps and
triceps muscles,
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called antagonistic muscles. An excellent cxample of a pair
of antagonistic muscles is found in the upper arm. On the
front is the diceps, which lifts up the forearm. On the back
of the arm is the #riceps, which straightens out the.forearm.
In the leg, both above and below the knee, other antagonistic
muscles will be found, and as you study the muscles of the
body, you will note that nearly all of them are arranged
to work in opposition to other muscles. This is necessary,
Jor a muscle cannot puskh, and if a part of the body is to
be moved back and forth, it must have a muscle to pull it
each way.

Accuracy of Motion given by Antagonistic Muscles. The
antagonistic action of muscles is very important in giving us
" control of our movements. Suppose you wish to extend the
forearm to pick up something. You do this by contracting
the triceps.. If there were no biceps, the forearm would be
thrown out with a jerk, and would probably go beyond the
object for which you were reaching. But as the muscles are.
arranged, the biceps exerts a steady, even pull against the
triceps, and when the hand has been extended far enough,
the biceps gives a pull strong enough to balance the action
of the triceps, bringing the hand to a stop at just the right
place to grasp the object. The brakes on a street car or on
a railroad train make it possible to stop at the desired place.
In the same way, the antagonistic action of the muscles en-
ables us to check the movements of the body and keep them
-from going too far.

The Nervous Control of the Muscles. The way in which
the nervous system controls all the muscles and makes them
move the body about, seems almost as wonderful as a story
from the Arabian Nights. You look at a book and wish to
read in it; your hand reaches out and grasps the book, opens
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it at the place where you wish to read, and holds it up before
your eyes. You wish to go out of the room; your body
rises, your feet carry you along, and out of the room you go.
You wish to throw a ball to one of your playmates; the
muscles of your legs and back, the muscles which draw back
the shoulder, arm, and hand, those which draw these parts
forward again, and the muscles which open the hand to re-
lease the ball, are all brought into action. Each one of this
great number of muscles must contract at exactly the right
time, with exactly the right force, and must not remain con-
tracted a moment too long, or the ball will go wide of the
mark, and you will make a poor throw.

All such movements are accomplished, not by each muscle
working independently, but only through the nervous system,
which controls them all. From the brain or spinal cord a nerve
goes to every voluntary muscle in the body, and a branch of
a nerve fiber goes to each muscle cell (Fig. 102). When
you wish to make a certain movement, the commands pass
through the nerves to the proper muscles, the muscle cells
contract, and the movement is made.

The voluntary muscle cells are controlled by the central
nervous system. Many commands are sent to them without
our thinking about it; many movements have been made by us
so often that the cord and brain send the right ‘commands
without thought. But all of the voiuntary muscles! are under
the control of the will, and when we desire to do so, we can
send a message from the brain to any one of these muscles
and make it contract.

1The muscles that are used in breathing are in a sense intermediate between
the voluntary and involuntary muscles. We can control them for a short time;
but if the breath is held, they soon act in spite of the will. Try holding your
breath and you will find that it is possible to do so for only a short time.
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THE CARRIAGE OF THE BODY

It would be interesting and profitable! to locate a number
of the more prominent muscles of the body and to study their

action, but we have time
to take up only the mus-
cles that support the spinal
column. From your study
of the skeleton you already
understand that the entire
upper part of the body
stands up on the spinal
column as on a stem (Fig.
19), and that if the spinal
column droops, the head
and the whole framework
of the chest must stoop
forward. It is therefore
not necessary to explain
to you why these muscles
are so important from the
hygienic standpoint.

The Long Muscles of the
Back. Along the dorsal
side of the spinal column

FIG. 40. The muscles of the head.

are long muscles for supporting the spine and for keeping
the skull from falling forward. The muscles of the back are
heaviest in the Jumbar region (the “small of the back”),

1To THE TEACHER: If time will permit, some exceedingly valuable work may
be done by having the pupils learn the origin, insertion, and action of some of
the muscles shown in Figure 34. The most interesting and profitable part of the
work will be the location of these muscles on the body.
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ABOOMINIS

FIG. 41. The muscles that sup-
port the spinal column. It is these
muscles, and not the muscles of the
shoulders, that hold the body erect.

where the two large erectors of the
spine (erector spinae) may easily be
felt on either side of the spinous
processes (Fig. 21) of the vertebrze.

When the long muscles of the
back contract they straighten the
upper part of the spinal column,
as the tendons on the backs of
the fingers open the hand. When
the muscles of the back are weak
they allow the head and the upper
part of the spine to droop forward,
spoiling the appearance and allow-
ing the framework of the chest to
drop down and crowd the lungs
and heart.

The Abdominal Muscles. The
abdominal muscles are long, thin,
flat muscles lying in the abdominal
walls. These muscles connect the
ribs and sternum with the rim of
the pelvis and prevent the upper
part of the trunk from being
drawn over backward by the long
muscles of the back. The abdom-
inal muscles also hold the internal
organs in place, and by forcing the

internal organs back against the dorsal wall of the abdominal
cavity, support the spinal column in front in the lumbar

region.

The Psoas Muscles. The heavy psoas muscles are attached
along the spinal column in the lumbar region. These muscles
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have two functions. They lift the thigh, or if the leg is held so
that it cannot be raised, they bend the body forward at the hips.
They also brace the spinal column on the front of the lumbar
curve, preventing too great a forward curvature at this point.
How to acquire and keep an Erect Carriage. In bringing
the body to an erect position, the great thing is to straighten
out the curves of the spi-
nal column. Straighten
the upper curve, and the
head and chest will be
lifted. Straighten the
lower curve, and the ab-
domen will be drawn in.
Teach the muscles on
both sides of the spinal
column to keep the
proper contraction, and

mum‘? m
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the body will stand erect.
The easiest way of train-
ing the muscles to do this
work properly is 2 stand
and walk as though you

FIG. 42. A diagram of a cross-section through
the lumbar region of the body. The erectors of
the spine (erector spinze) and the psoas museles
acting against each other keep the spinal column
erect.

were kz;ng by the top of the head,

a little back of the center. This will cause the spinal column
to be straightened out, pull in the abdomen, and bring up the
head until it balances on top of the spinal column. Stand in
this position, and note that your head is back and your chin
is close to your neck, your ribs and sternum are lifted off the
heart and lungs, and the muscles are tightened across the
abdomen, forcing the abdominal organs back and up. * Stand
2all)” thrusting up the top of the head as high as possible, and
drawing the chin and abdomen in, is the best rule for position
in standing and walking.
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Mistakes made in trying to stand Erect. The most com-
mon of all mistakes made in trying to acquire a good carriage
is to try to hold the body erect by forcing back the shoulders.
Contracting the #rapezius muscles (Fig. 34) and drawing the
scapulas back toward the middle of the back, or pulling the
shoulders back with braces, will never bring the body to an
erect position! The true remedy is to straighten out the
spinal column. The shoulders will take care of themselves if
only a little care is used to see that they are not lifted too
high when the body is straightened up.

The other common mistake made in trying to stand erect
is to throw the head and chest up and allow the abdomen to
be thrust forward. The trouble is that although the muscles
along the back are contracted, bringing up the upper part of
the spine, yet the psoas and abdominal muscles are allowed
to relax, and the spinal column bends inward in the lumbar
region. '

Importance of acquiring a Correct Carriage in Youth., If
the body is not held erect in youth the bones will harden in a
stooping position, the cartilages between the vertebrae will
become wedge-shaped, and the muscles will develop in length
to fit a stooped skeleton instead of a straight one. Youth
is also the best time to build up and strengthen weak mus-
cles, and to teach all the muscles to keep a proper amount of
contraction.

The easiest way to acquire an upright carriage is to form
the habit of sitting, standing, and walking erect. “ Stand
tall,” and the muscles will fall into the habit of keeping the
spinal column upright. It is possible, however, by suitable

1« The position of the shoulders has hardly any effect upon the position of the
body. They hang upon the outside of the body like the blinds on a house.”
= DR. LuTtHER H. GULICK.
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exercise, to develop and strengthen weak muscles, and if you
are inclined to stoop you should exercise especially the mus-
cles that support the spine.

HYGIENE OF MUSCLES

All the cells of the body live together, and it is not possible
to have some of them in bad condition and the remainder of
them in good health. Whatever keeps the whole body in
health, therefore, benefits the muscles. Among these things
are plenty of good food, fresh air, and sleep. Other things
that arec necessary, not only for the health of the muscles but
for the health of the whole body, are exercise and rest.

Importance of Exercise. Exercise benefits the body in
many ways. It quickens the breathing and starts the heart
to beating faster, and it stirs up the different organs of the
body and causes more blood to flow through them. Without
exercise the muscles become weak and soft, and it is also true
that if the muscles are not exercised the whole body, espe-
cially the digestive organs, will get out of order. A whole
book could be written on this subject, but any one who
wishes to take healthful exercise knows how to do so, and
we will merely call your attention to the following important
facts:

The muscles should be exercised every day. Any one who
is lazy and neglects to do this will surely suffer, for without
exercise the body cannot keep in health. Exercise should be
stopped before one becomes too tired, for too much exercise is
worse than not enough. Whenever possible, exercise should be
taken outdoors. Outdoor games furnish enjoyment, fresh air,
and exercise all at the same time and are the best of all forms
of exercise.
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Effects of Tobacco and Alcohol on the Muscles. Tobacco,
so far as we know, is injurious to all of the body cells.
Certainly it weakens the muscles. Athletes who wish to have
their muscles in such condition that they will contract with the
greatest possible power, are not allowed to use tobacco.

Alcohol also weakens the muscles, especially in any long-
continued effort. Shrewd old Benjamin Franklin knew this
long ago. In speaking of the time when he worked in a
London printing house, he says: “I drank only water. The
other workmen, fifteen in number, were great drinkers of beer.
On occasions I carried up and down stairs a large form of
types in each hand, when others carried but one in both
hands. They wondered to see’ from this and several in-
stances, that the Water-American, as they called ‘'me, was
stronger than themselves, who drank strong beer.”

Arctic explorers have found that they fared best when they
used no alcohol. In mountain climbing, in the cold air of the
high Alps, it has been found by experiment that a man could
do 20 per cent more work on days when he used no alco-
hol than the same man could do on days when a moderate
amount of alcohol was used. In the hot climates of Africa
and India it has been found that regiments of soldiers with-
out alcohol can outmarch those using it. Thus in both cold
and heat, alcohol users have less endurance than those who
do not use it. Both alcohol and tobacco weaken the muscles,
and they do- this chiefly by injuring the nervous system,
which controls the muscles.

Summary. The muscles number more than five hundred
and make up more than two fifths of the body weight. They
move the body, help inclose the body cavities, and assist in
binding the skeleton together. The two classes of muscles
are the voluntary and involuntary.
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A muscle has a framework of connective tissue by which
it is attached to the skeleton. In some cases the connective
tissue forms a tendon and runs to a bone at a distance from
the muscle. The tendons are held down close to the skele-
ton by ligaments.

The muscles of the body keep a certain amount of contrac-
tion, as is shown by the fact that a dead body will not stand
up. Most of the muscles are arranged in pairs, one muscle
of the pair working in opposition to the other. The nervous
system controls the muscles and causes them to work together
in a wonderful manner.

In the carriage of the body, the muscles of the spinal
column are the ones that are important. The erectors of the
spine, the abdominal muscles, and the psoas muscles support
the spinal column and should be taught to keep a proper
amount of contraction. The best way to do this is to form
the habit of standing and walking erect.

A common mistake in trying to acquire an erect carriage
is to pull the shoulders back instead of straightening up the
spinal column. Another mistake is to allow the spinal column
to bend forward too much in the lumbar region. In youth
is the time to acquire a good carriage.

Exercise is necessary, not only for the health of the mus-
cles, but for the health of the other organs of the body as
well.  Tobacco and alcohol weaken the muscles and should
not be used by those who wish to be strong.

QUESTIONS

How many muscles are in the body? How much of the body
weight is muscle?

Give three functions of the muscles. What causes a muscle to
contract? Explain how the biceps muscle bends the arm. Name
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the two classes of muscles. What is the difference between them?
To what are the voluntary muscles attached? Where are the invol-
untary muscles found ? ' '

Describe the connective tissue skeleton of a muscle. How is a
muscle attached to a bone? Of what isa tendon composed? What
advantage is there in having tendons in the body? How are the
tendons kept close to the bones?

Why does a man’s head remain erect when he is awake and fall
forward when he goes to sleep? What are antagonistic muscles?
Give an example. Why are the muscles of the body arranged in
pairs? What effect have the antagonistic muscles on our movements?

What has the nervous system to do with our movements? By
what part of the nervous systemare the voluntary muscles controlled ?
Wltere are some of the muscles that are used in walking? Do you
think of the movements caused by all these muscles?

What part of the skeleton supports the head and trunk? What
muscles keep the upper part of the spinal column erect? What fol-
lows if these muscles are weak or relaxed too much? Give two
functions of the abdominal muscles; two functions of the psoas
muscles. If these muscles are weak or relaxed, what effect has it on
the curves of the spinal column? What is the best method of train-
ing the muscles to hold the spinal column erect? Give the rule for
position in standing and walking. What two mistakes are often made
in trying to stand erect? Why is it important to acquire a correct
carriage in youth?

Name four things necessary to the health of the body. Mention
some of the effects of exercise on the body. What effect has lack of
exercise on the muscles? on the other organs of the body? What
three important statements are made in regard to exercise ?

What effect has tobacco on the muscles? Tell of Franklin’s expe-
rience in the London printing house. What effect had alcohol on the
power of a man to work in the cold air of the Alps Mountains? What
effect has it on the endurance of men in hot climates? In what way
do alcohol and tobacco chiefly affect the muscles?
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REVIEW QUESTIONS

Chapter I. Of what are living things composed? How do cells
originate? Why is it necessary that there should be a division of
labor among the cells of the body? Name some of the different
kinds of cells in the body and give their functions.

Define: protoplasm ; nucleus; tissue; organ; anatomy; physi-
ology ; hygiene.

Chapter II. Name and locate the two body cavities. What is in
each? Where does man belong in the animal kingdom? Mention
some ways in which the bodies of all vertebrates are alike. How
does the human body differ from the bodies of all other animals?

Chapter ITII. What is the function of the nervous system? Explain
why some such system is necessary in the body. Name the divisions
of the brain. Describe a nerve. What is the function of the nerves?

Define and give the function of the following: central nervous
system ; sympatnetic ; dura mater; arachnoid ; pia mater; cerebro-
spinal fluid.

Chapter IV. Give three functions of the skeleton. What part of
the skeleton forms a central axis to which all the other parts are
joined? Name bones of different shapes with their functions. What
materials are in bones, and what is the function of each kind of
material? What advantage is there in the hollow structure of bones?

Define: compact; spongy; marrow; periosteum.

Chapter V. Name two classes of joints; three kinds of movable
joints. Describe cartilage and tell where it is found. How is
friction kept down in the joints? What are ligaments? How is
the skeleton made springy? Hqw does the human skeleton resemble
other vertebrate skeletons? How does it differ from the skeleton of
an ape? Mention some points in connection with the hygiene of
the human skeleton. How would you treat a broken bone? a
dislocation? a sprain?

Chapter VI. Give the functions of the muscles. How are muscles
attached to bones? Explain how the muscles move the body. What
muscles are important in the carriage of the body? How may an
erect carriage be acquired? What mistakes are made in trying to
stand erect? Why should the body be carried erect in youth? ~Speak
of the importance of exercising the muscles ; of the effects of tobacco
on the muscles ; of the effects of alcohol on the muscles.



CHAPTER VII
FOODS AND ENERGY

To-DAY we take in food. To-morrow the food is gone and
we are hungry still. We eat again and the next day find our
need for food as great as it was at first. We spend our lives
working for food and eating food, and yet only a few short
hours behind, hunger is always following on our trail.

Why can we not forget all about food? What makes us
want to eat? Why do we spend our money for something
that we cannot keep? Why not give up eating and have time
to rest and enjoy life? Because without food the life of the
cells and of the body comes to an end.

Why the Cells need Food. The living protoplasm in the
cells is continually wasting away. In certain parts of the
body the cells are constantly dying?! and being replaced by
new cells. Other new cells are needed when the body grows
in size (page 10). New protoplasm, therefore, is constantly
being built up for the repair and growth of the cells, and
this protoplasm is formed from the materials that are in the
foods. Food is necessary to furnisk material for the repair
and growth of the cells.

The cells get their energy — their warmth and power to
work — from the food. A muscle cell gets its strength, a

11t is estimated that fourteen billion red blood corpuscles die in the body every
day. Great numbers of cells also die on the surface of the skin.
78
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bone cell gets its power to build bone, and all other cells,
whatever they do, get their power to work from the energy
which is in the food. Just as a locomotive gets its energy —
its warmth and power to move —from the fuel which is burned
under its boiler, so the cell gets its energy from the food
which is burned within the cell. Cut off the fuel from a
locomotive, and it will become cold and still. Cut off the
food from a cell, and it will lose its energy and become a dead
cell.  Food is necessary to furnisk energy to the cells.

THE CHEMISTRY OF FOODS

Molecules and Atoms. In the study of chemistry we learn
that everything that we can see, feel, taste, or smell is com-
posed of very small parts called molecules. Just as a house
is built of bricks, so are wood, stone, water, earth, air, and
other substances composed of molecules.

Molecules are so small that millions of them are required
to build the smallest object that can be seen with the most
powerful microscope. They are so small that we cannot
imagine how small they are. Yet chemists study molecules,
and they have discovered some very wonderful things about
them. One of the most wonderful of these discoveries is
that molecules are composed of still smaller particles called
atoms. There are about eighty kinds of atoms, all differing
in many ways.

Elements and Compounds. ZE/ements are substances that
have only oze kind of atoms in their molecules. Compounds
have zwo or more different kinds of atoms in their molecules.
Perhaps you do not understand what you have just read, but
if we play that we are building molecules, you will probably
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get a clear idea of the difference between an element and
a compound.

Suppose we have a pile of bricks of many different colors,
—some purple, some red, some yellow, some green, some
blue, and some violet. Suppose we call these bricks atoms,
and of them decide to build molecules. Let us first build
a molecule using only red bricks. This is like the molecule
of an element, for #¢ kas only one kind of atoms in it. Let us
now build a molecule of yellow bricks. This also is like the
molecule of an element, for only one kind of atoms was used
in making it. Now let us build a molecule partly of yellow
and partly of red bricks. Is this like the molecule of an
element? No, for it has in it two kinds of atoms. It is like
the molecule of a compound. Let us now build a big mole-
cule and put into it-all the different kinds of bricks that
we have. Is this big molecule an element or a compound?
Read the definition of a compound again, and you will see
that this is certainly a compound.

Some Common Elements and Compounds. Since there are
eighty kinds of atoms, there are about eighty elements. You

could tell that 7oz is an element from
ron o the diagram of its molecule, for both
AToM ATom atoms are of the same kind. Gold is

FiG.43. A molecule ofiron, another element, the atoms in its mole-
Iron is an element because all cule being the same. Other common
L‘;eﬂ‘:"s':; ;‘;ﬂ‘l‘; molecule are elements are silver, copper, lead, tin,

’ zine, sulfur, and carbon (the black sub-
stance of which charcoal and soot are composed, and which
you see on the burnt end of a match). Still other elements are
oxygen, the gas which is taken into the blood from the air when
we breathe; Zydrogen, a very light gas used to fill balloons;
and n#trogen, a gas making up about four fifths of the air.
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Since the eighty different kinds of elements combine in
very many different ways, there are thousands of compounds
all about us. Wood, stone, water,
and earth are all compounds. AYOROGEN WYOROGEN
Rocks and the ores of metals are ATom ATom
compounds. Dy namite and gun- FIG. 44. A molecule of water.,
POWder are ComPOUDdS whose ‘Water is a compound because it has
molecules ﬂy to pieces with great more than one kind of atoms in its
force. Everything that you eat ™o
and wear is a compound, and if you should pick up the thing
nearest your hand, you would probably find that you were
holding a compound.

Compounds Different from the Elements of which they are
formed. When blue and yellow paint are stirred together,
the mixture is neither blue nor yellow, but green. So a com-
pound may be very different from any of the elements of
which it is formed. Thus when carbon (a black solid) and
sulfur (a yellow solid) unite, they make a liquid. When oxy-
gen and iron unite, they make the red rust which you have
so often seen. This rust is not a'gas like oxygen, noris it a
tough and hard metal like iron. It is a compound, and very
different from each of the elements (oxygen and iron) of
which it is made.

Water is another compound which is different from either

of the elements in it. Hydrogen

OXYGEN ZaRgon and oxygen are both gases, but

o W when they unite, they form water,
FIG. 45. A molecule of carbon 2 liqUid' Carbon and oxygen also
dioxid. This gas ‘is a compound, its form a compound very unlike
molecules having in them two kinds ejther of the elements entering
into it. A piece of charcoal is

a black solid which you can see and handle, and oxygen is




82 HUMAN PHYSIOLOGY

the gas of the air which is so necessary to our lives. But
when carbon and oxygen unite (as they do when you burn a
piece of charcoal)the compound, carbon dioxid, is a poisonous
gas very different from the solid carbon, and also very
different from the life-supporting oxygen.

The Language of Chemists. Chemists do not write out the
whole names of the elements, but write H for hydrogen, O
for oxygen, S for sulfur, C for carbon, and other short signs
for the other elements. They have also a short way of writ-
ing out the kinds of atoms and how many of each kind are in
a compound. Thus they write H,O (read: H two O) for
water, meaning that in a molecule of water there are two
atoms of hydrogen and one atom of oxygen. For carbon
dioxid, the poisonous gas which we breathe out from the
lungs, and which is formed when anything containing carbon
is burned, they write CO, (read: CO two), meaning that in a
molecule of this gas there are one atom of carbon and two of
oxygen.

CLASSES OF FOOD

From plants and animals the people of the world obtain
many different foods. All these foods, however, can be put
into three great classes,—the carbokydrates, fats, and proteins.

Carbohydrates. The carbohydrates include the starches
and sugars. Almost all of them come from plants. Nearly
every plant has its own kind of starch, and we have corn
starch, wheat starch, oat starch, potato starch, arrowroot
starch, and many other varieties of starch. All the grains,
potatoes, and most vegetables are starchy foods.

Sugar is an important food. Most of the sugar that we
use comes from sugar cane and the sugar beet. Besides what
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we purposely add to our foods to make them pleasant to the
taste, we get considerable amounts of sugar in maple syrup,
molasses, honey, and fruits, and there is some sugar in corn,
sweet potatoes, milk, and many other foods.

Fats. There is no difference between fats and oils, except
that at ordinary temperatures fats are solid and oils are
liquid. For use as food they are the same, and are all called
fatty foods.

Among the common fatty foods are butter, taken from
milk ; lard and cotton-seed oil, used in cooking ; olive oil, used
in salads and dressings; and the fat that is always found in
meat. Besides the fats obtained from these foods we get
some fats in eggs, cheese, corn, chocolate, and in a great
many other foods.

Proteins. Most of the food that we get from animals con-
tains proteins. Lean meat, fish, eggs, milk, and cheese, all
contain protein matter. Corn and all the cereal grains except
rice contain considerable protein matter; but of all common
foods obtained from plants, peas and beans are the richest in
proteins. The table in thg back of the book shows the pro-
portion of proteins, carbohydrates, and fats in many foods.

Chemical Composition of the Different Classes of Foods.
The carbohydrates contain the three elements, carbon,
hydrogen, and oxygen, —and in the common carbohydrates,
as in water, there are always twice as many atoms of hydro-
gen as there are’ atoms of oxygen. Thus, common sugar is
C13H40,,, there being two atoms of hydrogen for one of oxy-
gen. Fats contain the same elements as the starches and
sugars, but in different proportions, having in them much
less oxygen than is found in the carbohydrates. Proteins
contain all the elements (carbon, hydrogen, and oxygen)
which are found in the other foods, and in addition they
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contain nitrogen and usually very small amounts of sulfur,
phosphorus, iron, and other elements.

All Foods come from Living Things. From what you have
already learned you will know that the principal elements in
food are very abundant in the world. Oxygen and nitrogen
make up nearly all of the air. Water is two thirds hydrogen,
as you could tell by counting the number and kinds of atoms
in its molecules. Carbon is abundant in wood ; coal is nearly
all carbon; and there is much carbon in the rocks of the
earth.

But you could not live on water, coal, and air. They con-
tain all the chief elements of our food, but it is only when
these elements have been built up into the proper compounds
that they are useful in nourishing the body. These com-
pounds we find only in the bodies of living things, so all our
food must come from the bodies of animals or from plants.
“In building our house, we can use only bricks ripped
from the walls of other houses.”

Uses of the Different Classes of Foods. Protoplasm is living
protein matter; it is always partially composed of nitrogen,
and any food which is used in cell building must contain
nitrogen. The proteins are therefore ke building foods.
The fats and carbohydrates lack the necessary nitrogen, and
cannot be used in cell building. They are fuel foods, useful
Jor burning in the cells to furnish energy. The proteins when
burned also furnish energy to the cells, but their main use
is 20 provide materials for building new protoplasm.

OTHER THINGS NECESSARY TO THE BODY

Oxygen and Water. Besides the three classes of foods that
we have studied, there are certain other substances which the
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body must have to keep it in health. Among these things
oxygen takes the first place. We breathe it in constantly,
and if the supply of oxygen is cut off for even a short time,
we die. Water is also absolutely necessary to the body.
Besides the water that we drink, we get a great deal of water
in our foods, as you can see by referring to the table of foods
in the back of the book. Potatoes are more than 8o per
cent water; beef is more than half water; and even in dry
foods like rice and beans there is water.

Minerals. Several minerals are needed by the body. Of
these salt is needed in the greatest quantity. During the
time of growth the body must have also a considerable quantity
of lime to build the skeleton. Iron in small amounts is
necessary for the formation of the red blood corpuscles, and
small amounts of several other minerals are needed by the
body. Some of these minerals we get in water, and others in
our food. Vegetables have a special diet value because of
the large amounts of lime, potassium, and other minerals that
they furnish the body.

Summary. The human body constantly requires food.
This food is necessary to furnish building material and
energy to the cells.

All matter is composed of molecules that are built of still
smaller particles called atoms. Elements have only one kind
of atoms in their molecules. Compounds have two or more
kinds of atoms in their molecules. There are about eighty
elements and thousands of compounds. Compounds are
often very different from any of the elements of which they
are formed.

The three classes of foods are the carbohydrates (starches
and sugars), the fats, and the proteins. The carbohydrates
are obtained chiefly from plants. They contain carbon,
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hydrogen, and oxygen, there being in them two atoms of
hydrogen for each atom of oxygen. Fats and oils contain
these same elements but in different proportions. Proteins,
in addition to the elements found in the other foods, contain
nitrogen. Lean meats, eggs, milk and cheese, grains, and
peas and beans are the principal protein foods.

The elements found in foods are very abundant in the
world, but only compounds built up by living plants and
animals can be used by man for food. The proteins give
energy to the body, and they are the only foods that can be
used in building protoplasm, because only the proteins con-
tain nitrogen. The other foods furnish energy to the body.

Oxygen, water, and certain minerals are also necessary to
the body. The body obtains its minerals from water and
foods. Green vegetables are especially valuable for their
minerals.

QUESTIONS

Give two reasons why the body needs food. Why do the cells
need building material? Why do they need energy?

Of what is all matter composed? Of what are molecules com-
posed? What is an element? What is a compound? Name some
elements ; some compounds. Name some compounds that are
different from the elements of which they are composed. Give
some examples of the short signs that chemists use.

What are the three classes of foods? What two kinds of carbo-
hydrates are there? From what are they obtained? Mention some
starchy foods ; some foods that contain sugar. What is the differ-
ence between a fat and an oil? Mention some fatty foods. Mention
a number of foods that are rich in proteins.

What elements are in carbohydrates? In what proportion are the
hydrogen and oxygen in them? What elements are in fats? Give
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two uses of the proteins in the body. How are the carbohydrates
and fats used in the body? From what kind of objects are our foods
obtained ?

Mention some other things that are needed by the body. Where
does the body obtain its oxygen ? water ? mineral matter ?

When gas or oil is burned, what becomes of the atoms of which
its molecules were composed ?



CHAPTER VIII

THE DIGESTIVE ORGANS

WE have now learned that the cells of our bodies must
have food. But before one of the cells in the brain, for

instance, can use the

A \ beefsteak or the potato
BV ( that lies on your plate,
‘ many changes must be

% made in these foods.
couces We therefore have a

great system of organs
whose business it is to
work over and prepare
the foods for the cells.
These are the digestive
organs. Of all parts
of the body, it is the
most important to un-
A ; derstand the digestive

PANCREAS

, 55 system, for oftener
) (Y s than any other part of
the body, these organs
fail in their work, and
interfere with the
health.

FIG. 46. The digestive organs. The Digesﬁve Sys-
tem. The digestive system includes the alimentary canal and
88

VERMIFORM APPENDIX
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certain accessory or assisting organs of digestion, — the zeet/,
saltvary glands (Fig. 54), liver, and pancreas. The alimen-
tary canal is a long passageway through the body, into which
the food is taken while it is being digested. The teeth grind
the food into small pieces, and the other accessory organs of
digestion pour juices into the alimentary canal that assist in
digesting the food. Before beginning the study of the diges-
tive organs it is well to have a general idea of the structure
and function of a gland, for
the whole digestive system is
in the main a collection of
glands.

A Simple Gland. In asimple
gland the cells are arranged
in the form of a hollow tube
(Fig. 47). On one side the
gland cells take in water and
other materials from the blood.
On the other side the gland
cells give off a liquid into the
hollow in the center of the
gland. When the gland cells
give off liquid! the liquid
flows out of the mouth
of the gland. The gland is then said to secrefe, and the
liquid from a gland is called the secretion of the gland.

FIG. 47. A section through a simple
gland.

11In some glands the cells merely take up on one side materials from the
blood, and on the other side give off the same materials into the central opening
of the gland., A sweat gland is an example of this class of glands. The water
and the salt of the perspiration merely flow from the blood through the cells of
the gland, and come out on the skin as sweat. Other glands build up new sub-
stances with the materials which they take from the blood. The glands of the
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THE ALIMENTARY CANAL

The alimentary canal is almost thirty feet in length. Its
principal divisions are the mouth, pharynx (throat), esophagus,
stomack, and the small and large znfestine. In its walls are
muscles that contract on the food and force it onward through
the canal. Beginning with the lips, the alimentary canal

FIG. 48. The stomach, liver, and pancreas,

is lined throughout with a smooth mucous membrane. This
differs from skin in having a pink color and in being kept
moist with sticky mucus (Fig. 6), which causes the food to
move easily along in its course through the alimentary canal.

The Stomach. The food is taken into the mouth, passes
back through the pharynx, and goes down the esophagus.

stomach are examples of this kind of glands. The cells in these glands build up
and give forth in their secretion a substance called pepsiz, which digests the
proteid foods.
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At the bottom of the esophagus is the stomach. This holds
about three pints, and when full is about a foot long and four
inches through in the thickest part. When empty, however,
the stomach draws up and occupigs much less space. 77%e
Junction of the stomack is to serve as a storehouse for food so
that enough can be eaten at one time to supply the body for
several hours, and also % secrete gastric juice.

The Glands of the Stomach. In the inner coat of the
stomach wall are great numbers of gastric glands, which

FIG. 49. A section of the wall of the stomach, showing muscles and glands. B is
one of the glands more highly magnified.

secrete gastric juice for digesting the food and for killing
bacteria. Each gland is a little circular depression (like
a little well) in the wall of the stomach. If a handkerchief
be spread over the hand and thrust down into the hand
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with a pencil as you see in Figure 50, the shape of a simple
gastric gland, and the way it lies in the stomach wall, will be
very well represented. Some of the
gastric glands branch in their lower
parts; but they are all formed by
folding the inner layer of the stomach
wall into deep narrow pockets.
Figure 49 shows how closely these
glands are packed together, and it
also shows how small they must be,
for they do not reach more than

FI. 5. To flistzate bow halfway through the stomach wall,
a gastric gland is formed by although the wall itself is little
an infolding of the stomach thicker than a piece of heavy cloth.
wall. The Gastric Juice. From two and a
half to five quarts of gastric juice are secreted in a day.
Most of the gastric juice is water, but it contains pepsin for
digesting the proteid food, and acid. The acid kills many
bacteria, thus keeping them from getting into the intestine
and causing trouble there. It is useful in digestion also, since
without the acid the pepsin is unable to digest the protein
foods.

The Muscles of the Stomach. The entire alimentary canal
from the top of the esophagus onward, has a civcxlar and a
longitudinal layer of muscles in its walls. The stomach has
these two muscle layers, and has in addition a-layer of 0b/igue
muscles. There are, therefore, circular muscles running
around the stomach, longitudinal muscles running lengthwise
of the stomach, and oblique muscles running s/anzingly in the
stomach walls. These muscles force the food onward through
the stomach; and during digestion, especially in the lower part
of the stomach, the muscles keep contracting and mixing up
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the food in the gastric juice. At the pgylorus, or point where
the stomach joins the small intestine, the circular muscles are
thickened into a strong ring, the pyloric muscle, which closes
the opening between the stomach and intestine while diges-
tion is going on in the stomach. After stomach digestion
has been finished, the circular muscles contract above the
food, the pyloric muscle opens at the same time, and the food
is forced into the intestine (page 112).

The Small Intestine. The small intestine is coiled in the
abdominal cavity. It is much the longest part of the alimen-
tary canal, having a length
of nearly twenty-two feet.

In its walls are #mtestinal
glands, very similar to the
glands of the stomach.
They secrete the sntestinal
Juice, which aids in digest-
ing the food. The juices
of the liver and of the
pancreas are also emptied
into the small intestine, and
the digestion carried on
here is even more impor-
tant than the digestion in
the stomach.l FIG. s1. Villi and intestinal glands.

The Villi. On the intestinal wall are many little finger-
like projections called vz//i (singular, vz//us), which stand up
in the digested food and aédsoré it, or take it into the body
through the intestinal wall. So abundant are the villi that

11In a few cases the stomach has been removed and the esophagus connected with the
small intestine, Persons on whom this operation has been performed have lived, the
digestive work of the stomach being done by the small intestine.
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they give the inner surface of the intestinal wall an appear-
ance like velvet, and they absorb the food much more
rapidly ! than a smooth, even wall could do. Digestion is
finished in the small intestine, and most of the liquids and
the digested food are absorbed before the large intestine is
reached. A little food, however, passes into the large intes-
tine and is there absorbed while the muscles in the walls of
the large intestine move onward the indigestible material.

The Large Intestine. The large intestine begins low
down in the right side of the abdominal cavity, passes up the
right side, then across under the diaphragm, and down the left
side. Just below where the small intestine opens into it there
is a small, worm-like structure (Fig. 46), the vermiform
appendiz® The large intestine has no villi. Its glands
secrete mucus and also throw off into the intestine some
waste products from the body. .

THE ACCESSORY ORGANS OF DIGESTION

The Teeth. A tooth is composed of a crown, a neck, and
one or more roots. The roots stand in sockets in the jaw-
bones, and are covered by a layer of bone-like cement.
The outer coat of the crown is made of enamel, the hardest
material in the body. Under the enamel and forming the
main bulk of the tooth is the dentine,® a substance harder
than the most compact bone, but not nearly so hard as

1The villi give from four to eight times as much absorbing surface as the
smooth walls of the intestine would give.

2 The disease called appendicitis is caused by germs growing in the vermiform
appendix and causing inflammation. In severe cases of appendicitis, it may be
necessary to open the abdominal cavity and remove the vermiform appendix.

8 Ivory is dentine, usually obtained from the tusks of elephants, but sometimes
from the tusks of the walrus or the teeth of the hippopotamus.
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enamel. In the middle of the tooth is the pu/p cavity, a little
chamber containing nerves and blood vessels. Get a tooth
from a dentist, or find the tooth of an animal, and break it
open, and you will have no difficulty in finding the enamel,
the dentine, the pulp cavity, and
the little root canals through
which the nerves and blood
vessels come up from the jaw-
bone into the tooth. -
Different Kinds of Teeth and
their Functions. There are four
kinds of teeth,—zncisors, canines
or cuspids, bicuspids, and molars.
The incisors are flat and sharp
for biting off food. In the dog
and other flesh-eating animals
the canines are tusks which are FIG. 52. Section of a tooth.
used as weapons and in tearing
flesh, but in man their principal use is to assist the incisors in
biting. The bicuspids and the molars have wide surfaces for
grinding the food into small pieces and mixing it thoroughly
with the saliva. Examine a back tooth and notice the cusps,
or points, on it. Observe how the cusps of the upper and
lower teeth fit into each other when the jaws are tightly
closed. Then notice how the jaws move sidewise in chewing,
and you will readily understand how the food is crushed and
ground to pieces as the teeth slide across each other.
Temporary and Permanent Teeth. The jaws in childhood
are too small to hold the large teeth which we need in later life.
In early life we have therefore a set of twenty small Zempo-
rary teeth, and in later life a set of thirty-two larger permanent
teeth. The earliest permanent teeth to appear are the first
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molars,! which come in behind the temporary molars about
the sixth or seventh year.

Care of the Teeth. Decay of the teeth is caused by bacteria,
which find a splendid place to grow in the moist, warm food
between the teeth. It is also thought that bacteria are the

MOLARS BICUSPIDS  CANINES  INCISORS

FIG. 53. One half of the permanent teeth.

cause of tartar, a dark hard substance that collects on the
teeth of some persons. It is evident that the best way to
preserve the teeth and to keep them white and beautiful is
to keep them clean, so that bacteria will find no food
materials among them. They should be brushed with pure
soap or a good tooth powder after each meal, or at least in
the morning and at night before going to bed. Particles of
food should be removed from between the teeth with a wooder:
or quill toothpick, or with a piece of thread. It is very

1 A common error is to mistake the first permanent molars for temporary teeth,

and to allow them to decay, thinking that they will be replaced by new teeth.
When there are three double teeth on one side of the jaw, the back one is a

permanent tooth.
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important not to break the enamel by biting on thread, nuts,
or other hard substances; for where the enamel is broken and
the dentine exposed, decay soon follows. Tartar should be
removed by a dentist, for it causes the gums to shrink and
expose the necks of the teeth below the enamel.

When decay has begun in a tooth, the only remedy is to
have the cavity filled by a dentist. This should be done
before the cavity becomes large and gets down close to the
nerves in the pulp cavity of the tooth. The teeth are so
valuable that we cannot afford to lose them, and it is far
better to have a dentist look them over occasionally and fill
all small cavities than it is to suffer later from toothache,
neuralgia, and indigestion, and to pay for crowns, bridge
work, or artificial teeth.

The Salivary Glands. Thereare six salivary glands, —three
pairs. The two szbdlingual glands are under the tongue, the
Submazillary glands are under
and behind the corners of the
lower jaws, and the parotid?!
glands are in front of the ears.
The saliva is carried from the
glands to the mouth through
circular canals called ducts.
The ducts of the submaxillary
and of the sublingual glands of
each side of the head unite
before they enter the mouth.
The ducts from the parotid
gland open on the inside of  FiG. 54 The salivary glands.
the cheeks opposite the second molars of the upperjaw. The

SUBLINGUAL GLAND

! In mumps the parotid glands are swollen and inflamed. The other salivary
glands also are occasionally affected,



FIG. 55. Diagram of a longitu-
dinal section of a salivary gland.
A salivary gland is formed by
folding in the lining of the mouth
in the same way that a gastric
gland is formed by folding in the
lining of the stomach. The dif-
ference in the plan of the two
glands is that a gastric gland
branches only a few times, while
a salivary gland has hundreds of
branches.
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saliva is secreted by the cells in the
small branches of the gland (Fig. 55)
and flows into the main duct and on
into the mouth.

Uses of the Saliva. The saliva
moistens food and makes it possible
to swallow dry food like crackers,
which without saliva would become
dust in the mouth. The saliva is
useful also because it contains a
substance called p#yalsn, which di-
gests starch.

The Pancreas. The pancreas(Fig.
48)is along gland, shaped something
like the tongue of a dog. The Ger-
mans call the pancreas the “abdomi-
nal salivary gland,” and this is a very
good name for it, for if is composed
of many little branches, like a great
salivary gland, and the pancreatic
Juice is very much like thin, watery
saliva. The pancreas is the most
important of all the digestive glands,
for the pancreatic juice contains
trypsin, a substance which digests
proteins, amylopsin for digesting
starches, and sfeapsin for digesting
fats. The pancreatic juice digests
all three classes of foods very
rapidly, and it is principally the

action of this juice that makes the digestion in the small

intestine so important.
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The Liver. The liver is the largest gland in the body;
it weighs from three and a half to four pounds. It lies in
the right side of the abdominal cavity close up to the dia-
phragm, one lobe running down close to the body wall and
another extending across under the diaphragm and covering
the inner end of the stomach. The liver cells secrete &7/,
and running all through the liver is a system of little ducts
that collect the bile and bring it all to one large bile duct.
This large duct empties into the upper part of the small
intestine.

On the under side of the liver is a little pear-shaped sac,
called the gall bladder (Fig. 48). When digestion is not
going on, the opening of the bile duct into the small intestine
closes, and the bile passes into the gall bladder, where it is
stored. Then when food passes into the small intestine for
digestion, the mouth of the bile duct opens and the walls of
the gall bladder contract, sending into the intestine a flood
of greenish-yellow bile. In a later chapter we shall study
about other important functions of the liver.

The Digestive System as a Whole. The alimentary canal
may be compared to a long channel through the body, and
the cells of the digestive organs to workers who are stationed
along the sides of the canal to prepare the foods for use by
pouring digestive juices over them as they pass along the
canal.

In the mouth the food is ground into fine pieces and mixed
with saliva, and the ptyalin in the saliva immediately starts
the process of digestion. Then the journey through the long
canal begins in earnest, the cells of the stomach, intestine,
pancreas, and liver pouring in their juices as the food reaches
their parts of the canal. On and on the food is moved, the
juices digesting it and the digested portion being absorbed,



100 HUMAN PHYSIOLOGY

until finally only the indigestible matter of the food stuffs
remains.

The digestive juices can work outside of the body as well
as in the alimentary canal, and it might be possible to arrange
a digestive system according to a plan differing from that
which nature has used in our bodies. Yet you would have
difficulty in thinking of anything simpler or better for diges-
tion and absorption than a long tube through the body, into
which the foods can be taken and soaked in digestive juices
while they are slowly moved along.

The Nervous Control of the Digestive System. The diges-
tive organs, like other parts of the body, are controlled by
the nervous system. Most of the work of regulating these
organs is done through the sympathetic nervous system, and
it is carried on without our knowledge and without any atten-
tion from the mind. The salivary glands and the glands of
the stomach, however, are controlled to a certain extent by
the higher centers of the brain, and the mind has a very great
effect on them. You perhaps know how, when you are hun-
gry, the sight or odor of food will “ make the mouth water.”
This means that at the mere thought of food the nervous
system starts the salivary glands to work. The gastric
glands also are influenced by the mind, as the following
experiments on a dog showed:

The.esophagus of a dog was divided, and when the animal
was hungry, he was given some fresh beef. The dog thought
he was eating a good dinner, but a tube had been connected
to the esophagus in such a way that the beef did not go into
the stomach but into a dish beside the dog. Nevertheless,
the gastric glands promptly began to pour gastric juices
into the stomach. Merely showing the food to the dog was
enough to start the secretion of the glands. The experiment
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showed clearly that #ke mind affects the glands of the stomach
as well as the salivary glands.

At another time a tube was fitted to the part of the esopha-
gus which was connected with the stomach, and beef was
introduced into the stomach without the dog’s knowing that
he was being fed. In this case, the gastric juice was
secreted very slowly, and the meat lay in the stomach a long
time before it was digested.

These experiments show plainly that the nervous system
has a great effect on the digestive organs, since the taste or
smell of food, or even the sight of food, will start the
secretions to flowing from some of the digestive glands.
They teach us that it is very important for our food to be
pleasant to the taste, in order that a good supply of juices
may be secreted to digest it. They show how indigestion
may be caused by eating food which is distasteful, and by
eating when food is not wanted. They also explain some
things which have long been known, — that a cheerful, happy
life brings with it a good digestion; and that anger, quarrel-
ing, melancholy, sorrow, homesickness, and pain interfere
with the digestion of the food. Our food should therefore
be well cooked and served in an appetizing manner; every
one should come to the table in a cheerful frame of mind,
and should avoid all disagreeable topics of conversation, and
all unpleasant thoughts should be laid aside until the meal is
over. “Laugh and grow fat” is a wise old saying which we
would do well to heed.

Alcohol and the Digestive Organs. Strong alcohol is ex-
ceedingly injurious to living cells. The stomach and the
liver get in its strongest form the alcohol which is taken into
the alimentary canal, and these are the digestive organs most
injured by alcohol. Strong alcoholic drinks taken into the
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stomach cause inflammation of the lining of the stomach. If
taken often, they may cause catarrh of the stomach. They
are especially harmful if taken when the stomach is empty.
Alcohol taken at mealtime is diluted by the food and liquids
in the stomach, and its effect on the mucous membrane of
the stomach is therefore weakened. Practically all alcohol
taken into the alimentary canal is absorbed through the stom-
ach walls, and therefore the intestine is little affected by it.

After the alcohol is absorbed from the stomach it is car-
ried to the liver. The two chief diseases of the liver, due to
alcohol, are fatty degeneration, caused by beer, ale, and other
malt liquors, and hardening of the liver, caused by whisky,
gin, rum, brandy, and other distilled liquors. In fatty degen-
eration, the living protoplasm of the liver cell is replaced by
fat, and finally each cell becomes a little sac of fat, unable
to manufacture bile or to do the other work of a liver cell.
In hardening of the liver, the connective tissue of the organ
grows far too abundantly, and by contracting squeezes the
delicate blood vessels and liver cells. This greatly hinders
the work of the liver, and may even cause the liver cells to
waste away and die. Either one of these diseases may cause
death, hardening of the liver being a common cause of death
among excessive drinkers.

THE DIGESTIVE ORGANS OF OTHER ANIMALS

A starfish throws its stomach out of its mouth and wraps
it about the oyster or other animal that it wishes to eat.
A snake has jaws fastened together with ligaments so elastic
that it swallows whole animals thicker than its own body.
An elephant feeds itself with its trunk, which corresponds
to the nose in other animals. There are many other things

i
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connected with the digestive systems and food habits of ani-
mals that are very different from anything that is found in
man.

Teeth. Beetles, grasshoppers, and crustaceans! have no
teeth, but have horny jaws which work sideways instead of up
and down as our jaws work. Some fish have teeth, but many
have none. A frog has teeth in its upper jaw, and a toad
has no teeth in either jaw. All the reptiles have teeth ex-
cept the turtle tribe, which, like the birds, have horny, tooth-
less beaks. In the poisonous snakes, two of the salivary
glands secrete poison, or venom, instead of saliva, and two of
the teeth are long, hollow fangs through which the venom is
injected into whatever the snake strikes.

The teeth of mammals differ very much according to the
food which they eat. Rodents have long, chisel-like incisors
for gnawing. The carnivora have long canines for killing
their prey and tearing the flesh on which they feed. The
herbivora have broad back teeth for grinding the grass and
leaves which they eat. '

Among the herbivorous animals are many interesting
differences in the number and arrangement of the teeth. An
elephant has ten teeth, —two upper incisors (the tusks) and
eight molars. A cow has six incisors and two canines in the
lower jaw, and no incisors or canines in the upper jaw. A
horse has six incisors and two canines in each jaw, but the
canines do not come through until about the sixth year. You
can therefore tell something about the age of a horse by
looking at his teeth. If he has eight front teeth in each jaw,
he is over six years old. In both the cow and the horse there
is a wide space between the canines and the back teeth.

1 Hard-shelled animals with jointed legs, like the crab, crayfish, lobster, etc.
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Tongues. A frog’s tongue is fastened near the front of the
mouth, and lies with its tip pointing backward in the mouth.
So quickly that the eye cannot follow it, the frog can throw

FIG. 56. A frog's tongue,

its tongue over forward and out of its mouth to catch an
insect. The lizard also catches insects by shooting out the
tongue. In this way some small lizards pick up from one
thousand to fifteen hundred ants at one feeding. A snake
uses its forked tongue for feeling, and possibly for frighten-
ing away those who might attack it; but a snake does no

FIG. 57. A chameleon catching a moth, The chameleons are closely related to the
lizards. The tongue can be extended six or eight inches with lightning-like rapidity.

harm with its tongue. The tongues of carnivorous mammals
are covered with sharp little points for cleaning the last
particles of meat from bones. The giraffe can stretch out
its tongue until it is eighteen inches long, to gather in the
leaves on which it feeds.
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Other Digestive Organs. .Crustaceans have a gastric mill
in the stomach. On the inside of the stomach wall there are
bony plates which are rubbed together to grind up the food.
A chicken (like other birds) softens its food in a c7vp, or wide
place in the esophagus, and then, with small stones which it
swallows, grinds the food in the gzzzard, or thick-walled back
part of the stomach. .

The ruminants, or cud-chewing animals (cattle, sheep,
goats, deer, antelope, camels, and giraffes), have the stomach

FIG. 58. The stomach of a ruminant.

in four parts or divisions. They have also two openings from
the esophagus into the stomach, one a longitudinal slit in the
side of the wall opening into the first division of the stomach,
and the other the usual opening at the bottom of the
esophagus leading into the second stomach. The food is
first swallowed without much'chewing, and the ball of grass
or other coarse material stretches the esophagus wall, opens
the slit in its side, and drops into the first division of the
stomach. It is either stored here or passed on into the sec-
ond division and stored there. Then, when the animal has
finished eating, the food is brought up, a mouthful at a time,
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and rechewed. When it is swallowed the second time it is
so soft and pasty that it fails to open the slit in the esophagus
wall, but passes through the upper part of the second division
of the stomach into the third stomach. From there it is
quickly passed into the fourth or true stomach, where it is
digested.

In their wild state the cud-chewing animals are eaten by
the carnivora, and this kind of stomach is an advantage to
them, since they can gather their food quickly and swallow
it, and then hide in a safe place while they chew it at their
leisure.

In addition to the four divisions found in the stomachs of
other ruminants, the camel has little sacs, formed by folding the
stomach wall into pouches or pockets, in which water is stored.
A muscle runs around the mouth of each sac and closes it
tightly, holding the water in until it is needed. At the right
time the muscle closing the sac relaxes, letting the water flow
into the stomach.

The intestine of the carnivorous animals is short, and that
of the herbivorous animals long, the ox having an intestine
about one hundred and fifty feet in length. Judging from the
human teeth and other digestive organs, man seems to be mid-
way between the herbivorous and carnivorous animals. We
may therefore conclude that nature intends that man should
eat both vegetable and animal food.

Summary. Before the foods can be used by the cells they
must be digested. This work is done by the organs of the
digestive system, which is composed of the alimentary canal
and the accessory organs of digestion. In the main the
digestive organs are glands that take material from the blood
and manufacture digestive juices.

The alimentary canal is nearly thirty feet in length. It
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has muscles in its walls that move the food onward, and is
lined with mucous membrane. The stomach holds about’
three pints. It serves as a storehouse for food, and the
glands in its wall secrete the gastric juice. The gastric juice
contains pepsin for digesting protein foods, and acid which
assists in digestion and kills bacteria. The small intestine
is about twenty-two feet in length. Its glands secrete the
intestinal juice, and the villi on its walls absorb the digested
food. The glands of the large intestine secrete mucus and
throw off wastes from the body.

The body of a tooth is composed of dentine. Its crown is
covered with hard enamel and it has a pulp cavity in its
center. The four kinds of teeth are incisors, canines, bicus-
pids, and molars. There are twenty teeth in the temporary
set and thirty-two in the permanent set. Decay of the teeth
is caused by bacteria that grow in the food material that clings
to the teeth. To prevent decay, keep the teeth clean.

There are three pairs of salivary glands, — the sublingual,
submaxillary, and parotid. They secrete saliva which
moistens the food and contains ptyalin for digesting starch.
The pancreas pours pancreatic juice into the small intestine.
This juice contains trypsin for digesting protein, amylopsin
for digesting starch, and steapsin for digesting fat. The
liver secretes bile, which is stored in the gall bladder until
needed in the small intestine.

The alimentary canal is a long channel through the body
into which the food is taken and moved along, while diges-
tive juices are poured over it. As the food moves along it is
digested and absorbed. The salivary glands and the stomach
are greatly influenced by the mind, and a contented, happy
life greatly aids in keeping the digestive organs in good con-
dition. -
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Alcohol causes inflammation of the stomach and fatty degen-
eration and hardening of the liver. It is exceedingly in-
jurious to the digestive organs and should not be taken into
the alimentary canal. '

The digestive organs of some other animals are very dif-
ferent from our own.

QUESTIONS

Why do we need a digestive system? What does the digestive
system include? Name the accessory organs of digestion. Describe
the alimentary canal. What is the function of the teeth? of the
other accessory organs of digestion? Of what in the main is the
digestive system composed?

How are the cells arranged in a simple gland? What do these
cells do? What is meant by the word secrete 7 secretion ?

How long is the alimentary canal? Name its chief divisions.
How is the food moved through it? With what is it lined? How
does this differ from skin?

Locate the stomach (page 17). Trace the course of the food into
the stomach. How much will the stomach hold? Give its dimen-
sions when full. What two functions has the stomach?

What is the function of the gastric glands? Show how a gland is
formed in the wall of the stomach. How much gastric juice is
secreted in a day? What does it contain? What is the use of the
pepsin?  Give two uses of the acid. Describe the muscles of the
stomach. What two functions have these muscles? What and
where is the pyloric muscle and what is its-function?

How long is the small intestine? What do its glands secrete?
What juices are emptied into it? Describe the villi. What is their
function? What and where is the vermiform appendix? What is
the function of the glands of the large intestine?

Name the parts of a tooth. What is the enamel? dentine? the
pulp cavity? What is in the pulp cavity? Name the four kinds of
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teeth. Give the function of each kind. How many teeth in the
temporary set? in the permanent set? What causes decay of the
teeth? How can decay be prevented? After decay has started,
what should be done?

Name the salivary glands. What is their function? What two
uses has saliva? Locate the pancreas (page 17). What does it
secrete? What three substances are in the pancreatic juice? What
does each digest? Locate the liver. How large is it? What does
it secrete? Where is the gall bladder and what is its function?

To what may the digestive system as a whole be compared? What
happens to food as it is moved through the alimentary canal?

What proof is there that the mind affects the secretion of the
salivary glands? In the case of the dog, what effect on the gastric
glands had the idea that he was eating? What happened when the dog
was fed without knowing it? What do these experiments show?
Name some of the conditions of the. mind that may interfere with
digestion. '

What effect has alcohol on the stomach? on the liver?

How does a starfish get its food into its stomach? What is peculiar
about the way a snake eats? about the way an elephant eats? Tell
something about the teeth of different animals.

What is peculiar about the tongue of a frog? Tell something
about the tongues of other animals.

What is peculiar about the treatment of the food in the stomach
of a crustacean? of a bird? Describe the stomach of a ruminant and
the course of the food through it. Of what advantage is this kind
of stomach to a ruminant ? Describe the stomach of a camel.

If the small intestine had a smooth wall, how long would it need
to be to have the same absorbing surface that it now has (see footnote,
page 94)? Explain how folding the wall of the alimentary canal into
deep glands greatly increases the secreting surface.



CHAPTER IX

DIGESTION, ABSORPTION, AND OXIDATION OF FOODS!

Why Food must be digested. When food has been taken
into the alimentary canal, it has not yet really entered the
-body, but is only in a passageway which leads through the
body. To get into the body, it must first pass through
the lining of the alimentary canal into the blood. Many of
our foods must have changes made in them before they can
do this, and the following experiments will show one of the
changes which is necessary in many foods:

Drop a few grains of salt into a
glass of water and stir it up. Does
the salt dissolve ? Taste the water.
Are there salt molecules in all parts
of the water?

Stir some clean sand into another
glass of water. Does the sand dis-
solve? Do its molecules separate
and go out through the water as
do the salt molecules, or do they
remain together?

Fold a piece of soft paper in
the manner indicated in Figure 59.
Open it at the free corners and set
it in the mouth of a glass. Pour the salt water into the paper. Does

FIG. 59.

1To THE TEACHER: The whole subject of the nutrition of the human body is

far from elementary, and it takes careful teaching to give beginning classes any

comprehension of it. It is the central idea in physiology, however, and under-
10
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the water pass through the paper ? Does the salt pass through the
paper? Arrange another piece of paper the same way and pour into
it the water containing sand. Does the sand pass through the paper?

When a substance dissolves in a liquid, its molecules
separate. When it does not dissolve, they remain clinging
together in a great mass. The single molecules of salt in
the water readily pass through the paper; but the grains of
'sand, with their molecules all in great clusters, are caught by
the paper and are not allowed to pass through. ’

Most of our solid foods are substances that do not dissolve
in water or in the juices of the alimentary canal. Meat,
butter, eggs, or bread would lie indefinitely in the alimentary
canal without dissolving if their molecules were not changed.
They must, therefore, be digested, or changed to substances
that will dissolve in the stomach and intestine. Digestion
is the process of changing foods into substances that will dis-
solve and pass through the walls of the alimentary canal into
the blood.

You will see at once the tremendous importance of diges-
tion, for if it is not properly performed, the food which should
nourish the body may simply pass through the alimentary
canal and never get to the cells which it should feed.

Changes in the Food during Digestion. The molecules of
food are large, as molecules go, a starch molecule having in it
four hundred and fifty atoms, while some of the great protein
molecules are composed of more than two thousand atoms.
During digestion these large molecules are split into smaller
molecules. Each molecule of starch is split into ten molecules
of malt sugar, and then each molecule of malt sugar is split

lies practically all hygiene. Additional material on this subject is given in the
Appendix, and where sufficient time is given to the subject, this material should
be used,
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into two molecules of grape sugar. Thus in digestion, starch,
which does not dissolve in water, has each of its great mole-
cules split up into twenty molecules of grape sugar, which
dissolves and passes through the intestinal wall. The great
protein molecules and the molecules of fat are also split in
digestion into smaller molecules which can be absorbed.

How the Molecules are split. In the digestive juices are
very peculiar substances called enzymes or ferments,— the
ptyalin, pepsin, trypsin, amylopsin, and steapsin that have al-
ready been mentioned. These enzymes have the power of
splitting up ! the food molecules. Each enzyme can split the
molecules of only one class of food, so there must be different
kinds of enzymes for digesting the carbohydrates, the pro-
teins, and the fats.

Digestion in the Mouth. When food is taken into the
mouth, the salivary glands begin to work more rapidly, and
the ptyalin in the saliva at once attacks the starch and begins
to change it to malt sugar. At the best there is not much
time for digestion in the mouth, and by eating slowly we not
only give the ptyalin more time to work on the starch, but we
also give the glands more time to secrete the ptyalin, and
we mix the ptyalin more thoroughly with the food. All this
increases starch digestion in the mouth.

Digestion in the Stomach. The food remains in the stom-
ach from one to four hours. The main digestion carried
on here is that of the proteins by the pepsin of the gastric
juice. This enzyme splits the protein molecules into smaller
molecules called peptones, which dissolve in the gastric

. 1Enzymes are found only in living animals and plants, but they can work
outside of a living body as well as in it. If ptyalin is put into a dish with starch,
or pepsin with a protein, digestion will go on in the dish as it does in the alimen-
tary canal,
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juice. The stomach keeps working the food along, and espe-
cially in its lower part keeps mixing the gastric juice with it.
After about an hour the pylorus opens and lets the more
liquid part of the food pass on into the intestine. The pepsin
continues its work on the food remaining in the stomach,
and as this is sufficiently digested, it is passed on from time
to time into the intestine. The acid in the gastric juice stops
the action of the ptyalin on the starch, but in the upper part
of the stomach the acid sometimes takes an hour or more to
work through the food. Much starch is, therefore, digested
by the ptyalin after the food leaves the mouth.

Digestion in the Small Intestine. When the food passes
into the small intestine, the glands of the intestine secrete
their juices, the gall bladder contracts and sends the stored-up
bile into the intestine, and the pancreas begins to send in the
pancreatic juice with its three powerful enzymes, — trypsin,
amylopsin, and steapsin. Then the following enzymes finish
the digestion of the foods:

Amylopsin changes the starches which escape the ptyalin
into malt sugar. Then each molecule of malt sugar, and also
the cane sugar (ordinary sugar) that we take in our food, is
split by enzymes in the intestinal juice! into grape sugar.
Thus all the starches and sugar are finally changed by diges-
tion into grape sugar.

Trypsin digests the proteids which have escaped the pepsin.

Steapsin digests the fats. Bile is not a digestive juice, for
it contains no enzymes; but it assists in destroying the acids?3

* 1The enzyme that digests malt sugar is called maltase. The enzyme that
digests cane sugar is called inveriase.

2 The intestinal and pancreatic enzymes, like the ptyalin, cannot work when
strong acids are present, Both the bile and the pancreatic juice contain minerals
that unite with and destroy the acid of the gastric juice.



114 HUMAN PHYSIOLOGY

of the gastric juice, it in some way assists the steapsin in the
digestion of the fats, and it greatly hastens the absorption of
the fats. ° . :

Absorption. The liquids and the digested foods in the ali-
mentary canal pass through the wall of the canal into the
blood. This process is called absorption and takes place
chiefly from the small intestine. After absorption the blood
carries the foods all through the body, and each cell takes
from the blood the food that it needs.

The Foods within the Cells. A part of the protein food
taken intoa cell is used for building purposes. The remainder
of the food is oxidized (burned) within the cell. In this
process, the food molecules are torn down and the atoms that
were in these molecules unite with atoms of oxygen — the food
molecules are destroyed and new kinds of molecules are
formed. Therefore, in the oxidation (burning) of the foods
within the cells, #%¢ foods are destroyed and new substances are
formed. These substances are the dody wastes. You must
get clearly in mind that the same materials (atoms) that go
into the cells in the form of foods come out of the cells as
wastes, — that the foods are changed to wastes within the cells.

The Body Wastes. When sugar and fat are burned in the
body, the waste products are carbon dioxid and water. When
protein foods are burned or when the protoplasm of the cells
breaks down, carbon dioxid and water are given off, and in
addition #7ic acid and many other waste products are formed.
The carbon dioxid and the protein wastes are poisonous and
pass out of the body through the lungs and kidneys.

What a Cell gains by burning Food. If the foods simply
go into a cell and then come out again as wastes, what does
a cell gain by taking in and burning food? 4 cell gains
energy by the oxidation of the foods.
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When on a cold day you put coal into the stove, you do not
care anything about whether or not there is coal in the stove.
What you are interested in is the heat
that you will get when the coal burns.
So when a cell burns food, it is not
profited by the atoms and molecules
of the food, but by the energy—the
heat and strength and power to work
—that is given to the cell by the
burning. In this connection it would
be well to read again pages 78 and 79.

The Storage of Foods in the Body.

Our cells must have a constant sup- %5 b s
ply of fOOd’ and it is necessary to FIG. 60. The foods pz;ss i;to
have a store of food in the body that a cell and are changed to wastes
can be used in times of sickness or Witin the cell

starvation. When sugar is abundant, a few ounces of it can
be stored by the liver until it is needed by the cells. The
great store of food in the body, however, is in the form of fat.
The fat is deposited about the intestines, kidneys, and other
internal organs, it is packed among the muscles and in other
tissues, and a layer of fat is laid down under the skin. The
fat under the skin is useful not only-for feeding the body in
times of food scarcity, but to retain the body heat.

Fat in Animals. Animals that hibernate go into their win-
ter quarters fat in the autumn, use up their fat during their
winter’s sleep, and come out thin in the spring. The camel
has a store of fat in the hump on its back, which enables it
to go for many days without food. Seals, whales, and other
warm-blooded animals that live in cold waters have a thick
layer of fat under the skin to keep in the body heat. In a
whale this layer of blubber is sometimes two feet thick.
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ALCOHOL AND DIGESTION

Alcoholic Drinks and Digestion. Alcohol taken with food
causes an increase in the amount of saliva and gastric juice
secreted, but it seriously interferes with the work of the pepsin
if more than five per cent of the contents of the stomach is
- alcohol. Alcohol also checks stomach digestion by paralyzing
the muscles of the stomach, and beer and wine contain acids
and other substances that very greatly hinder the work of the
ptyalin. On the whole, the rate of protein digestion is not
much changed by alcoholic drinks in small quantities, but
the digestion of the starch is greatly hindered. The whole
question of the effects of alcohol on the process of digestion
is of little practical importance, however, for alcohol so fre-
quently causes diseases of the digestive organs that it would
be unwise to take it into the alimentary canal, even though
it greatly aided digestion.

Effects of Alcohol on the Work of the Liver. The liver
manufactures bile and stores up sugar. It has besides a
third function, one connected with the uric acid and other
protein wastes of the body. The uric acid is poisonous to
the body, and if it is not removed from the blood, rheuma-
tism, gout, and other serious troubles follow. Z7%e Zzver
changes a considerable part of the uric acid to urea, which is
taken out of the body by the kidneys.

Alcohol not only produces the diseased condition of the
liver so commonly found in alcohol users (page 102), but it
sometimes interferes especially with the manufacture of urea
in the liver. In some persons alcohol even in very small
amounts (the amount that one would get in a glass of beer)
seriously hinders the liver in its work of changing uric acid to
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urea. A large part of the uric acid is then left in the blood
to bring about its evil consequences.

Summary. Foods are digested, or split by enzymes, to
make them dissolve and pass through the walls of the alimen-
tary canal.

Starch is split into malt sugar by ptyalin in the mouth and
stomach and by amylopsin in the intestine. The malt sugar
and the sugar that we eat are split in the intestine into
grape sugar. This grape sugar is then absorbed and carried
to the liver, where it is stored until it is needed by the cells.
Within the cells the grape sugar is burned, and water and
carbon dioxid come out of the cells as wastes. The cells
obtain energy from the sugar.

Proteins are split into peptones by pepsin in the stomach
and by trypsin in the intestine. They furnish energy and
building material to the cells, and are broken up into water,
carbon dioxid, and uric acid, and into a number of other
substances which contain the nitrogen of the protein molecule.

Fats are digested in the small intestine. They are burned
to carbon dioxid and water in the cells, to which they give
energy. '

After digestion the foods are absorbed and carried by
the blood to the cells. Within a cell, part of the protein
food is used in building new protoplasm and the remainder
of the food is oxidized. In this process the food molecules
are torn down and new substances (the body wastes) are
formed from the atoms of these molecules. By the oxidation
of foods a cell gains energy.

Cells must have a constant supply of food, and there is in
the body a great store of fat for use in times of sickness or
when food cannot be obtained.

Alcoholic drinks increase secretion but hinder the action of
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the enzymes, and on the whole make the process of digestion
slower. They also produce serious results by keeping the
liver from changing uric acid to urea.

QUESTIONS

Why must foods be digested? What is digestion? What kind of
changes do the food molecules undergo during digestion? What is
an enzyme? Name some of the digestive enzymes.

What enzyme is in the saliva and what kind of food is digested in
the mouth? To what is this food changed? Give three reasons for
eating slowly. What enzyme is in the stomach? What kind of
foods are digested in the stomach? To what are they changed?
How long does food remain in the stomach? What do the stomach
muscles do during this time? What effect has the acid of the
stomach on the ptyalin?

What digestive juices work on the foods. in the small intestine?
Name the three enzymes in the pancreatic juice. What does the
amylopsin do? To what are all the starches and sugars finally
changed in digestion? What does the trypsin do? the steapsin?
What is the function of the bile?

What is absorption? Where are the foods taken after absorption?
In what way does a cell use part of the protein food? What is done
with the remainder of the food? What is oxidation? What happens
to the food molecules during oxidation? What becomes of the atoms
that were in the food molecules?

What wastes are formed when sugar and fat are burned within the
cell? when proteins are burned in the cell? Which of these wastes
are poisonous? How do they leave the body? What does a cell
gain by burning food?

Why is it necessary to have food stored in the body? Where is
sugar stored? In what form is the chief store of food in the body?
Where in the body is the fat deposited? How is fat used by animals
that sleep through the winter? Where does the camel have a store
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of fat and why does it need this fat? Why do animals that live in
cold climates need a layer of fat on the body?

What effect has alcohol on the secretion of saliva and gastric juice?
on the rate of digestion of proteins? of starch? Why is it unwise
to take alcohol into the alimentary canal? What are the three func-
tions of the liver? What effect has alcohol on one of these functions?
What diseases are caused by this?

If a cell had fats and carbohydrates, could it live without proteins?
Why? If it had proteins and fats, do you think it could live without
carbohydrates, or if it had proteins and carbohydrates, could it live
without fats? Give a reason for your answer.

A man had trouble in digesting fatty food. What enzyme was
weak in his digestive juices?

Malt contains an enzyme that does the same work as ptyalin and
amylopsin. A man who had stomach indigestion took malt to relieve
the difficulty. What mistake did he make? What enzyme should he
have taken?

Suppose there is trouble in digesting starch. What other food can
be eaten that will give the cells grape sugar?

What enzyme is lacking when there is trouble in digesting sugar, or
sweet materials like candy and cake that contain much sugar? Would
the use of malt or pepsin relieve the trouble? Is it possible to furnish
the cells with grape sugar without eating sugar? How?

What enzymes are mainly employed in digesting the following
foods : potatoes; maple syrup ; butter; cheese; beans; lean meat;
fat meat?

Find out what enzymes you can buy in a drug store. Do any ani-
mals have enzymes that we do not have? Do plants have enzymes?



CHAPTER X

DIETETICS

What a Food is. A food is a substance that can be di-
gested; 1 that can furnish the cells with either building material
or energy, or with both butlding material and energy ; and that
does not injure the cells. Coal contains energy, and dyna-
mite contains great quantities of energy; but the diges-
tive enzymes cannot split the molecules of coal and dynamite,
so these substances are of no use for food. Opium can be
burned in the cells, and of course must furnish heat to the
cells. Yet opium is not a food but a poison, because the
injury done by it to the cells is many times greater than
the good done by the little energy which it yields. A true
food not only must furnish energy, but also must not injure
the cells.

In dietetics we have, therefore, two problems. For our
food we must choose substances zkat can be digested without
injury to the digestive organs, and substances that will supply
the needs of the body without injuring it.

KEEPING THE DIGESTIVE ORGANS IN HEALTH

One of the most important problems connected with our
diet is that of keeping the digestive organs in health. Not
only do these organs get out of order easily, but digestive

1 A few foods, e,g. grape sugar, and some of the ingredients of soups, are in
such a form when eaten that they can be absorbed without digestion. These,
of course, need no digestion,

120
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troubles are exceedingly stubborn and difficult to cure. Below
you will find some of the results and causes of indigestion.
Results of Indigestion. If food lies in the stomach for a
long time without digestion, too much acid will collect in the
stomach. Sometimes the stomach becomes so sour from
these acids that it throws its contents out to get rid of
them. Intestinal indigestion is even worse than stomach
indigestion, so it is a matter of great importance to select
food that can be digested and moved along the alimentary
canal in a reasonable time. It is also very important that
the undigested remains of the foods be cleared out of the
large intestine daily. If this is not done, bacteria will grow
in the large intestine and form substances that are very
injurious! to the body. These substances will then be
absorbed and carried all through the body by the blood,
causing headaches and the trouble called biliousness.
Causes of Indigestion. 1. Eating too rapidly and not chew-
ing the food into fine pieces. It is exceedingly important that
the food be broken into fine pieces, so that the saliva will be
well mixed with it, and so that the enzymes can get at its
molecules. Large pieces of food not only remain for a long

1 The importance to the health of the prompt movement of the food along the
alimentary canal cannot be too strongly emphasized. If the intestinal muscles are
slow in their work, the bacteria that are always present in the alimentary canal
will produce offensive gases that will be carried to the lungs and given off in the
breath, and substances that will poison the whole body will be absorbed from the
intestine. Nearly all headaches are due either to the eyes or to these substances,
and it is now thought that some of the very serious diseases of the liver and
kidneys are due to these same poisons. Coarse vegetables, fruits (especially if
the skins are eaten), corn meal, oatmeal and whole wheat bread furnish consider-
able amounts of indigestible matter which stimulates the muscles in the walls of
the alimentary canal, and causes them to move the food along. Drinking consid-
erable quantities of water (most of which should be taken between meals) also
helps to keep up the movement of the food in the alimentary canal,
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time in the stomach and small intestine, but they often pass
undigested into the large intestine and furnish food for the
injurious bacteria that grow there. A glass of water taken
in sips with a meal increases the activity of the ptyalin, but
washing the food down with water causes it to be swallowed
before it is thoroughly chewed. Bad teeth are another common
cause of serious stomach and intestinal indigestion. Why ?

2. Eating more than can be digested in a reasonable time.
The troubles that arise from allowing food to lie too long in
the alimentary canal have already been discussed (page 121).

3. Eating an entire meal of one kind of food. When this
is done, all the work is thrown on one enzyme. Too much
fat meat may give the steapsin more work than it can do,
while the amylopsin is entirely idle because no starchy food
was eaten. [Eating a great amount of candy at one time gives
the sugar-digesting enzyme more sugar than can be digested
for hours, while the other enzymes have nothing to do. This
has exactly the same effect as eating too much, for in either
case, digestion will be so long delayed that stomach and in-
testinal troubles will follow. School children often injure
their digestive organs by eating such foqds as candy, pickles,
‘and pastry. Some of these foods are injurious because they
are taken in too great quantities, and some are indigestible
and injurious in any quantity.

4. Eating irvegularly and between meals. After digestion,
the glands of the alimentary canal should have time to rest
and prepare a supply of enzymes for the next meal. Eating
between meals also dulls the appetite at mealtime, and we
have already seen (page 100) how hunger and a good appetite
assist in causing an abundant flow of digestive juices.

5. Iced drinks. Warm soup taken at the beginning of a

. meal warms the stomach and starts the flow of the gastric
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juice. Ice water and iced tea taken with the meals chill the
stomach and hinder the secretion of the gastric juice. Ice-
cold soda fountain drinks are decidedly injurious if taken
frequently or in large amounts, and cool drinking water is
more healthful than water that is ice-cold.

6. Unappetizing and poorly cooked food. 1f not properly
cooked, some foods are hard to digest (page 128), but the
greatest evil in bad cooking is that the food is not pleasant

.to the taste, and the digestive juices are not secreted abun-
dantly. Jams, jellies, soups, and some other foods contain
little nourishment, and are important chiefly because they
make it possible for us to eat with a relish and to digest large
quantities of rather tasteless but very nourishing foods like
bread. '

7. Talking and thinking about unpleasant things at meal-
time. This interferes with the secretion of the digestive
juices (page 101).

8. Hard exercise or study immediately before or after eating.
This takes the blood away from the digestive glands when
they need it to manufacture the digestive juices.

9. Lack of exercise. Any one who does not exercise is
almost certain to suffer from indigestion (page 73).

10. Overwork or overstudy. Either one of these will bring
on indigestion. Probably the nervous system is first injured,
and the trouble with the digestive organs comes from a lack
of proper nervous control.

11. Trouble with the eyes. Many cases of headache
and stomach trouble are cured at once by fitting the eyes
with proper spectacles or eyeglasses. Probably bad eye-
sight, like overwork, injures the nervous system, and the
nervous system then fails properly to regulate the digestive
organs.
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AMOUNT AND KINDS OF FOOD NEEDED

Amount of Food needed. A healthy man of average weight
(154 pounds), usually eats about 4 ounces of dry protein food
a day. Whether he works or not this amount of proteid
is eaten.

In addition to the protein that he eats for building material,
a man must have food for ezergy. The amount he will need
for this depends on how much work he does and on whether.
or not he is exposed to the cold. A hard-working man
usually eats twice as much as a man who does light work;
and some lumbermen, who were doing heavy work in the
Maine woods in the cold of winter, were found to be eating
more than three times as much as is needed by a bookkeeper
or a tailor who does light indoor work.

A Mixed Diet Best. Only the proteins furnish building
materials, but any kind of food furnishes energy. A man
could eat nothing but protein, but so much of one kind of food
would be sure to cause indigestion, and the system would be
overloaded with protein wastes (page 114). It is therefore
better to take only enough protein to furnish building mate-
rial and to use carbohydrates and fats for energy foods.

Fats give more than twice as much heat as the carbo-
hydrates give, and the Eskimos and other peoples living in
cold climates eat chiefly protein and the fat of animals. The
people of warm climates live principally on proteins and car-
bohydrates, which they get from vegetables and fruits. Pro-
teins and either one of the energy foods will do, but it is
better for the digestion to take both fats and carbohydrates.
An additional reason for always eating some fat is that the
body seems more liable to certain diseases, among them con-
sumption, if the amount of fat in the diet is very small.
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Mistakes in Diet from the Standpoint of Health. The three
most common mistakes in diet, from the standpoint of health,
are eating 7z suck a way as to cause indigestion, eating either
200 much or not enough protein, and not eating enough fat.

The vegetable carbohydrates are the cheapest of all foods,
and among the very poor, families sometimes live almost en-
tirely on them and fail to get enough proteins and fats. The
poor peasants of some European countries who live chiefly
on potatoes and other vegetables, have not the same strength
for their work that American workmen have who eat meat,
butter, eggs, and wheat bread, in addition to vegetables.
On the other hand, the proteins are the most appetizing of
all the foods, and among the wealthier classes too much
protein is often eaten. The old English gentlemen used to
feast largely on venison and beef, and this, with their wine-
drinking, gave them gout, rheumatism, and kidney and liver
trouble. Among Americans, the two most common mistakes
in diet are eating too much or too little proteins, and not
eating enough fats.

Mistakes in Diet from the Standpoint of Economy. In
oysters we pay over $5 for a pound of protein, while in
bread the same amount of protein can be bought for 70
cents. If a man has a good appetite and strong digestive
organs, and only a little money, it is plain that he had
better buy his proteins in bread, and not in oysters. Also,
in beef at 14 cents a pound we pay more than three times as
much for energy as we pay for energy in potatoes at 75 cents
a bushel. It is therefore cheaper to use potatoes for energy
food than the more expensive protein foods like beef.

Buying foods out of season is another economic mistake
made by many people. A box of strawberries may cost
30 cents at the beginning of the season, and in three weeks
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it may be possible to buy three boxes for 30 cents. If a per
son has not a great deal of money and wants strawberries,
he should not spend 30 cents for one box, but should wait
until he can get three boxes for 30 cents. Economy in buy-
ing foods is an important matter, for the average family is
not wealthy, and money that is badly needed for other pur-
poses is often spent in buying foods when they are out of
season, and in buying expensive foods when cheaper foods
would do as well from the standpoint of health.

Following a Healthy Appetite. From all that you have
now learned you know that a healthy diet must contain the
proteins, carbohydrates, and fats in such proportions that
they will give the body its building materials and energy, and
at the same time will not burden it with protein wastes or
cause trouble in the alimentary canal; and that our food must
be properly cooked or otherwise prepared to make it appetiz-
ing, or it will not be digested.

If you will stop to consider, you will see that in following
a moderate, healthy appetite, we shall very likely get about
the things that we need. We eat lean meat to give us protein,
and bread or potatoes with it to furnish carbohydrates. We
like a little butter with our bread, and that gives us some fat,
and if we have no fruit or fresh vegetables for some time, we
become hungry for them. When the body needs anything,
the appetite will usually let us know.

Yet we must remember that some individuals have an
appetite for green fruit and other unhealthful substances,
and that other persons get into the habit of eating far more
of certain staple foods, especially of meats, than the body
needs. The appetite can be followed only when it is really
a healthy appetite and calls for those things that are needed
to keep the body in health,
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Mistaken Ideas in Regard to Foods. Several mistakes in
regard to foods are common throughout our country. One
is that there is a difference between vegetable and animal
foods. Animal foods usually have less refuse matter in them
than vegetable foods, and are often more easily digested; but
there is no reason to think that in nourishing the body, animal
food differs from vegetable food.

Another idea that has no foundation in truth is that the
cells of the brain require different food from the other cells
of the body. Still another is that certain breakfast foods
made from grains are particularly valuable as foods. They
contain only the carbohydrates and proteins that were in the
grain from which they were made, and their food value is
about the same as the food value of an equal weight of bread.
They are clean, digestible, and nutritious foods, but lack the
wonderful properties claimed for them in some advertise-
ments.

Another thing long believed to be true was that whole
wheat bread is more nourishing than ordinary white bread.
It is true that whole wheat bread contains more protein than
the bread made from the inner part of the grain, but it is not
so digestible; and it has been found that the body gets more
protein out of a pound of white bread than out of a pound of
brown bread. Still another mistake is to suppose that beef
tea is very nourishing. In reality it contains almost no nutri-
ment. It is appetizing and stimulating, and is often very
valuable to a sick person because it enables him to take and
digest other food, but beef tea alone should not be depended
on for nourishment in any long-continued illness.

Another idea common among intelligent people is that we
might live much better and more economically if we would
change our diet and eat chiefly nuts, bananas, beans, or some
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other article not commonly used as one of our main foods.
This idea does not seem to be correct. The starch in bananas
is raw, and is difficult of digestion. Beans are very rich in
protein, but they are hard to digest, and if eaten in large
quantities, disagree with many people. Nuts are also diffi-
cult to digest and in large quantities give too much fat for
most people. Some persons keep their health on these foods;
but man has been testing the different foods for thousands
of years, and long ago he learned which ones are best for
the average person. The flesh of animals, milk, eggs, grains,
potatoes, and a few other vegetables make up the bulk of the
world’s food, other things being used in smaller quantities. .
Cooking. Cooking makes many foods more appetizing, and
thus causes a greater flow of the digestive juices. Cooking
also makes many foods more di-
gestible. By cooking, vegetables
and the connective tissue fibers
of meats are made more tender.
This causes the vegetables and
meats to fall to pieces more
easily, and the digestive juices
are thus given a better oppor-
tunity to do their work.
Cooking is especially impor-
tant in the case of starchy foods,
becauserawstarchisinhard little
FIG. 61. Starch grains in the cells grains which the digestive juices
of a potato. .
cannot penetrate, and which the
enzymes break up very slowly. Raw starch, therefore, is
almost indigestible. Cooking the starch grains causes them
to soften, swell, and burst. The enzymes are then able to get
in among the starch molecules to digest them.
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Frying. Frying is not a healthful way to cook most foods.
Too much fat in the stomach hinders the secretion of the

gastric juice, and in frying, the food is coated
with fat. As the food passes through the
mouth and stomach it is covered with a
layer of fat, and this coating of fat is not
digested off until the intestine is reached.
The ptyalin and pepsin are thus to a certain
extent shut off from the food and are not
able to do their work properly.

Dangers from Raw Meats. Pork some-
times contains small worms called trickine.!
Thesewhentaken
into the alimen-
tary canal pass
into the body,
enter the muscles,
and kill the mus-
cle cells. This

FIG. 63. Tapeworm.

FIG. 62. A trichina
lying among the mus-
cle cells.

disease is called ¢rickinosis.

The young of the Zapeworm is
found in both pork and beef.
When taken into the intestine it
fastens itself to the intestinal wall
by small hooks on its head, absorbs

the digested food in the intestine, and grows into a long

worm.?

1 An ounce of pork may contain 80,000 trichine. Each female produces
about 1000 eggs in the intestine, which would give about 40,000,000 of these
small worms from an ounce of pork. The eggshatch in the intestine and the young
bore through the intestinal wall, enter the blood, and are carried to the muscles.

2 Tapeworms often measure several feet, and sometimes several yards, in length.
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Meat, especially pork, should be well cooked before it is
eaten, to kill any parasites that may be in it. When thick
pieces of meat are fried, the inside parts may not be suffi-
ciently heated to kill everything in the meat, but boiling or
baking renders meat absolutely safe from parasites.

Dangers from Bacteria in Foods. In later chapters we shall
take up the subject of disease germs and learn how the germs
of typhoid fever, diphtheria, and other dangerous germs are
carried in foods. It is well for you to understand now, how-
ever, that all decay is due to bacteria, and that as most foods
form a splendid breeding place for bacteria, they therefore
quickly decay. In caring for foods, cleanliness, to keep
bacteria from getting into them, and co/d, to keep the bacteria
from growing, are the two most important points. Any food
that is at all tainted is so full of germs that it is unfit for use,
and in general, the fresher a food is when it is used, the
fewer bacteria it has in it.

Patent Medicines. Often we read, in advertisements, of
medicines that will cure cancer, consumption, dyspepsia, and
‘many other of our worst ills. These medicines will not do
what is claimed for them. If there were any medicines that
would cure cancer or consumption, the skillful physicians
and scientists who are at the heads of our medical colleges
and hospitals would know it, and they would be using them
and telling every one about these wonderful remedies.

Some patent medicines contain opium, which is soothing
and causes pain to be unnoticed, so that a person sometimes
thinks he is better when his disease has not been affected at
all. Other patent medicines are very strong in alcohol, —as
strong as, or stronger than, the most powerful alcoholic drinks.
A dose of some of these medicines contains enough alcohol
to affect the body decidedly, and the strengthening effect
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that persons sometimes think they feel when they use these
“tonics,” is nothing but the effect of the alcohol. Many
patent medicines of course contain useful drugs, but without
the advice of a physician it is unwise to take in among the
delicate little cells of our bodies any strong medicine whose
effects we do not understand.

ALCOHOL AS A FOOD

The question is often asked whether or not alcohol is a
food. On this point people continually disagree. One rea-
son for the disagreement is that different definitions for the
word “food” are used. A food is often defined as a sub-
stance which can be burned in the body and will give energy
2o the body. In this sense, alcohol is a food, for in moderate
amounts it is oxidized in the body and gives heat and strength
to the muscles. The other definition of a food is that given
on page 120. This definition insists that a food not only
must furnish building material or energy, but also musz not
injure the cells. According to this definition, it is certain
that alcohol in any but very small quantities is not a food,
for it works great harm to the cells, especially to the nerve
cells.

Whether or not alcohol in very small doses injures the
cells, is very uncertain. If you took a drop of alcohol into
your body, its effect would be so slight that you could not
notice it. Even if it injured your cells, you would never
know it. If you took a spoonful of alcohol, probably you
still could not notice any effect on yourself. But if you
began the habit of drinking beer or wine or other alcoholic
drinks, it is certain that you would get enough alcohol to
injure your body decidedly. We do not discuss whether
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a very, very small amount of a poison like opium or bella-
donna would injure the cells, and whether these drugs give
energy to the cells and are, therefore, foods. There is little
more reason for discussing whether or not alcohol is a food,
for, used in the amounts taken by any one who drinks
alcoholic liquors, it is not a food, but a poison. All sensi-
ble persons know that men do not drink alcohol because
they think it is a food, and that the question of whether
alcohol is a food is brought up to find an excuse and not a
reason for drinking it. Professor Bunge, a great German
physiologist, chemist, and physician, well knew this and said:
“There is never any lack of excuses for taking a drink.
People drink when they meet; they drink when they part.
They drink when they are hungry to quiet hunger; they
drink when they are surfeited to arouse’appetite. They drink
when it is cold for warmth; they drink when it is hot to cool
off. They drink because they are sleepy, to keep awake;
they drink when they cannot sleep, to induce sleep. They
drink because they are sad; they drink because they are
jolly. They drink because there is a baptism; they drink
because there is a burial; they drink and they drink.”

QUESTIONS

What is a food ? Why cannot coal be used for food ? opium ?
What two points must we keep in mind in choosing our foods ?

Why is it important that foods be digested within a reasonable
time ? Discuss some of the causes of indigestion.

. How much proteid does a man need in a day? On what does
the amount of other food that a man needs depend ? Why would it
be unwise to eat only protein foods? Could a man live on fats and
carbohydrates ? Why ? Could he live on proteins and carbohydrates ?
on proteins and fats? Which gives more energy, fats or carbo-
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hydrates? In what part of the world do the people eat more carbo-
hydrates? more fats? Is it better to eat only two classes of food or
all three classes?

Give three mistakes made in diet, from the standpoint of health.
What class of people eat too little protein? too much protein? Men-
tion two mistakes from the standpoint of economy that are made in
purchasing foods. What is said about following a healthy appetite?
Discuss some of the mistaken ideas that are held in regard to foods.

Give two ways in which cooking assists the digestion. What effect
has cooking on meats and vegetables ? on starch? Why is frying
an unhealthful method of cooking? What parasites get into the body
from meat? How may these parasites be killed?

‘What causes decay in foods? What are the two most important
points in caring for foods? Why are fresh foods more healthful than
foods that are not fresh?

What injurious substances do some patent medicines contain?
Why is it not advisable to take medicine without the advice of a
physician? What two definitions are sometimes given for a food?
According to which of these definitions is alcohol, except possibly in
the very smallest quantities, not a food? Why is the discussion of
whether or not alcohol is a food of little practical importance ?

~

A pupil had for lunch lemon pie, cake, candy, and olives. What
enzyme would do most of the work in digesting this lunch? What
important food elements would be present in small amounts in such a
lunch? Is it safe to follow an appetite that calls for such a lunch?

A pound of carbohydrates is a fair allowance for a man for one
day, and an eight-year-old boy needs about half as much food as
a man, A boy of this age ate his dinner and then bought and ate
a half pound of candy. What enzyme would have the candy to
digest? How much more work than usual do you suppose the
enzyme had that afternoon? Do you suppose the digestion of the
sugar was finished quickly enough to avoid trouble in the alimentary
canal ?
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REVIEW QUESTIONS

Chapter VII. Give two reasons why the body needs food. Of
what is all matter composed? Of what are molecules composed?
What is an element? a compound? Name the three classes of
foods. Give examples of foods of each class. How do these food
classes differ in chemical composition? Mention some other things
that are necessary to the body.

Chapter VIII. Explain how a gland is formed and how it works.
Draw a diagram of the digestive system and label the different diges-
tive organs. What is the function of the stomach? of the gastric
juice? How long is the small intestine? Name three secretions
that are emptied into it. Describe the villi. What is their function?
Name the accessory organs of digestion. Define: dentine; enamel;
pulp cavity ; incisor; canine ; bicuspid ; molar.

Name and locate the salivary glands. What is the use of the
saliva? What glands of the digestive system are known to be affected
by the nervous system? What mental condition is favorable to a
good digestion? What trouble does alcohol cause in the stomach?
in the liver?

Chapter IX. Why must food be digested? How are the food
molecules changed in digestion? By what are they changed? Tell
where the following enzymes are found, and what food each one
digests : ptyalin; pepsin; trypsin; amylopsin; steapsin. To what
are the proteids changed in digestion? the starches and sugars? Why
must a cell have proteid? What happens to the food molecules when
the foods are oxidized within the cells? What becomes of the atoms
that were in the food? What does a cell gain by burning food? What
use is the fat in the body? What effect has alcohol on digestion? on
the work of the liver?

Chapter X. Define a food. Give some causes of indigestion.
How much proteid is needed daily? Why is a mixed diet best?
Mention some common mistakes in diet; some mistaken ideas in
regard to foods. How does cooking assist digestion? How does
frying make some foods more indigestible? What two points are
important in caring for foods? Why are patent medicines dangerous?
Why, according to our definition of a food, is alcohol not a food ?




CHAPTER XI
THE CIRCULATORY SYSTEM

From the time we are born until we die, the heart beats.
Day and night the blood flows through the body, passing out
from the heart, streaming in among the cells, and hastening
back to the heart. If because of disease or injury to the
body the heart stops, the body dies. If the blood is weak
and thin, the health of the body suffers, and if the blood is
allowed to escape from the body, life at once ceases.

Why does the heart beat? Why is the blood kept flowing
through the body? How does it help the cells to have the
blood passing by them? Why are physicians so anxious that
the blood be kept strong and pure and that nothing be done
that will injure the heart? Why could not the body continue
to live even though the heart should stop beating and the
blood should cease to flow? To answer these questions
intelligently, we must first of all understand the great laws
according to which the body lives. Our bodies must have
Jood and water, they must have oxygen, they must ge? rid of
their poisonous wastes, and they must have an even tempera-
Zure, neither too hot nor too cold.” Our bodies are composed
of cells, and each cell must have all of these things.

The Function of the Blood. The human body is a great
colony of cells. The food and water for all the cells in the
colony are taken in through the alimentary canal; but there
must be some arrangement so that a cell in the brain or in

135
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the foot can get the food that has been prepared for it by the
digestive organs. Oxygen is taken in through the lungs;
but the oxygen must be distributed all through the body to
the cells. The poisonous wastes leave the body through the
lungs and kidneys; but the wastes that are produced in the
cells must be moved from the cells to the lungs and kid-
neys before they can be thrown out of the body. The heat
of the body is produced by burning food within the cells;
but in certain inner parts of the body, like the liver and
muscles, there is too much heat, while in the outer parts of
the body there is not enough heat. There must, therefore,
be some way of distributing the body heat so that none of
the cells will be either too hot or too cold.

The function of the blood is to carry food, water, and oxygen
2o the cells, to carry wastes away from the cells, and to carry
heat from the warmer to the cooler parts of the body. As the
blood flows among the cells it feeds them and gives them
oxygen, picks up and carries away their wastes, cools the hot
cells, and warms the cells that are too cold. The body may
be very quickly killed by stopping the flowing of the blood
among the cells.

THE CIRCULATORY ORGANS

The flowing of the blood through the body is called the
circulation. The organs concerned in keeping up the circu-
lation are the circulatory organs. These are the kheart (Fig.
70), the blood vessels (arteries, veins, and capillaries), and the
lymphatic vessels (Fig. 66).

The Heart. The heart?! is usually about the size of the
closed hand of the person to whom it belongs. It lies in the

1 The heart is inclosed in a double-walled sac called the pericardium. (Fig.
82.)
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thoracic cavity with its apex (point) to the left of the center
of the body. The walls of the heart are composed of muscle
cells, and within the heart are four cavities, —two upper
cavities called auricles, and two lower cavities called ventri-
cles. The auricles have thin walls, for their task is the small
one of sending the blood down into the ventricles. The ventri-

DESCENDING
VENA CAVA DESCENDING VENA OAVA,

FIG. 64. Diagram of the right side of the heart showing the working of the valves.
When the ventricle relaxes, the valves are as shown in 4. When the ventricle con-
tracts, the valves are as shown in B,

cles, on the other hand, have thick walls because they have
the heavy work of forcing the blood through the body. 7%e
Sunction of the heart is to keep the blood circulating through
the body.

The Action of the Heart. Place your hand on your chest
and you can feel the heart beat.! What is it doing when it
beats? It is pumping the blood through the body.

The walls of the auricles first contract and draw inward on

1 When the ventricles contract, the apex of the heart is pressed more forcibly
against the wall of the chest. This causes the deas, which can be felt by placing
the hand on the chest over the heart. The pu/se that is felt in the arteries is a
wave that travels out in the blood within an artery when the ventricles force the
blood out of the heart.
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STOMACH, INTESTINE:
AND SPLEEN

FIG. 65. Diagram of the circulation of the blood in the body.
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FIG, 66. The heart and the principal vessels of the body,
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the blood, forcing the blood into the ventricles. The auricles
then relax and the powerful walls of the ventricles contract,
squeezing the blood out into the arteries. The ventricles
now relax and for a moment the heart rests. Then the
auricles again contract, completing the filling of the ventricles;
the ventricles squeeze the blood out into the arteries, and so
the process is repeated again and again. Inoneday the heart
does as much work in sending the blood through the body as
its owner would do in walking eight and one half miles on a
level road.

FIG. 67. These gates work like the valves of the heart. When the boy pushes on
them one way, they open, but when he pushes on them the other way, the chains hold
them so that they will not open.

The Rate of the Heart Beat. In an adult the heart usually
beats from seventy to eighty times a minute. It is faster in
women than in men, and varies in different individuals, some
persons naturally having a faster heart beat than others.
The rate of the heart beat varies also with age,! with rest and
exercise, and with health and disease. You should count
your own heart beat several times so that you will know its
average rate. Then in sickness you will know how much it
varies from its natural beat.

1 The heart beat at different ages is about as follows: at birth, 130-140; first
year, 115-130; second year, 100-115; third year, go-100; seventh year, 85—90;

fourteenth year, 80-85; adult life, 70-80; old age, 60-70;- extreme old age,
75-80.
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The Valves of the Heart. In the heart are four valves,
two between the auricles and the ventricles (Fig. 64), and two
at the openings of the great arteries (aorta and pulmonary
artery), which lead out from the ventricles. All four valves
are made of connective tissue, and tkeir function is to keep the
blood from flowing backward.

The valves between the auricles and ventricles work like
little doors (Fig. 67) which open only downward into the
ventricles. Little ligaments hold the valves so that they
cannot be pushed upward into the auricles. The blood can
therefore flow from the auricles into the ventricles, but
when the ventricles contract, the blood pushes up under
the valves and lifts them so that the openings between the
auricles and ventricles are closed. Since the blood cannot
pass back into the auricles, it must flow out into the arteries
when the ventricle walls contract.

Each of the valves at the entrance
to the great arteries is made of three
loose pockets on the wall of the
artery. The pockets open upward,
and as the blood leaves the ventricles
it readily flows over them. But when
the ventricles relax and the blood
starts to run back into the heart, the FIG. 68. The base of the aorta
pockets fill with blood and hang outin %B;';:d'm:h;z:;g s::x: tZ“’;ﬁi;
the opening of the artery so that they backward into the heart it catches
touch each other. They thus close if the pockets, which then swing

out and close the opening in the
the passageway and keep the blood aorta, See also Figure 64.
from flowing back into the heart.

Blood Vessels. Arteries are blood vessels in which
the blood flows away from the heart. Veins are blood
vessels in which the blood flows #o the heart. Capillaries
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are small vessels through which the blood flows frome tke
arteries to the veins! The two great arteries (aorta and
pulmonary artery) that leave the heart divide into smaller
arteries. These smaller arteries divide again and again,
until finally they end in exceedingly small capillaries, which

are everywhere among the cells. After running in among
the cells the capillaries begin to unite. More and more
of them flow together and form small veins. The small
veins continue to unite and form larger veins until they
are joined into the large veins, the vene cave and the
pulmonary veins, which empty into the heart (Fig. 65). You
must clearly understand that in the circulation the blood does
not get out of the blood vessels, but passes through the capil-

1To THE TEACHER: If a microscope can be procured, the teacher should
not fail to have his pupils observe the fascinating sight of the blood corpuscles
shooting along in the capillaries. One of the best places to see this is in the
tail of a tadpole. Lay the tadpole on a flat piece of glass, and it will usually
become quiet enough in a little while to allow the microscope to be focused on
the capillaries.
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laries from the arteries to the veins (Fig. 69). So abundant
are the capillaries that the finest needle thrust into the body
tissues cuts and breaks many of them.

FIG. 70. The heart and the bases of the great vessels.

The Walls of the Blood Vessels. The walls of the arteries
are composed chiefly of connective tissue and of muscle
fibers which are placed circularly about the vessels. When
the muscle fibers in the wall of an artery contract, they make
the opening of the artery smaller, and a less amount of
blood passes through it. By changing the size of the
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arteries, some of the blood! can be cut off from a part of the
body that is resting and needs only a little blood, and can be
sent to a part of the body that is working and needs a larger
blood supply.

The walls of the veins are thinner than the walls of the
arteries, and have in them more connective tissue and less
muscle. The walls of the capillaries are very thin, con-
sisting of only one layer of thin flat cells and a few fibers of
connective tissue.

The Course of the Circulation. The heart is a double organ.
The right ventricle sends the blood through the lungs to the
left auricle. The left ventricle sends the blood through the
body to the right auricle. In a complete circulation the blood
therefore passes twice through the heart. By studying the
diagram on page 138, you will find that the course of the
blood, beginning with the right auricle, is as follows :

From two great veins (the venz cava) into the right
auricle.

From the right auricle into the right ventricle.

From the right ventricle into the pulmonary artery and its
branches.

From the branches of the pulmonary artery into the
capillaries of the lungs.

From the capillaries of the lungs into four pulmonary veins.

From the pulmonary veins into the left auricle.

From the left auricle into the left ventricle.

From the left ventricle into the aorta and its branches.

From the branches of the aorta into the capillaries of
the body.

11t is estimated that the capillaries of the intestine can hold all the blood in
the body, and that if all the vessels in the body should relax at one time, it would
take several times as much blood as there is in the body to fill all of them.
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From the capillaries of the body into the smaller veins.

From the smaller veins into the two great veins! called the
ascending and descending venz cavee, and then back into
the right auricle. .

Day and night the blood c1rculates through the body, pass-
ing out from the heart through the arteries, flowing through
the capillaries and returning to the heart by way of the veins.
Day and night the heart pumps away,? keeping the current
of blood flowing through the vessels. No other organ of the
body is so hard-worked as the heart, which pauses to rest
only between its beats.

The Nervous Control of the Circulation. The heart has two
sets of nerves, —one set quickening its beat and the other
set causing it to beat more slowly. Through these nerves,
the rate of the heart beat is controlled.

The muscles in the walls of the arteries are also supplied
with two sets of nerves. One set of nerves causes the
muscles in the arterial walls to contract, and one set causes

1From the diagram on page 138 it can be seen that the porzal circulation, or
the circulation through the liver, is peculiar in that the blood passes through #wo
sets of capillaries. The blood that has passed through the capillaries of the
stomach, intestine, pancreas, and spleen is collected into one great vein (the
portal vein) and taken to the liver, where it again spreads out in the capillaries
among the liver cells, It is then collected into the kepatic vein and goes on
to the heart. Suga: is stored in the liver, and the advantage of this arrange-
ment is that the blood carrying the absorbed sugar passes through the liver
before it goes to the rest of the body. The blood that comes to the liver through
the portal vein has lost its oxygen in the first set of capillaries, so the liver has
another supply of blood coming to it through the /epatic artery (page 138) to
furnish it with oxygen.

2 The circulation time of the blood through the body (from left ventricle to
right auricle) is on an average something like a minute. The circulation time
through the lungs (from right ventricle to left auricle) is about twelve or fifteen

seconds. This means that twice in every minute and a quarter the heart must
pump all the blood in the body through itself.
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them to relax. The size of the openings in the arteries,
and the amount of blood going to the different parts of the
body, can thus be regulated by the nervous system.
When a person blushes, the little arteries in the skin of the

F1G.71. The vessels of the foot. Only a few of the arteries are shown.

face open and allow a larger quantity of blood to come into
them. From this you can understand how quickly the size
of the arteries can be changed, and, when you think of the
cause of blushing, you will know that the muscles in the
blood vessels can be affected by the nervous system.

THE BLOOD AND LYMPH

The blood makes up about one nineteenth of the body
weight. It is composed of a liquid part, the plasma, and
of red and white blood corpuscles that float in the plasma.
On an average about five million red corpuscles and
ten thousand white corpuscles are found in a drop of
blood the size of the head of a pin. There are, there-
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fore, about five hundred red corpuscles to one white cor-
puscle.

The Plasma. The bloed plasma is composed mainly of
water. Dissolved in the plasma are the different foods, salts,
and other materials used by the cells.

The function of the plasma is to carry .”
Joods and wastes, and to jform a
liquid in whick the corpuscles can float
about in the blood vessels.

The White Corpuscles. The white
corpuscles can change their shape.
They are the only cells of the body, /
except the muscle cells, that have
the power of movement,! and more F'¢ 72 ::;d :;‘l’;”hi“””d
than any other of our cells they re- i
semble the little one-celled animals about which we studied in
the first chapter. They often escape from the capillaries
by passing through between the cells of the capillary wall
(Fig. 73). For a long time it was thought that the white
corpuscles had no definite work to do, but roamed about
while the other cells were busy, each at its particular
task. Now it is known that tke function of the white cor-
puscles is to kill the disease germs which get into the body
among the cells (Fig. 137).

The Red Corpuscles. The red corpuscles are small, cir-
cular disks with a hollow in each side, as you see in Figure 72.
Most of them are formed in the marrow of the spongy bone
(page 42). Here some of the cells lose their nuclei, take
on the shape of corpuscles, and by and by float away in
the blood stream as red corpuscles. For some time they
circulate through the blood vessels, but finally die and

1 0On ciliated cells (Fig. 6) the cilia move, but the cells as a whole do not.
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are broken up, chiefly in the spleen. Part of the broken
down materials of the red corpuscles leave
the body as tie coloring matter of the
bile. It is estimated that every day
about fourteen billions of red corpuscles
die in the body, and as many new ones
are formed.

The Function of the Red Corpuscles.
The function of the red corpuscles is to
carry oxygen and to assist the plasma in
carrying carbon dioxid. The way in which
the red corpuscles carry oxygen is very
interesting. They have within them a
substance called /kemoglobin. When this
is exposed to oxygen, as it is in the lungs,
each molecule of the hemoglobin unites
with a molecule of oxygen and carries the
oxygen away with it. Then, when the
corpuscle goes out in the capillaries among
the cells, the hemoglobin ! gives up its oxy-
gen to the cells (Fig. 74).

The carbon dioxid is dissolved in both
the plasma and the corpuscles. It does

not, however, unite to any extent with the

FiG.73. A whitecor- hemoglobin of the corpuscles, as the oxy-
puscle escaping from a
capillary., gen does, and a corpuscle can carry both

1 The way the oxygen is carried in the blood may be represented by compar-
ing the blood to a stream, the red corpuscles to little boats in the stream, and
the hemoglobin molecules to little jars in the boat. In the lungs a molecule of
oxygen is placed in each of the jars; out in the capillaries of the body the
oxygen is emptied out of the jars, and the little boat floats around to the lungs,
where each jar is again loaded with a molecule of oxygen.
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carbon dioxid and oxygen at the same time.! The carbon
dioxid injures the cells because it is itself poisonous, and
not by keeping the corpuscles from carrying oxygen to
them.

The Color of the Blood. Blood containing oxygen is bright
red in color, and blood without oxygen is dark, appearing
blue in the veins under the skin. This you can see by look-
ing at the veins in your forearm, which bring the blood from
the hand back to the heart. The blood gets its oxygen in the
lungs (Fig. 81) and loses it in the capillaries of the body. The
blood is therefore red in the pulmonary veins, in the left side
of the heart, and in the aorta and all its branches. It is
dark in the veins bringing the blood from the body to the
heart, in the right side of the heart, and in the pulmonary
artery. The same thing can be said more briefly thus: The
blood is red while going from the lungs to the body capil-
laries, and dark while going % the lungs from the body
capillaries.

The Lymph. The blood plasma soaks through the thin
walls of the capillaries and passes out among the body cells.
After the plasma gets outside the capillaries it is called
lymph. The lymph surrounds all the cells in the body and
fills all the little spaces between the cells. A fresh supply
of lymph is constantly escaping from the blood, and the
amount of lymph in the body is several times as great as the
amount of blood.

The Function of the Lymph. 7%e function of the lympk is
20 receive food and oxygen from the blood and pass them on to
the cells, and to receive the wastes from the cells and pass them

1 In suffocation from gas, death is usually caused by a gas called carbon mon-
oxid (CO). This unites very firmly with the hemoglobin, and when the blood
comes to the lungs, the corpuscles cannot take up the oxygen,
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o the blood. The cells of the body, except the blood corpus-
cles, lie outside the
blood capillaries.
The food and oxy-
gen must pass out
of the blood capil-
laries before they
can reach the cells.
This the food and
oxygen do by pass-
ing out through the

FIG. 74. As the blood flows through the capillaries  capillary walls into
it gives food and oxygen to the cells and takes wastes the lymph, and then

from the cells. The lymph acts as a middleman be-

tween the cells and the blood. through the lymph
to the cells. In

the same way the wastes reach the blood, passing out of

the cells into the lymph, and from the
lymph into the blood. 7ke lymph is
therefore a middleman between the cells
and the blood.

The Cells in the Body surrounded by
Liquid. Each cell of the body lives in a
liquid (the lymph) as truly as does a little
one-celled animal that lives in a pond of
water. The one-celled animal takes its
oxygen and food from the water, and its
wastes pass out into the water. The cells
of the body take their food and oxygen
from the lymph, and discharge their wastes
into it. In the pond, however, there is an
-abundance of food and oxygen for the

FIG. 75. Muscle
cells and the blood
capillaries that nourish
them. These cells are
surrounded by lymph
as are the cells in Figure
74+

little animal, and the amount of water in the pond is so great
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that the wastes have little effect on its purity. In the
body, on the other hand, the cells are so closely crowded
that they would in a very short time use all the food and
oxygen in the lymph, and fill it with poisonous wastes.
There must therefore be some way of constantly sending into
the lymph a fresh supply of food and oxygen, and of con-
stantly carrying away the wastes; and this, as we have seen,

is done by the blood.

THE LYMPHATIC SYSTEM

Since the plasma is continually
escaping from the blood capillaries,
there must be some way of carrying
the lymph away from among the
cells; otherwise too much lymph
would collect in the tissues and the
body would become swollen with
liquid.! The lymph cannot go back
into the blood capillaries against the
current of escaping plasma, so there
is another system of vessels (Fig. 78)
to drain it away from among the
cells. The vessels that do this are
called the lymphatic vessels,and their
function is 2o collect the lymplk from
among the tissues and carry it again
2o the blood. . ‘

The Lymphatic - Vessels. ° The
lymph flows into the lymph capil-
laries, which form a thick network

FIG. 76. A villus and its
vessels, The lymphatic vessels
(lacteals) are in black.

11n dropsy the lymph collects in the tissues and causes great swelling.
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among the cells. The capillaries unite and form larger
vessels, which finally empty the lymph back into the blood.
The lymphatic vessels from the right arm and the upper
part of the right side of the body empty into a vein in
the right shoulder (Fig. 66). The lymphatic vessels of the
remainder of the body empty into the tkoracic duct. This

FIG. 77. A lymph node. The lymph filters through among the white corpuscles in
. the node.

vessel is about the size of a slender pencil and runs up the
back of the ventral cavity, bending over at the top, and empty-
ing into a large vein deep in the left shoulder. Thus the
lymph that escapes from the blood capillaries is taken up by
the lymphatic vessels and brought back to the blood.

The Lymphatics of the Small Intestine. Besides taking
up the escaped plasma from among the cells, the lymphatic
vessels ! in the small intestine do another work. The digested
foods — sugars, proteins, and fats — all pass through the
walls of the villi (page 93), but to get into the blood the fats

1 The lymphatics of the small intestine are called Jacteaks.
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travel a different road from the others. 7ke sugars and
proteins pass into the blood capillaries of the villi (Fig. 76).
The fat enters the lymph capillaries, and is carried to the
thoracic duct, which empties it into the blood.

. The Lymph Nodes. Scattered through the body are many!
white bodies, called Jymph nodes. The largest of them are
perhaps as large as an ordinary
sized marble, though somewhat
flattened. If you should examine
a lymph node, you would find that

= ‘—‘ ~—
'.r—. .._ —

°3 /-7

it has a connective-tissue coat and that
it is filled with white corpuscles. The
lymphatic vessels pour the lymph into ‘ :
these nodes, where it filters through g ;8. The lymphatic

among the corpuscles in the node much vessels and nodes of a part of

as water filters through sand grains, ™%

After passing through the node, the lymph is taken up

and carried on by other lymphatic vessels. The lymph

from many parts of the body passes through several nodes

before it reachés the blood.

The Function of the Lymph Nodes. The lymph nodes have"
two functions : 2key furnish breeding places for the white cor-
puscles, and they filtcr out disease germs that get in among the
cells and are taken up by the lymphatic capillaries.

1 There are six or seven hundréd lymphatic glands in the body large enough to
be seen without a microscope (Fig. 66).
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The white corpuscles that escape from the blood enter the
lymphatic capillaries and are carried to the lymph nodes.
Inside the nodes they divide and form new corpuscles. The
corpuscles reach the blood again by passing into the vessels
that flow from the nodes and floating in the lymph to the
blood. '

Many diseases are caused by germs that live and grow
among the cells. Some of these germs are taken up by the
lymph capillaries and carried into the lymph nodes. The
nodes stop the germs, and the corpuscles in the nodes kill
them. Thus the germs are kept from getting into the
blood and being carried all through the body.!

HYGIENE

The heart is a muscle, and it is by far the hardest worked
of all the muscles of the body. It is especially hard-worked
at that period in life when growth is very rapid,— when a
boy or girl, in a single year, becomes almost as large as a
man or a woman. Any extra strain put upon the heart at
this time is very likely to cause trouble. The heart also be-
comes weak in old age, and old persons should take care not
to overwork their hearts. The following are the chief causes
of injury to the heart:

Severe Exercise. Exercise of the muscles greatly increases
the work of the heart. Hard work causes any muscle to en-

‘large, and the extra work thrown on the heart by severe
exercise may cause “athletic heart.” In this condition the

1 In cancer, “cancer cells ” are carried into the lymph nodes that receive the
lymph from the diseased tissue, and set up their growth there. It is impossible
to treat the disease successfully after the cancer cells have reached the lymph
nodes that lie deep in the body. It is important, therefore, that a physician be
consulted at the earliest possible moment.
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heart is enlarged, sometimes to several times its natural size.
This enlarging of the heart is frequently followed by a re-
laxation of the heart and of the arterial walls. The openings
where the valves are placed are enlarged until the valves
do not completely close them. The valves then leak and part
of the blood flows backward in the circulation. This blood
must be pumped twice, so the work of the heart is in-
creased. Very hard work may also cause fatty degeneration
of the heart.

Boys often injure their hearts by bicycle riding. Football
sometimes injures the heart, requiring too long-continued and
too severe exercise for any but those with naturally strong
hearts. Too much playing of tennis may also overtax the
heart, and any other severe and long-continued exercise may
do the same. It is well to keep in mind that the time of
life when the heart is most frequently injured is in youth.

Headache Remedies. A great number of headache reme-
dies are manufactured from coal tar. They are powerful
depressors of the heart, and many people have injured their
hearts with them. They are useful medicines, but very dan-
gerous to take except under the advice of a physician.

Alcokol. The effects of alcohol on the heart and blood
vessels are very serious. It sometimes causes a paralysis of
the muscles in the small vessels, so that they are always dis-
tended with blood, as you may have seen in the face and
eyes of one who uses alcohol excessively. It weakens the
arteries by causing a fatty degeneration and a hardening
of the arterial walls. Apoplexy (the bursting of a blood
vessel in the brain) is therefore more frequent among alco-
holics than among abstainers from alcohol. Alcohol also
sometimes causes great quantities of fat to be deposited upon
the heart, thus interfering with its work; it so affects the
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nervous control of the heart that the action of the whole
organ is weakened.

The use of alcohol also overworks the heart. It takes
more force to pump the blood out of the heart into hard, stiff-
walled vessels than is required to pump it into vessels with
elastic walls. The work of the heart is therefore increased
when the arterial walls are hardened by the use of alcohol.
This, like hard exercise, overworks the heart, and brings on
enlargement of the heart, trouble with the valves, and fatty
degeneration. Beer drinkers in particular suffer from heart
disease, because in addition to enduring all the evil
effects’ of alcohol, a beer drinker’s heart is required to
pump through the system the great quantities of water
taken in the beer.

Of course, from reading the above you are not to understand
that every one who takes alcohol into his body must have all
these diseases of the heart. Youare to understand, however,
that the effects of alcohol on the heart are bad, and that heart
disease is much more common among those who use alcohol
than among those who abstain from alcohol. With such an
important organ as the heart, no one can afford to take the
chance of weakening it in any way, for even though in health
it may seem to be doing its work without difficulty, in an
attack of pneumonia or other severe illness, when everything
depends on the heart’s holding out for a few days longer, it
may suddenly fail. Statistics from a Munich hospital show
that 16 per cent of all deaths in the hospital were due to
“beer drinker’s heart,” the weakened hearts failing under the
strain of disease.

Tobacco. Tobacco so affects the heart nerves that the
action of the heart becomes unsteady,— sometimes beating
very hard and fast, and sometimes with a weak, fluttering
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beat. This trouble is known as “ tobacco heart,” and is very
common among young cigarette smokers.

Summary. The body cannot live without the circulation
of the blood, because it is the blood that carries the food,
oxygen, and water to the cells, takes away the wastes from
the cells, and distributes the body heat.

The blood is pumped through the body by the heart. It
leaves the heart through the arteries, passes through the
capillaries, and comes back to the heart through the veins.
As it passes through the capillaries it gives food and oxygen
to the cells and takes up the cell wastes.

The blood is composed of corpuscles and plasma. The
plasma escapes through the capillary walls and passes out
among the cells. It is then called lymph. The lymph is
taken up by the lymphatic vessels and returned to the
blood.

The heart is sometimes injured by too severe exercise,
headache remedies, alcohol, and tobacco.

QUESTIONS

Give three great laws according to which the body lives. What is
the function of the blood? Explain why the circulation of the blood
is necessary.

What are the circulatory organs? Locate and describe the heart.
Of what are the walls of the heart composed? How many cavities
are in the heart, and what are they called? Why are the walls of
the ventricles thicker than the walls of the auricles? What is the
function of the heart?

Describe a contraction of the heart. What is the average rate of
the heart beat? How fast does your own heart beat?

Where are the valves in the heart? What is their function ?
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Describe the way the valves in the heart close the openings between
the auricles and the ventricles; the way they close the openings
from the arteries into the heart.

What is an artery? a vein? a capillary? How does the blood
flow in each of these vessels? How does it get from the arteries
into the veins?

How do the walls of arteries, veins, and capillaries differ? How
is the size of the opening in an artery changed? What advantage
is this to the body?

Trace the course of the blood from right auricle to right auricle.
How long does it take the blood to make this circuit?

What two sets of nerves are connected with the heart? with
the arteries? What proof can you give that the blood vessels are
controlled by the nervous system?

How much of the body weight is blood? Of what is blood com-
posed? What is the liquid part of the blood called? What two
kinds of corpuscles are in the blood? How abundant are the red
corpuscles? the white?

What is the function of the plasma? Where are the white cor-
puscles formed (page 153)? Explain how they escape from the
capillaries. What is the function of the white corpuscles?

What shape has a red corpuscle? Where are the red corpuscles
formed? What becomes of them? What is their function? What
substance in them carries the oxygen? Explain how it does this.
How is carbon dioxid carried in the blood? Why is carbon dioxid
injurious to the cells?

Where in the body is the blood red? Where is it dark? What
is lymph? What is the function of lymph? How does the life of
one of the body cells resemble the life of a small animal in a pond of
water?

What is the function of the lymphatic vessels? Where do the
vessels from the upper part of the right side of the body empty into
the blood? What vessel drains the lymph from the remainder of the
body? Where does this vessel empty into the blood? How do
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the absorbed sugar and proteins reach the blood? How do the
absorbed fats reach the blood?

Describe a lymph node. How is the lymph carried into and
through it? What two functions have the lymph nodes?

At what times of life is the heart especially likely to be injured?
Why does too severe exercise hurt the heart? In enlargement of
the heart, what trouble is there with the valves? What effect has
this on the amount of work the heart must do? Name some of the
forms of exercise that are likely to injure the heart.

What effect have headache remedies on the heart? What effect
has alcohol on the small vessels? on the walls of the arteries?
What does this sometimes cause? What does alcohol cause to be
deposited about the heart? How does alcohol increase the work of
the heart? What additional work does a beer drinker’s heart have?
Why is it unsafe to risk injuring the heart? What per cent of deaths
in a Munich hospital were due to beer drinker’s heart? What is the
effect of tobacco on the heart?

Press on a vein in your wrist with one finger. On the side of the
finger toward the heart empty the vein by rubbing another finger
along it. Does the blood flow back into the vein? On the other side
of the finger that is pressing the vein, rub the blood away from the
heart. Does the blood flow back into the vein? Explain. :

Explain why a steady stream of water comes out of the end of a
long rubber hose into which water is being pumped with intermittent
strokes. The blood in the arteries flows in spurts, and in the capilla-
ries and veins it flows in a steady stream. Explain why it does this.
Why does it require more force to pump water into an iron pipe than
into a rubber hose with elastic walls?

Does a wave on a river travel with the same speed as the water in
the river? Do the blood and the wave in the blood that causes the
pulse in an artery, travel with the same speed?



CHAPTER XII

RESPIRATION

WaTtcH the chest of some one who is near you, and you
will see that it alternately rises and falls. As the chest
rises, air is taken into the lungs. This is called znspiration.
When the chest falls, the air is driven out of the lungs.
This is expiration. The whole process of taking the air into
the lungs and sending it out of them is called breathing, or
respiration. Like the circulation of the blood, respiration
goes on night and day as long as the body lives.

The Object of Respiration. 7/e object of respiration is to
take oxygen into the body and to give off carbon dioxid from the

body. When the blood passes through
the lungs, it takes up a new oxygen sup-
ply for the cells, and loses the carbon
dioxid which it has carried away from the
cells. Without respiration, the circulation
of the blood would be useless, for the
blood could not obtain oxygen, and it
would carry through the body again and
again the poisonous carbon dioxid which .
it takes up from the cells.
F1G.79. Bumninglowfor =~ Why Oxygen is Necessary to the Cells.
fack of oxygen. When the foods are oxidized (burned)
within the cells, the atoms of the foods unite with atoms of

oxygen. By this process, energy is given to the cells (page"
160
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114). If there are no oxygen atoms in the cells for the food
atoms to unite with, it is evident that the oxidation of the
foods within the cells must come to a stop. The cells will
then be unable to get energy, and they will die. Without
oxygen they cannot use the food, and without oxygen they
starve to death for lack of energy as surely as if no food had
reached the cells. Oxygen is necessary that the foods may be
burned within the cells. As oxygen is necessary for the burn-
ing of the foods within the cells, so it is necessary for the
burning of all substances everywhere. Cover a candle by set-
ting a glass vessel over it (Fig. 79). In a few moments the
candle will go out because there is no more oxygen in the
vessel.

THE ORGANS OF RESPIRATION

The organs of respiration include the framework of the
chest, the muscles that are used in breathing, the lungs, and
the air passages. The lungs are the most prominent of these
organs, and it is in them that the blood gives off its carbon
dioxid and takes up its oxygen. Most of the diseases of the
respiratory organs are caused.by germs that grow on the
warm, moist lining of the air passages, and in the air sacs of
the lungs.

The Lungs. The lungs (Fig. 84) are composed chiefly of
a great mass of air passages and air_sacs. They therefore
have a light and spongy structure. In the lungs blood ves-
sels are very abundant, for at each beat of the heart as much
blood goes to them as goes to all the remainder of the body.
The lungs are hung in the thoracic cavity by the trachea
(Fig. 82), through which air passes into and out of them.
Each lung is sprrounded with a thin connective tissue sac
called a pleura (plural, pleure).
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The Thoracic Cavity.

FIG. 80o. The divisions of the
thoracic cavity.

The thoracic cavity (Fig. 8) lies
within the framework of the chest,
and the diaphragm! forms its floor.
It is divided longitudinally into three
chambers (Fig. 80). In each side
chamber lies a lung. In the central
chamber the heart and the bases of
the great blood vessels, the trachea,
and the esophagus are found. The

"central chamber is wider in its lower

front portion where the heart lies,and
narrower above and behind the heart.

The Pleure. The pleure are two o

thin, double-walled sacs.

The outer

layer of a pleura is attached to
the chest wall and diaphragm, and
stretches as a partition across the
thoracic cavity from top to bottom.
The inner layer incloses the lung.
This layer of the pleura is very

delicate, and forms a thin coat over

FIG. 81. Air sacs and blood

the surface of the lung. In Figure vessels in the lungs. Theblood
8o you can see how the chest capillaries lie in the thin walls

cavity is divided into three parts

of the air sacs. As the blood
passes through the capillaries

by the pleurae, and in Figure 82 carbon dioxid and water pass

you can trace a pleura entirely

around a lung and

out into the air sac, and oxy-
gen passes from the sac into the
around the piood.

1 The diaphragm (Fig. 8) is a thin sheet of muscle with a connective tissue
center. It is dome-shaped, the stomach and liver fitting into the hollow in its
lower surface. Viewed from above, the diaphragm appears as a ring of muscle

with a connective lissue center.

It is attached all around by*its outer edge to the

body wall, specially heavy bands of muscles running down and attaching them-
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cavity in which the lung lies.! The surfaces of the pleurz
are kept moist with a thin yellowish liquid.2 This prevents
friction when the two layers of the pleura move on each
other in breathing.

FIG. 82.

The pleurze.

How the Chest is enlarged in Inspiration. In inspiration
the chest is enlarged in two ways. 7/e 7ibs and sternum are
lifted up and out, widening the cavity of the chest. 7%e dia-
phragm is drawn downward, causing the bottom of the chest
cavity to sink, and thus increasing the size of the cavity. The

selves to the front of the spinal column. When the muscles of the diaphragm
contract and shorten, they draw its top (center) downward.

1The pupil should also trace out the course of the pericardium and note
that it is a double-walled sac enveloping the heart as a pleura envelops a lung.

2 The disease called pleurisy is inflammation of the pleurz. In this disease
considerable quantities of liquid may collect between the two layers of the pleurz.
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chest walls and the diaphragm are thus drawn away from the
lungs, leaving a wvacuum, or empty space, between the two
layers of the pleure. The air then rushes down into the lungs,
and expands them until they fill the enlarged thoracic cavity.
So promptly do the lungs expand and follow up the chest
walls and diaphragm in inspiration that there is no noticeable
space between the two layers of the pleurz.

Expiration. In ordinary expiration, the muscles do little
work. The ribs and sternum sink chiefly from their own
weight, and the diaphragm is pushed ! up by the liver, stomach,
and other abdominal organs belowit. This with the elaszicity
of the lungs drives out the air; for just as the stretched walls
of a blown-up football or of a toy balloon expel the air, so the
stretched walls of the air sacs and of the small bronchial tubes
help to force the air out of the lungs.

The Nasal Passages and the Pharynx. When air is taken
into the lungs, it first enters the nasal passages (Fig. 83).
These are two narrow chambers that run up in the head as
high as the eyes and backward about four inches. An open-
ing in the floor of each nasal chamber at the back leads down
into the pharynx.

The pharynx is a funnel-shaped cavity lying behind the
mouth. It curves around the base of the tongue, with its
mouth opening forward. Hanging down in front of the
openings from the nasal chambers and helping to separate the
mouth from the pharynx is a little curtain-like structure called

1 When the diaphragm comes down in inspiration, it forces the organs below it
downward and pushes the abdominal walls outward. In expiration the stretched
abdominal walls come inward partly because of their elasticity, and partly because
of the contraction of the abdominal muscles, and drive the diaphragm upward.
In a forced expiration, the abdominal muscles contract forcibly, pulling in the ab-
dominal walls and driving the diaphragm far upward. At the same time they
draw down the ribs and sternum, to which they are attached at their upper ends.
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the uvula, or soft palate. 1In swallowing, the uvula is pushed
back over the openings from the nose so that it covers them
and prevents food and water from entering the nose (Fig. 83).

In the side walls of the pharynx, directly under the corners
of the lower jawbone, the two fonsi/s! are located. When
viewed from the inside of the pharynx, the tonsils appear
like gentle, rounding elevations lying under the mucous mem-
brane which lines the pharynx walls. At the bottom of the
pharynx are two openings, one leading into the esophagus
and one into the larynx.

The Larynx. The larynx is the enlarged upper part of
the trachea. It has a framework of cartilages, which you
can easily feel in the front of your neck. In swallowing, the
food and drink would fall down into the larynx if it were not
for the epiglottis (Fig. 83). This flap-like structure stands
in front of and above the opening to the larynx, and in swal-
lowing the larynx is drawn up and forward,? so that its mouth
is pushed up in under the epiglottis. The food or water
then passes over the larynx into the esophagus. During
breathing the larynx drops down, leaving its mouth open, and
allowing the air to pass into and out of the lungs. The wocal
cords, which produce the sound of the voice, are in the larynx.

The Trachea and its Branches. The trachea divides into
two great branches, one of which goes to each lung. Within
the lung these branches divide again and again, until finally
they end in little air sacs. The branches of the trachea are

1 When germs get into the tonsils and cause inflammation, the disease is called
tonstllitis,

2 Feel your larynx while you swallow, and note how it rises. If one laughs
when eating or drinking, the larynx is lowered and food or water may fall down
into the trachea. When food or liquid is driven upward through the pharynx in
laughing or by vomiting, it may pass in behind the uvula and enter the nasal pas-
sages from the rear,



166 HUMAN PHYSIOLOGY

called the éronckial tubes. In the walls of the trachea and
of all the larger bronchial tubes are rings of cartilage to keep
the air passages from
closing and shutting
off the supply of air?
from the air sacs in
the lungs.

The Air Sacs. Each
small bronchial tube
at the end widens out
and becomes a thin-
walled sac. The walls
of this sac are thrown
into little sac-like
folds, so that the end
of a bronchial tube is
a larger sac? made up
of a great number of

FiG. 83. The air follows the path indicated by little sacs, all opening
::l::el;h;)ey at;r:vrv::ia::ir ot::.food follows the pat‘h indi- inward toward the

: center. So abundant
are the air sacs in the lungs that their estimated number is
725,000,000, and if they were all opened and spread out side
by side, they would cover 2150 square feet of space.

Changes in the Air in the Air Sacs. The walls of the air
sacs are exceedingly thin. They contain a very great

1 In asthma the muscles in the walls of the small bronchial tubes contract so
that the greatest difficulty is experienced in getting the air to pass in and out of
the air sacs. In pneumonia the small air passages and the air sacs are stopped
up with mucus and blood.

2 The larger air sacs at the ends of the bronchial tubes are called infundibula
(singular, infundibulum). The smaller air sacs of which an infundibulum is
composed are called e/veoli (singular, alveolus).
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number of delicate blood capillaries through which all the
blood in the body passes every minute and a quarter (page
145). As the blood flows through the capillaries in the walls
of the air sacs, oxygen from the air passes in through the
walls of the sacs and enters the blood, and carbon dioxid

FIG. 84. The trachea and the lungs. B and Cshow the way the small bronchial
tubes end in air sacs (infundibula) which are made up of a large number of smaller sacs.

passes out from the blood into the air (